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Abstract

A transgression of the Tethys Ocean occurred in east central Iran, like in other areas of the Tethys Ocean, around the 
Yakhtashian/Bolorian (regional chronostratigraphical units corresponding with the Artinskian/Kungurian of the Early 
Permian) transition. This led to the development of a carbonate platform that is represented in the Shirgesht area on the 
northern part of the Tabas Block by the Bagh-e-Vang Formation, which constitutes the only known sedimentary unit 
from the late Early Permian in Iran. Field data and thin-section analysis indicate deposition on a carbonate ramp with 
barriers separating a lagoonal area with intertidal mud flats from the open-marine environment. The overall transgres-
sive development is indicated by the presence of open-marine sediments on top of the barrier and lagoonal sediments.

Key words: limestones, microfacies analysis, transgression conglomerate, barrier deposits, lagoonal environment, 
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1. Introduction

The Permian succession on the Tabas block in 
east-central Iran dates partly from the Early Permi-
an. The younger part of the Lower Permian is pres-
ent near Zaladu. Sediments from the latest Early 
Permian are known only from sections in the Bagh-
e-Vang and Shesh Angosht Mountains (Fig. 1) near 
Shirgesht (Leven & Gorgij, 2011). These latest Early 
Permian sediments were named ‘Bagh-e-Vang For-

mation’ by Partoazar (1995) and later redefined by 
Leven & Vaziri Moghaddam (2004) as the ‘Bagh-e-
Vang ’Member’ of the Jamal Formation. They are 
nowadays considered again as the Bagh-e-Vang 
Formation, forming the base of the Tabas Group 
(Leven & Gorgij, 2011). According to Ruttner et al. 
(1968), this unit can be correlated with the so-called 
‘basal beds’ in the neighbouring Shesh Angosht 
Mountain (Fig. 1A). The changing ideas about the 
stratigraphic significance reflect the still insufficient 
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insight into this succession, which had been investi-
gated only in little detail until now.

In order to increase the insight into, and under-
standing of this formation, fieldwork was carried 
out in the area near Shirgesht in the two above-men-
tioned sections: the Bagh-e-Vang section, situ-
ated almost 54 km north of Tabas at 56°45'25"E, 

33°56'32"N, and the Shesh Angosht section, situated 
about 4 km north-west of the Bagh-e-Vang section 
at 56°45'12"E, 33°57'10"N (Fig. 1B).

Because only these two sections provide expo-
sures that allow some detailed investigation in the 
field, only the fossil content has received attention 
thus far. The present study is the first to investigate 
the depositional environment of the Bagh-e-Vang 
Formation. The objective of the present study is to 
reconstruct the sedimentary development of the 
Bagh-e-Vang Formation by studying the sedimen-
tary facies and their lateral and vertical transitions. 
Such a study is, obviously, severely hampered by 
the fact that the sedimentological data based on two 
geographically separated sections hardly allow to 
obtain an accurate insight into the lateral extent of 
the various facies, so that any of our conclusions 
must be considered as preliminary. The present 
study is the most extensive possible nowadays, 
however, with particular attention for the micro-
facies and their fossil faunas (including fusulinids, 
brachiopods, conodonts, corals, and bryozoans), 
which also allows to date the formation more accu-
rately than was done before.

2. Geological and geographical setting

Central Iran has a long and tectonically complex 
history. This area has been indicated in earlier 
studies as the “central Iran microcontinent” (Takin, 
1972), the “middle triangle” (Nogole Sadat, 1978), 
the “central domain” (Stöcklin, 1977) and the “cen-
tral Iran blocks” (Alavi, 1991). In order to avoid 
confusion, we will use the purely descriptive geo-
graphical term ‘central Iran” in the following.

It in noteworthy in this context that Iran is con-
sidered to consists of several blocks, which explains 
its complex tectonic setting (see Section 2.1), with 
several ophiolite belts that are assumed to record 
the opening and closure of several oceanic basins. 
According to the first reconstructions presented by 
Stöcklin (1974) and Berberian & King (1981), three 
main regions can be recognized: north Iran, central 
Iran and the Sanandaj–Sirjan Zone. The study area 
is situated in the eastern part of central Iran, and in 
the northern part of the Tabas block.

The eastern part of central Iran represents a spe-
cial area. It is bordered in the east by the Lut Block 
and in the north, west, and south by a conspicuous 
bow-shaped fault running from Torbat to the west 
and south-west across the Great Kavir to Nain, and 
from there to the south and south-east to the Jaz 
Murian Depression (Stöcklin, 1968).

Fig. 1. Location maps. A – Position of the study area with-
in its structural setting. AB – Alborz Belt, KD – Kopeh 
Dagh, LB – Lut Block, PBB – Posht-e-Badam Block, 
SB – Sabzevar Block, SSZ – Sanandaj-Sirjan Zone, TB – 
Tabas Block, TQB – Tabriz-Qom Block, YB – Yazad 
Block, ZO – Zagros Orogen, MAP – Makran Accre-
tionary Prism, Ku.F – Kuhbanan Fault, Ka.F – Kal-
mard Fault, Oz.s – Ozbak-kuh section, Z.s – Zaladu 
section, Sh.a – Shirgesht area, Sho.a – Shotori area; 
B – Locations of the two investigated sections near the 
city of Tabas.
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2.1. Tectonic development

Central Iran underwent long-lived tectonic defor-
mation. Its present-day position and structural con-
figuration are the result of several geodynamical 
events (Cifelli et al., 2013). Central Iran is, together 
with the Alborz Mountains of northern Iran, located 
between the Neotethys and Palaeotethys sutures of 
Iran, and constitutes a part of the Cimmerian conti-
nent (Sengor, 1984), which split off from the Gond-
wana supercontinent during the Permian (e.g., Der-
court et al., 1993; Stampfli & Pillevuit, 1993; Scotese 
& Langford, 1995; Lasemi, 2001). For more details 
about the palaeogeography of the Permian Tethys, 
the reader is referred to the studies of Stampfli et 
al. (2013), Scotese (2014) and Matthews et al. (2016).

Today, Central Iran is characterized by N–S 
right-lateral (e.g. the Nayband Fault) and E–W 
left-lateral strike-slip fault systems (e.g. the Do-
runeh Fault) that accommodate the present-day 
Arabia–Eurasia convergence in a way that cannot 
easily be predicted by plate-tectonics kinematics 
(Allen et al., 2004, 2011; Vernant et al., 2004; Walker 
& Jackson, 2004. Alavi (1991) divided central Iran, 
based on the location of the significant Nayband, 
Kuhbanan, Kalmard and Posht-e-Badam dextral 
strike-slip faults, into four tectonic blocks, viz. the 
Lut Block, the Tabas Block, the Posht-e-Badam 
Block and the Yazd Block (Fig. 1A). This division is 
still commonly considered as correct.

The Tabas Block, where the investigated sedi-
mentary succession is located, includes the Shotori 
and Shirgesht regions, close to the N–S trending 
Kalmard and Kuhbanan Faults which separate the 
Tabas Block from the Posht-e-Badam Block (Fig. 
1A). The Tabas Block is considered to represent a 
failed rift basin from the beginning of the Devonian 
to the Late Triassic (Lasemi, 2001). It formed dur-
ing the Palaeotethys rifting as a result of the Early 
Ordovician-Silurian continental extension along its 
bounding Nayband and Kalmard-Kuhbanan Faults 
(Lasemi, 2001; Lasemi et al., 2008).

2.2. Litho- and biostratigraphy

The Carboniferous and Permian sedimentary 
successions on the Tabas Block crop out almost 
completely near the city of Tabas, in the Shotori, 
Shirgesht and Ozbak-Kuh areas (Fig. 1A). The bi-
ostratigraphy of these sediments has been described 
extensively in several earlier works (Ruttner et al., 
1968; Stepanov, 1971; Stöcklin, 1971; Kahler, 1974; 
Partoazar, 1995). 

The entire succession on the Tabas Block has for 
a long time been subdivided into three lithostrati-
graphic units: the Shishtu, Sardar and Jamal Forma-
tions (Leven & Gorgij, 2011). Their ages were con-
sidered to be, respectively, Devonian-Tournaisian, 
Visean-lowermost Permian, and Permian (Leven & 
Gorgij, 2011). Fossils from the Jamal Formation were 
investigated in detail for the Shirgesht area (Ruttner 
et al., 1968). Stöcklin (1971) dated the formation as 
mostly Late Permian, and Kahler (1974) described 
several fusulinid species of the Misellina Zone, 
which belongs to the Bolorian (Early Permian). In-
vestigations carried out during the past two dec-
ades have considerably refined the age ranges of the 
above formations, largely based on their fusulinids 
(Leven & Taheri, 2003; Leven & Vaziri Moghadd-
am, 2004; Leven & Bogoslovskaya, 2006; Leven & 
Gorgij, 2006). This has also resulted in a new system 
of lithostratigraphic units, with groups and forma-
tions: the oldest unit is Shishtu Group (subdivided 
into the Shishtu 1 and Shishtu 2 Formations), the 
Sardar Group (subdivided into the Ghaleh and Ab-
sheni Formations), the Anarak Group (subdivided 
into the Zaladou and Tighe-Maadanou Formations, 
and the Tabas Group (subdivided into the Bagh-e-
Vang and Jamal formations) (Leven & Gorgij, 2011). 

The sediments of the Bagh-e-Vang Formation 
were first distinguished in the southern part of the 
Shotori Mountains by Stöcklin et al. (1965), who 
investigated areas north of Tabas, and who con-
sidered these sediments still as the basal part of 
the Jamal Formation. Partoazar (1995) proposed 
to consider these “basal beds” in the Bagh-e-Vang 
section as an independent stratigraphic unit, which 
was formalized later as the Bagh-e-Vang Forma-
tion by Leven & Gorgij (2011). In both sections, the 
boundary with the underlying Sardar Formation 
is a disconformity, whereas the boundary with the 
overlying Jamal Formation is gradual. The bounda-
ry between the Bagh-e-Vang Formation and the un-
derlying Sardar Formation is diachronic: according 
to Leven & Gorgij (2011), it dates from the Carbonif-
erous in the Bagh-e-Vang section (Tabas Block), but 
from the Carboniferous-earliest Permian at Zaladu 
(Lut Block). Because of the gradual transition from 
the Bagh-e-Vang Formation to the Jamal Formation 
and considering the occurrence of early Kubergan-
dian fusulinids, it is highly probable that the Jamal 
Formation in the Bagh-e-Vang section has a Kuber-
gandian–Dorashamian (Middle-Late Permian) age 
(Leven & Vaziri Moghaddam, 2004). 
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3. Sedimentology of the Bagh-e-Vang 
Formation

In the Shirgesht area (Fig. 1A) the Permian deposits 
are composed mainly of limestone and dolomitic 
limestone, with chert nodules (Ruttner et al., 1968). 
The Bagh-e-Vang Formation has well-exposed out-
crops at the western side of the Bagh-e-Vang Moun-
tain and at the north-western side of the Shesh An-
gosht Mountain. 

The present study is based on both field investi-
gations and thin-section analysis with the objective 
to get a more precise insight into the microfacies of 
the sediments. 

The Bagh-e-Vang section (Fig. 2) is 58.5 m thick. 
The lowermost three metres belong to the Sard-
ar Formation, which consists of greenish, medi-
um-bedded sandstones, and the uppermost 7 me-
ters belong to the Jamal Formation (Fig. 3). The 
lower 9.5 m of the Bagh-e-Vang Formation consist 
of medium-bedded limestones overlain by medi-
um-bedded sandy limestone. These limestones are 
overlain by an oligomict limestone conglomerate 
that will be dealt with in more detail in Section 4.2, 
followed by medium-bedded a 39 m thick unit of 
alternating marly limestones and medium-bedded 
limestones. The overlying Jamal Formation consists 
of medium-bedded cherty limestones. The Shesh 
Angosht section (Fig. 4) is 62 m thick. The lower-
most nine metres belong to the Sardar Formation 
(which consists, like in the other section, of greenish 
medium-bedded sandstones) and the uppermost 
eight metres belong to the Jamal Formation (which 

Fig. 2. The section on the Bagh-e-Vang Mountain, with 
the boundaries between the Sardar, Bagh-e-Vang and 
Jamal Formations. For location, see Figure 1. 

Fig. 4. The section on the Shesh Angosht Mountain, with 
the boundaries between the Sardar, Bagh-e-Vang and 
Jamal Formations. For location, see Figure 1.

Fig. 3. Sedimentary log and chrono-, bio- and lithostra-
tigraphy of the Bagh-e-Vang section. Partly based 
on Ruttner et al. (1968), Lasemi (2001), Leven & 
Gorgij (2011), Leven & Tehari (2003), Leven & Vaziri 
Moghaddam (2004) and Leven et al. (2006).
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consists of medium-bedded cherty limestones). The 
lowermost 1.5 m of the Bagh-e-Vang Formation 
consists of medium-bedded sandy limestones, fol-
lowed by silty shales (Fig. 5). The overlying sedi-
ments of the formation consist of an alternation of 
43.5 m of marly limestones and medium-bedded 
limestones (detailed in Section 4). An obvious dif-
ference with the Bagh-e-Vang section is that the ba-
sal part of the formation it the Shesh Angosht does 
neither contain any sandy limestones, nor a calcare-
ous conglomerate or red marls.

4. Microfacies and depositional 
environments

In order to get an idea of the vertical and lateral re-
lationships between the rocks that are exposed in 

the two sections and that show little macroscopical 
clues in the form of primary structures and litho-
logical differences, much attention has been paid to 
thin-section analysis. This concerned in particular 
the quantity and type of skeletal and non-skeletal 
constituents, the vertical changes in the types and 
sizes of the various constituents, and a comparison 
with the microfacies characteristics described and 
analyzed by Flügel (2010). 

The various microfacies described in this section 
represent microfacies that can be combined, also on 
the basis of the macroscopic characteristics of the 
rocks, into facies that represent specific sedimenta-
ry (sub)environment. This is supported by the fact 
that the thus combined microfacies occur in the 
field stacked directly upon each other or pass later-
ally into each other.

The thin-section analysis of the carbonates thus 
primarily aimed at getting a better insight into the 
precise depositional conditions of the mainly cal-
careous sediments, particularly since the nature of 
carbonates is commonly not easy to determine in 
the field. For the sake of consistency, also the sandy 
sediments were investigated in thin section. The 
characteristics of the sediments as analyzed in the 
thin sections were used for classification into micro-
facies, which are described below. 

The vertical and lateral distribution of the var-
ious microfacies appears not casual, but specific 
combinations tend to occur much more frequently 
than other combinations. Analysis of the locations 
of stratigraphically correlatable combinations of 
specific microfacies yields a belt-like geographical 
pattern, which must be explained by the occurrence 
of different sedimentary facies within the overall 
depositional environment.

In order to facilitate checking our conclusion, 
we will describe the numerous microfacies of the 
Bagh-e-Vang Formation within their sedimentary 
context (interpreted sedimentary environment). 
The results of the thin-section analyses of samples 
from the underlying Sardar Formation (Section 4.1) 
and the overlying Jamal Formation (Section 4.3) are 
shortly described and interpreted (before and af-
ter the equivalent sections about the Bagh-e-Vang 
Formation, respectively) because of their genetic 
(sedimentological), stratigraphical and palaeogeo-
graphical relationships with the sediments of the 
Bagh-e-Vang Formation. 

4.1. Microfacies of the Sardar Formation

The sandstones of the Sardar Formation (Fig. 6A) 
are petrographically immature. They can be subdi-
vided into lithic arkoses and arkoses. 

Fig. 5. Sedimentary log and chrono-, bio- and lithostra-
tigraphy of the Shesh Angosht section. Partly based 
on Ruttner et al. (1968), Lasemi (2001), Leven & 
Gorgij (2011), Leven & Tehari (2003), Leven & Vaziri 
Moghaddam (2004) and Leven et al. (2006).
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4.1.1. Lithic arkoses
Feldspars (mostly potassium feldspars) are the most 
important (27–30%) component of this microfacies 
(Fig. 6B); monocrystalline quartz is also important 
(45–55%), and rock fragments constitute some 15–
20%. The grains of these components are predomi-

nantly in the 0.5–0.8 mm range. The cement consists 
of carbonate; it is poikilotopic and shows few over-
growths. 

The rock components consist of chert, shale and 
carbonates. In addition, some small, broken fossil 
fragments (about 2%) that could not be identified 
and dolomitic cement are present.

4.1.2. Arkoses
These sediments (Fig. 6C) are characterized by 
an abundance (35%) of potassium feldspar. The 
amount of quartz grains is 53% and the rest are 
sedimentary lithics. The low number of rock frag-
ments in comparison to their occurrence in the lithic 
arkoses is remarkable.

4.2. Lithology and microfacies of the barriers 
of the Bagh-e-Vang Formation 

The Bagh-e-Vang Formation starts in the Bagh-e-
Vang section with a conglomerate, which must be 
considered as a local transgression conglomerate; 
it is absent in the other section under study. We 
consider it as deposited at the margin of a barrier, 
which it may have helped to be built, because it is 
immediately overlain by bioclastic grainstones and 
intraclast-rich grainstones that contain fossils that 
represent lagoonal conditions.

The bioclastic grainstones occur frequently to-
gether with intraclast-rich grainstones. The bio-
clastic grainstones have a light brown colour and 
a crystalline appearance due to the sparite cement. 
The intraclast-rich grainstones are dark grey and 
also have a crystalline appearance. Fracture surfac-
es of both types of grainstone are conchoidal. 

4.2.1. The transgression conglomerate
The oligomict conglomerate, with well-rounded 
clasts (Fig. 7A), consists of material that was not 
eroded from the underlying Sardar Formation which 
consists of sandstones. The clasts consist almost ex-
clusively of grainstones that contain large fusulinids. 
Their composition and fossils suggest that they are 
roughly time-equivalent with the Bagh-e-Vang For-
mation or slightly older, which might be explained 
by erosion of sediments that were formed earlier dur-
ing the marine transgression in a (probably lagoonal) 
setting under conditions that were well comparable 
with those of the sediments under study here. These 
older sediments were eroded and the fragments 
must have been transported – most likely by long-
shore currents – to their present site, where they may 
have formed the core of the barrier that separated the 
lagoon from the open-marine environment.

Fig. 6. The Sardar Formation. A – Field appearance of the 
Sardar sandstones; B – Representative thin section of 
a medium- to fine-grained lithic arkose The arrows in-
dicate a rock fragment (red), quartz (yellow) and feld-
spar (blue); C – Representative thin section of a very 
fine-grained arkose. Locations: A and B: Bagh-e-Vang 
section; C: Shesh Angosht section.
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4.2.2. Bioclastic grainstones
This microfacies is built of skeletal debris mainly 
consisting (around 50%) of echinoderms (Fig. 7B); 
the fragments show syntaxial overgrowths which 
also act as cement. The minor allochems are algal 
intraclasts and foraminifers with microgranular or 
porcelaneous walls.

Among the algae, Archaeolithoporella hidensis, 
Pseudovermiporella nipponica and Mizzia yabei were 
identified. Among the foraminifers with inter-
granular walls, Deckerella sp., Palaeotextularia sp., 
Endothyra sp., Globivalvulina sp., Climacammina sp., 
and Schubertella sp. occur. Those with a porcelane-
ous wall were identified as Hemigordiellina sp.

This microfacies is equivalent to the ramp micro-
facies (RMF-26) of Flügel (2010).

4.2.3. Intraclast-rich grainstones 
This microfacies consists of intraclasts (45–55%), 
ooids (< 10%), algae and other biogenic allochems 
consisting of gastropods, corals, bryozoans, and 

foraminifers with microgranular and porcelaneous 
walls (Fig. 7C). Both the extreme rounding and the 
presence of fractures in some intraclasts (Fig. 7D) 
indicate high-energy conditions (currents and/or 
wave action).

The Microproblematica are represented by Tubi-
phytes obscurus, and dasycladacean algae by Pseu-
dovermiporella ex gr. nipponica and Mizzia cornuta. 
The foraminifers with microgranular walls are 
Deckerella sp. and Cuniculinella sp.; the species with 
a porcelaneous wall are Uralogordiopsis sp. and Pal-
aeonubecularia sp.

This microfacies is equivalent to the ramp micro-
facies (RMF-27) of Flügel (2010).

4.3. Lithology and microfacies of the 
lagoonal sediments 

This microfacies occurs as grey, yellowish grey and 
blackish grey limestones. Large fusulinids are easi-

Fig. 7. Facies of the Bagh-e-Vang Fm. A – Limestone transgression conglomerate at the base of the Bagh-e-Vang For-
mation in the Bagh-e-Vang section; B – Thin section of a bioclastic grainstone that forms part of one of the barriers. 
The rounded bioclasts are fragments of the foraminifers Hemigordiellina sp. (arrow 1) and Globivalvulina sp. (arrow 
2), and cross-sections of echinoderms (arrow 3); C –Thin section of a grainstone with frequent, large intraclasts that 
consist of rounded algae, and spaces filled with sparite. Ooids are also present (arrow); D – Thin section an intra-
clast-rich grainstone. Note the rounded character of the clasts, caused by the high-energy conditions, probably wave 
activity.
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ly visible in many samples, together with bioclasts 
and intraclasts. The bioclastic packstones have a 
crystalline appearance. In some samples, algal frag-
ments and benthic foraminifers are present. 

Fragments of echinoderms, bivalves and bryozo-
ans, as well as the presence of algae and foraminifers 
with microgranular and porcelaneous walls suggest 
a lagoonal environment. The presence of packstones 
and wackestones supports this interpretation, sug-
gesting by their position nearby the barrier depos-
its that the lagoon had shallow, wave- and/or cur-
rent-affected areas. This is supported by the broken 
fossil fragments in the packstones and wackestones. 
The micrites indicate deeper parts of the lagoon. The 
benthic foraminifers and algae indicate the availa-
bility of sufficient light and consequently support 
the mainly shallow character of this environment. 

The lagoonal sediments are represented by five 
microfacies, viz. fusulinid-rich packstones and 
grainstones, bioclastic packstones, intraclast-rich 
bioclastic packstones, bioclastic wacke- and pack-
stones, and bioclastic wackestones. 

4.3.1. Fusulinid-rich packstones and grainstones
This microfacies consists predominantly of skeletal 
grains, mostly of fusulinids (Fig. 8A), among which 
the most important taxa are Misellina sp., Chalaro-
schwagerina sp. and Schubertella spp. Microprob-
lematica are represented by Tubiphytes obscurus. 
Pseudovermiporella ex gr. nipponica represents the 
dasycladacean algae. In addition, foraminifers with 
microgranular walls are present (Climacammina 
spp., Tuberitina sp., Deckerella sp. and Palaeotextular-
ia sp.), as well as foraminifers with a porcelaneous 
wall (Agathammina sp.).

The other allochems are echinoid fragments 
with syntaxial overgrowths that also serve as ce-
ment, bryozoans, and rounded and angular debris 
of algae. The non-skeletal fragments are intraclasts, 
mostly peloids. The allochems are closely packed, 
showing compaction- related dissolution structures 
(stylolites) (Fig. 8B).

This microfacies is equivalent to the ramp micro-
facies (RMF-26) of Flügel (2010).

Fig. 8. Representative thin sections of the lagoonal sediments formed under relatively high-energy conditions. A – 
Fusulinid-rich grainstone. The yellow arrows (1 and 2) indicate fusulinids; the red arrow points at a transverse sec-
tion of an echinoid; B – Compaction-induced pressure solution structure between two fusulinids (arrow) belonging 
to the Schwagerinidae family; C – Bioclastic packstone. The particles consist mainly of Pamirina sp. (arrow 1) and 
Nodosaria sp. (arrow 2); D – Intraclast-rich bioclastic packstone. The small foraminifer is Hemigordiellina sp. (arrow). 
The intraclasts consist mostly of algae.



 Depositional environment of the  Bagh-e-Vang Formation – the only occurrence of upper Lower Permian in Iran 9

4.3.2. Bioclastic packstones 
This microfacies consists mainly of skeletal debris of 
echinoderms, bryozoans, foraminifers and bivalves 
(Fig. 8C). The fragmented nature of the bioclasts 
suggests significant current activity. Foraminifers 
with microgranular walls are relatively abundant 
(Pamirina sp., Nodosaria sp., Tuberitina sp., Eotuberiti-
na sp. and Globivavulina sp.) as well as porcelaneous 
foraminifers (Hemigordiellina sp.). Microproblemati-
ca are represented by Tubiphytes obscurus; algae have 
been identified as Pseudovermiporella cf. sodalica and 
Archaeolithoporella hidensis. Non-skeletal particles are 
present in the form of intraclasts.

This microfacies is equivalent to the ramp micro-
facies (RMF-20) of Flügel (2010).

4.3.3. Intraclast-rich bioclastic packstones 
This microfacies consists largely (about 35%) of skel-
etal grains (of bivalves, smaller foraminifers, echino-
derms, gastropods and bryozoans), but in addition 
to the bioclastic packstones describes above (Section 
4.3.2), there are also numerous (about 8%) rounded 
intraclasts (Fig. 8D). The skeletal grains have mic-
ritized boundaries. The foraminifers with micro-
granular walls are Climacammina sp., Palaeotextularia 
sp., Tuberitina sp. and Misellina sp.; those with a por-
celaneous wall are Hemigordiellina sp. Microproblem-
atica are represented by Tubiphytes obscurus. Algae 
have been identified as Pseudovermiporella ?sodalica.

This microfacies belongs, like the above microfa-
cies of bioclastic packstones to the ramp microfacies 
(RMF-20) of Flügel (2010), but we distinguish this 
as a separate microfacies because of the abundance 
of allochems.

4.3.4. Bioclastic wacke- and packstones 
This microfacies, which shows a combined occur-
rence of wackestones and packstones and all types 
of transitions between these two limestone types, 
is built of skeletal grains (35–40%) consisting of 
foraminifers of the Schubertellidae family and the 
genus Tuberitina, of bivalve fragments, and of intact 
and broken algae (?Archaeolithoporella sp.) and Mi-
croproblematica (Tubiphytes obscurus) (Fig. 9A).

This microfacies, which was included in the 
ramp microfacies (RMF-20) of Flügel (2010), is con-
sidered by us as a separate microfacies because of 
the abundance of allochems.

4.3.5. Bioclastic wackestones 
The main components of this microfacies are skel-
etal grains of fusulinid foraminifers, echinoderms, 
ostracods, crinoid stems and intact or broken bry-
ozoans (Fig. 9B). Non-skeletal particles are mainly 
intraclasts, but quartz grains are also present, repre-

senting 3% of the non-skeletal components. Micriti-
zation is present around the Schubertellidae. 

The foraminifers with microgranular walls are 
Tuberitina sp., Palaeotextularia sp., Climacammina sp. 
and Globivavulina sp.; those with a porcelaneous 
wall are Hemigordiellina sp. and ?Hemigordius sp. The 
algae are Pseudovermiporella cf. sodalica and Micro-
problematica are represented by Tubiphytes obscurus.

This microfacies is equivalent to the ramp micro-
facies (RMF-17) of Flügel (2010).

4.4. Lithology and microfacies of the 
intertidal mudflats

Some dark grey mudstones with calcite veins are 
interpreted to represent intertidal mudflats. The 

Fig. 9. Representative thin sections of the lagoonal sedi-
ments formed under relatively low-energy conditions. 
A – Bioclastic wacke- to packstone. The bioclasts con-
sist of Schubertella sp. (yellow arrow), bivalves and 
algae (green arrow); B – Bioclastic wackestone. The 
fossils consist predominantly of Tubiphytes obscurus 
(green arrow), foraminifers of the Schubertellidae fam-
ily (yellow arrow), problematic algae, and bivalves. 
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lack of individuals and of faunal diversity observed 
in the thin sections as well as in the field indicates 
unsuitable conditions for life. Other rocks consist of 
dark grey dolomudstones, originated by dolomiti-
zation of the carbonate matrix of mudstones. 

Mud areas or mudflats in the tidal environment 
are commonly considered as mud traps (e.g., Pet-
tijohn, 1975; De Haas et al., 2018), due to settling 
during the transition from flood to ebb tide and vice 
versa; the sediments of this microfacies are often 
found on top of large sandy tidal channels. 

4.4.1. Mudstones 
This microfacies consists of dark grey mudstones 
without or with, locally, very few fossils, always 
representing less than 5% of the sediment (Fig. 
10A). The few skeletal grains consist of foramini-

fers (Tuberitina) and spines of echinoderms. Some 
monocrystalline quartz grains are present. 

This microfacies is equivalent to the ramp micro-
facies (RMF-22) of Flügel (2010).

Fig. 10. Representative thin sections of the sediments 
from the mudflats. A – Mudstone consisting predom-
inantly of fine quartz grains with tiny fragments of fo-
raminifers and echinoderm spines. The black dots are 
artefacts: air bubbles trapped between the glass plates 
of the thin section; B – Dolomudstone, interpreted to 
have diagenetically been transformed from the sedi-
ment deposited on the mudflats. 

Fig. 11. Biogenic activity affecting the dolomudstones. 
A – Stromatolites (red arrow); B – Fenestral fabric (red 
arrow); C – Recrystallized burrow (yellow arrow).
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4.4.2. Dolomudstones 
This microfacies consists mainly of dark grey 

dolomitized mudstones that are barren or contain 
very rare fossil fragments (Fig. 10B). In some plac-
es, hardly recognizable remnants of the foraminifer 
Climammina are present that became highly dolo-
mitized during diagenesis. The dolomite crystals 
that are common in the matrix were also formed 
during diagenesis. They tend to have a fine (4–8 
μm) xenotopic mosaic texture.

Debris of broken algae is occasionally present. 
Organic matter constitutes less than 1%; quartz 
grains constitute maximally 2%. This microfaci-
es was, like the mudstone microfacies, attributed 
to the same ramp microfacies as the mudstones 
(RMF-22) by Flügel (2010), but we consider it here 
as a separate microfacies because of the often pro-
nounced dolomitization. 

The primary structures in the dolomudstones, 
mainly consisting of lamination that partly repre-
sents algal activity (Fig. 11A) have been affected 
by dolomitization: it locally destroyed the original 
lamination almost completely or even completely. 
The sediments have a fenestral fabric (Fig. 11B) and 
show burrows (Fig. 11C), which supports the la-
goonal setting of the sediments. 

4.5. Lithology and microfacies of the 
lowermost Jamal Formation 

The lateral continuity of the layers in the lowermost 
part of the Jamal Formation is remarkable. The sed-
iments conformably cover the Bagh-e-Vang For-
mation but also occur laterally of the barrier facies 
of the Bagh-e-Vang Fm. The thin-bedded (2–5 cm) 
limestones with brownish-grey chert nodules and 
calcite veins (Fig. 12A) contain skeletal debris, as a 
minor component of this microfacies, consisting of 
small foraminifers (Tuberitina), echinoderms and bi-
valves, embedded in micrite (Fig. 12B). 

The lack of large benthic foraminifers is impor-
tant. These discoidal and fusiform species are com-
monly considered to owe their large sizes to sym-
biotic associations that occur only in tropical and 
subtropical shallow-marine environments, with 
a distribution that is determined by a complex set 
of interrelated parameters such as temperature, 
availability of nutrients and light (Renema, 2002). 
In combination with the lack of complex internal 
structures such as axial fillings in the fusulinids 
(Boudgher-Fadel, 2008) and the occurrence of thin 
bedding in bioclastic wackestones, this is charac-
teristic of low sedimentation rates in a low-energy 
depositional environment (Arefifard & Isaacson, 

2011). This suggests, in combination with the mac-
roscopic characteristics and the lateral facies rela-
tionships, a position aside the carbonate platform 
in an open-marine depositional environment, al-
though a distal position on the edge of a carbonate 
platform cannot be fully excluded. 

5. Depositional environment and model

The two sections under study are a few kilometres 
apart. This hampers the reconstruction of the dep-
ositional environment, which must consequently 
be based largely on the vertical facies changes in 
the two sections and on comparison of the facies in 
these two sections. 

Based on these data, considerations and com-
parisons, we deduce that the sediments under 
study were deposited on the inner ramp and part 
of the middle ramp of a carbonate platform extend-
ing from a lagoon to an open-marine setting such 

Fig. 12. The Jamal Formation in the Bagh-e-Vang section. 
A – Thin-bedded limestones with blackish chert nod-
ules (arrow); B – Thin section of a bioclastic wack estone, 
interpreted to represent an open-marine deposit. 
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as known from, for instance, the Persian Gulf (e.g., 
Read, 1985) and described in numerous studies of 
the geological record (e.g., Sequero et al., 2019). The 
lagoon was protected by barriers. 

The sediments that have been exposed to the 
highest energy levels are represented by the bioclas-
tic grainstones and intraclast-rich grainstones with 
abundant coarse skeletal fragments. These microfa-
cies have been exposed to much stronger wave and 
current action than the other microfacies. Consid-
ering the spatial distribution and the relationship 
with the other sediments, we deduce that the sed-
iments formed on topographic highs (shoals) that 
will have formed barriers (cf. Romine et al., 1997; 
Cathro et al., 2003; McCaffrey et al., 2020). 

The fusulinid-rich pack- and grainstones, bio-
clastic packstones, intraclast-rich bioclastic pack-
stones, bioclastic wacke- and packstones, and the bi-
oclastic wackestones represent shallow sedimentary 
environments that are protected from strong waves. 

The common occurrence of fusulinids in some of 
the microfacies is important because they provide 
much information about the prevailing conditions. 
They occurred in a variety of carbonate to mixed 
carbonate/siliciclastic shallow seas in tropical to 
subtropical belts (up to 40–45° southern and north-
ern latitude: Belasky, 1996) and thus restrict the 
environmental setting that should be considered 
during reconstruction of the depositional environ-
ment. The majority of them hosted photosynthetic 
symbionts that are found in many of the larger 
modern foraminifers (Ross, 1982; Boudagher-Fadel, 
2008) that live in areas with temperatures between 
15 and 35 °C and where the temperature never falls 
below 14 °C for several weeks (Hohenegger, 2004). 
It seems therefore reasonable to assume that the 
fusulinids found in the investigated sediments also 
lived under such conditions (Ross, 1972; Murray, 
1991). However, the algae Pseudovermiporella and 
Archaeolithoporella are problematic, and they occur 

jointly with dasycladacean algae (Mizzia sp.), which 
are known to be limited to sea depths of 10–30 m. 
Anyway, the microfossils in the sediments under 
study represent shallow, subtropical to tropical 
conditions (cf. Wray, 1977), either marine or – more 
likely considering the presence of an alternatingly 
high- and low-energy environment – lagoonal.

The mudstones and dolomudstones represent 
the environments with the lowest energy. They must 
have been deposited on intertidal mudflats where 
the finest particles could settle during slack tide.

The resulting picture that arises from the above 
is a lagoon with shallow shoals and/or margins, 
separated from the open-marine environment by 
barriers (Fig. 13). Carbonate sedimentation pre-
vailed, with a large variety of microfacies that sug-
gest spatial and temporary fluctuations in energy.

The lithic arkoses and arkoses of the Sardar 
Formation underlying the Bagh-e-Vang Formation 
have been attributed to a peritidal environment 
(Khanehbad et al., 2012) on the basis of studies of 
the Niaz and Howz-e-Dorah sections, which are lo-
cated some 45 km SE of the sections under study. 
This does not fit very well with the depositional sys-
tem inferred for the Bagh-e-Vang Formation, where 
evidence for sedimentation above high-tide level is 
absent. The disconformity between the two forma-
tions implies a hiatus during which the (relative) sea 
level may have fallen. The hiatus probably spans the 
Asselian-Sakmarian and the early Yakhtashian (ap-
prox. 290–280 Ma), which was, obviously, more than 
enough to allow the development of several differ-
ent successive depositional systems, so certainly a 
change from a peritidal to a lagoonal setting.

6. Discussion

Depositional environments are difficult to recon-
struct, particularly if there is no wide spatial dis-

Fig. 13. Schematic 3-D depositional model of the Bagh-e-Vang Formation.
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tribution in data. A thorough interpretation of 
the investigated succession is important, howev-
er, because they represent the only known occur-
rence in Iran of sediments dating from the late Ear-
ly  Permian.

The two sections under study, fortunately, pro-
vide significant clues because the limestones repre-
sent a wide variety of microfacies. These microfa-
cies can be interpreted on the basis of energy level, 
texture and fossil content. The obtained picture can 
be compared with similar data in studies concern-
ing areas from where a wealth of data is available, 
so that these ‘comparative’ studies provide reliable 
interpretations for the sedimentary environment. 
The study by Flügel (2010), which is commonly 
considered as a benchmark study for carbonate 
ramp systems, provided the framework for our 
interpretations, but many more studies were, obvi-
ously, consulted for our comparisons.

The comparison of our data with other studies, 
regarding both the microfacies and their spatial 
(here: vertical) relationships, leads to a consistent 
picture. Moreover, no other alternative interpreta-
tion regarding the depositional environment is fea-
sible, so that our interpretation must be considered 
sufficiently robust.

7. Conclusions

Two sections on the Tabas Block in central Iran, 
which contain the only known upper Lower Per-
mian of the country, and which are separated by a 
disconformity from the underlying Carboniferous 
Sardar Formation that was deposited in a peritidal 
environment, constitute the Bagh-e-Vang Forma-
tion. This formation represents lagoonal sediments, 
separated from the open-marine environment by 
shoals or barriers that protected the calcareous la-
goonal sediments against severe wave activity. 
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