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In this research, four stratigraphic sections of the Amiran Flysch
Formation in the Lorestan sedimentary basin were studied and examined.
The thickness of the Amiran Formation in the Lorestan sedimentary basin
reaches over 800 meters, and lithologically, it includes conglomerate,
sandstone, shale, and, to a lesser extent, limestone. The Lowe sequence is
observed in the coarse-grained facies of this formation, the Bouma
sequence in the medium-grained facies, and the Stow sequence in the fine-
grained facies, all indicating a submarine fan depositional environment.
The Lowe sequence in these deposits includes six parts: R1 (traction
bedload), R2 (traction sheet), R3 (traction sheet), S1 (traction bedload),
S2 (traction sheet), and S3 (suspended load and water). The Bouma
sequence includes five parts: A (sand and gravel with gradual grading), B
(sand with parallel lamination), C (rippled sand), D (laminated silt), and
E (mud with bioturbation at the top). The Stow sequence in these deposits
includes nine parts: TO (tabular planar lamination), T1 (contorted
lamination), T2 (lenticular-wavy lamination), T3 (regular and thin
lamination), T4 (indistinct lamination), T5 (grouped silt lamination), T6
(gradually graded silty-muddy lenses), T7 (mud with gradual grading),
and T8 (mud with fine bioturbations). In these sequences, the S3 part of
the Lowe sequence is equivalent to the A part of the Bouma sequence, and
the C part of the Bouma sequence is equivalent to the TO part of the Stow
sequence. All three sequences are fining upward and are the result of
turbidity currents, often forming in submarine fan facies. The distinct
reduction in the thickness of the units from the Lowe sequence towards
the Stow sequence indicates a gradual decrease in the turbidity current
over time.
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Extended Abstract

Introduction

In the absence of waves and tides, currents
resulting from changes in  salinity,
temperature, and suspended load of water,
known as density currents or currents caused
by density differences, play the main role in
the transportation and sedimentation of deep-
sea areas. The most powerful current caused
by the density difference of seawater is the
current that arises from the difference in
suspended load and is known as a muddy
current or turbidity current. The concept of
turbidity currents was first proposed in the
1950s as the cause of graded bedding.
Turbidite systems can deposit up to 10 meters
per thousand years by transporting large
amounts of sediment and leave very thick
sedimentary sequences. Turbidity currents are
dense currents that, due to gravity and density
differences, transport sediments from shallow
parts to deep parts of sedimentary basins.
These currents lead to the formation of distinct
layers known as turbidite sequences.
Understanding these sequences is important
not only for interpreting past sedimentary
environments but also in hydrocarbon
exploration. Flysch facies consist of thick
sedimentary sequences (several hundred to
several thousand meters) composed of re-
deposited clastic sediments that formed
simultaneously with orogenic events in deep-
sea areas. Main factors influencing the
formation and spread of turbidites include
tectonics, climate, sedimentary processes, and
sea-level fluctuations. Submarine fans are
sensitive to sea-level changes. Studies have
shown that the greatest expansion of
submarine fans and clastic turbidites occurred
during periods of low sea level in past
geological eras. A prominent example of
turbidite deposits in Iran is the Amiran
Formation. This formation, with a thickness of
over 871 meters, consists of siltstone,
sandstone in dark olive green to brown colors,
and some limestone and conglomerate with
flysch-like facies; therefore, it is sometimes
referred to as the Amiran Flysch. The lower
boundary of the Amiran Formation is
conformable and gradual with the gray marls
of the Gurpi Formation, and its upper
boundary is conformable with the red
sandstones of the Kashkan Formation and the
limestones of the Taleh Zang Formation.
Evidence indicates that the Amiran Formation

was deposited in a foreland-type basin within
the folded and thrust Zagros belt following the
collision of the Arabian and Central Iranian
continental crusts (Laramide orogenic phase)
and is the result of the erosion of radiolarites
and ophiolites in the northeastern part of the
basin and the downslope movement of the
erosion products to deeper southwestern and
southeastern areas. The classical models of
Bouma (1962), Lowe (1982), and Stow (1986)
are used as standard frameworks for
describing and interpreting these turbidite
sequences. This article, for the first time,
examines the characteristics of each of these
models and  their  applications in
sedimentology studies.
Stratigraphy and Geology of the Studied
Sections
The Amiran Formation is extended in
Lorestan Province and, to a lesser extent, in
the provinces of Kermanshah, Khuzestan,
Chaharmahal and Bakhtiari, and Isfahan. The
Lorestan sedimentary basin is part of the
Zagros Fold-Thrust Belt, whose eastern -
northeastern boundary is formed by the thrust
zone faults, and the southern boundary of this
region is formed by the Balarud flexure, and
its general trend is parallel to the thrust zone.
The anticlines in the south and west of
Lorestan contain outcrops of the Bangestan
Group formations, while towards the north,
the outcrops are mainly of the flysch-type
formations such as Amiran and Kashkan,
respectively, and in more northern areas, the
Gurpi Formation is predominantly exposed.
In the Lorestan sedimentary basin, the Amiran
Formation is in contact with various
formations. In almost all areas, the lower
contact of this formation is with the Gurpi
Formation, and in the upper part, it is
associated with the Taleh Zang and Kashkan
formations in different areas. Four
stratigraphic sections of the flysch-type
Amiran  Formation in the Lorestan
sedimentary basin were selected and subjected
to field study and investigation. The
stratigraphy of the studied sections includes:
1. Khorrmabad Anticline section
(Makhmalkuh section): with a thickness
of 550 meters, mainly composed of
conglomerate and, to a lesser extent,
sandstone and shale.
2. Cham-Bagh Anticline stratigraphic
section: with a thickness of 920 meters,
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composed of sandstone, siltstone, and
shale.

3. Posht-e-Jangal Anticline stratigraphic
section: with a thickness of 890 meters,
composed of shale with interbeds of
sandstone, siltstone, and a very small
amount of conglomerate.

4. Sarkan Anticline stratigraphic section:
with a thickness of 800 meters, mainly
composed of shale.

The Makhmalkuh stratigraphic section is

located in the north of Lorestan, and the

Cham-Bagh, Posht-e-Jangal Anticline, and

Sarkan Anticline stratigraphic sections are

situated in the south and southwest of

Lorestan.

Method of Study

During this surveying, the thickness of the
deposits, bedding surfaces, sedimentary
structures,  trace  fossils, degree of
bioturbation, changes in grain size, as well as
the relationships between layers were
investigated. Ichnological assemblages were
studied in the deposits of the Amiran
Formation based on the analysis of
ichnofossils. A total of 350 sedimentary thin
sections were prepared from the sandstone
and shale intervals to determine the Bouma
and Stow sequences and were studied using a
polarizing microscope.

Discussion

Development of a Deep Submarine Fan
System in the Amiran Formation

The petrographic data, along with the
structure and texture of the siliciclastic
deposits of the Amiran Formation, confirm
transportation and sedimentation under the
influence of turbidity currents. These currents
caused the transport of clastic grains from
shallower parts of the basin towards deep
areas via Bouma, Lowe, and Stow type
currents.

Clastic facies, deposited by Bouma, Lowe,
and Stow currents, have formed submarine
fans in areas ranging from the continental
slope to abyssal plains. One of the most
prominent characteristics of the clastic
sequences in the Amiran Formation is the
presence of Lowe sedimentary cycles. These
form in proximal areas (main channel) and
consist of the often gravelly (pebble and
cobble) R1, R2, R3 divisions, created by high-
density grain flows (high-density turbidity

currents). The S3, S2, S1 divisions are often
sandy and fine gravel (coarse sand and
granule) and are formed by low-density
aqueous and turbidity currents.

With increasing distance from the source
(main channel), the coarser-grained divisions
of the Lowe sequence become thinner and are
eventually eliminated. The medium to fine-
grained divisions of the Bouma sequence,
which are fining-upward and are mainly
observed at a scale of less than one meter,
become developed. In the middle parts of
submarine fans, units A, B, and C of the
Bouma sequence are observed. The distal
parts of submarine fans consist of units D and
E of the Bouma sequence, which are fining-
upward and observed at a scale of less than
one meter. In deeper parts (lower submarine
fan sections), silty and clayey facies include
units D and E of the Bouma sequence, which
are equivalent to Stow units. Based on field
observations, the repetition of Bouma, Lowe,
and Stow cycles, and the results of
petrographic studies, three sedimentary cycles
can be distinguished in the Amiran Formation.
These belong to the lower (distal), middle, and
upper (proximal) parts of the submarine fan.
Facies Assemblage of the Upper Submarine
Fan: This facies assemblage is mostly
observed in the Khorrmabad Anticline section
(Makhmalkuh section), close to the source
area. The bed geometry in the upper
submarine fan facies assemblage in the
studied section is often in the form of
lenticular, channelized beds with limited
lateral extent, stacked on top of each other. In
some cases, the bed geometry is horizontally
bedded. Sedimentary and textural patterns
such as erosional bases associated with
massive sandstones and, rarely, trough cross-
bedding with parallel lamination, load casts in
conglomeratic beds, normal and inverse
graded bedding in the upper fan
conglomerates, clast-supported and non-
bedded conglomerates associated with lenses
of coarse sandstone and poorly sorted
conglomerates indicate the influence of high-
density Lowe-type turbidity currents in the
formation of these deposits, which mainly
represent the Lowe model. Such currents form
in areas near the source, i.e., in the upper fan.
High-density turbidity currents are capable of
transporting large amounts of coarse sand and
gravel to the upper fan due to flow turbulence,
grain collision pressure, and internal (matrix
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buoyancy) forces. The presence of thick,
massive, coarse-grained sandstones with
erosional bases is further evidence of high
sedimentation rates and high-density turbulent
flows in the steep, submarine channels of the
upper fan. The most important trace fossils
present in this facies assemblage, in order of
abundance, include: Ophiomorpha,
Thalassinoides,  Palaeophycus, Scolicia,
Halopoa, Arenicolites, Skolithos, Zoophycos,
and Planolites.

Conclusion

The Amiran Formation in the Lorestan

sedimentary basin possesses a submarine fan

depositional environment, which displays

Lowe, Bouma, and Stow sequences from

proximal to distal sections relative to the

source.

e In the sections close to the source
(northeast) of the basin (Makhmalkuh
section), a sequence of conglomerates with
interbeds of coarse-grained sandstone is
formed, representing the Lowe sequence.

e In the middle parts of the basin, the
sections of the Amiran Formation consist
of sandstone with interbeds of shale,
indicating Bouma units.

e Towards the distal parts from the source
(Sarkan Anticline), the sections of the

Amiran Formation consist of shale with

thin interbeds of sandstone, representing

various Stow divisions.
A comparative analysis reveals that the three
models of Lowe, Bouma, and Stow cover a
complementary spectrum for the analysis of
turbidite deposits. The Lowe sequence is
suitable for  proximal, high-energy
environments; the Bouma sequence for
process-oriented and flow-focused analysis in
medium to fine-grained sediments with
moderate energy; and the Stow sequence for
distal, fine-grained, and low-energy biogenic
environments. All three sequences are fining-
upward and form exclusively in deposits
resulting from turbidity currents and within
submarine fan facies. The Lowe model
provides a process-oriented and dynamic
perspective on the sedimentation of high-
energy currents and has been able to fill the
gap in the Bouma model's description of
coarse-grained turbidity sandstones and
conglomerates. The Stow model, building
upon the two previous models, offers a more
comprehensive view of the fine-grained
environments of deep submarine fans.
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Fig. 3. Stratigraphic column of the Amiran Formation in the studied sections, along with the distribution of sedimentary
structures present in the layers.
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Fig. 4. Different divisions of the Lowe sequence (Amiran Formation, North Lorestan, Makhmal Kuh section). a: Alternation
of divisions R3 (traction carpet) and S1 (bed load traction). R3 is pebbly-cobbly conglomerate and S1 is coarse-grained
sandstone. b: Alternation of divisions R2 (traction carpet) and R3 (traction carpet). Both units are conglomeratic.
Conglomerate R2 is coarser than conglomerate R3. c¢: Unit R1 (bed load traction) mostly consists of pebbly-cobbly
conglomerate with clast orientation and imbrication. d: Fine-grained unit S3 (upper fine-grained division) truncated by unit
R2 (traction carpet).
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Fig. 5. a: Upward-fining Lowe sequences (R2) from conglomerate to coarse-grained sandstone. b: Inverse grading (R3) from
coarse-grained sandstone to conglomerate resulting from dense, cohesive turbidity currents. ¢ & d: Traction carpets of the

Lowe sequence in the conglomeratic unit. Alignment of gravel clasts in a single direction (red arrows) is caused by tractive
forces in coarse-grained turbidites. In image ¢, gradual grading from conglomerate to pebbly sandstone is visible.
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Fig. 6. a: Eroded turbiditic monomictic conglomerate to turbiditic mudstone with fine-grained silty laminae. This sequence
belongs to part of a facies with resedimentation from a slope-front environment in deep water from a submarine fan sequence.
b: Conglomerate with shale clasts. Part of the sequence of resedimented mass-flow conglomerates in deep water from a
submarine fan sequence. c: Subaqueous boulders formed in slope-front facies in deep water. The very high roundness and
sphericity of the chert clasts result from prolonged transport. d: Inverse grading (R3) in pebbly sandstones resulting from
deep-water turbidity currents.
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Fig. 7. a: Upward-fining turbiditic sequences from sand to shale. The extensive lateral extent of the layers indicates a marine
environment (Chambagh section). b & c: Fine-grained divisions of the turbidite sequence. Note the increasing shale-to-sand
ratio (Posht-e-Jangal Anticline section). In image b and c, the upward direction of the layers is indicated by an arrow. The
length of image c is 50 meters.
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Fig. 8. Different divisions of the Bouma sequence. a: Bouma rippled division (division c¢) alternating with Bouma division d
(Chambagh section). b: Bouma divisions a (coarse sand) and b (medium sand). Division a exhibits erosional flute casts and
division b has parallel laminations at a Froude number greater than 1. The paleocurrent direction is indicated by the red

arrows. (Chambagh Anticline section). c: Thin-bedded couplets of Bouma divisions d (fine sand and silt) and e (mud). (Posht-
e-Jangal Anticline section). d: Bouma divisions a (coarse sand) and b (medium sand). Division a exhibits graded bedding and

division b has parallel laminations (Chambagh section).



ey slo g by OIS § Cou S o VAA

o) bog (Joi € Gicey D Logy (g5 A (s 50 (7 yo5 5aaild A (e () o8 oS Ko i bogy (g il sl A JSCi

Logs g ks (1 31 55aS a9 38) orls ol y2r e 33 ookdh Sl S35 (8l sloaiwol dl Lagy J1gi d 5 € slo iy € (s
Fig. 9. Different divisions of the Bouma sequence under an optical microscope (Chambagh section). a: Graded bedding in
division a of the Bouma sequence. b: Division ¢ of the Bouma sequence (rippled division). c: Divisions ¢ and d of the Bouma
sequence. d: Thin, horizontal laminae formed under lower flow regime (Froude number less than 1) in division d of the Bouma

sequence.
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Fig. 10. Different divisions of the Bouma sequence. a: Bouma division e (shale) with bitumen veins formed within this unit
(Chambagh section). b: Slump structures in the sand and shale units of the Bouma sequence. The yellow boxes indicate the
disorder of the layers. (Chambagh section). c: Sandstone with ripple marks, Facies ¢ of Bouma. (Posht-e-Jangal Anticline
section). d: Complete Bouma sequence (divisions a, b, ¢, d, e): division a (coarse sand), b (medium sand), ¢ (rippled fine sand),
d (laminated very fine sand and silt), e (mud). Note the normal graded bedding and erosional base (yellow dashed line) of this
sequence overlying division e of the previous sequence (Chambagh section).
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Fig. 11. a: Fine-grained divisions of the Bouma sequence (divisions D and E), which are recognized as the Stow
sequence. This unit is interbedded with the sandstones of the Bouma sequence (Posht-e-Jangal section). b: Microscopic

images from the area marked in image a (black rectangle). Regular laminae (division T3 of the Stow sequence) with
alternations of dark mudstone and siltstone (lighter in color). The dark color of the laminae indicates the presence of

organic matter in deep-water turbidite sequences.
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Fig. 12. a: Convolute laminae of division T1 of the Stow sequence (Posht-e-Jangal section). b: Division T7 of the Stow
sequence (non-graded mud). ¢ & d: Mud with bioturbation (division T8 of the Stow sequence).

" Grain flow
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Fig. 13. Different divisions of the Stow sequence (Sarkhan section). a: Division T0 (basal lens lamination), b: T2 (Parallel to
slightly wavy lamination), c: T2 (lens-wave lamination), d: T3 (regular and thin lamination), e: TS (bundled silt lamination),
f: T6 (graded silty-mud lenses), g and h: T7 (non-graded mud) and T8 (mud with fine bioturbations).
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Fig. 14. a: Lens geometry of superimposed channelized deposits in the upper submarine fan facies. The red arrow indicates
the sandstone channel, and the yellow arrows indicate the conglomerate channels. The image scale is 4 meters long. b:
Horizontal geometry (bedding plan) in the gravelly and sandy strata. c: Inverse normal grading in the conglomerate facies.
Grain size becomes coarser in the direction of the yellow arrow. d: Very poor sorting of the upper submarine fan conglomerate
facies. The yellow arrow indicates a well-rounded chert clast.
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Fig. 15. a and b: Middle submarine fan facies assemblage with bedding plan. The higher abundance of sandstone facies
compared to the shale facies suggests a middle submarine fan environment. ¢ and d: Thick-bedded channelized sandstone

facies of the middle submarine fan.
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Fig. 16. Facies of the lower part of a submarine fan. The abundance of shale facies compared to sandstone facies indicates the
lower part of the submarine fan. The yellow arrows in the images show thin sandstone interbeds.
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Fig. 17. Trace fossils of the Amiran Formation turbidite sequence
a- Ophiomorpha isp, b- Arenicolites isp, Skolithos isp, c- Ophiomorpha isp, d- Nerites isp, e- Thalassinoides isp,

Megagerapton isp, f- Helminthopsis isp, g- Zoophycos isp, h- Desmograpton isp, j- Spirorhaphe, k- Paleodictyon isp, m-

Scolicia.isp, n- Paleodictyon isp, Lorenzinia isp. (O= Ophiomorpha isp, Ar= Arenicolites isp, S= Skolithos isp, Ne= Nerites,

Th= Thalassinoides isp, M= Megagerapton isp, He= Hypichnial meandering, Zoo= Zoophycos isp, De= Desmograpton isp,
Sp= Spirorhaphe, Pa= Paleodictyon isp, Sc= Scolicia.isp, Lo=Lorenzia isp).
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