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Abstract

This study is made clear expansion, depositional architecture, and sea-level change of the Seymareh Member. The Campa-
nian carbonate sequence (Seymareh Member) of the Lurestan Zone, contains a rich macrofauna. Amid the bivalves, oysters
(Lopha sp.) and echnoids are abundant and are mostly well conserved, in some beds dominating the fauna. Rich fossilifer-
ous strata of Seymareh Member are 10-300 m and widespread in the south Lurestan Zone. A submarine canyon in the shelf
is suggested for the depositional environment of the Seymareh Member which deepens to the east (Anaran and Surgah,
Emam-Hasan anticline) and thins in west locations (Pasan, Soltan and Kabir-Kuh anticline). This present study is novel
because few papers provide a complete overview of the frequency Seymareh canyons and out into deep water basins. The
paleocanyon deposits conserved south Lurestan Zone provide an occasion for extending sequence stratigraphic ideas and
thought associated with submarine canyons and deep-sea deposits. The Seymareh Member were deposited at a more toward
the sea situated continental slope or outer belt region of the Late Cretaceous upwelling system and 4th order cyclic sequences
in the Seymareh Member are recognised. Below these lowstand conditions, oyster shells were poured off the bioherms and
deposited as large cross-bedded units on the flanks of the basins. At the same time, antecedent glauconite and phosphatic
deposits were reworked and winnowed to form high-grade phosphorite.
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Introduction Member from the Gurpi Formation are well exposed in the

southwest Lutestan Zone in Zagros basin, with a high sedi-

Ocean margins Late Cretacoues are vigorous environments
which host costly deep-water benthic ecosystems. In the
Campanian, a prosperous shoal of oyster, echinoid spines,
gastropod and foraminifera increased briefly from North-
east Iraq and Southeast Turkey (Aqra and Tayarat Forma-
tion) (Jassim and Goff 2006; Karim and Surdashy 2005) into
western Lurestan Zone and manufacture the shell bed (Sey-
mareh Member) of the Gurpi Formation. Seymareh (Lopha)
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mentation appraise. The Seymareh (Lopha) Member name is
extracted from the abundance of Lopha shells and Seymareh
River in Plangane anticline in Lurestan Zone. In every part of
the Seymareh Member, many groups of organisms evolved
and utilized considerably different biological procedures to
form carbonate advancement with unique constitutions. All
micropalaeontologists have faith that the Gurpi Formation
has individual ages based on Foraminifera and Nannofos-
sil studies in individual localities in the Zagros basin and a
few detailed investigations on Seymareh Member have been
attempted (Hashemi et al. 2020; Zarei and Ghasemi-Nejad
2014; Balmaki et al. 2010 (in Persian)), however, detailed
sedimentological, stratigraphy and facies work in Seymareh
Member is still required. No previous work has been executed
on the expansion and sea-level change of Seymareh Member
of this time interval. The general, purpose of this paper is
to evaluate paleo-environments, sea-level change and expan-
sion of the Seymareh Member of the Gurpi Formation in the
southwest Lurestan Zone (Ahmad et al. 2015: Ayoub-Hannaa
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and Fiirsich 2011; Barrera and Savin 1999; Beiranvand et al.
2013; Burst 1958; Casini et al. 2011; Darabi and Sadeghi
2017; Darabi et al. 2018; Dill Jafar Nejad 2007; El-Sabbagh
and Hedeny 2016; El-Sabbagh et al. 2015; Esmaeilbeig 2018;
Geel 2000; Ghasemi-Nejad et al. 2006; Hadavi and Senemari
2010; Hower and Brown 1961; Hu et al. 2012; Jassim and
Goff 2006; Mahanipour and Najafpour 2016; Malchus 1998;
Mekawy 2013; Nairn and Alsharhan 1997; Najafpour et al.
2015; Okan and Hosgor 2010; Razmjooei et al. 2014, 2018;
Senemari and Usefi 2013; Sharyari et al. 2018; Wagner and
Benndorf 2007; Zakhera et al. 2017) are used in this paper.

Geological setting, material and methods

The breach of Arabia (also Zagros basin) from Africa and
its coming together with Eurasia was the last in a series of
separation-collision events which bestow stand up to the
Alpine-Himalayan orogenic system (Farzipour-Saein et al.
2009). The Zagros Mountains act of stretching over the
different area (Fig. la), and the Seymareh Member com-
prises within the basin cropping out widely in southwest
Lurestan Zone (Zarei and Ghasemi-Nejad 2014) (Fig. 1b).
In Lurestan, the belt is bounded in the NE by the Main
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Zagros reverse fault and main recent fault (Fig. 1b). The
Bala Rud Fault (or line) segregate the eastern Lurestan
zone from the Dezful Embaymen (Hessami et al. 2001;
Blanc et al. 2003) and the west, Lurestan is bounded by
the Khaneqin fault which segregate it from the Kirkuk
Embayment and the northeast-southwest the Lurestan zone
is bounded by the High Zagros Fault, from the southwest
by the Mountain (Fig. 1b). Gurpi Formation is a deposit
of the following Zagros time that is one of the great source
rocks of oil in Iran; (Motiei 1993; Darvishzadeh 2009). In
this study, nine stratigraphic sections (Anticline) of the
Seymareh Member have been selected, measured and sam-
pled in the SW and central Lurestan zone (Fig. 1b). So that
from the east to west, they include, south and north flank
Kabir-Kuh (two section), Samand, Kasseh-mast, Anaran,
Surgah, Anjir, Tang-e-bijar and Emam-hassan anticlines
(Fig. 2). Satellite picture and panoramic photo-mosaic
were usual for line-drawing of succession architecture, key
bounding surfaces and bedding model. Field observations
were complemented with the study of 97 thin-sections
for textural characterization and recognition of skeletal
components. Some samples have been analysed to make
certain about glauconites, quartz, and iron and phosphorite
contents. The combined use of facies and sedimentologic
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Fig. 1 a Location map of Iran and geological provinces of the Zagros
Mountains. The rectangle indicates the study area, b close-up view
of a yellow rectangle of a. Map of present-day of Zagros showing the
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Fig.2 a Gross anatomy of Pycnodonte in Seymareh Member. b Sum-
mary diagram showing morphologhy and measurements of Lopha
shells in south flank Kabir-Kuh section

features (e.g. grain size, degree of sorting, grain compo-
sition and sedimentary structures) has resulted in high-
resolution correlations for the Seymareh Member across
the sections depression and supply a framework for the
explanation of a detailed depositional environment and
sea-level change.

Lopha sp. in Seymareh Member

Lopha are classified mainly on the basis of their interior
and exterior shell nature and, in some cases, shell micro-
structure. Significant internal characters are the shape of the
ligament area, the umbonal cavity, the outline and position
of the rear adductor muscle scar, and the type and attendance
of Seymareh Member. Exterior characters include size, the
general outline of the shell, the tendency and type of coil-
ing of the umbo, the shape and development of the attach-
ment area (Fig. 2), and shell decoration such as concentric
growth lines, radial ribs, folds, nodes and spines (Stenzel
1971; Malchus 1996; Agqrabawi 1993; Checa and Jiménez-
Jiménez 2003). In contrast, nearly all larger specimens,

mainly of Pycnodonte sp., Pycnodonta vesicularis, Lopha
dichotoma and Lopha sp. are preserved unbroken and intel-
ligible. This show transport under high-energy situation, but
of short duration, as abrasion and breakage are usually low.
Ribbed Lopha of the Seymareh Member lineage could have
originated in the study area during the Late Campanian in
the warm (e.g.: Aqrabawi 1993), ventilated, nutrient-rich,
near-shore waters of the Late Cretaceous Seaway. This
Lopha Sp. is a simple ribbed oyster built on a generalized
plan that could be the ancestor of the smaller, younger,
inequivalved species of Pycnodonte mentioned above. At
maturity, these plications thicken into prongs that form the
steep flanks of the shell (Seymareh Member). These prongs
create an interlocking, zigzag commissure (Fig. 2). Left
valves are often attached to the right valves of other indi-
viduals of the species. Therefore, the plications are com-
monly more noticeable on the right valves. The amplitude
of the prongs decreases in the opposite direction toward the
umbo, where the amplitudes of the prongs are suppressed
completely. This would minimize the extra resistance to the
flow of water through the gape, caused by drag against the
lengthened edges of the valves. Any zigzag must be a com-
promise between protection and rate of flow.” Zigzag com-
missures provide protection by acting as straining devices
while the valves are open. The zigzag slit allows particles
below a critical size (diameter) to enter the mantle cavity but
rejects particles greater than that critical diameter. In addi-
tion to its protective function on Lopha sp., the onset of the
zigzag commissure, which does not appear until late in the
growth cycle of the oyster, allows the oyster to grow larger
by increasing the interior volume of the shell. Crowding may
have been as big a trigger for flank growth as maturity. The
ridges of the oyster flanks that resulted from thickening the
costae (ribs) into prongs may have increased the strength of
the shell as well. Pycnodonte and Lopha species occur in
abundance and attain large size in Lopha Member, where
they occur together in the same bed and, thus, occur in the
same paleoenvironment. Lopha sp. and Pycnodonte are
found in each of the rock units in different sizes.

Lithostratigraphy and widespread Seymareh
Member

Seymareh Member has been deposited only in Lurestan with
great changes in thickness, facies (Fig. 3). The Seymareh
Member is known as Lopha limestone, due to its abundance of
macrofaunal (especially Lopha fossil). According to research
by Hashmie et al. (2020) Seymareh Member is composed of
four stratigraphic units that do not appear anywhere. Sina et al.
(2010) and Darabi et al. (2017) have reported the fossil debris
Lopha in Pasan and Sultan anticline, but have incompletely
reported the sequence of the Seymareh Member. The first and
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Fig. 3 a Stratigraphic nomenclature for the Seymareh Member in the Zone during the late Campanian—Maastrichtian. d Widespread strati-
studied sections (with slightly modified after Motiei 1995). b Wide- graphic unit 3 in seymareh Member of Lurestan Zone. e Widespread
spread stratigraphic unit 1 in Seymareh Member of Lurestan Zone. stratigraphic unit 2 in Seymareh Member of Lurestan Zone during the
¢ Widespread stratigraphic unit 2 in seymareh Member of Lurestan Campanian-Maastrichtian
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third stratigraphic units are erosive due to the nature of shale
form, but the second and fourth stratigraphic units are usu-
ally prominent and separable. The percentage of Lopha sp.,
as shown in Fig. 3, increases from unit 1 to unit 2 and then
decreases again to Unit 4. The percentage of organisms was
averaged from all sections. In general, the percentage of Lopha
sp. and other macrofossil from the northeast to the southwest
of Lurestan zone decreases, so that the percentage in Kabir-
Kuh section is decreased to the Emam-hasan section (Fig. 3).
Three additional sections measured other researcher has also
been used to better understand the depositional architecture
across the basin. In the platform-to-basin transition, from SE
(Soltan) to NW (Emam-hasan anticline) in the southwest and
central Lurestan zone, the stratal architecture and distribution
of allochem allow four large-scale stratigraphic units to be
distinguished (Fig. 4). According to previous studies and this
study, Seymareh Member is more widespread in the southwest

Fig.4 Photomicrographs showing: a Orbitoides sp. in South flank
Kabir-Kuh section. b Sirtina orbitoidesformis in north flank Kabir-
Kuh section. ¢ Goupillaudina iranica in Anaran section. d Planor-
bulina sp. in Emam-hasan section. e Omphalocyclus macroprus Anjir

of Lurestan and in the southern regions of central Lurestan
Zone and is not observed in other areas of the Zagros basin.
Figure 4 shows the extent of Seymareh Member expansion
and Fig. 3 shows the distribution of each stratigraphic units
in Lurestan province. Stratigraphic Unit 1 is observed in the
central and southwestern Lurestan Zone with different thick-
ness (Fig. 4a). The stratigraphic units2 and 3 are observed in
the southwestern Lurestan Zone and always together (Fig. 4b
and c). The stratigraphic unit4 is observed in the southwest
Lurestan Zone (Fig. 4d).

Biostratigraphy and facies
The biostratigraphic criteria of the Seymareh Member more

were established by foraminifers and calcareous nannofossils.
It should be noted that the beginning and end of the Seymareh

section. f U. trifidus-short ray nano fossil in Samand section. g B.
parca constrita in Surgah section. h R. levis in Anaran section. i E.
eximius in Anaran section
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Fig.5 Field photographs and microscope of the Seymareh Member
successions of the studied sections. a Stratigraphic unit 4 in Anaran
section. b Close-up view of grey square of Fig. an in unit 4 in Anaran
in section. ¢ Lopha-benthic forams floatstone-rudstone microfacies
with fossil debris in unit 4 in Anaran anticline. d Foraminifera bio-
clastic wackestone/packstone microfacies with glauconite, phosphate,
quartz grains and foraminifera in unit 4 in Emam-hasan section. e
Foraminifera bioclastic wackestone/packstone microfacies with glau-
conite and phosphate and quartz grains and foraminifera in unit 4 in

Member have been identified in sequence with the appear-
ance of Lopha sp. fossil. Numerous biostratigraphic studies
performed in this area by various research institutes and inves-
tigators on foraminifers and calcareous nannofossils groups
(e.g. Sharyari et al. 2017; Rahimi et al. 2017, 2020) have
estimated the age of Seymareh Member equal Late Campa-
nian-Early Maastrichtian by using foraminifers and calcare-
ous nannofossils in Kabirkuh, Samand and Anaran sections
(Fig. 5). By using calcareous nannofossils and foraminifers in
both flank Kabir-Kuh anticline Hadavi and Rasa Ezadi (2008),
Rabbani et al. (2009), Moradi (2010) and Rahimi et al. (2018,
2020) have estimated the age of Seymareh Member equal
to Late Campanian. Hemmati-Nasab et al. (2008), Zarei and
Ghasemi-Nejad (2014) using foraminifers and Sharyari et al.
(2017) by calcareous nannofossils in Anaran anticline have
appraise the age of Saymareh Member equal Late Campanian

@ Springer

Samand section. f Lopha-benthic forams floatstone-rudstone microfa-
cies with fossil debris in unit 2 in Kase-Mast anticline. g Shelly oyster
wackestone microfacies with glauconite and phosphate grains in unit3
in south flank Kabir-kuh section h Shelly oyster wackestone micro-
facies with glauconite and phosphate grains in unit 2 in south flank
Kabir-kuh section. i Foraminifera bioclastic wackestone/packstone
microfacies with glauconite and phosphate and quartz grains and
foraminifera in unit4 in Emam-hasan anticline section. F foraminif-
era, Q quartz, G glaconite, P phosphate

and another studied research brief: Hadavi and Shokri (2010),
Sina et al. (2010), Bakhshandeh et al. (2015), Darabi et al.
(2017). The Seymare Member consists of a large variety of
skeletal and non-skeletal grains, iron, glauconite and phos-
phatic grain and sparite and micrite cement. Differences in
the abundance of allochems exist between all study sections.
Non-skeletal grains are abundant in all sections and consist
mainly of glauconite, quartz, and interclast grains. Skeletal
grains are mostly oyster (Lopha), bivalves, gastropods, ech-
noids, bryozoer and benthic and pllagic foraminifers. There-
fore, several significant taphonomic processes were affecting
the shells and changing their original state during fossiliza-
tion. The principal depositional features observed in the field
and thin-sections, such as textures and microfossils, arrives
in the identification of distinctive facies microfacies in all
sections (Table 1, Figs. 5 and 6).
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Table 1 Major facies and
paleoenvirnment of the

stratigraphic units in Seymareh
Member. Modified after
Hashmie et al. 2020

Facies Unit place Paleoenvirnment

Shelly oyster intraclast grainstone Unit 1 and 3 Upper Canyon

Shelly oyster wackestone Unit 1 Lower Canyon to basin plain
Lopha-benthic forams floatstone-rudstone Unit 2 and 4 Upper to middle canyon

Foraminifera bioclastic wackestone/packstone

Unit 1, 3 and 4 Middle to lower canyon

Fig. 6 a Field photographs of
unit 2 of the Samand section. b
Close-up view of grey square of
a with cavity erosion. ¢ Close-
up view of grey square of a with
convolute bedding and slump
folding structures. d Outcrop
photograph unit4 in Tan-e-bijar
section. e Close-up view of grey
square of d with Lopha sp. £
Close-up view of grey square of
d with Pycnodonte and Lopha

Sp

Whole-rock geochemistry

We demonstrate our results here and converse their conno-
tation for water depth, paleoredox situations, and maturity.
Thirty-two powdered glauconite samples were examined
with XRF to determine the mineralogical constitution of
the main part samples. The results of the XRF elemental
abundances data of the main part thirty-two rock samples
are listed in Table 2. These elements as identified from
Table 2 are correlated well with glauconite as well as being
themselves intercorrelated. The framework grains are com-
posed mainly of glauconite grains with lesser amounts
of fine- and rarely medium-grained quartz grains as well
as phosphat. Glauconites are identified in all sections but

are more abundant in the Kabir-Kuh anticline than in the
Samand anticline in stratigraphic unit4. Most glauconites
in the Seymareh Member are authigenic and alike in size,
but in a few samples, they show sizable variation in size.
They alter in colour from light green to lemon green in
Seymareh Member. These frame grains were inclosed by a
brownish marl and shale form matrix. In addition, glauco-
nites grain is exited in other unit rock in Gurpi Formation
(e.g.., Emam-Hassan Member). It is supposed that the small,
similar-sized, well-sorted and alike-shaped in Seymareh
Member are autochthonus which may show transportation
before deposition. Some quartz was replaced by glauconites.
Some glauconite grains look like foraminifer’s shells. Appar-
ently. these glauconites formed within foraminifera shells

@ Springer
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(Podobina and Kseneva 2005). A mixed study includes
detailed petrography, mineralogy, and mineral chemical
analysis (XRF) is likely to supply a better viewpoint of an
agent touching the make-up of glauconite (Table 2). The
remarkable variations in the chemistry of glauconites of the
unusual studied areas could be ascribed to their distinction
in the mineralogical component (pyrite goethite). However,
authigenic glauconite may form in a wide spectrum of shal-
low marine environments involving wave-agitated estuaries
and coastlines (Banerjee et al. 2016). Intraclasts are present
in some samples of the Anaran, Kasse-mast, Samand, south
flank of the Kabir-Kuh anticlines. Grain size quartz often is
in the range of fine to medium (0.5—4 mm) that in most cases
fine-grained sand-sized matrix fill between micrite. Grains
are mostly bad-rounded quartz (Angular). The quartz grain
is observed in the lower part Seymareh Member of fining
upward cycles. Most intraclasts are in the interior homog-
enous and be composed of micrite, while others contain bio-
clasts. They are ordinarily polymodal in size ranging from
0.6 to 2.1 mm. Phosphate are not recognized in all sections.
It comprises phosphate, quartz, and glauconite. Phosphate
in all samples ranges from 0.01 to 0.3 mm (average 0.2 mm).
It is supposed that the small, similar-sized, well-sorted,
uniform-shaped and dark colored in 2 and 4 unite in Sey-
mareh Member are debris grains, most grains were trapped
by fossil debris. The results listed in Table 2 show more
content of the average composition of SiO, (23.8 wt. %)
at Seymarh Member contrasted to a variable component at
the other vicinity. Al,O5 average composition displays vari-
able content (7.6 wt. %) in the different localities with the
higher values at Anaran, Samnd, Emam-hasan and Kabir-
Kuh anticlines. Large variation in Fe,O; average content
(5.8 wt. %) in the analyse volume samples at the different
localities were registered with the higher values at the north
flank Kabir-Kuh anticline. K,O average composition varies
gently 11.4 wt. % in analyse volume samples of the differ-
ent localities. The MgO average composition of glauconite
(Table 1) varies 3.2 wt. %, with the higher values reported
at all sections. On the other hand, the glauconites of both
sections Kabir-Kuh samples exhibit more content in Al,O4
(t), K,0, P,0Os, whereas the glauconites of Anjir samples
are comparatively enriched in P,O5 and SO;. Contemporary
glauconite forms in the depth range of 50-500 m and is most
abundant between 200 and 300 m deep on the seafloor (Odin
and Matter 1981). The Campanian-Maastrichtian border is
at the end of stratigraphic unit 4. Before this border (begin-
ning of Unit 4) to the beginning of Emam-Hassan Member,
the amount of glauconite and phosphat has been increased.
This shows that upwelling has really taken place on this
border. In rock unit 1, the percentage of quartz is added from
the beginning of Seymareh Member to rock unit 4 and this
trend is observed in all studied sections. This trend shows
that the depth of the Seymareh Member has decreased from

the beginning to the top. Therefore, the amount of quartz has
increased from the southeast of Lurestan zone (Kabirkuh
sections) to the northwest of Lurestan zone (Imam Hassan
section). The percentage of Al,O; increases at the end of
rock unit 1 (in all sections) and the beginning of rock unit
2. The above conditions indicate low environmental energy.
The percentage of Cacos in all rock units is high. The per-
centage of Fe,O; has increased from the end of rock unit 1
and the beginning of rock unit 2 and in narrow of Bijar, Siah
Kuh, Anjir sections has increased in rock units 1 and in the
middle of rock unit 3 the percentage of Fe,O; in Samand
and Surgah sections has increased. The amount of K,O is
directly related to the grains of gluconite, and wherever the
grains of gluconite are increased, the amount of K,O is also
increased. In rock units 2 and 4, the concentration of glu-
conite is that this trend can be seen in almost all studied
sections. The percentage of P,Os in rock units 2 and 4 in the
Anaran, Surgah, Kabirkuh sections has increased. It seems
that the level of P,O5 and K,O levels has reached the stage
of sea-level change. The percentage of other elements was
negligible. In general, it seems that rock units 2 and 4 have
changed with environmental conditions and increasing liv-
ing conditions, and phenomenon upwelling has occurred.
This trend is observed in almost all studied sections. The
climate during the Middle to Late Cretaceous (Aptian to
Maastrichtian) practiced important changes from warm to
colder periods with the highest sea surface temperatures
in the Turonian (Friedrich et al. 2012; Koch and Friedrich
2012). Organic-rich Upper Cretaceous sequences in the
south Lurestan zone were deposited in an extensive highly
creative upwelling-linked system which prevaileda long
the southern Tethys margin and lasted for Late Campanian
(Fig. 9c and e). The nature of the upwelling system, and it’s
accomplished on the sedimentary record, is related to two
basic environmental parameters, namely paleoproductivtiy
strength and oxygen levels at the lower. Glauconite as well
as phosphorite are associated with the Upper Cretaceous
transgressive deposits of passive continental margins (Amo-
rosi 2012). The phosphates developed during a period of
transgression and onlap that promoted sediment starvation
in a strata of limestones and greensands that were already
defective in clastic supply. This upwelling system belongs to
the Upper Cretaceous—Eocene phosphate belt which stretch
from South America (Colombia) over North Africa to the
Middle East be composed of organic-rich carbonates, cherts
and phosphates (Pufahl et al. 2003, 2006).

Depositional environment
The Late Campanian and Maastrichtian care for the closing

of the Southern Neo-Tethys and formations intraplate exten-
sional and transextensional basin, in addition to the
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deposition of the Seymareh Member in the Lurestan (Alavi
2004). The abduction and the closure of the Southern Neo-
Tethys occurred during the Late Campanian and Maastrich-
tian, where the continental crusts of the Iranian and Arabian
Plates were assemble (Alavi 2004). Because of this assem-
bly, the studied area was transmuted from passive margin to
active early Zagros foreland basin, and Seymareh Member
in Gurpi Formation was deposited in this foreland basin.
Particularly, we address Cretaceous submarine canyon evo-
lution in South Lurestan Zone and links to sea-level vacilla-
tion (Fig. 7a and b). Large fragmented shells of Lopha Sp.
Pycnodonte and echinoid, and foraminifers are in the whole
succession in Seymareh Member. The diverse unormal
marine macro-and microfossil that includes planktonic
organisms and the muddy and sparity textures of the deposits
suggest an open marine condition. A mixed benthic/pelagic
microfossil association with a macrofossil by oysters,

9
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gastropods and echinoid debris describe the outer shelf
microfacies (Flugel 2013). The intergranular space is satis-
fied with a micrite and sparite matrix. More internal benthic
fauna can sometimes be met by chance and was probably
brought in by storms. Gurpi Formation shallows upward to
the microbioclast wackestone/packstone facies below the
Seymareh Member with an abundance of benthic foraminif-
era, echinoid, oyster and bivalve shell fragments that reflect
a distal outer-shelf depositional environment. The Seymareh
facies is classified from bioclast wackestone to grainstone
that contains a mixed benthic/pelagic microfossil association
with a macrofossil by oysters and echinoids recommend as
suitable that the Seymareh Member was deposited in a sub-
marine canyon environment in the uppermost Campanian
(Fig. 8a—d). High relative abundance of faunal substance of
the Seymareh Member indicates oxygenated situations
where circulation in the water body was strong and a shelf
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Fig.7 a Paleogeographic map of Lurestan Zone during the late
Campanian—Maastrichtian. Paleogeographic reconstruction showing
simplified plate boundaries and Seymareh Member of Plate Arabian
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(with slightly modified after Ziegler 2001; Motiei 1995). b Schematic
block diagram for depositional model of the Syemareh Member in
Lurestan zone with available alchemy
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Fig.8 c and d Schematic depositional models of the Seymareh Mem- matic depositional models of the Seymareh member during the high-
ber during the highstand system and lowstand system in stratigraphic stand system and lowstand system tract in stratigraphic Unit 3 and 4,
Unit 1 and 2, Close-up view of grey square of b and c. e and f Sche- Close-up view of grey square of d and e
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fauna dominated by the large Lopha sp. This is followed by
a sudden decreasing and not moving condition and the depo-
sition of pelagic wackestone microfacies. The high compo-
nents of pyrite, glauconite and phosphates in organic micro-
facies are proof of surface water productivity and suboxic to
the anoxic condition that favorite accumulation and protec-
tion of Seymareh Member in the pelagic environment in Late
Campanian—Maastrichtian. Palaeoecologically, like their
modern delegate, Campanian oysters lived near the foreland
bulge and low-energy marine environments. In general, shell
thickening among reclining species has almost definitely
been a mechanism for expanding whole animal density to
avert their being turned over and transported to undesirable
habitats (Stanley 1970; Seilache 1984). However, some of
the shells may have remained as encrusters in every part
their life growing into substrates (such as shells) as evi-
denced. Moreover, the oyster populations in the present
study are composed of different growth stages from youth to
full-grown forms. The presence of youth and small individu-
als is probably due either to high youth mortality by flow in
a high-energy marine environment (El-Ayyat and Kassab
2004). Lopha and Pycnodonte mostly populated warm and
normal marine shallow to deep subtidal conditions and could
have lived in deeper seas and additional away from the coasts
(Dhondt et al. 2005; Wilson 2007). However, some of its
ichnospecies are displayed in both deep and shallow water
(Wilson 2007). Therefore, the global sea-level stand up at
the Late Campanian-Early Maastrichtian boundary drowned
the oyster habitats below their best water depth (Dhondt
et al. 1999). During slow transgression, each Lopha sp. and
other macrofossils will have adequate time to destroy the
work of the previous one, and the resulting sculptures will
reflect only the work of the deepest water community
(Bromley and Asgaard 1993). The great incident of traces
of oyester in the studied specimens shows approving condi-
tions for their existence. There is the suggestion that at least
parts of the Seymareh Member represent a transported
fauna. Size differentiation of the individuals has been
observed at unusual districts in all sections. Size differentia-
tion is possibly the result of sorting by sedimentary pro-
cesses. A transported organism oyster is formed when the
smaller individuals of an assemblage are winnowed out and
concentrated separately. In general, at the time of the deposi-
tion of the Gurpi Formation, the depth of the basin was from
the south-east to the north-west of the Zagros Basin. There-
fore, the deepest part of the Gurpi Formation Basin is con-
nected to the Lurestan zone (Fig. 8a—d). There is Seymareh
Member in the southern part of Lurestan zone, so Seymareh
Member is deposited in the deep part of the Gurpi Formation
Basin. According to the above, it appears that the Seymareh
Member was deposited in a protected area in the deep
marine (e.g.: Van Rooij et al. 2010). Lopha sp. and other
macrofossils seem to grow in the submarine canyon wall and
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are then replaced by environmental factors. Generally, Sub-
marine canyons are ubiquitous morphologic elements of
global continental margins, serving as sediment transport
conduits from shallow part marine to the deep sea, and as a
key component in marine biologic productivity and biodi-
versity (Talling et al. 2015). The main driver for this ecosys-
tem is a cautiously balanced hydrodynamic environment
regulating sediment and nutrient supply (Dorschel et al.
2009; Amblas et al. 2018). Canyons play a judgmental role
since they are the most important mechanism of nutrient
input into the deep marine (Palanques et al. 2009). The mor-
phology of the continental slope is described by canyons,
arranged in channeling basins and actively feeding the Sey-
mareh Member deep-sea fans (Anaran anticline). Despite
this critical position, submarine canyon head deposits have
accepted little containing details sequence stratigraphic
study (e.g., Sweet and Blum 2016), in part because they are
largely reasonable to locate of seascape humiliation and
sediment avoid (e.g., Stevenson et al. 2015). The upper part
of the paleocanyon unit contains comparatively small chan-
nels that were likely carved by erosion in all section and
filled deposits. Canyon walls (Place of growth of the Lopha
and other organism) were likely unstable and arrange to sub-
marine landslide neglect because they consisted of relatively
not unified Gurpi Formation shelf deposits and recently
deposited canyon fill 9anjir and Emam-hasan anticlines).
Within Canyons and trench, prevalently downslope erosion
has progressively exposed these united carbonate-like sedi-
mentary sequences, which have been shaped into step like
banks or slope. This process is more intensive towards the
centre of the canyon, providing a higher obtainability of
appropriate substrates (Kabir-kuh sections). The overhang-
ing banks and the perpendicular slope may provide an ade-
quately protected habitat for the deep-water oysters. Moreo-
ver, the asymmetry of Seymareh Canyon clearly exhibits a
second-factor control of the position of the deep-water oyster
habitats. The lowest paleocanyon fill is commonly mixed
microfacies with texture wackestone to grainstone, suggest-
ing that mass transport deposits may be more common dur-
ing the first stage of paleocanyon filling, shortly after inci-
sion when canyon alleviation may have been largest. Nested
channel compounds within the paleocanyon unit are
described by Facies Mf1 paleo-axial channel fill and lag
deposits at the base of erosional channels and in pile com-
bine units, overlain by Facies Mf2 and (or) Mf3. Facies Mf4
records canyon head deserting, resulting in finer-grained
draping to downlapping fill. In Mfl and Mf3 with slump
folding depth of incision, channel location, and channel
cross-sectional morphology indicate that much of the ero-
sion and filling must have occurred below sea level, in a
submarine- canyon environment (e.g., Fig. 7a and b). Con-
versely, the upper portion in Soltan, Pasan and Kase-mast
anticline contains Mf1 and Mf4 incised by shallow, narrow
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to amalgamated channels of Mf4 that may have been carved
dominant. As a whole Seymareh Member is formed just
southwest of Lurestan in a submarine canyon and little trace
of this submarine canyon is seen as submarine dolines in the
Sultan and Pasan anticline of central Lurestan. Due to the
thickness and trend of the fossils it seems that the trend and
slope direction of this canyon has been from the central Lur-
estan zone to the southeast of the southwestern Lurestan
zone. So that in the Kabir-Kuh and Samand anticline most
of the canyon wall (Ridge Lopha) in section Surgha and
Anaran anticline was most likely to form fan canyon. It
should be noted that the thickness of Seymareh Member
differs from these anticlines in differentlocations, possibly
due to tectonic conditions as well as the formation of sub-
canyons attached to the main canyon. This fact investigates
the widespread of the same tectonic and environmental con-
ditions with some time elapse along the border of the Ara-
bian platform (Special in Lurestan Zone) in foreland bulge
from Turkey to Iran (e.g., Alavi 2004). This time interval is
entirely influenced by the compressional regime of the fore-
land basin creation (e.g., Alavi 2004; Homke et al. 2009),
and Lopha limestone was probably deposited on the foreland
bulge.

Sequence stratigraphy

Principal sequence stratigraphic conceptual models do not
regard submarine canyon head settings in detail (e.g., Catu-
neanu et al. 2009, 2019). Although quantity sequence strati-
graphic of concept models explain the bulk of submarine
canyon fill to take place during sea-level transgression (e.g.,
Williams and Graham 2013), it is probably that some, or
maybe most, of the observed Seymareh paleocanyon fill accu-
mulated during long, slow regressions that controled Creta-
ceous sea-level cycles. We explain that some, and maybe main,
of the sediment filling the paleocanyons was deposited during
long, slow Cretaceous retrogression. Comparing Cretaceous
sequence with the global sea-level curve of Haq et al. (1988)
shows that this time interval is completely affected by the com-
pacted regime of the foreland basin creation during the late
Campanian-Maastrichtian sea-level lowstand that exposed the
shelf in the south Lurestan zone, deposite Seymareh Member
may have enlarged across the shelf and into Seymareh Canyon
by way of flow canyon heads that abide as indentations along
the northern rims of Canyon. It has also been suggested that
climate-driven sea-level change can influence the frequency
of canyon filling gravity or turbidity flow by impacting slope
stability (Brothers et al. 2013). Upwelling connected with ret-
rogression and lowstands may also have increased sediment
supply (e.g., Evangelinos et al. 2017; Mauffrey et al. 2017).
However, the reaction of sediment supply to Cretaceous

climatic vacillation is still debated and may vary with regard to
a certain location (e.g., Romans et al. 2016). We identified that
a confusing interaction likely exists between eustatic sea-level,
distance between the canyon head and sediment source(s), tec-
tonics, and sediment supply (e.g., Mauffrey et al. 2017). The
Seymareh paleocany on unit mentions that change sea level to
canyon main distances and amount of sediment evade, largely
due to shifts in canyon main location and sea-level variation.
The Seymareh paleocanyon deposits record a mediatory step
in sediment transport from tectonically uplifted the beginning
of the canyon area to final submerges in the Seymareh deep-
sea fan (Fig. 10a, b, c and b). The Seymareh Canyon has been
elucidated to be working as a short-term reservoir for coarse
sediment that is transported to the deep-sea fan in episodic
events (e.g., Gontharet et al. 2007). In this section, we discuss
the precipitate and controls on canyon-filling gravity currents
or flow in Seymareh Canyon.

Highstand system tract (units 1 and 3)

The procedure of canyon-satiating occurs on a diversity of
different transitory and spatial scales within Seymareh Can-
yon. Under the current proportionately high sea-level situa-
tions, the canyon head is mainly an area with deposition in
the axial channel from sediment gravity flows that transport
sediment into deeper water, and with the minor downfall of
deposits along canyon walls apparently moved down canyon
rapidly (e.g., Puig et al. 2014; Xu et al. 2014). Late studies
of deep-water deposition along tectonically active margins
exhibit that sediment transport and deep-sea fan deposition
can take place or increase throughout transgression and sea-
level highstand conditions where canyon leads abide joined
to shore sediment (or shallow marine) transport systems
(e.g., Gamberi et al. 2015; Sweet and Blum 2016) (Figs. 9
and 10c and e). However, these studies of highstand-domi-
nated systems mainly depend on modern canyon morphol-
ogy and concentrate on canyon heads as zones of sediment
Seymareh Member. Where canyon heads keep pace with
sediment deposition and protection should be tied to sea-
level variation and sediment supply, and produce different
sequence stratigraphic expression. These small and frequent
gravity currents do not seem to deposit on canyon levees,
or the abyssal plain, as there is a general absence of gravity
deposited. Given the attendance of erosive scours within the
lower obtain of the canyon, it is possible that these happen-
ing often gravity currents are erosive from for the upper to
the lower canyon but are too small to rise above levees (de
Stigter et al. 2002; Arzola et al. 2008). Upwelling has been
HST and has led to high nutrients, thereby providing condi-
tions for the growth of organisms as well as the formation
of gluconate and phosphate in the canyon (Figs. 9 and 10c
and e).
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Lowstand system tract (Units 2 and4)

We derive that many large-scale internal erosional surfaces
shaped mainly during Cretaceous sea-level lowstands and
regressions. In these models, submarine canyons are joined
to terrestrial sediment furnish deposite Seymareh Member
during lowstands, and are principally reasonable as bypass
territory for sediments deposited in lowstand systems tract
basin floor fans and wedges (e.g., Catuneanu et al. 2009;
Catuneanu 2019). The role of sea-level lowstand in reveal-
ing continental shelves and resulting in more terrigenous
sediment distribution to slope and deep-sea fans is widely
approved; as is the role of canyons as a channel for this
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sediment delivery (Lebreiro et al. 2009). Lowstand domi-
nated canyons typically occur when the canyon does not
engrave the whole continental shelf (Covault and Graham
2010). In the lowstand system tract, internal erosional sur-
faces would depict sequence boundaries, and the wackestone
and packstone textures paleocanyon fill would correlate with
lowstand fan and lowstand wedge deposits farther toward the
sea in deeper-water regions of the Channel and Fan (Fig. 9¢c
and d). This results in a higher frequency of gravity currents
due to increased sediment equip (Covault and Graham 2010).
Despite the lack of a gravity sediment supply into Seymareh
Canyon, there are a number of gravities for systems to the
south Lurestan zone which feed onto the continental shelf
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(southeast toward southwest). Increased sediment compen-
sates for to the shelf from these gravity currents during low-
stand situations may also have led to increased sediment
transport, and contributed to the higher frequency of gravity
currents being produced. It is also might be that these gravi-
ties deposited were conquered across the shelf and into the
canyon principal during sea-level lowstand. As the slope is
converge with canyons, these tidally make happen transports
may be channelled and result in domains of locally increased
flow and local circulations (Pingree and Le Cann 1990).
This is reminiscent of a margin-wide sea-level control on
large-scale canyon-filling in Seymareh canyons. This is spe-
cifically true in the case of deep-water fan and continental
slope settings in Surgah to Anaran sections. In these deep-
water settings, one of the primary expressions of sea level
changeability is replaced in down system sediment transport
(Covault et al. 2010, 2011). For gravity currents, these can
comprise the activate mechanism, sediment volume, run-out
distance (Talling et al. 2013, 2015; Talling 2014). Lopha
sp. and Pycnodonte are sequenced in different directions
and in some layers are in the direction of flow indicating
a submarine flow. The height of the wall above the canyon
also likely prevents smaller, more frequent events triggered
by storm or wave activity from depositing. This infer that if
canyon-rinsing events are the result of climatic changeability
(Bernhardt et al. 2015).

Conclusions

In throughout Cretaceous in Gurpi Formation of the south
Lurestan Zone one deep-water ecological system hotspots
have been recognized in association with a compound inter-
play of nourishing supply, sediment, geology and seabed
morphology and this qualification was operative emersion
Seymareh Member. The regional act of distinguishing most
likely reflects their location on separate tectonic zones on
which distinctive facies conditions matured due to differ-
ent tectonic movements. This Seymareh Member is most
uncommon with respect to its surroundings, geochemical
signature, size and its especially significant centennial long
life. More specifically, the area underneath overhanging
cliffs and steep escarpments appear to be the most successful
colonization surface. Only sometimes, and in reduced num-
bers, they can be found on exactly alike substrates colonized
by the deep-water oysters. Such specific substrates can be
considered as limited along the continental margins and are
specifically gathered together into deep-sea canyons, where
they still are comparatively sparsely scattered. The present
observations exhibit that canyons and steep slopes may
supply the most appropriate physical environment for these
oysters (Lopha and other organisms), which are generally
observed underneath overhanging banks or on escarpments.
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Seymareh Canyon head formation diverse inward Late Cam-
panian sea-level oscillations, immigrate beyond the conti-
nental shelf in southwest Lurestan zone. Glauconites and
phosphorite grains were authigenically precipitated within
precursor marl and biosiliceous deposits during high water
level and extreme upwelling within the Tethys Ocean to the
east of Zagros Iran. In Seymareh member in rock units 2
and 4, the percentage of gluconite, P,05, K,O and Al,O; is
more than the other two rock units. The above evidence sug-
gests an increase in water level and an increase in ambient
energy, which seems to be the phenomenon of upwelling.
The lower parts of paleocanyon fills include paleo-axial
channel combined deposits and mass transport deposits from
canyon wall failures; these and incision of paleocanyons may
have taken place, or been improved, during retrogression
and lowstands. Sea-level transgression and highstand likely
promote sea-level oscillations and led to canyon head aban-
donment. This resulted in marine hemipelagic and gravity
fill, possibly including paleo-bench deposits and spillover
from the continental shelf, specifically in the upper part
of the paleocanyon unit. A small portion of the uppermost
paleocanyon unit includes channels, likely carved by exten-
sions of the deposits Seymareh Member across the shelf
during sea-level lowstands. The four upward cycles identi-
fied from the Seymareh are related to sea-level variations.
Three complete 4rd-order depositional sequences in Deeping
patterns were identified in the studied Member. The superior
facies associations developed in member exhibit an overall
transgression-regression cycle in the middle to late Campa-
nian. Canyon-filling seems to be predominantly controlled
by sediment unsteadiness during sea-level low stand and by
storm during the present day highstand. Gravity currents
are one of the main transport processes within Seymareh
canyon systems and can be activated by a wide variety of
mechanisms. Canyon-filling gravity currents are measured
to be the result of made local sediment failures and storm
resuspension. Canyon-flushing gravity currents are erosive
flows that transport large volumes of this canyon-filling sedi-
ment out onto canyon-mouth fans.
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