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Abstract

The aim of this research is to investigation the lithofacies and sedimentary environment of the Kashkan Formation (middle Eocene)
in the Lorestan sedimentary basin. In this regard, four stratigraphic sections were selected. The Kashkan Formation in the studied
area has a variable thickness of 150 to 200 meters. It is mainly composed of conglomerate and sandstone strata, with lesser amounts
of fine-grained lithofacies including mudstone, siltstone, and shale. Field studies on the four sections led to the identification of 12
lithofacies, which include five conglomeratic lithofacies (Gm, Gms, Gp, Gh, Gt), five sandstone lithofacies (Sp, St, Sm, Sh, Sr), and
two mudstone lithofacies (Fm, FI). Based on the vertical and lateral changes of facies, the depositional environment of these
deposits was a braided river system with a gravelly and sandy bed in proximal areas. The clastic sequences of the Kashkan
Formation overlie the marine carbonates of the Taleh Zang Formation, which indicates a sea regression and the progradation of
braided rivers toward the basin. A decrease in accommodation space relative to sediment supply caused the progradation of braided

river facies within the LST facies suite for the Kashkan Formation.

Keywords: Sedimentary environment, Kashkan Formation, Zagros, Lorestan.

Introduction

Terrigenous rocks in the Zagros region of Iran have received
relatively little attention. These rocks (e.g., the Amiran,
Kashkan, Aghajari, and Bakhtiari formations) have mostly
been studied only from the perspectives of lithostratigraphy
or stratigraphic position (Motiei 1993). The Kashkan
Formation is most extensively distributed in the Lorestan
region, and its main facies include conglomerate, sandstone,
and siltstone. This formation is situated between the
carbonate Telezang Formation below and the Shahbazan
Formation above. Where the Telezang Formation is absent,
the Kashkan Formation rests directly on the Amiran
Formation. The type section of the Kashkan Formation was
introduced by James and Wynd (1965) in the Amiran
Anticline near the city of Mamulan. Terrigenous formations
are of great importance in the Zagros in terms of tectonics,
sedimentary environment, climatic changes, and hydrocarbon

generation and storage. The Kashkan Formation is essentially
a terrigenous unit and is widely exposed in Lorestan. This
formation is named after the Kashkan River that flows
through this province. Among the few studies conducted on
the Kashkan Formation, Yousefi Yeganeh et al. (2012)
investigated the sedimentary environment and trace fossils of
this formation within the Lorestan sedimentary basin,
focusing on the northern, southeastern, and northwestern
parts of Lorestan Province. The main goal of this research is
to identify and describe the outcrops of the Kashkan
Formation along the Khorramabad-Pol-e Zal Freeway
(southern and southwestern Lorestan)—an area that has
remained largely understudied. Through detailed analysis of
lithological units and sedimentary environments in four
selected sections, the depositional processes of this formation
will be better understood. Finally, by integrating these
findings with previous research, a comprehensive
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understanding of the depositional history of the Kashkan
Formation in the Zagros sedimentary basin will be completed
and enhanced.

Materials & Methods

The sections were selected to maximize thickness, facies
diversity, and accessibility while minimizing cover. In this
regard, four stratigraphic sections were chosen along the
Khorramabad-Pol-e Zal Freeway. In these sections, field
characteristics—including grain size, bedding, geometric
form of beds, sedimentary structures, contact types between
beds, and sediment stacking patterns—were carefully
examined and recorded. The thickness of the formation was
measured using a Jacob staff and compass. Gravels within
conglomeratic units were studied using the ribbon method
(Tucker 2003). This method involves dividing conglomeratic
outcrops into sequential lateral or longitudinal ribbons; within
each ribbon, the size, roundness, sorting, lithology of clasts,
and their percentages are systematically recorded to
document lateral and vertical depositional changes in a
regular, comparable manner. The orientation of the foresets
of current ripples was used to determine paleocurrent
direction. Sandstone samples were collected based on facies
variations using a point-sampling method from the middle
part of the beds. Clastic facies were classified according to
Miall's (2006) codes, and sandstone classification followed
Folk (1980). By integrating data from microscopic and field
studies, lithofacies and facies associations representative of
sub-environments within a sedimentary system were
identified and differentiated. Finally, the sedimentary model
of the Kashkan Formation was interpreted.

Discussion of Results & Conclusions

Field studies on the examined sections led to the
identification of 12 lithofacies. These include coarse-grained
conglomeratic lithofacies (Gm, Gms, Gp, Gh, Gt), medium-
grained sandstone lithofacies (Sp, St, Sm, Sh, Sr), and fine-
grained mudstone lithofacies (Fm, FI). The architectural
elements identified in the four studied sections include
channel elements (CH), overbank fines (OF), gravelly bar
elements (GB), sandy bar elements (SB), and sediment
gravity flow elements (SG). The SG (sediment gravity flow)
element is introduced as the main and dominant element in
proximal braided rivers with debris-laden flows, which is
entirely consistent with the high percentage of conglomeratic
facies in the studied deposits. This element primarily consists
of massive conglomerates with very poor bedding, a lack of
large-scale sedimentary structures, and poor sorting. The
formation of the SG element is attributed to high-energy
fluvial flows, particularly debris flows and hyperconcentrated

flows. These flows typically develop under conditions of
sudden discharge increases, bank instability, or intense
bedload activity within braided river channels, leading to the
rapid deposition of coarse-grained sediment. In terms of
depositional setting, the SG element is interpreted mainly as a
fill of main and subsidiary channels within a braided river
system, representing peak flow energy phases. The
abundance of this architectural element indicates the
predominance of high-energy conditions, a relatively steep
channel gradient, and a continuous supply of coarse-grained
sediment to the sedimentary basin. Therefore, the SG element
in the studied deposits is presented directly within the
framework of a braided river model with an effective role
played by debris flows.

Sequence stratigraphy of the Kashkan Formation—as a
prominent representative of high-energy fluvial depositional
environments in the Zagros (Lorestan) basin—provides a
powerful tool for reconstructing the basin's evolutionary
history and understanding the influence of sea-level
fluctuations on river dynamics. The dominant lithological
composition of the Kashkan Formation includes thick
conglomerates, coarse-grained sandstones, and mudstone,
which directly indicates high-energy depositional conditions,
such as those found in braided river systems. The
significance of sequence stratigraphy for the Kashkan
Formation extends beyond understanding sea-level changes;
it holds the key to the tectonic history of the Zagros Basin by
identifying sedimentary units related to erosion and
deposition during periods of base-level fall. The formation of
sedimentary sequences, particularly lowstand systems tracts
(LSTs) that occur during periods of pronounced sea-level fall
(i.e., reduction in river base level), is often associated with
deep incision of riverbeds and the development of valleys and
channels that are subsequently filled by conglomeratic and
sandy sediments. These processes are closely linked to
regional tectonic uplifts and changes in basin slope.
Therefore, identifying and delineating LST units within the
Kashkan Formation can serve as an indicator of tectonic
activity and uplift events associated with the Zagros orogeny.
Based on the vertical and lateral changes in facies, the
depositional environment of these deposits was a proximal
braided river system with a gravelly and sandy bed.
Paleocurrent direction analysis for this formation shows a
northeast-to-southwest  trend, which is evidence of
unidirectional (fluvial) flows within the Kashkan Formation.
The shallow depth and low sinuosity of the channels, along
with the presence of coarse-grained gravelly and sandy
sediments, support the interpretation that the clastic facies of
the Kashkan Formation accumulated in a proximal braided
river environment.
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Fig 7- a: Gm lithofacies with abundant chert fragments in contact with Sm lithofacies. The red arrows
indicate the carbonate cement around the grains that has been eroded. This cement is related to previous
sedimentary cycles. b: Massive conglomerate with abundant chert fragments, moderate sorting, and
rounded clasts. ¢: Gm lithofacies with abundant chert fragments in contact with St lithofacies. d: Gm
lithofacies with abundant chert fragments in contact with pebbly sandstone lithofacies exhibiting

horizontal lamination.
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Fig 8- Images a to d: Gms lithofacies with massive structure and abundant fine-grained matrix. The red
arrows in the images show floating pebble- and cobble-sized clasts within the fine-grained matrix. Note

the poor sorting of this lithofacies.
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Fig 9- a: Gp lithofacies with abundant chert fragments in contact with Gh lithofacies. b: Gp lithofacies that

has been eroded along cross-strata. This facies is in contact with Gh lithofacies below and Gm lithofacies
above. c: Gp lithofacies with abundant chert fragments in contact with Sp lithofacies. d: Gp lithofacies in

contact with Gh lithofacies.
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Fig 10- a: Gh lithofacies with horizontal bedding in contact with laminated mudstone facies FI1. Note the
limited mudstone horizons between the conglomeratic facies. b: Gh lithofacies with horizontal bedding
in contact with thin-bedded horizontal sandstone Sh. c: Stacking of three units of fine-grained
conglomerate facies with horizontal bedding (Gh) on top of one another. Note the erosional boundary
between these units. d: Gh lithofacies in contact with thick-bedded horizontal sandstone facies Sh.
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Fig 11- a: Gt lithofacies with abundant chert fragments in contact with Gm lithofacies. b: Gt lithofacies in
contact with Gp lithofacies.

.

d. 1 https://doi.org/10.22108/jssr.2026.148437.1328


https://doi.org/10.22108/jssr.2026.148437.1328

ar Oery (i o sin (Ol J o OISES W3Le) o S15 il (01 Glaanig cigis Ll 15 g3l

.33‘3 d‘f}lﬁ.ﬁs 3)\....5) Jé}g ‘;1;\..1.'.» 5 B oY L;)‘? Oolakad ‘;ﬂ}bj .bl}‘} ‘;‘iﬁ Soladad \4 bl.:c:_ﬁ.’v:dﬂb 6‘;&,1{55 WU}& -a -\Y JS..’Z\
Loy Vs (K)3,5 sLOKy) Sk 5 5 GBIbI 55 ool 4ST S50 b 5 AT daS| b e 5935 30 4 55 Sl Suis S 4
I 5l e gl LKy 50 3 OKs) sl 0k 3 o Oloas b 457 555 o0 0sd 13l 55 (sla KonSS Wakils 5 5 53 3,05 OamST 5 (lo, B
Sladad Sl .00s0 3 5 S, lakad b Oluiio &ils (5l 0 ghKS umanliy o b (K, 01 GOIK) 50b a5 Slaka 3 S S id
Gl 53 St Kl a5 ol ot S5 ol denST Olonmaw Sladad ey 55 3505 ol o g8 5, D3 pliine S WY S
(K0l O1K) sl 0 s o Olaas b 45 sl 03 KT 3l 50 sla KoK 5 ladad 5 5 55 (K0 3 0IK) Sl Ol
S Dl b Dby ails 5l AR el 3 € H(K5355 SLOIS) Sl o)l nl 53 (b (S5 28 Ky oh 5 Laails (K
Lails gl s ‘5l.a‘;<:...§..§ 095% 55 (2 9 (K355 $LOIKY) bals oy gLad s = &S ol s & Sesls opl 53 B Ol L0113
s oo DL ) G (e Kimmes 5 (K5 LUK Olaisdils 5 610 dKS sl g jn —d (K50 5 SO cml B F S
4 b Ol S Dlar Lie (ColdSIS sy 2 35 4 42 5 b IO S Olow 5 (S 2) ke i 51 5 amsle 831050 53 1,0 K 4 e

1 01 03 L &5 Vs oyl ol 6 et 5 Sladad i 03 il 20 ol S S 1L sla 03 5 sl
Fig 12- a- Grain-supported conglomerate petrofacies with abundant chert clasts. Abundance of chert clasts
indicates a single-source nature of the conglomeratic petrofacies. Note the rounding of the clasts. Presence of iron
oxide matrix and thin iron oxide coating around some clasts (yellow arrows) indicates a continental and oxidizing
environment. In some grains, in-situ fractures are seen, which have been filled with silica cement (red arrow). Note
the types of contact resulting from physical compaction between clasts (blue arrows). b- Grain-supported
conglomerate petrofacies with abundant large chert clasts. Abundance of chert clasts indicates a single-source
nature of the conglomeratic facies. Iron oxide cement has formed between the clasts, indicating formation in
oxidizing environments (red arrow). In some chert clasts, in-situ fractures have formed, which have been filled
with silica cement (blue arrow). Interpenetration of grains into each other indicates physical compaction in this
facies (yellow arrows). c- Grain-supported conglomerate petrofacies with abundant chert clasts. The dominant
cement in this facies is of the silica type, which has formed both in the intergranular space (yellow arrows) and
within the in-situ fractures of the grains (red arrows). d- Petrofacies of chert-bearing clast-supported
conglomerate. Red arrows show chert fragments. The matrix of the conglomerate is sand-sized and composed of
silica (chert) with carbonate cement. According to the presence of calcilitite petrofacies, the source of the carbonate

cement is related to the dissolution of unstable carbonate fragments. The uniformity of the clasts and matrix of
this facies indicates its single-source origin.
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ripple marks with straight crests.
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Fig 15- (a): Sp lithofacies formed above Sh lithofacies due to an increase in flow energy. (b): Cut and polished
sandstone sample with planar cross-bedding structure, formed above Sh lithofacies due to an increase in flow

energy.
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Fig 16- (a): Trough cross-bedded sandstone facies (St) related to a fluvial channel. This lithofacies is situated
between massive sandstone facies (Sm) and massive conglomerate facies (Gm). (b): Sandstone facies with
trough cross-bedding (St). (¢): An example of small-scale troughs in a sandstone facies. (d): Cut and polished
sample of image (c) in which the trough structures are clearly visible.
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Fig 17- a- Petrofacies of sedarenite with abundant cherty rock fragments (red arrow) and carbonate rock
fragments (blue arrow). Kashkan Formation, south of Lorestan. Sorting in this petrofacies is good and the grains
are mostly sub-angular. Physical compaction process in this petrofacies has occurred before cementation and has
caused an increase in grain-to-grain ratio. Kashkan Formation, Rit Anticline. b- Petrofacies of calclithite with
abundant carbonate rock fragments. The blue arrow shows a carbonate rock fragment. The yellow arrow shows
monocrystalline quartz. The cement formed in this petrofacies is of calcium carbonate type. Kashkan Formation,
south of Khorramabad. c- Petrofacies of calclithite with abundant carbonate rock fragments. Sorting in this facies
is poor. The yellow arrows show carbonate rock fragments. The presence of biological components in the rock
fragments indicates their carbonate origin in this petrofacies. The cement forming this petrofacies is mostly

calcium carbonate, which has filled the intergranular space. The blue arrow shows a quartz grain. Kashkan
Formation, Rit Anticline.
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Fig 18- (a): Sm lithofacies in contact with Gm lithofacies. Note the truncation of the sandstone unit by the
conglomerate unit and the very sharp boundary between these two lithofacies. (b): Sm lithofacies in
contact with Sh lithofacies. (c): Sm lithofacies in a coarse-grained sandstone unit. (d): Sm lithofacies with

a trace fossil formed within it (dark arrow).
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Fig 19- (a): Laminated mudstone facies (F1) in contact with sandstone facies. (b): Laminated mudstone
facies (F1) in contact with laminated siltstone facies. (c): Mudstone facies with massive structure (Fm).
(d): Massive mudstone facies (Fm) that has been incised by present-day alluvial deposits.
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mudstone facies. Length of image 3 meters.
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Fig 21- a and b: Structural elements of sand bars (sand bars, SB) superimposed on each other with an
erosion boundary. In figure a, it is seen in sand bars of trough construction and in figure b, in sand bars of
laminated construction. ¢ and d: Structural elements of gravel bars (gravel bars, GB). In figure c, two gravel
bars superimposed on each other with an erosion boundary and in figure d, a gravel bar with an erosion
boundary has cut off its underlying sand bar. SB=Sand Bars and GB=Gravel Bars
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Fig 22- a and b: Floodplain structural element (OF) in the studied sections. This element is formed with
limited extension among sandstone facies. OF=Overbank Flow
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Fig 23- Different modes of lenticular cross-bedding and
paleocurrent directions within them. a: Symmetry of the lower
surface. b: Symmetry of the lower surface and truncation of
internal laminae. ¢ and d: Symmetry of the lower surface and

truncation of laminae by the lower surface. e, f, g, h: Absence of
symmetry in the lower surface.
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Table 2- Measurement of azimuth directions of cross-bedding in four sections of the Kashkan
Formation in the southern part of the Lorestan sedimentary basin
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sections of the Kashkan Formation in south Lorestan.
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Fig 25- Depositional model of the Kashkan Formation in the studied sections.
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Fig 26- Type 2 sequence boundary at the contact between the Taleh Zang and Kashkan formations in
the studied sections. a and b are distant and close-up views, respectively, of the type 2 sequence

boundary.
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Fig 27- Formation of the LST facies suite in the Kashkan Formation with the nature of braided rivers
in the studied area. The upper boundary of the Kashkan Formation in the studied area is marked by the
TS surface, which is associated with the onset of relative sea-level rise and the formation of carbonate-

dolomitic facies of the Shahbazan Formation.
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Fig 28- Sequence stratigraphic model of the Kashkan Formation in the Lorestan sedimentary basin.
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