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Abstract

 Two section in Bahram Formation for biostratigraphy, lithofacies, facies, paleoenvironment and 
sequence stratigraphy were studied. In this article to with the sequence stratigraphy of the Upper Devonian 
(Frasnian) Bahram Formation for this reason micro/lithofacies analysis of the sediments in the south toward 
northeastward part of the main Iran plate Mountains. According to stratigraphic distribution Bahram 
Formation at the study sections is of Frasnian stage, based on the occurrence of Umbella algae species in 
Shaftalugaltan section and conodonts in Sar-e-Ashk section. The main bioclastic components of the Bahram 
Formation are brachiopods, algae, bryozoans, corals, gastropods and fragment fossil. Microscopic 
investigation confirms the presence of eleven petro/microfacies typical for upward shallowing trend from in 
five micro/lithofacies belts shallow-open marine to shoal, restricted lagoon, and toward tidal flat and finally 
to near-shore depositional environments were identified. According to the evidence of environmental 
interpretations, we reconstructed a mix carbonate–siliciclastic shallow-water shelf mainly represented by its 
middle and inner sectors. The vertical expansion of the investigated litho/petro/microfacies provide for 3rd-
order cyclic in the Bahram Formation. Comparison of the recommended sedimentary sequences with those 
reported in Iranian plate and the local relational change sea-level curves related, well with the worldwide 
change sea-level curves.
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1.  Introduction       
    
 The Bahram Formation is part of a 
Devonian rocks that forms by the sedimentary 
cover of the Pan-African cratonic basement 
(Sharland et al. 2001). The study region during 
the Devonian were annexed to the African and 
Arabian plates and constructed of the cratonic 
Gondwana and of the Paleo-Tethys (Blant 
1978; Al-Juboury and Al- Hadidy 2009). The 
Bahram Formation, of Givetian to Famennian 
age (Wendt et al. 2005; Gholamalian et al. 2003, 
2007, 2008, 2009; Bahrami et al. 2011,2014), 
have rich fossil debris (Abundance of 
brachiopods) in Centeral Iran. The Bahram 
Formation was named concerning the Ozbak 
Kuh in Sartakht Bahram area (north of Tabas 
Block) by Ruttner et al. (1968). According to 
Aghanabati (2004), Bahram Formation is in 
lower part of the Ozbak kuh group (Fig. 1). 
Lithostratigraphiy, the Bahram Formation, on 
the type section, be composed of principally 
limestones with abundant brachipods and 
intercalation of dolomitic limestone, shale and 

marl (Aghanabati 2004). The Middle-Late 
Devonian rocks in structural units of Iran are 
Muli and Zakeen formations in Zagros and 
Khoshyilagh Formation in Alborz Iran (Fig. 2). 
General studies to identify of the Bahram 
Formation are due to Flugel and Ruttner (1962), 
Ruttner et al. (1968), Later, this Formation 
studied by Stockline et al. (1965) to review and 
recuperate the previous works and explain the 
Bahram Formation throughout the Central Iran 
basin (Dastanpour and Bassett 1998). Recently 
biostratigraphy (by studying conodonts, 
Palynological and brachiopods) of this 
Formation was studied by Morzadec et al. 
(2002), Ghavidel-syooki and Mahdavian 
(2010), Gholamalian (2003, and 2007), 
G h o l a m a l i a n  a n d  K e b r i a e i  ( 2 0 0 8 ) , 
Gholamalian et al. (2009), Bahrami et al. (2011, 
and 2014), Webster et al. (2003), Wendt et al. 
(1997, 2002 and 2005). The palaeobiogeo-
graphic and paleoenvironmental studies of this 
Formation were directed by Wendt et al., (1997, 
2002, 2005), Khosravi et al., (2014), Hashmie 
et al., (2015 and 2016), Hoseinabadi et al.,
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(2015), Mistiaen et al., (2015). Since there are 
not any studies on the biostratigraphy in 
Shaftalu-ghalatn section), paleoenvironments 
and change sea levels of the Bahram Formation 
in the both section outcrop or the connected 
reports are not available. Since the goal of this 
s tudy is  to  descr ibe and explain the 
lithostratigraphy, biostratigraphy petro/ 
microfacies and depositional envirnment 
applying both f ield and petrographic 
observations. Finally, based on biostratigraphy 
and petro/microfacies change we examine the 
change sea leveling of this Formation in 
Shaftalugaltan and Sar-e-Ashk sections and 
correlate with other sections.

2. Geological background and study area

 Tectonic events and sedimentary rock in 
Iran resulted several explainable structural and 
sedimentary regions. Iran plate is located 
within the active convergence intermediate to 
the Eurasian and Arabian plates (Locombe and 
Mouthereau, 2006). During the Palaeozoic, 
Arabian plate together with Iran Plate (Fig.2), 
India and Afghanistan, invented the long, very 
b r o a d  a n d  f i x e d  p a s s i v e  m a rg i n  o f 
Gondwanaland abutting the Middle-Eastern 
Paleo-Tethys toward north (Sepehr and 
Cosgrove 2004).The geology history of the area 
may be summarized as follows: The Paleozoic 
to Middle Triassic formation were folded in 
pre-Upper Triassic time (Early Cimmerian 
o r o g e n i c  p h a s e )  p r o b a b l y  w i t h  a n 
accompanying metamorphism (Eftekhar 
Nezhad et al. 1983). The palaeotectonic 
position indicates that enormous portions of the 
northern Gondwana margin in Iran must have 
been subducted during the cont inent 
convergence  and  e l imina t ion  o f  the 
Palaeotethys Ocean (Eftekhar Nezhad et al 
1983). Bozorgnia, (1964) also reported 
Givetian or Frasnian tentaculitid limestones 
from approximately the same area. The 
Devonian sequence exposed in a Shaftalugaltan 
and Sar-e-Ashk sections proved to be a several 
hundred meters wide thrust zone in which 
tectonically imbricated wedges of Triassic? 
Dolomites and Devonian bed occur. The 
occurrence of typical Devonian platform 
deposits in this area, similar to those on the 
Central-East-Iran Microplate, is noteworthy 
(Wend t  e t  a l .  2005 ) .  I n  con t r a s t  i n 

Shaftalughltan section, the Palaeozoic core of 
the mountain ranges SW of Torbat-e-Jam 
consists of unmetamorphosed rocks which 
constitute the northeastern margin of the 
platform deposits in Iran, outside the Central-
East-Iran Microplate (Wendt et al. 2005). This 
pile is thrust over Neogene sediments, with a 
thin wedge of Bahram Formation at the base of 
the thrust plane. In Central Iran zone, rocks of 
all ages are present, from Precambrian to 
Quaternary, and, magmatism, several episodes 
of orogeny and metamorphism can be 
identified. Precambrian to Cretaceous rocks are 
exposed in the Shaftalugaltan and Sar-e-Ashk 
sections (Fig.3 c and d). The older Devonian 
unit in this area is the Padeha Formation, 
constituted by sandstones and siltstone with 
intercalated and conglomerates and dolomites 
that deposition in a very shallow sea shelf. In 
Sar-e-Ashk section Padeha Formation is 
overlaid by the Sizbar Formation (dolomitic 
unit) that deposited very shallow subtidal to 
supratidal environment (Bahrami et al., 2014). 
This Formation conformably overlies of the 
Sibzar Formation in Shaftalugaltan section, 
Padeha Formation in Sar-e-Ashk section and 
Bahram Formation unconformably overlies by 
dolomitic Shotori Formation (Triassic) in 
Shaftalugaltan section and by Jamal Formation 
in Sar-e-Ashk section respectively (Fig.3 c and 
d). 

3. Methods 

 This study consists of field and laboratory 
examination of the Bahram Formation in two 
different stratigraphic sections (Shaftalugaltan 
section, 45 km along the Torbat-e- jam-Bakharz 
road, toward Baei village; and Sar-e-Ashk 
section, 72 km northeast of Kerman city along 
the Horjend-Ravar road) of the Central Iran 
(Fig. 3a and b). Facies types and their 
paleoenvironments were decided based on the 
field studied and petro/microfacies criteria and 
comparison with paloenvironments (Wilson 
1975; Flugel 2010). Facies explanation was 
based on the, fossil content, texture, grain size, 
and grain composition (Flugel 2010). More 
than 150 sample were collected in field for 
petrographic studies. Thin sections were 
studied with the Polarized microscope for 
facies analysis, biostratigraphy and sequence 
stratigraphy. Carbonate facies are ordered on
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Devonian strata of Iran, Iraq, Saudi Arabia, Egypt and Turkey (with slightly modified after Husseini, 
1991).

Fig. 2.

Location map of the study area and measured stratigraphic section in the Plate 
Iran Basin Sketch map of Iran showing the inner micro blocks. Map of 
present-day of Iran showing the geographical domains as well as the lithology 
pattern and palaeogeography of the Upper Devonian (Bahram Formation) and 
the main sutures and tectonic structures (modified from Wilmsen et al. 2010 
and Wendt et al. 2005); moreover, a close-up view of square of the study area 
(Fig.3).

Fig. 2.
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the basis of Dunham (1962) and Embry and 
Klovan (1971) textural classification scheme. 
The petro/lithofacies descriptive statement 
follows Pettijohn et al. (1987) and Miall (2006). 
The mud limestone description classified the 
scheme of Dorrik (2010). Biostratigraphy is 
determined based on the well-known Umbella 
species of Bozorgnia (1973) Bykova (1955) 
and Madler (1957). For sequence stratigraphic 
analysis the standard models defined by Emery 
and Myers (1996), Catuneanu, (2006, and 
2019) and Catuneanu et al. (2009) were follwed 
and were correlated with other study in central 
Iran.

4. Lithostratigraphy in Shaftalugaltan 
section

 This section is named after its exposure at 
the north of Baei village of Bakharz city. The 

study area (Shaftalu-galtan Mountain) is 
located in the northeast Central Iran basin. 
Bahram Formation in Shaftalugaltan is 131 m 
thick and chiefly contented of thin to very thick 
bedded limestone with intercalation and 
alternative beds of dololimestone, sandstone 
and shale in the lower and upper part and thin to 
thick bedded limestone in the middle part. The 
stratigraphic succession from the Bahram 
Formations is shown in Fig.4. According to 
observation in the field, we divided Bahram 
Formation into five lithological unit's 
stratigraphy. Unit 1 with a thickness of 40 m be 
composed alternation of medium to very thick-
bedded or gray limestone and sandy limestone 
(Fig.6 f) with dark gray, thick bedded dolomite 
and olive green silty shale and mudstone (Fig.6 
a).Unit2 (4 m), brown color, fine to medium 
grain, with cross-bedding and laminatoin with 
medium to thick bedded. Unit3, with a

Location of the study area at Shaftalugaltan section in north of Central Iran. (b) Locations of 
measured Sar-e-Ashk section in south Central Iran (c and d) Schematic geological map of 
study area based on age of sediments (Eftekhar Nezhad et al. 1983 and Alavi et al. 1996) at 
the Saftalugaltan section. (d) Simplified geological maps of the Sar-e-Ashk section with 
locations of the studied section (Vahdati-Daneshmand et al. (1995)). Position of study 
section with detailed distribution of formations. 

Fig. 3. (a) 
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thickness of 35 m is be composed of light gray 
medium to thick bedded limestone (Fig. 8a). 
Common fossil component are calcareous 
algae, brachipods, crinoid, coral, bryozoan and 
mollusks (Fig. 7 k and l). The upper limestone 
generally seems thin to medium bedded and 
fine to course grained with a grainstone texture. 
Unit4, thick bedded, grey to light grey, fine to 
coarse grain,contain ripple mark , cross-
bedding (Fig. 6d) and with a thickness of 13m. 
Unit 5, with a 21 m thickness is composed 
alternation of light gray to cream color, 
medium-bedded dololimestone and limestone 
and is abundance in ooids and sandy limestone 
having lamination and intercalation of gray 
shale, silty shale and dark gray medium bed 
dolomite (Fig.7e). Fossil constituents are fossil 
debris and bivales. In the upper part of unit is 
sandstone (4m), which is coarse grained, white 
and medium bedded overlain by light cream 
dolomite of the Dolomite Shotori Formation 
(Fig.  4) .  Bahram Formation overl ies 
conformably the Sibzar Formation in this 
section and samples from Sibzar and Shotori 
Formation have been studied.

5.  Lithostratigraphy in Sar-e-Ashk section

 The Sar-e-Ashk section is located on the 
northern flank of the Hojedk synclinal, just 
north of the Sar-e-Ashk village (Fig. 3 b). In this 
section, this formation is overlies by the Padeha 
Formation. The thickness of Bahram Formation 
is 251 m, which gradually changes to Jamal 
Formation the lithology of this Formation in 
this section consists mainly of sandstones, 
calcareous sand, limestone, shale and siltstone 
(Fig. 5). The base of the section is marked by a 
northwest southeast trending fault that causes 
contiguity of the Middle-Upper Cambrian 
Kuhbanan Formation with the Padeha 
Formation of probable Givetian. (Bahrami et 
al., 2014). The Bahram Formation in this 
section be composed of an alternating strata of 
five consecutive units ordered from base to top; 
Unit 1 is consisting of (80m) gray to brown 
s a n d y - l i m e s t o n e  a n d  s i l t s t o n e  w i t h 
intercalation of thin to medium, grey, thick 
l imestone,  contain debris  fossi l  with 
intercalation of dolomite and shale form 
(siltstone); Unit2 is brown, fine grain, 
sandstone, contain of cross-bedding and 
lamination (17m). Unit stratigraphy 3 with a 

38m thickness that consists of light gray 
medium to thick bedded limestone, highly 
fossiliferous (brachiopods, rugose, tabulate, 
corals, broyzoan, and tentaculitids) (biostromal 
limestones) with intercalation of shale and 
dolomitic limestone. Unit 3 composed (37m) 
alternative gray, medium to thick bedded 
sandy-limestone and limestone with thin 
intercalations of shale, brachiopods debris. 
Unit 4, grey to brown, fine to coarse grain, thick 
bedded sandstone, contain of cross-bedding 
with 25m thickness. Base on field studies, the 
upper and lower link of the unit3 possibly easily 
respected by the full range of brachiopods 
debris. Unit 5) 89 meter of gray to dark 
limestones, fossiliferous (brachiopoda, 
bivalves, crinoids, gastropods and calcareous 
algae) with intercalation of grey to green shale 
and marl. 

6. Biostratigraphy of Shaftalugaltan section

 The Frasnian-Famennian extinguishment 
event is known to have infected many groups of 
ocean organisms (Copper 2002). A detailed age 
for Sibzar dolomite Formation interval cannot 
be achieved. Therefore, based on this 
stratigraphic position, the interval is dated Late 
Devonian  age .  Shotor i  Format ion  i s 
unconformably top by the Bahram Formation 
and the fossils of this formation is dated as 
Ca rbon i f e rous -Midd le  Tr i a s s i c .  The 
microfossils and Umbella zone of Bahram 
Formation are: Umbella rotundata, Umbella 
shahrudensis, Umbella sp.,  ostracods, 
brachiopods, bivalves, shell fragments, worm 
tubes, bryozoans, corals, gastropods, crinoids 
and echinoids (Fig. 4). In the study section 
conodont fauna is very sparse in these samples; 
only a few of them contain conodont elements. 
Conodonts recovery from this interval was poor 
indicating only a general upper Devonian. A 
conodont sample from the last has yielded an 
early Frasnian (rhenana Zone) (Fig.4). The 
appearance of Umbella shahrudensis and 
Umbella rotundata this part is indicating the 
Umbella zone of Bozorgnia, 1973 are marked 
the Frasnian (Late Devonian). Bozorgnia, 
(1973) established a biostratigraphic zonation 
for the Devonian units in Iran. Umbella zone 
have been recognized, allowing to assign the 
Bahram Formation of this section to the 
Frasnian (Figs. 4).
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7. Biostratigraphy of Sar-e-Ashk section
 
 The conodont fauna assembles in Sar-e-
Ashk section enable to apportion a Frasniane to 
the Bahram Formation (Bahrami et al., 2014). 
The Bahram Formation in Sar-e-Ashk section is 
marked as lower falsiovalis-upper marginifera 
zones (Frasnian). Two Lower falsiovalis Zone 
to the linguiformis zones are erected (Figs. 5).

8. Facies analysis and paleoenvironmental 
interpretation

 These major facies and sub-facies 
described and interpreted below, and 
summarized in Figures 4 and 5. Based on 
sedimentological characterize and skeletal and 
nonskeletal ingredient, 11 microfacies are 
recognized. These facies are connected to the 
five depositional belts of inner and middle 
portions of a shelf. In the following, each 
petro/microfacies is described and interpreted.

9. Clastic-dominated facies

 The studied strata are subdivided into 
different lithofacies or petro-/microfacies. 
Each one is characterized by dominating 
skeletal, non-skeletal components and 
sedimentary structures.  Based on the 
palaeoenvironmental and sedimentological 
analysis, detrital facies (foreshore, shoreface, 
and offshore) belts can be recognized.

9.1. Quartz arenite petrofacies

Field observations
 The roundness of grains and the maturity 
of sandstones increase from the brown bed to 
light red to pale brown sandstones. This 
petrofacies described the upper beds of unit 2 
and 4 rock of the Bahram Formation in both 
sectiosn, with a thickness apparently ranging 
from 0.5 to 2 m. It is principally contain of st 
and sp, lithofacies (Miall 2006) that is, in parts, 
rich in quartz grians. These petrofacies are 
composed of medium to coarse-grained 
sandstones that have been observed only. This 
facies is particular of trough cross-bed, planar 
cross-bedding with herringbone and ripples 
with complex crests (Fig. 6 a, b, c and d). 

Description of Petrofacies 

 The quartz grains are nearly exclusively 
monocrystalline and there are also several 
microgranular polycrystalline quartz grains 
(Fig. 6 e). Most quartz grains have very many 
inclusions and a small number quartz grains 
show euhedral texture (Fig. 6 e). The Quartz 
overgrowths as small crystals observed in the 
facies which shows the amount of coagulation 
variable towards full coverage of quartz grains.

Interpretation 

 Quartz arenite petrofacies of the Bahram 
Formation in study area lack typical shore 
sedimentary properties produced by marine 
activities at high energy. Because of these, 
sandstone facies are usually poorly classified 
and this indicates that they are not transported 
and reworked and can be interpreted as 
shoreface deposits. A similar facies type is 
delineated by Hashmie et al. (2015) and Wendt 
et al. (2002). Poorly grow together quartz 
overgrowths are the upper shoreface and 
foreshore, whereas St and Sp lithofacies are 
usual in the lower shoreface (Khalifa and 
Morad  2015) .  C las t i c  depos i t s  wi th 
characterize such as herringbone cross-
bedding, ripple marks and trough and planar 
cross-bedding in lithofacies in organization 
with mature, fine-crystalline dolomitic 
limestone display that they have deposited in a 
coastal or tidal flat belt (Siddiqui et al. 2017). 
The planar cross-lamination and trough cross-
lamination sandstones indicate deposition 
above the fair-weather indicates a suitable 
climate in a high-energy coastal environment 
(Reading 2009).

9.2. Quartz wacke petrofacies

Field observations 

 This petrofacies was observed in most 
unit1 in Sar-e-Ashk section and in the unit 2 of 
Shaftalugaltan section. This petrofacies is 
observed in olive green to grey colors (Fig. 6f) 
that alternates with Quartz arenite petrofacies. 
This is sr and sh lithofacies and facies shale 
form and wacke are frequently intercalated in 
sandstone layers. Sedimentary structures such 
as ripple marks with straight, sinusoidal,
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bifurcate, and complex crest lines that are 
symmetric can be seen in this lithofacies. The 
main characteristic of these litofacies is the 
existence of different shapes of wavy ripple 
marks with sinusoidal and symmetrical. Basal 

erosion surfaces are similar to the trough and 
planar cross-beds, and both substrates are 
displayed in reverse and inverted degrees (Fig. 
6d).

Lithology, biostratigraphy, paleo-environment column, sequence stratigraphy and abundance, 
range of allochem, vertical distribution of microfacies, and interpreted water depth Bahram 
Formation at Shaflalugaltan section.

Fig. 4.
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Vertical facies distribution, biostratigraphy, paleo-environment column and sequences 
stratigraphy of the Bahram Formation in Sar-e-Ashk section. 

Fig. 5.
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Description of Petrofacies 

 This petrofacies consists of Mono/ 
polycrystalline quartz grains, feldspar, micritic 
limestone and subordinate mica. The grains are 
subrounded to rounded, moderately sorted and 
cemented by dolomit and micritic calcite in 
some samples and iron oxides (Fig.6g and h).  
Carbonate grains are up to 2.5 mm in size, 
whereas are angular and so are also many 
feldspar grains broken along their cleavage 
planes. Strata have a vertical upward trend, and 
sometimes they show a planar stratification. 

Interpretation 

 The grain size is in extend of sand grain, 
but in some places it contains silt and mud. 
Rock fragments, plagioclase and mica are 
present with 10% low percentage and exhibit 
moderate sorting and grains are angular– 
subangular (Fig. 6h). During low water flow, 
horizontal layers form on the facies. This 
petrofacies relationship is related to continuous 
changes in environmental energy and based on 
these energy changes, medium quartz and 
wacke are formed. Increasing the energy level 
for a longer period of time leads to the 
deposition of coarse grain sandstone lithofacies 
on sediments very small size. 

10. Carbonate-clastic dominated facies

10.1. Dolomitic mudstone microfacies

Field observations 

 The dolomitic microfacies, which is 
generally yellowish is not poriferous. This 
microfacies is homogeneous, unfossiliferous 
dolomitic mudstones, fine grained dolomite 
comprising dolomitic lime-mudstone and 
dolomite microfacies. 

Description of microfacies

 The matrix of this microfacies is compos-
ed mainly of lime-mud. There is also a small 
percentage of quartz grains (Fig. 6 i and j). The 
matrix is characterized by an abundance of fine-
grained dolomite crystals with no fossils.

Interpretation 

 This is microfacies formed very shallow, 

low-energy configurations near the shore at the 
flat tide. Due to the lack of fine-grained 
crystals, the lack of fossils, the presence of 
quartz grains the size of mud (Mahboubi et al. 
2001, Flugel 2010). Where the sediment is 
completely dolomite, the rhombic shape of the 
dolomite crystals may no longer be pretended 
in the thin section. These dolomites are almost 
identical to those registered by many 
researchers in archaic tidal flats (Khalifa 1982). 
Some workers believe that dolomitic lime-
mudstone is formed during early diagenesis in 
super/intertidal (Gregg and Shelton 1990). This 
microfacies is comparable to SMF 25 of Wilson 
(1975) and RMF 22 of Flügel (2010).

10.2. Sandy dolomitic limestone and lime 
mudstone microfacies

Field observations

 This is microfacies characterised by thin 
to medium bedded and light grey and it includes 
bioclastic dolomite and fabric-destructive 
dolomite in macroscopic sedimentary 
structure. In this microfacies by homogenous 
lime mudstone, non-laminated, a little debris 
fossil and very fine to coarse-sized quartz 
grains are scattered within the matrix are 
present. 

Description of petrofacies 

 Dolomicrite microfacies extensive in size 
from 20 to 70 mm, contains inflated quartz 
grains the size of silt (Fig. 6k). 

Interpretation
 Mud texture, quartz grain, fossil debris, 
dolomitic and the lack of subaerial exposure 
characteristics in these microfacies are 
sedimentary environmental indicators of the 
lower part of the inter-tidal setting. The 
presence of scattered sparry cement and fossil 
debris in some parts of the microfacies indicates 
that these are affected by tidal currents near the 
shoal in a medium to high energy environment. 
In accord with Flugel (2010), deposits 
consisting of a mixture of carbonate and elastic 
silicate materials are shared in indoor shelf 
settings. This microfacies is comparable to 
SMF 25 of Wilson (1975) and RMF 25 of 
Flügel (2010).
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Field photos and microscope photo show characteristics of identified lithologhy and contain 
allochem in the Bahram Formation. (a) Succession quartzarenite and Quartz wacke with 
Lamination and planar cross-bedding. (b and c) Beds of horizontal and laminated and planar cross-
bedding in st and sp lithofacies and quartzarenite petrofacies. (d) Symmetrical ripple mark in 
Quartz wacke petrofacies in Sar-e-ashk section. (e) quartzarenite petrofacies with quartz grain. (f) 
Succession alternation shale and limestone. (g) Sandy dolomitic lime mudstone microfacies. (h) 
Sandy dolomitic limestone and lime mudstone microfacies. (i) Dolomitic mudstone microfacies 
(arrows) quartz grain. (j) Subhedral dolomitic crystal in dolomitic mudstone microfacies (k) Sandy 
dolomitic limestone microfacies in Saftalugaltan section. All photos are taken under XPL light.

Fig. 6.
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Photomicrographs of the some selected Umbellina algea. (a and b) Limestone (packstone) with 
Umbella rotunda, Umbella sp and fossil debris (arrows) upper picture, PPL.  (c and d) Limestone 
(packstone) with Umbella shahrudensis and fossil debris, PPL. (e) Alternation of dolomitic 
mudstone, quartz wacke and limestone in Sar-e-ashk section. (f) Bioclastic Umbellina packstone- 
wackestone microfacies. (g) Peloid bioclastic wackestone– packstone microfacies. (h) Bioclastic 
intraclast grainstone microfacies. (i, j and k) coral fossil in shaly brachiopod coral grain stone in 
Sar-e-Ashk section. (l) Shelly brachiopod coral grainstone microfacirs in Shaftalugaltan section 
with bryozan (arrows red), coral (arrows blue) and Brachiopods (arrows green).

Fig. 7.



11. Carbonate dominated facies

11.1. Bioclastic Umbellina packstone- 
wackestone microfacies

Field observations

 This microfacies, comprising up to 40% of 
the unit1, 3 and 5, was most usually recorded in 
unit 3 of both sections, with a thickness 
determine from 1 to 2.5 m. It be composed of 
intermittent limestones with medium-sized marl 
limestone beds that had a light olive green to 
light gray, hard hard, thin bedding and contained 
the remains of brachiopods, corals and 
echinoids, and two very rare valves. No evidence 
of widespread diagenesis and outstanding 
laundry in this area has been identified.

Description of microfacies

 The main component in this microfacies is 
Umbellina (Fig.7a, b, c and d). Umbella 
rotundata, Umbella shahrudensis, Umbella sp., 
and fragment brachiopods, coral, crinoids, 
gastropod, and bivalves are very rare the 
common skeletal components (Figs.7i and 8a). 
This is facies with algae, with packstone-
wackes tone  t ex tu r e ,  d i sp l ay  l agoon 
paleoenvironment (Husinec and Sokac 2006). 

Interpretation

 A restricted lagoon environment is 
recommended for this microfacies. Restricted 
conditions are proposed abundant skeletal 
components of living organisms and with low 
energy (Geel 2000). The abundance of 
Umbellina species are commonly considered as 
evidence for restricted lagoon environments 
(Stewart Edgell 2003). The abundance of 
Umbellina species is usually recognized as 
document for relatively rocky and / or 
comparison nutrient-rich back-reef belt 
(Stewart Edgell 2003).This microfacies is 
analogous to SMF 18 of Wilson (1975) and 
RMF 20 of Flügel (2010).

11.2. Peloidal bioclastic wackestone– 
packstone microfacies

Field observations 
 This microfacies is medium bedded with 

clastic grains. This microfacies is dominated 
with coarse-grained poorly sorted packstone-
wackestone and consists of light grey medium 
beds mainly composed of fossil debris and 
peloids with 40% abundance and uniform in 
size.

Description of microfacies 

 This  is  facies  represented by an 
association of peloids with a have a median size 
of 0/4 mm (Fig. 7 f, g and h). Pieces of bivalve 
and green algae with a predominant texture 
supported by flowers.

Interpretation 

 Sedimentological data and plenty of 
peloids in this microfacies show that 
sedimentation happen in a restricted lagoonal 
belt with needy link with the shallow open-
marine and below the FWWB, with low-energy 
background condit ions (Wanas 2008, 
Tomasovych 2004). The lime-mud controled 
sequence and stratigraphic position attendance, 
of bioclast indicate that deposition took place in 
a low energy. This microfacies is analogous to 
SMF 16 of Wilson (1975) and RMF 4 of Flügel 
(2010).

11.3. Shelly brachiopod coral grainstone

Field observations 

 This microfacies characterizes of unit 1 
and 3 rock of the Bahram Formation in both 
sections, with a thickness apparently ranging 
from 0.2 to 0.4 m. It is principally composed of 
marly limestone, a limestone that is, in parts, 
rich in brachiopod shells and echinoid spines, 
bryozoans, coral debris (Fig. 7 j, k and l).

Description of microfacies

 The microfacies is distinguished by the 
abundance of brachiopod and fossil debris. This 
grain-supported microfacies contains high 
amounts of skeletal debris. Brachiopod, coral 
and fossil debris (40%) with sizes up to 5 mm 
are the most important components. In some 
cases, crinoid and echinoid are observed (Fig. 7 
j and Fig.8 g). The shell beds formed by the 
accumulation of complete or broken shells are
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characterized by medium bed grey limestone 
with an upward increasing trend in the 
proportion of fine particles. 

Interpretation

 Grainstone microfacies are interpreted to 
have shaped in a high-energy setting in the 
carbonate platform, in which skeletal elements 
were derived from adjacent facies. This is a 
characteristic of a setting situated above the 
FWWB in a barrier environment (Bover-Arnal 
et al. 2011). The presence of abundant skeletal 
components in some strata shoal is attributed to 
organisms such as reef. Moreover, their scarce 
lateral spreads may probably indicate a patch 
reef and deposited in a shallow open-marine 
shelf. As a result, small shell fragments could be 
easily moved by waves and currents. The above 
microfacies is comparable to SMF 12 of Wilson 
(1975) and RMF 28 of Flügel (2010).

11.4. Ooid grainstone microfacies

Field observations

 This microfacies mainly take place in the 
medium to upper both sections. Fine to coarser-
grained ooids-rich thin beds alternate within 
finer-grained muddy microfacies (tidal flat 
belt). 

Description of microfacies 

 The major components of this facies are 
high abundance of ooids. Depositional texture 
is represented by grainstone (Fig. 8 b, c and d). 
Mainly  ooids  are  radia l  and usual ly 
subspherical to subelongate, ranging in size 
from0.1 to 0.7 mm, with an intermediate size of 
0.5 mm. Bioclasts of this is microfacies a little 
belong to crinoid, fragment fossil, and algae. 

Interpretation

 The grainy texture and sorting propose a 
high energy environment for this microfacies. 
The sediments would have been deposited in a 
barrier environment which separating the 
restricted shallow open-marine belt. This 
microfacies is explained as a barrier belt. Good 
grain arrangement and the deficiency of a vine 
matrix indicate the high energy status of the 

shoal in this microfacies (Flugel 2010) Alike 
microfacies organization have been registered 
in the geological record (Sarg and Lehmann 
1986). A similar facies type is described in 
north of the Kerman in Tabas block by Hashmie 
et al., (2016) Hossin abdi et l., 2015 and Wendt 
et al. (2002). The above microfacies is 
comparable to SMF 15 of Wilson (1975) and 
RMF 29 of Flügel (2010).

11.5. Bioclastic intraclastic grainstone 
microfacies

Field observations

This microfacies be composed of medium to 
thick-bedded dark grey beds containing 
brachiopod, intraclasts and fossil debris as 
major allochems.

Description of microfacies 

 Bioclast are the control ingredient (60%) 
and are smoothly scatter within the sparit 
cement (Fig. 8 e). These bioclast be composed 
of different component such as coral, bryozoan, 
fragment brachiopods, crinoid and green algae. 
Intraclasts are often rounded. Some interclast 
are mentally uniform and composed of 
micrites, while others show interior compounds 
such as fossil debris (Fig. 8 e).

Interpretation

 The abundant occurrence of skeletal 
ingredients shows that this microfacies 
deposited in proximity of shallow open-marine 
(Reolid et al. 2007 and Geel 2000). Grainstone 
texture, round interaclast and well-sorted 
components are indicators of high energy 
environment (Flügel 2010). Most of the 
intraclast are subangular to angular and some 
intraclasts are in the interior homogeneous. 
Such high energy deposits are typically 
collaborated with barrier and bioclast barrier 
(Flugel 2010). Such high-energy sediments are 
usually connected with bioclast barrier near or 
seaward (Wilson 1975; Flugel 2010). The 
above microfacies is able to be compared to 
SMF 13 of Wilson (1975) and RMF 27 of 
Flügel (2010).



11.6. Bioclastic grainstone microfacies

Field observations

 This microfacies above contains of 
medium to thick-bedded grey beds. The main 
distinctive of this facies is the maximum variety 
of fossil in grain- uphold textures in the field. 

Description of microfacies

 Brachiopods and bivalve's debris, 
bryozoans, echinoids, gastropods, and algae are 
also present. The presence of biota and grain-
supported texture in sparit cement and the 
absence of micritic matrix indicate a high 
energy state. Also, dolomitic and hematic are 
observed in these facies (Figs.8 g). 

Interpretation

 This microfacies is interpreted as a barrier 
belt above the fair climate wave base located at 
the edge of the platform, segregating the 
shallow open-marinebelt from the restricted 
marine belt. The grain-supported texture, along 
with the large number of fossils, coral particles, 
and algae, suggests that the current medium to 
low-energy environment has occurred 
(Fournier et al. 2004). According to Flugel 
(2010), this is microfacies shared in shallow 
shelf interiors be composed of protect shallow-
marine belt. According to Flugel (2010), this 
microfacies occurs in the interior of shallow 
s h e l f  c o n s i s t i n g  o f  s h a l l o w  m a r i n e 
environments protected by moderate water 
circulation. This microfacies is explained as a 
leeward barrier environment. Microfacies 
above is comparable to SMF 12 of Wilson 
(1975) and RMF 26 of Flügel (2010).

11.7. Bioclastic packstone/wackestone 
microfacies

Field observations

This microfacies be composed of light gray 
medium-bedded fine to coarse-grained 
bioclastic packstone/wackestone of sub-
rounded to rounded ooids and bioclast with 
loose packing. 

Description of microfacies

 Fragment crinoid, coral and bryozoan are 
controlling components in this microfacies and 
other bioclasts are scarce (Fig.8 h and i). 

Interpretation

 The presence of healthy and well-
preserved fossils shows a comparatively calm 
water environment with a steady bed and low 
sedimentation rate. Essence of skeletal debris 
of stenohaline skeletons which is mainly 
d e p e n d e n t  o f  s a l i n i t y  a n d  t e x t u r a l 
characteristics were formed on shallow open-
marine area (Holcova and Zagorsek 2008). This 
interpretation is beared by the stratigraphic 
position and plentifulness of typical open 
marine skeletal fauna. This interpretation can 
be identified by the stratigraphic position and 
the presence of open marine skeletal animals 
including fossil debris and echinoids. The high 
difference of fossil and micritic matrix in 
microfacies point to moderate energy in a 
shallow open marine belt. This microfacies is 
able to be compared to SMF 10 of Wilson 
(1975) and RMF 7 of Flügel (2010).

12.  Paleoenvironmental  model  and 
comparison with other depositional models

 Paleoenvironmental and paleontologists 
have a vested interest in understanding how 
organisms conform to environmental change. 
During the Devonian, shallow-marine 
carbonate depositional systems occured across 
the world, with supported reef development 
(Kiessling 2006 andWright 1992). Microfacies 
and organic facies make it possible to identify 
different depositional settings. Figures 4 and 5 
show the ranges of the facies associations in our 
section. Based on conversed petro/microfacies 
and sedimentary analysis cooperatively with 
l i thologhy broadcast  and progressive 
shallowing tendency from the basin into the 
shallow shelf is proposed for the deposition of 
this formation at the studied region (Fig. 9). The 
lack of any marginal reef evolvement, 
attendance of clastic pertofacies, no evidence of 
resedimentation and the existence of high 
energy facies is compatible with the Bahram 
Formation which is deposited in a carbonate-
siliciclastic shelf (Figs. 4, 5).
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Based on these studied facies, paleo-
environment and sea level changes is 
recommended for deposition of the Bahram 
Formation in this studied region. Wendt et al. 
(2002 and 2005) introduced the occurrence of 
typical Devonian platform deposits in this area, 
similar to those on the CEIM, is noteworthy. 
The width of the facies is further achieved by a 
joining of depth slopes and nutrients in a perfect 
transect from the inner shelf to the middle shelf 
(Fig. 3). Shore facies include shore face and 
offshore sediment environments, under the 
influence of permanent immersion (more in 
Sar-e-Ashk section). Stressed conditions in 
Shaftalugaltan section, regeneration is returned 
by the fabric of fenestrate and the absence of 
bioclasts. The attendance of mud-supported 
textures and the obvious lack of current and 
wave structures indicate the presence of a low-
energy below the storm surge in the lagoon 
environment (Burchette and Wright 1992). In-

place, the grainstone facies are widespread in 
the barrier of the rimmed shelf and these 
conditions are typical for high energy 
environments in both sections. The micritic 
matrix in both section and the high diversity of 
fossil refers to moderate to low energy in a 
shallow open-marine environment. Marine 
regression resulted from the Frasnian-
Famnnian caused the deposition of the Bahram 
Formation, which is an indication of shallowing 
the basin as a result of this orogeny or the 
padeha Formation and unit1, 2 in Bahram 
Formation reflects the first (non-marine) onlap 
in response to thermo-tectonic subsidence in 
the aftermath of Frasnian-Famennian (e.g. 
Wendt et al. 2002, and 2005) (Fig. 9a). Thermo-
tectonic subsidence after the Famennian phase 
added to the depth of the deposited basin and 
the inclination of continental fabric in marine 
facies, but the deposits basin was unstable. This 
formation has been formed in the carbonate
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Gastropods and debris fossil in limestone bed. (b) Ooid grainstone microfacies Sar-e-Ashk 
section. (c and d) Ooid grainstone microfacies in Shaftalugaltan section. (e and f) Bioclastic 
intraclast grainstone microfacies. (g) Bioclast grainstone microfacies. (h and i) Bioclastic 
packstone/wackestone microfacies. All photos are under XPL light.

Fig. 8. (a) 



-clastic environment, which occasionally 
underwent fluctuations due to orogenic 
movements, retrograding toward the southwest 
and northeast in Central Iran. Bahram 
Formation in the south of Central Iran (Sar-e-
Ashk section) has deposited in a shore to 
shallow open-marine and in an environment 
shallower than the north of Central Iran 
(Shaftalugaltan section) (Fig. 9). There is 
considerable document for the gradual 
resumption and severity of tectonic forces and 
the gradual increase of chemical sediments in 
shallow depressions leading to Devonian 
succession deposition. Facies in Formation are 
showing of sedimentation in an instable basin 
characterized by very variable facies. 
Terrigenous deposits with characterize such as 
cross-bedding and ripple marks in organization 
with mature lithofacies and fine-crystalline 
dolomite show that have deposited in a shore or 
tidal flat belt (Siddiqui et al. 2017). The reef 
builders are partly toppled and concentrated to 
coquinas, apparently by storm events in south 
Central Iran (Sar-e-Ashk section). Presences 
are all evidence of deposition in a wide 
carbonate-elastic shelf. The During the 
Frasnian in Shaftalugaltan section, carbonate-
dominated Formation of changeable shallow to 
moderately deep marine have been deposited in 
this section. This drowning is slightly younger 
than in Shaftalugaltan section, but the general 
trend of a major comparative sea-level rise 
while the Frasnian is also evident from Torbat-
e-Jam area (Wendt et al. 2005). The skeletal and 
non-skeletal components match well those 
known from modern shallow- and fresh-water 
carbonate systems, suggesting open shelf 
settings. Generally, the basal tectonic 
unconformity is connected to the Devonian 
tectonic event, indicating a considerable 
palaeo-relief that has been leveled by the basal 
Padeha Formation. In their Unit3 in Sar-e-Ashk 
section, intercalated marginal marine indicate 
shortcuting of restricted sea environments. 

13. Sequence stratigraphy

 Stratigraphic analysis method for sea 
level changes used in this research is based on 
the model delineated by Emery and Myers 
(1996) and Catuneanu, (2006 and 2019) and 
Catuneanu et al. (2009) who reasonable three 
standard systems of 3rd-order (Vail et al. 1977) 

( L S T,  T S T,  H S T ) .  C y c l i c i t y  o f  t h e 
S h a f t a l u g a l t a n  ( B a h r a m  F o r m a t i o n ) 
Sedimentary layers are still relatively poorly 
known, but this study suggests that this 
replacement could benefit from a stratigraphic 
sequence order, which would make it possible 
to evaluate the main strata controls using 
relative sea level variation locally. (Figures 4, 5, 
9 and 10).

13.1. Sequence 1

 This sequence comprises the Lower 
Bahram Formation and the depositional this 
sequence formed during the lower Frasnian. 
This sequence consists of shallow inner to mid-
shelf facies with similar thicknesses ranging 
from 87m and it overlies basinal siliciclastic of 
the Padeha Formation with dolomite Sibzar 
(Figs. 4, 5 and 10). This sequence in other 
sectoins the south central Iran (CEIM) forms 
more thicknes layers. This sequence is of the 
megasequence (Kaskaskia Cycle) (Ogg et al., 
2004) and deposited during Frasnian time in 
mixed clastic/carbonate platform. This 
sequence formed LST, TST and HST that are 
described below: The lower boundary of 
Bahram Formation is marked at the top of the 
Padeha Formation with dolomite sibzar in two 
sections (Fig. 10 a and b). Therefore, an 
irregularity is formed between Padeha and 
Sibzar Formations and it is analyzed as the 
boundary of type 1 sequence at the base of 
sequence 1.The thickness of lowstand system 
tract (LST) is about 26 m and consists of 
dolomite Shotori Formatoin, dolomitic 
mudstone and bioclastic intraclast grainstone. 
As this system tract deposited shallow water 
and in tidal flat and barrier sedimentary 
environment. The thickness of LST at Central-
E a s t - I r a n  M i c r o p l a t e  i s  m o r e  t h a n 
Shaftalugaltan section that can be related LST 
deposition. LST sediments in all sections often 
include carbonate silicate facies and sand 
grains in the facies, which reflect the influx of 
sediments in these sections. The onset of 
interaclast with fossiliferous limestone 
(Bioclast interclast grainstone micfacies) 
depict the TS and the start of the TST. Thickness 
of TST facies ranges from 20 m and it is 
characterized by increasing the carbonate 
sequence to a horizontal thickness of the flat 
tide and shoal from toward open marine facies.
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The mfs was determined by the presence of 
bioclastic packstone/grinstone microfacies that 
are very rich in fossil debris. After the mfs 
stage, there was a progressive progradation of 
bioclast-rich facies (brachipods, coral, 
bryozoan, fragment fossil and…) and the 
proximal facies, and this shallow to the top unit 
depict the HST. The thickness of high stand 
system tract (HST) microfacies ranges 43m and 
shallowest inner shelf, tidal flat toward 
restricted lagoon microfacies deposited. The 
topmost boundary of this sequence with some 
uncertainty is type 2 and is positioned at the top 
of quartz wacke microfacies (Fig. 9). The 
shallow to the top course from coastal is 
showing of a progradational stacking pattern in 
HST (Kwon et al. 2006). 

13.2. Sequence 2

 This sequence higher thickness of 
carbonates  product ivi ty  dur ing shelf 
shallowing and deposition of inner-shelf (Fig8 
and 9). This sequence also consists of TST and 
HST. The thickness of sequence2 decreases 
with a gradual trend form Sar-e-Ashk section to 
Shaftalugaltan section.  The Lower boundary 
of sequence2, based on subordinate shore facies 
and no proof of denouncement, is apparently 
SB2 in this section. Due to tumble of sea level 
and epeirogenesis, the upper boundary of 
sequence2 is type 1 (SB1) and can be 
significant in the light grey horizon of 
sandstone in top Bahram Formation. This 
sequence in this section is coherent with 
sequence 2 in elsewhere (other sections) in 
Central Iran (CEIM). Due to erosion processes 
and lack accommodation, LST is not preserved 
and TST sediments directly cover the sequence 
boundary (SB and TS) (Zecchin and Catuneanu 
2013). LST is not higher than SB1, usually due 
to the erosion cycle and possibly no 
sedimentation in this area. Hence TS is located 
at the top of the sequence boundary.The 
thickness of TST ranges between 18 m and the 
main facies are bioclastic packstone/ 
wackestone and with thin interbeds of bioclast 
grainstone microfacies that could be created in 
the inter-tidal environment (Barrier). The 
m a x i m u m  f l o o d i n g  s u r f a c e  ( M F S ) 
transgressive systems tract (TST) deposited is 
marked by dolomitic lime mudstone and 
interpreted a composite tidal flat toward shore 

and separates TST from HST. Following TST, 
HST aggradational with slight progradation is 
combined of alternation of grey shale form and 
limestone that were formed in shoal belt. Above 
TST, dolomitic mudstone and Sandy dolomitic 
lime mudstone formed in the near-coast setting 
during HST. These deposits often formed in 
tidal flat toward offshore setting, therefore 
recognized sequence boundary (SB1). HST 
mirror an aggradational retrogradation of sandy 
dolomite and limestone with interlayer of shale 
makes up. These sequence were deposited 
when the accommodation equal to sediment 
supply. The above sediments settle when the 
accommodation is identical to the sediment 
supply.

13.3. Sequence 3

 The upper boundary is overlying gray 
d o l o m i t e  o f  S h o t o r i  F o r m a t i o n  i n 
Shaftalugaltan section and Jamal Formation in 
Sar-e-Ashk section (Fig10 c). This boundary is 
steadfast with the regression of shore line that is 
pursue continental sedimentation of the Jamal 
and Shotori formations. Sequence3 was not 
formed in some sections because of probably 
not depositional and fall of sea level region that 
led the upper Formation to be bare and corroded 
and tectonically driven heterogeneous 
subsidence (Fig11). These outcrops overlay 
bioclast-rich limestone of the bioclast 
interaclast grainstone microfacies in barrier 
belt. At some section, this sequence is not 
existing (Fig.11b) and some uncertainty, is 
located at uppermost strata of the Bahram 
Formation. The rapid fall of the comparative 
sea level has caused the formation of a 
composite sequence boundary (TS SB type 2) 
at the base of TST sediments (Catuneanu et al., 
2005). The sudden fall of the comparatively sea 
level forms the mixed sequence boundary (TS 
and SB) at the base of TST (Catuneanu et al., 
2005). Sequence3 is 62 m (Shaftalugaltan 
section) and 42 m (Sar-e-Ashk section) thick 
whose facies organization can be grouped into 
TST and HST. MFS has been identified with 
fossil-rich marine facies that separate TST from 
HST. Likely an ooid bioclast grainstone with 
superabundant fossil debris cover the MFS. 
These sediments are interpreted as early HST, 
whose sediments are combined shoal facies. 
Inter-bedded shoal facies deposits with
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alternative of limestone with fossil debris show 
late HST deposits. The late HST exhibit a 
tendency to add to sedimentation, mention a 
filling of the accommodation. The boundary 
among sequence 3 and Shotori and Jamal 

formations is placed (Figs. 11 a and b) where 
this sequence is increasing sediment supply. A 
long period of sea situation, indicating a stable 
state between accommodation and the 
aggradational stacking pattern.
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Paleo-tectonic, paleogeographic and lithology map of the north Gondwana land 
during the Frasnian and central Iran plates during the late Devonian (modified from 
Torsvik and Cocks 2013). (b) Schematic depositional models of the Bahram 
Formation during the Lower Frasnian and sequence No1. (c) Middle Frasnian and 
sequence No 2.  (d) Upper Frasnian and sequence No 3. These local depositional 
models show a systematic progradation from SW to NE.

Fig. 9. (a) 
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Field aspects of key outcrops of the Bahram Formation in Sar-e-Ashk section (b) Outcrop 
photograph of the studied section at the Shaftalugaltan section and panoramic view in field 
photographs showing depositional sequences and lower (c) upper boundaries of the Bahram 
Formation in study area. Abbreviation: SQ: Depositional Sequences.

Fig. 10. (a) 

14. Paleo environment correlations

 The sequence of investigated Bahram 
Formation is a part of the transgressive– 
regressive megacycles Kaskaskia, which 
comprises the Devonian (Oog et al. 2004) 
(Fig11 b). This megacycle is characterized by 
tectonic instability and is increased subsidence 
rates, in contrast to the widespread uniform 
facies and thickness development during the 
Devonian (Hshmie et al. 2016). A relative sea-
level highstand is inferred by the supremacy of 
repetitive deep-basinal marls during the Lower 
Frasnian in the Sar-e-Ashk section in deep 
basinal carbonate platform parts and in middle 
platform part at Shaftalugaltan section. The 
thickness of this sequence at Central-East-Iran 
Microplate is more than Shaftalugaltan section.  
The replace from a shallow-marine shelf to 
deep marine settings suggests a famous 
modification in depositional style; thus, the top 
surface of Bahram Formation depict a 
immersing unconformity. The sedimentary 
basin in the studied area has existed between the 
Kavir fault to the south and the Nayband fault to 
the east and Nain fault to the west in Sar-e-Ashk 

section (Fig. 1). These data and observations 
provide information on how to limit the 
tectonic evolution of the study area. The 
correlation between sea level change and the 
main facies of the studied region in northern 
central Iran shows a deeper effect. Generally, 
the high ratio of shore, lagoonal, tidal-flat, 
barrier and shallow open-marine belt exhibit 
comparatively shallow-water situation. Due to 
facies changes, the trend of depth increase 
during deposition of Bahram Formation in Sar-
e-Ashk section and other studied in south and 
north Tabas block is towards Shaftalugaltan 
section. To interpret observed relative sea-level 
changes, one needs to regard tectonic against 
eustatic controls. Deformation and uplift of the 
shallow marine of Central Iran during the 
Frasnian and Famennian are well registered by 
regression and connected facies changes 
(Wendt et al. 2002, 2005 and Hashmie et al. 
2016). Changes in sea level in the studied area 
(sedimentary cycle) are almost inconsistent 
with global sea level changes due to sediment 
location and local tectonic activity. Whether the 
3rd-order cycles of sequence 1 to sequence 3 
given here are due to static or tectonic control,
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so the answer is difficult. Even though tectonic 
events may affect the stratigraphic cycle at any 
time scale (Catuneanu 2019). Our study shows 
that, broadly speaking, we do not observe the 
thickness of sedimentary units or sudden facies 
changes, which expresses local or regional 
tectonic instability (Figure 11a). Therefore, 
most likely, it was a regional change in the 
Frasnian-Famenian rate of sea level rise has 
been  the  or ig ina l  cont ro l  on  fabr ic , 
pa leoenvi ronment ,  and  s t ra t ig raph ic 
arrangement. Even if we are not able to design 
high-resolution biographical controls on our 

departments, both Wendt et al. (2002), 
Hoseinabadi et al (2015), Hashmie et al. (2015 
and 2016), Bahrami et al. (2015) and two 
sections represent three sea-level maxima 
throughou the Frasnian-Famennian. Therefore, 
it is concluded that eustatic rather than tectonic 
controls play a more important role in the 
formation of carbonate paleoenvironments in 
the study region. Local tectonic effects are 
relatively minor, possibly causing differential 
subsidence and differences in small-scale sea 
level fluctuations. (e.g., Hosseinabadi et al. 
(2015); Hashemi et al. 2015 and 2016).   

Location map of the studied area and correction sections in Central Iran. (b) 
Sequences stratigraphy in the studied section of the Bahram Formation that 
correlated with other studied in Central Iran and sea level fluctuation in world.

Fig. 11. (a) 
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15. Conclusions

 The exposed Bahram Formation at the 
Shaftalugaltan and Sar-e-Ashk sections, of the 
iran plate northeastward was studied on the 
basis of biostratigraphy, facies, paeloeocologi-
cal and sequence stratigraphy factors. Based on 
two zones Umbella rotundata, Umbella 
shahrudensis and Umbella sp., that Bahram 
Formation at the Shaftalugaltan section and 
conodonts in Sar-e-Ashk section is Frasnian in 
age. In this research stratigraphic sections, 
Bahram Formation upper the dolomite Sibzar 
and Padeha formations and underlies Shotori 
and Jamal formations and contains of thick 
medium to thick limestone, sandstone, sandy 
dololimestone and shale. The Bahram 
Formation shelf system of Frasnian age is 
excellently bare in three-dimensional outcrops 
showing a diversity of facies connected 
depositional geometries. The petrographical 
study of 149 thin sections of the Bahram 
Formation arrives to the identification of eleven 
facies,  which were deposited in f ive 
microfacies belts of shallow marine, shoal, 
lagoon, t idal  channel and shore.  The 
comparison of the facies with the standard 
facies designated that the Bahram Formation is 
deposited in a mix carbonate-siliciclastic shelf 
including sub-environments of inner shelf and 
middle shelf. The Bahram Formation is 
represented by three and 3rd-order cyclic 
shallowing-upward carbonate sequences of 
siliciclastic deposits and carbonates. A gradual 
sea-level fall from Frasnian was presumably 
responsible for the decrease in the frequency of 
bioclast and abundance of clastic grain 
dominated. Sequences 1 are characterized by 
shore to shallow open marine facies Sequence 2 
and 3 mainly consists of a shallow water 
environment in the base, followed by open 
marine to tidal flat facies. According to 
sequence stratigraphy three 3rd-order 
sequences and one regressive (LST) were 
distinguished with an overall systematic 
progradation from SW to NE in Iran plate. 
These progradations are evidenced in the 
Frasnian by major changes in facies. In order to 
better correlate the identified sequences with 
those predefined of the Bahram Formation in 
the Central east Iran micoplate that are 
chronologically well-known, we use their 
number instead of their name. Comparison of 

the suggested succession with those reported in 
Iran plate and the regional comparative sea-
level change curves correlate well with the 
global sea-level change.
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