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1. Introduction

ABSTRACT

This study aims to investigate the depositional environment of the Aghajari Formation (Upper
Miocene-Pliocene) in the Hosseiniyeh area (Andimeshk). In this regard, three stratigraphic sections
(Pa’alam, Khoshab, and Pirvali) were selected for study. The Aghajari Formation consists of
sandstone, siltstone, mudstone, and shale, with a thickness exceeding 500 meters in the examined
regions. Investigations in the field revealed 11 lithofacies, which include 6 sandstone facies (Sp/St/
Sm/Sh/Sr/Sfl), 2 mudstone facies (Fm/F1), 1 carbonate facies (bioclastic wackestone), 1 gray shale
facies, and 1 skolithos ichnofacies. Evidence collected in the field suggests that the Pa’alam section
exhibits characteristics of a deltaic environment, with delta-front facies containing sediments from
the mouthbar, delta slope, and prodelta. In contrast, the deltatop facies includes deltaic channels
and deltaic plains. This facies association constitutes the lower section of the Aghajari Formation.
The upper part of the Aghajari Formation found in the Pa’alam section displays features typical of
meandering rivers. The delta identified in the Pa’alam section is primarily river-influenced, with
minimal tidal impact, where the maximum thickness of the tidal flat sediments reaches 2 meters.

The two additional sections (Khoshab and Pirvali) were formed in a meandering river environment.

The collision between the Arabian and Eurasian plates has to the formation of four major tectonic zones in western Iran: the
profoundly influenced the geological landscape of western Iran, Persian Gulf foreland basin, the High Zagros zone, the Zagros
leading to the uplift of the Iran-Anatolian plate and the closure of fold-and-thrust belt, and the Urumieh-Dokhtar zone. The present
the Neotethys Sea during the Miocene—Pliocene epoch (Agard et study is situated within the latter part of the Zagros fold-and-thrust
al., 2011; Vergés et al., 2019). This significant tectonic event led belt, a region characterized by complex geological structures
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and stratigraphy. Exposed in the study area are key geological
formations, including the Gachsaran Formation, the Aghajari
Formation (with its Lahbari member), and the Bakhtiari Formation.
Among these, the Aghajari Formation, formally defined by James
and Wynd (1965), represents the youngest unit of the Fars Group. It
is characterized by a thick succession, locally reaching up to 3000
meters, of syn-orogenic red molasse deposits that are extensively
distributed across the Zagros region. The Aghajari Formation spans
the Middle Miocene to the Pliocene and exhibits spatial variations
in depositional characteristics throughout the basin (Motiee, 2003).
Its geographical extent covers vast areas of Lorestan, Khuzestan,
and Fars provinces, extending even into neighboring countries such
as Iraq, Syria, and Turkey.

Previous investigations into the sedimentary environments of
the Aghajari Formation have revealed diverse depositional settings.
In the Khuzestan and Lorestan regions, interpretations suggest
predominantly lacustrine, estuarine, and fluvial environments.
Conversely, in the Fars province and on Qeshm Island, the formation
displays more pronounced marine characteristics (Motiee, 2003).
More recently, Sedaghatnia et al. (2025) explored the clastic
deposits of the Aghajari Formation in the Afrineh anticline
(southwest Lorestan), analyzing seven stratigraphic sections. Their
findings indicate a complex interplay of sedimentary environments,
including meandering rivers, tidal flats, shallow marine settings, and
abandoned channel rivers, within approximately 60 km of the present
study area. This research focuses on a detailed sedimentological and
paleoenvironmental analysis of the Aghajari Formation within the
Khuzestan block and the Andimeshk region. By examining these
critical successions, this study aims to contribute valuable insights
into the depositional conditions prevalent during the Late Miocene
to Early Pliocene in this segment of the sedimentary basin, thereby
enhancing our comprehensive understanding of the geological

evolution of the Zagros region.

2. Research methodology

In this study, three stratigraphic sections of the Aghajari Formation,
including Pa‘alam (600 m), Khoshab (550 m), and Piravali (520
m), were investigated in the Hosseinieh area, Andimeshk region.
Three sections were identified for this study using geological
maps at scales of 1:100,000 and 1:250,000 of the Poldokhtar—
Balarud and Andimeshk regions. The selected sections possess the
greatest thickness, exhibit the most significant facies variations,
have minimal cover, and are readily accessible. The meter-and-
compass method was employed for thickness measurements. Field
characteristics, including grain size, sorting, stratigraphic geometry,
sedimentary structures, fossil evidence, type of boundary between
strata, and depositional patterns, were meticulously examined and

recorded. Siliciclastic facies were determined using Miall’s (2006)

coding system; sandstone nomenclature followed Folk’s (1980)
classification; and carbonate units were classified according to
Dunham’s (1962) classification. By integrating data obtained from
microscopic and field studies, rock facies and facies assemblages
representative of sub-environments within a depositional system
were identified and delineated. Ultimately, the depositional
environment of the Aghajari Formation in the study area has been
interpreted. Microscopic studies, including the examination of
sediment texture, composition, and constituent components, were

conducted using an Olympus BH-2 polarizing microscope.

3. Results and Discussions

The Aghajari Formation, predominantly outcropping in the Zagros
folded zone, was studied across three stratigraphic sections:
Paalam, Pirvali, and Khoshab. This formation comprises sandstone,
siltstone, claystone, mudstone, and shale, with identified facies
including sandy types (Sp, St, Sm, Sh, Sr, Sfl), muddy types
(Fm, F1), a plankton-rich grayish shale, a bioclastic wackestone
carbonate facies, and a Skolithos ichnofacies. Field observations
reveal a distinct paleoenvironmental contrast between the sections.
Inthe Pa’alam section, the lower Aghajari Formation and the Lahbari
Member suggest deposition in a deltaic environment influenced
by a meandering river. Detailed analysis of its subaqueous facies
indicates a river-dominated deltaic system comprising prodeltas,
delta fronts, and distributary mouth bars. Subaerial facies include
deltaic channels and plains. The presence of incomplete Bouma
cycles within sandy layers interbedded with shales indicates
deposition in the distal delta-front and delta-toe regions. Lagoonal
carbonate facies further confirm the shallow-water nature of this
deltaic setting. Lenticular sandstone bodies with significant lateral
extent are interpreted as distributary mouth bars, formed where the
river entered the marine environment, possibly with some wave
influence. Asymmetric ripples, good sorting, and grain roundness
underscore the dominance of unidirectional riverine currents, though
some coastal wave action might have occurred. In stark contrast,
the Pirvali and Khoshab sections exhibit exclusively meandering-
river characteristics throughout the Aghajari Formation and its

Leh-Bari Member, with no evidence of deltaic deposition.

4. Conclusion

The divergence in depositional environments is attributed to
regional tectonic activity, specifically the influence of faults like
the Balarud fault. This fault likely facilitated the river’s ingress into
the sea at the Pa’alam section, promoting the formation of a deltaic
system. In the Pirvali and Khoshab sections, a greater distance
from the marine influence, due to topographical or tectonic factors,
precluded delta development, resulting in purely fluvial deposition.

In essence, the Pa’alam section represents a river-dominated
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meandering delta with negligible tidal influence, whereas the syn-sedimentary tectonics in controlling facies distribution and
Khoshab and Pirvali sections are purely fluvial, deposited in a the complexity of paleoenvironmental reconstructions within the
meandering river system. This highlights the significant role of Zagros folded zone.
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Figure 1. Geographic location and access routes to the studied sections.
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Figure 4- a) Alternation of gray and red horizontal sandstone laminae (the light gray laminae consist of coarse sand, whereas

the red laminae are composed of fine sand that has become silty and muddy). b) Sandstone with horizontal bedding.
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Figure 5. Facies assemblage of the delta front deposits. Note the coarsening- and thickening-

upward sequence and the high sand to mud ratio.
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Figure 6. Sandstone facies of the delta slope deposits. a) Thin bedded rippled sandstone facies (ripples are

asymmetrical) formed within muddy facies. b) Medium bedded sandstones with horizontal stratification.
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Figure 7. Gray shale facies related to the lower delta slope sub environment.
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Figure 8. Facies assemblage of the distal delta front deposits. a) Thin interbeds of shale and sandstone with horizontal

stratification. Note the higher abundance of shale units relative to sandstone units in this part (in contrast to the upper delta

front). b) Ball and pillow structure (injection of a sandy unit into a muddy unit).
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Figure 9. Facies assemblage of the prodelta deposit. a) Gray shale unit with thin and delicate

laminae. b) Gray shale unit with thin sandstone interbeds (red arrows). The yellow box in the

image indicates the geological hammer. c¢) A deltaic cycle in the Pa Alam section (longitudinal

section of deltaic facies). d) Presence of unidirectional ripples on the upper part of the deltaic

cycle. These ripples formed in the sandstone facies of mouth bars. The paleocurrent direction

indicated by the ripples is from right to left.
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Figure 10. Sandstone facies with incomplete Bouma sequences. a) The Bouma sequence divisions A and B show a fining-

upward trend. b) Division C of the Bouma sequence with ripple structures. The presence of incomplete Bouma cycles within

sandy interbeds formed in shales indicates lower delta-slope and prodelta environments.
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Figure 11. Sandstone facies with flaser structures. a and b) Sandstone facies with flaser and wavy

bedding, respectively. The presence of muddy laminae in the troughs of the ripples (dark arrows)

indicates a tidal environment. ¢) Laminated and bedded mud facies (Fl) related to the upper

intertidal environment.
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Figure 12. Carbonate facies related to the open marine environment. a) and b) Field photographs of the carbonate unit,

and c) to e) show characteristic foraminifera of the lagoonal environment, mostly belonging to the Miliolidae family.
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indicates the flow direction. b) An asymmetrical ripple within a thin sandstone bed formed within muddy floodplain facies; this facies is related

to crevasse splays. ¢) Asymmetrical (current) ripples. d) Accretion of point bars within meandering channel facies.
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Figure 14. Deltaic channels formed in the delta plain. These channels display meandering

behavior. Note the erosional base and the incision of overbank muds by the deltaic channels.
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Figure 15. Sandstones related to sandy channels (deltaic channels). These facies

commonly exhibit a chert arenite petrofacies.
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Figure 16. Sandstone with trough cross bedding related to sandy channels (deltaic channels). In these facies, an upward

decrease in grain size and a reduction in the scale of trough structures are observed, indicating a decrease in flow energy.

Dark arrows indicate larger trough structures, whereas red arrows show smaller trough structures.
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Figure 17. Types of ripples formed in the Aghajari Formation. a) Asymmetrical ripple with a sinuous crestline. b) Asymmetrical

linguoid ripple marks formed under the influence of waves.
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Figure 18-a) Sandstone with horizontal bedding. b) Sandstone with horizontal bedding overlain by rippled sandstone. Beneath

the horizontally bedded sandstone unit, a ripple cast has formed.
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Figure 19-a and b) Lithofacies Sp that upwardly grade into low angle Sp facies and Sh lithofacies, indicating changes in flow

energy.



Py—1 :(P) Fg <10 o pole/yl Sas g 2Uo 3020/.....ouuu> Jlok «5IBLET 33w gy huzo g S (slos jlus y JJUT

A5l AU b Blaes (oS5 Eok Al o b b g S
Ql:.v)‘h'.«-:j 3 C_,._v'\;)TCJf? LS”“‘WJL'“’.J ‘_gbb (Wb}ﬂ,) j&du)w)

Sl
Miall)) 55,8 oo JSCE5 ol Ol o 25 53 Logee (S o5lust s ol £ i
w‘)‘.b:'— \f &lhu;j.;c‘}n d}" ‘)3‘ BL b)l.«a'-) O‘-’-‘ (1985, Harms et al,, 1982
Miall, 1996; Gani and Alam, 2004; Therrien, 2006;) > 34 o JS:«: (o g
(sl d ol gl Jols o)l ol Lol (S35 (Ghosh et al., 2006
ol Jlad oylgs C}Ja.w Sems 9 J{.‘. ) g\:\f Sress (o LS:JAL:‘
Aab e JUS & s 6)‘-:\?&4}“) odias OLis AiL e (Reactivation surface)

(Miall, 1992)

¥ s L

Sl i 53 (6Te) ($35,0kmy a2y, JUI ;L.a‘\.wb

Slolsty 55 o S 5 Lo e 5 (gla el 15 St Kew ol (d ba-Ys IS

(St) S5 & 390 G 4Ab b (Kiwduilo 0l y—
IS e Copge stuaib sl beKimanle o)lusty opl > tcmogic
IS JU 5 cle S s Sgo 4 bdes L OT (o 4w Ko iz
sl s (K oplasty cpl Bl o 0oLl 5 03y aie YU b 4 g
33 pliep) Sose a4 6T e 6K, L adlas 34 sle Iy Laulyl
Spgo b 5 VU (slaaand 53 5 415 Lo gz b Wil s eSKimanls
odss &, Sl wls gy oK anle Obe )3 wlae g)ﬁ
o Sl b (Sl laeslust 53 OI7 g5 use Gluaib 25k
s 3 0310 (Y JSK8) Sl ks JSKES e+ /0 i b e e )
55 s als Sy A 5 b ge b g anle (Swoylusty opl oins

X 4 4 LK s o

.AaJUd.d:‘)}a

Figure 20-a to d) St lithofacies at large, medium, and small scales within the channelized sandstone facies of a

meandering river in the studied sections.
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Figure 21-a) Massive sandstone facies (Sm). Field of view: 20 m. b) Sm lithofacies in which the trace fossil

Skolithos (dark arrow) is observed.
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Figure 22-a) Laminated mudstone facies with a brick red color. b) Laminated mudstones incised by

channelized sandstone facies. ¢ and d) Laminated mudstones in which sand pipes (clastic sand pipes)

have formed.
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Figure 23-a and b) Massive mudstone facies with different colors. Note the absence of sedimentary structures in this

lithofacies.
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Figure 24. Trace fossils identified in the studied sections. a) Thalassinoides. b) Planolites. c) Skolithos in coarse grained

sandstone facies. d) Skolithos in fine grained sandstone facies. e) Skolithos. f) Planolites. g) Planolites. h) Ophiomorpha. i)
Chondrites.
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Figure 25. Lithostratigraphic column and paleocurrent directions of the Aghajari Formation deposits, showing changes in the depositional

environment in the study area.
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Figure 26. Depositional model of the Aghajari Formation in the study area.
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