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Abstract

During the Rupelian–Chattian, the Qom Basin (northern seaway basin) was located between the Paratethys in the north 
and the southern Tethyan seaway in the south. The Oligocene deposits (Qom Formation) in the Qom Basin have been 
interpreted for a reconstruction of environmental conditions during deposition, as well as of the influence of local fault 
activities and global sea level changes expressed within the basin. We have also investigated connections between the 
Qom Basin and adjacent basins. Seven microfacies types have been distinguished in the former. These microfacies 
formed within three major depositional environments, i.e., restricted lagoon, open lagoon and open marine. Strata of 
the Qom Formation are suggested to have been formed in an open-shelf system. In addition, the deepening and shal-
lowing patterns noted within the microfacies suggest the presence of three third-order sequences in the Bijegan area 
and two third-order depositional sequences and an incomplete depositional sequence in the Naragh area. Our analysis 
suggests that, during the Rupelian and Chattian stages, the depositional sequences of the Qom Basin were influenced 
primarily by local tectonics, while global sea level changes had a greater impact on the southern Tethyan seaway and 
Paratethys basins. The depositional basins  of the Tethyan seaway (southern Tethyan seaway, Paratethys Basin and 
Qom Basin) were probably related during the Burdigalian to Langhian and early Serravallian.
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1.	 Introduction

The Tethyan Seaway was located between the su-
percontinents of Eurasia and Gondwana (Fig. 1), 
where researchers have argued that the Tethyan 
seaway basin was connected with the Paratethys 
during the Oligocene–Miocene (Harzhauser & Pill-
er, 2007; Reuter et al., 2009). However, these pre-
vious studies failed to constrain the timing of con-
nection between these basins as either Oligocene or 
Miocene. Mahyad et al. (2019) have recently studied 
Miocene strata of the Qom Formation and suggest-

ed this connection existed during the Burdigalian. 
The link between the northern and southern Teth-
yan seaway margins and Paratethys during the Ol-
igocene remains unknown. Sequence-stratigraph-
ical interpretations, based on microfacies analysis, 
have rarely been performed by researchers in the 
Qom Basin (Reuter et al., 2009; Mohammadi et al., 
2011; Seddighi et al., 2011; Mahyad et al., 2018, 
2019). Our study focuses on four main objectives: 
1) to reconstruct the sedimentary environment and 
depositional sequences in the study areas based 
on microfacies distribution, 2) to correlate deposi-
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tional sequences in the study areas with global sea 
level change and the fluctuation of sea level of the 
southern Tethyan seaway and Paratethys basins, 
3) to consider the influence of local fault activities 
and global sea level change on the distribution of 
depositional sequences in the Qom Basin during the 
Rupelian, and 4) to study the connection between 
the northern and southern Tethyan seaway margins 
and Paratethys.

2.	 Geological setting

The Qom Basin was formed by marine transgres-
sion during the Late Oligocene and covered the 
western portions of central Iran (Aghanabati, 
2006). Limestones and marls of the Qom Forma-
tion deposited here (Reuter et al., 2009) comprise a 
thick succession of marine marls, limestones, gyp-
sum and siliciclastic rocks in the type section of the 
Qom Formation (Aghanabati, 2006; Reuter et al., 
2009), which overlies both the Lower Red Forma-
tion as well as Eocene volcanic rocks (Aghanabati, 
2006). The Qom Formation is conformably overlain 
by non-marine siltstones and evaporite-dominat-
ed beds of the Upper Red Formation (Stocklin & 
Setudehnia, 1971). In the Naragh area, the Qom 
Formation reaches an overal thickness of 185 m, 
and consists of thin-, medium- and thick-bedded 
limestone and can be divided into two lithostrati-
graphical units.
1.	 Unit A (Rupelian and Chattian stages): The 

first lithostratigraphical unit (thickness: 89.5 m) 
comprises an alternation of thin-, medium- and 
thick-bedded cream and grey limestones.

2.	 Unit B (Chattian Stage): The second unit attains 
a thickness of 95.5 m and consists of thick-bed-
ded grey limestones.
In the Bijegan area, the Qom Formation (thick-

ness: 162 m) consists of thin-, medium-, thick- and 
massively bedded limestone.
1.	 Unit A (Rupelian Stage): The first lithostrati-

graphical unit (thickness: 38 m) comprises an 
alternation of thin-, medium- and thick-bedded 
cream limestones.

2.	 Unit B (Rupelian and Chattian stages): The sec-
ond lithostratigraphical (thickness: 78 m) is com-
posed of medium-, thick- and massively bedded 
cream limestones.

3.	 Unit C (Chattian Stage): The third unit (thick-
ness: 46 m) consists of thick- and massively 
bedded cream limestones. The Qom Formation 
unconformably covers the Lower Red Forma-
tion in the study areas. Quaternary-aged allu-
vial strata overlie this formation in the study 
areas.

3.	 Study area and methods

Two stratigraphical sections from the Qom Forma-
tion have been investigated sedimentologically, 
taking a bed-by-bed approach. The study area is 
located in the Naragh area, about 26 km northeast 
of Delijan (northwest of Isfahan) (Fig. 2). The sec-
tion in this area was measured in detail at the fol-
lowing co-ordinates, 34°04'26"N, 50°53'36"E; from 
here over 130 thin sections have been studied. The 
Bijegan area (co-ordinates: 34°05'37"N, 50°44'58"E) 
is located about 20 km northeast of Delijan (Fig. 
2); from this area, a total of 120 thin sections have 
been examined. Our carbonate classification fol-
lows the schemes of Dunham (1962) and Embry & 
Klovan (1972). Microfacies analyses of the thin sec-
tions were based on semi-quantitative component 
analysis and textural features (Flügel, 2010). The 
abundance of various coralline algae taxa in the 
section studied was used to interpret the microfaci-
es. Taphonomic processes (i.e., fragmentation, abra-
sion, encrustation and bioerosion) in thin sections 
have been identified using the approach by Alli-
son & Bottjer (2011) and Silvestri et al. (2011) (Fig. 
5). Qualitative estimates of pre-burial taphonomic 
features were performed based on the research of 
Silvestri et al. (2011) and Bover-Arnal et al. (2017). 
Beavington-Penney (2004) introduced a qualitative 
evaluation of test degradation among benthic fo-
raminifera. This qualitative evaluation includes the 
following scores: (0) tests of large benthic foraminif-

Fig. 1. Palaeogeographical map for the Oligocene Stage, 
showing the Tethyan Seaway, Paratethys and the 
Qom Basin (after Harzhauser & Piller, 2007; Reuter et 
al., 2009)
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era (walls on both sides) were undamaged, (1) the 
outer wall of the tests (large benthic foraminifera) 
was damaged on one side, (2) tests of large benthic 
foraminifera (outer wall) damaged on one or both 
sides (especially poles of test) and (3) tests broken 
into fine (sand and silt) fractions and heavily dam-
aged.

4.	 Previous work

Initially, the Qom Formation was studied by Lof-
tus (1854). Subsequent authors have identified a 
few members within this formation and correlated 
these with the Asmari Formation in southern Iran 
(Zagros Mountains), as based on palaeontological 

characteristics (Dozy, 1944; Furrer & Soder, 1955; 
Abaie et al., 1964; Bozorgnia, 1966) (Fig. 3). The 
Qom Formation encompasses three sedimentary 
cycles, each beginning with limestone and end-
ing with evaporites (Nogole-Sadat, 1985). Recent 
research has suggested that the Qom Formation 
represented deposition on an open-shelf platform 
in the Qom and Kashan areas (Mohammadi et al., 
2011; Seddighi et al., 2011). However, six microfaci-
es and two non-carbonate facies, as well as a ramp 
platform environment, were recognised in the Bar-
zok area by Mohammadi et al. (2018). Moreover, 
Mohammadi et al. (2013) had earlier shown that 
the transgression had a southeast-northwest trend 
in the Qom Basin during the Rupelian to Burdiga-
lian.

Fig. 2. A – Map of Iran, showing the position of the study areas (after Esrafili-Dizaji & Rahimpour-Bonab, 2013); B – Ge-
ological map of the study areas to the northeast of Delijan (after Ghalamghash & Babakhani, 1996);  C – Road map 
of the study areas to the northeast of Delijan
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5.	 Results

5.1.	Microfacies analysis

Seven microfacies have been recognised in the 
study areas on the basis of petrography, sedimento-
logical features, relative abundance of characteristic 
components and faunal elements represented; these 
are summarised in the following sections (Fig. 4).

5.1.2.	Microfacies in the Naragh area
Sandy bioclast wackestone-packstone (MF 1), 
yielding miliolids, bryozoans, gastropods and si-
liciclasts (fine-sized quartz grains and glauconite) 
dominate in the Naragh area. Among imperforate 
foraminifera, miliolids and members of the genera 
Borelis, Peneroplis and Austrotrillina are the main 
components of the MF2 wackestone-packstone. Mi-
nor components of this microfacies are Elphidium, 
Textularia and ostracods. Imperforate (miliolids, 

Fig. 3. Members of the Qom Formation (after Daneshian & Ramezani Dana, 2007; Aghanabati, 2006)
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Fig. 4. Microfacies types of the Qom Formation
A – Sandy bioclast wackestone-packstone- grainstone, B: Bioclast; Q: Quartz grain; B – Bioclast imperforate fo-
raminiferal wackestone-packstone, A: Austrotrillina, Bo: Borelis, Co: coralline red algae; C – Bioclast perforate-imper-
forate foraminiferal wackestone-packstone-grainstone, A: Austrotrillina; Bo: Borelis; N: Neorotalia; D – Coral bound-
stone, C: Coral; E – Corrallinaceae-coral packstone-rudstone, C: Coral; Co: Corallinaceae; F – Corallinaceae perforate 
foraminiferal packstone-grainstone (rudstone), H: Heterostegina; Co: Corallinaceae; L: Lepidocyclina; G – Bioclast per-
forate foraminiferal wackestone-packstone- grainstone, L: Lepidocyclina
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Austrotrillina, Peneroplis and Borelis) and perforate 
foraminifera (Amphistegina, Lepidocyclina and Ne-
orotalia) are abundant in bioclast perforate/imper-
forate foraminiferal wackestone-packstone (MF 3). 
Debris of coralline red algae, corals, echinoids and 
bryozoans are rarely observed in microfacies 3. 
Coral patch reefs (coral boundstone, MF 4) are pres-
ent in the Naragh area and miliolids, Corallinace-
ae, echinoids and Elphidium are subordinate com-
ponents. Taphonomic signatures (fragmentation, 
encrustation, disarticulation and bioerosion) are 
not observed in this study area. Bioclast coral-Cor-
rallinaceae packstone-rudstone (MF 5) is composed 
mainly of coralline red algae and corals (large frag-
ments). Subordinate components in this microfa-
cies include miliolids, Neorotalia, Amphistegina and 
debris bioclasts (bivalves and other molluscs, echi-
noids). In the Naragh area, fragmentation and dis-
articulation rates are low to moderate. Abrasion of 
the outer walls of corals and bioerosion is of a low 
rate. Encrustation is abundant and consists of thin 
corallinacean algal crusts (< 1 mm). Corallinaceae/
perforate foraminifera wackestone-packstone (rud-
stone) mainly includes coralline red algae and per-
forate foraminifera (Neorotalia and Lepidocyclina). 

In microfacies MF 6, debris of echinoids, miliolids 
and Amphistegina are subordinate components. In 
the Naragh area, fragmentation and abrasion in this 
microfacies is high and the outer test wall of the 
large benthic foraminifera is damaged on both sides 
(Category 2). Encrustation and bioerosion are low. 
In the Naragh area, owing to changes in the type of 
fauna in some thin sections, the name of this micro-
facies changes to Neorotalia bioclast packstone. Bio-
clast perforate foraminifera wackestone-packstone 
(MF 7) consists of members of the family Lepido-
cyclinidae. Fragments of coralline red algae, corals, 
echinoids and bryozoans are scattered in this mi-
crofacies. In the Naragh area, the abrasion in large 
benthic foraminifera is high and the outer test wall 
of large benthic foraminifera is damaged on both 
sides (Category 2).

5.1.3.	Microfacies in the Bijegan area
Sandy bioclast packstone-grainstone (MF 1) is com-
posed of miliolids, Borelis, Austrotrillina, coralline 
algae and siliciclasts (fine-sized quartz grains); 
grains of detrital quartz are scattered in a micritic 
groundmass. The major components of the bioclast 
imperforate foraminiferal wackestone-packstone 

Fig. 5. Taphonomic signatures
A – Encrustation: coralline algal crust on a previously bored coral, C: coral, Co: Corallinacean algae; B – Abrasion: 
abrasion of outer wall of Lepidocyclinidae (black arrows), N: Nephrolepidina; C – Bioerosion: Holes drilled in coral-
linacean algae (black arrows), Co: Corallinacean algae; D – Fragmentation: fragmented pieces of various taxa (Co: 
Corallinacean algae, H: Heterostegina, Ne: Neorotalia)
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(MF 2) are miliolids (Quinqueloculina, Triloculina), 
Dendritina, Borelis, Peneroplis, Meandropsina and 
Austrotrillina, while minor elements include mol-
luscan debris. However, the MF 2 contains debris 
of coralline red algae and fine-sized quartz grains 
in the Bijegan area. Abundant components of the 
bioclast corallinaceae perforate-imperforate fo-
raminiferal packstone-grainstone (MF 3) include 
porcellaneous foraminifera such as miliolids, Aus-
trotrillina, Dendritina, Peneroplis and Borelis as well 
as hyaline foraminifera (Amphistegina, Lepidocyclina, 
Operculina and Neorotalia). This microfacies is com-
posed of subordinate components such as aggluti-
nated foraminifera (Textularia, Meandropsina and a 
valvulinid) and fragments of coralline red algae, 
corals, echinoids and bryozoans. Fragmentation, 
disarticulation and abrasion rates in this microfa-
cies are moderate to high. Low-moderate and low 
rates can be observed for bioerosion and encrusta-
tion, respectively. The coral boundstone (MF 4) con-
tains corals and subordinate components of Coral-
linaceae and echinoids. This microfacies includes 
some patch reef in the study area. Taphonomic sig-
natures (fragmentation, encrustation, disarticula-
tion and bioerosion) are absent in this microfacies. 
Abundant red algae and corals are the main com-
ponents in the Corallinaceae-coral packstone-rud-
stone (MF 5). Coral and coralline algal taxa frag-
ments occur as large pieces (>1 mm). In the Bijegan 
area, taphonomic signatures such as fragmentation, 
encrustation and disarticulation rates are moderate 
to high. The bioerosion is low to moderate here. 
It contains other subordinate components such as 
miliolids, Lepidocyclina, Operculina  and Heterostegi-
na. The Corallinaceae perforate foraminiferal pack-
stone-grainstone (rudstone) (MF 6) contains major 
components such as coralline red algae and perfo-
rate foraminifera (Neorotalia, Lepidocyclina, Operculi-
na, Heterostegina, Nummulites and Amphistegina). In 
the Bijegan area, low to moderate rates of encrusta-
tion and bioerosion are noted, while fragmentation, 
disarticulation and abrasion rates are moderate 
to high. Tests of large benthic foraminifera (outer 
wall) damaged on one or two sides and at the poles 
of tests are missing from the Bijegan area (Catego-
ries 1 and 2). Other subordinate components in-
clude debris of echinoids, miliolids, Amphistegina 
and bryozoans. The bioclast perforate foraminiferal 
wackestone-packstone-grainstone (MF 7) contains 
an association of larger benthic perforate foraminif-
era (Lepidocyclinidae, Heterostegina, Operculina and 
Amphistegina). Tests of large benthic foraminifera 
(damaged on both sides as well as broken into fine 
grain) can be observed in the Bijegan area (Catego-
ries 2 and 3).

6.	 Discussion

6.1.	Microfacies interpretation and 
distribution on platform

On the basis of sedimentological (vertical microfa-
cies relationships) and palaeontological data (dis-
tribution of foraminifera), the Qom succession rep-
resents deposition on an open-shelf platform (Figs 
6–8). The platform can be divided into inner shelf 
and middle shelf depositional environments.

Deposits of the restricted and semi-restricted la-
goons formed in an inner shelf environment. Micro-
facies such as the sandy bioclast wackestone-pack-
stone-grainstone (MF 1) and bioclast imperforate 
foraminifera wackestone-packstone (MF 2) belong 
to the restricted lagoon. The abundance of miliol-
ids, gastropods as well as fine-sized quartz grains 
indicate that deposition of the MF1 microfacies 
took place in shallower and more shoreward parts 
with low water circulation and a high level of salin-
ity (lagoon) (Romero et al., 2002; Wilson & Evans, 
2002). According to Flügel (2010) and Pomar et al. 
(2015), the presence of carbonate and siliciclastic 
materials indicate a shallow subtidal (coastal shal-
low waters) setting and an abundance of swamps 
in a shallow lagoon. Similar microfacies, with MF1, 
are known from the Miocene sequence of the As-
mari and Qom formations (Allahkarampour Dill et 
al., 2010; Mohammadi et al., 2011). The restricted 
lagoonal environment was recognised on the basis 
of an abundance of imperforate foraminifera (e.g., 
Peneroplis and miliolids) by Geel (2000), Romero et 
al. (2002) and Schmidt et al. (2011). Miliolids live 
in shallow water (low turbulence water) and, to-
gether with Alveolinidae, indicate seagrass mead-
ows (Geel, 2000; Murray, 2006; Tomassetti et al., 
2016). In addition to this, the presence of Penerop-
lis in the MF 2 microfacies is indicative of tropical 
and subtropical shallow environments (Lee, 1990; 
Brandano et al., 2010). Imperforate foraminifera 
(e.g., peneroplids and miliolids) have been report-
ed from hypersaline environments (>50 psu) (Bran-
dano et al., 2009; Mossadegh et al., 2009; Flügel, 
2010) and imperforate foraminifers are abundant 
in settings with euphotic and eutrophic conditions 
(Pomar, 2001; Romero et al., 2002; Renema, 2002; 
Beavington-Penney & Racey, 2004). The open la-
goon environment is characterised by bioclast per-
forate-imperforate foraminiferal wackestone-pack-
stone-grainstone (MF 3) and coral boundstone (MF 
4). The occurrence of imperforate (miliolids, Aus-
trotrillina, Peneroplis and Borelis) and perforate (Am-
phistegina, Operculina and Neorotalia) foraminifera 
indicates a semi-restricted lagoonal setting with a 
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seagrass substrate (Beavington-Penney et al., 2006; 
Afzal et al., 2011; Nebelsick et al., 2013). Imperfo-
rate foraminifera live in shallow environments (re-
stricted lagoon), while perforate and imperforate 
benthic foraminifera are found in semi-restricted 
lagoons (Geel, 2000; Romero et al., 2002). Aggluti-
nated foraminifera also represent a shallow-water 
lagoon and open-marine environment for the MF 
3 microfacies (Geel, 2000). Pomar et al. (2014) be-
lieved that benthic foraminifera such as large im-
perforate foraminifera, miliolids and Amphistegi-
na, inhabited the euphotic zone. Amirshahkarami 
et al. (2007) reported similar microfacies from the 
Chaman-Bolbol in the Zagros Basin of Iran. The 
coral fauna of the study area (MF 4 microfacies) 
occurs in small patch reefs. The MF 4 microfacies 
is equivalent to the standard microfacies (SMF 6) 
introduced by Flüugel (2010) and is related to reef 
deposition. Mohmmadi et al. (2011) believed that 

these corals were related to lagoonal patch reefs. 
Riegl et al. (2010) and Beresi et al. (2016) showed 
that patch reefs were abundant in lagoonal envi-
ronments with high levels of salinity and influx of 
siliciclastics. A similar microfacies was reported for 
the Qom Formation to the south of Kashan (Mo-
hammadi et al., 2011), 27 km from the city of Qom 
(Seddighi et al., 2011) and by Amirshahkarami et 
al. (2007) from the Asmari Formation.

The middle shelf environment is composed 
of Corallinaceae-coral packstone-rudstone (MF 
5), Corallinaceae perforate foraminifera pack-
stone-grainstone (rudstone) (MF 6) and bioclast per-
forate foraminiferal wackestone-packstone-grain-
stone (MF 7). Proximal middle shelf environmental 
and mesophotic to oligophotic conditions are char-
acterised by an abundance of larger benthic perfo-
rate foraminifera (Neorotalia and Lepidocyclina), red 
algae and corals (Pomar, 2001; Brandano et al., 2016; 

Fig. 6. Vertical microfacies distribution and sequences of the Qom Formation in the Naragh area (northeast of Delijan), 
central Iran and correlation with Haq & Schuttter (2008)
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Pomar et al., 2017; Sarkar, 2017). The occurrence of 
coralline algae in the MF 5 microfacies indicates 
mesophotic-oligophotic and shallow-water condi-
tions (Pomar et al., 2014) and confirms the occur-
rence of seagrass meadows (Beavington-Penney et 
al., 2004). In addition, red algae thrive in euphotic 
to oligophotic zones, where photic levels are ele-
vated (Kovacs & Arnaud-Vanneau, 2004; Pomar 

et al., 2014). The grain-supported matrix of the 
MF 5 microfacies represents moderate to high-en-
ergy conditions, near and below the fair-water 
wave base on the proximal middle shelf for that 
microfacies (Pomar, 2001; Flügel, 2010). Nebelsick 
et al. (2000, 2001), Loffler & Nebelsick (2001) and 
Schmiedl et al. (2002) reported similar microfacies 
from the Paratethys Basin. The occurrence of cor-

Fig. 7. Vertical microfacies distribution and sequences of the Qom Formation in the Bijegan area northeast of Delijan), 
central Iran and correlation with Haq & Schuttter (2008).
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alline algae and perforate foraminifera indicates 
mesophotic to oligophotic zones, and normal ma-
rine salinity conditions for the MF 6 microfacies 
(Corda & Brandano, 2003). In addition, red algae 
are abundant in the open-marine middle shelf en-
vironment and under eutrophic conditions (Basso, 
1988, Halfar & Mutti, 2005; Bassi et al., 2007). The 
grain-supported matrix with an abundance of red 
algae and hyaline foraminifera indicates moderate 
to high-energy conditions as well as near and be-
low fair-water wave base on the proximal middle 
shelf for the MF 6 microfacies (Pomar, 2001; Flügel, 
2010). Amirshahkarami et al. (2007) and Nebelsick 
et al. (2001) reported similar microfacies from the 
Chaman-Bolbol in the Zagros Basin of Iran, and 
from the Paratethys, respectively. The presence of 
larger benthic foraminifera in the MF 7 microfacies 
indicates low-medium energy, an open-marine en-
vironment, below fair-water wave base (Hottinger, 
1997; Pomar, 2001; Romero et al., 2002; Flügel, 2010). 
The MF 7 microfacies was deposited in the lower 
photic or oligophotic zone and this interpretation 
is supported by the abundance of larger symbiot-
ic foraminifera (Lepidocyclina) (Geel, 2000, Pomar, 
2001, Romero et al., 2002; Renema, 2006; Bassi et al., 
2007). A similar microfacies from the Chaman-Bol-
bol in the Zagros Basin of Iran has been reported 
by Amirshahkarami et al. (2007). Fragmentation 
and disarticulation rates resulting from seawater 
depth and wave base are moderate to high, indi-
cating high to very high-energetic environments 

(Nebelsick et al., 2011; Silvestri et al., 2011). Silves-
tri et al. (2011) believed that coralline red algae and 
corals were fragmented and abraded by transport 
and reworking. High rates of encrustation can be 
observed in an environment with high energy and 
a low sedimentation rate (Silvestri et al., 2011; Ćoso-
vić et al., 2012; Bover-Arnal et al., 2017). The tests of 
large benthic foraminifera were damaged by wave 
action, which transported them to distant location 
(Beavington-Penny, 2004). The abundance of large 
benthic foraminifera with a damaged outer wall 
indicates extensive and turbidity-current transport 
with wave reworking (Beavington-Penny, 2004). 
Tests of large benthic foraminifera were broken 
into fine fragments by high-energy waves (Ćosović 
et al., 2012). In the Bijegan area, taphonomic signa-
tures (fragmentation, disarticulation and abrasion) 
in MF 3 show that this microfacies formed in a high 
to very high-energy setting, above fair-weather 
wave base. In the Naragh area, the encrustation rate 
of the MF 5 is indicative of an environment with 
high energy and a low rate of sedimentation. How-
ever, the rate of other taphonomic signatures such 
as fragmentation and disarticulation suggests mod-
erate energy for the sedimentary environment of 
MF 5. Fragmentation, disarticulation and encrusta-
tion rates in the Bijegan area indicate that the water 
energy and rate of sedimentation were lower than 
the Naragh area for MF 5. MF 6 in the Naragh area 
formed in an environment with high water energy 
(more than in the Bijegan area), as based on tapho-

Fig. 8. Depositional model for platform carbonates of the Qom Formation in the Naragh and Bijegan areas (northeast 
of Delijan), central Iran
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nomic signature rates and damage rates of large 
benthic foraminiferal tests. However, test damage 
(category) shows that the MF 7 in the Bijegan area 
was deposited in a setting with higher water energy 
than the one in the Naragh area.

6.2.	Sequence stratigraphy

Three third-order depositional sequences, com-
posed of TST (transgressive systems tracts), MFS 

(maximum flooding surface) and HST (highstand 
systems tracts), as well as an incomplete deposi-
tional sequence containing TST (transgressive sys-
tems tracts) have been recognised (Figs 6, 7).
	– Sequence 1: This sequence in the Naragh area 

(thickness: 97 m) and the Bijegan area (thickness: 
57 m) starts with lagoonal deposits (MF 2 and MF 
4, respectively; see Figs 6, 7).  This sequence con-
sists of thin-, medium- and thick-bedded layers 
of limestones in both study areas. In the Naragh 
and Bijegan areas, an erosional surface (sequence 

Fig. 9. A – Field photograph 
of sequence boundary 
between the Lower Red 
Formation and the Qom 
Formation in the Naragh 
area (northeast of Delijan); 
B – General view of the se-
quence boundary between 
the Lower Red Formation 
and the Qom Formation 
in the Bijegan area; C, D 
– Photomicrograph of the 
sequence boundary in the 
study areas; E – Field pho-
tograph of limestone layer 
belonging to the Qom For-
mation in the Bijegan area; 
D – Field photograph of 
conglomerate layer belong-
ing to the Lower Red For-
mation in the Bijegan area
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boundary of Type I) was observed between the 
Lower Red and Qom formations. In the Naragh 
area, transgressive systems tracts (TST) with an 
upward-deepening trend composed of limestone 
belongs to the lagoon and open-marine environ-
ments  (Figs 6, 9). However, the transgressive 
systems tracts (TST) in the Bijegan area contains 
limestones of the lagoon and open-marine en-
vironments (Figs 7, 9). The limestones (contain-
ing Corallinaceae perforate foraminiferal pack-
stone-grainstone (rudstone)) are indicative of the 
maximum flooding surface (MFS) in the Bijegan 
and Naragh areas (Fig. 10). In the Naragh area, 
the upper part of sequence 1 (HST) is character-
ised by medium- and thick-bedded limestone 
belonging to restricted lagoonal and to proxi-

mal middle shelf environments (Figs 6, 10). HST 
(highstand systems tracts) in the Bijegan area is 
composed of thin, medium and thick limestone 
layers (Figs 7, 10). These limestones formed in 
restricted lagoonal to proximal middle shelf en-
vironments. The boundary between sequences 
1 and 2 (sequence boundary of Type 2, SB 2) in 
the Naragh and Bijegan areas is characterised by 
imperforate foraminiferal wackestone-packstone 
(MF 2) and sandy bioclast wackestone-pack-
stone-grainstone (MF 1), respectively. This se-
quence boundary appears to be correlatable with 
the sequence boundary Ch2 of Haq & Schutter 
(2008) (Figs 6, 7).

	– Sequence 2: In the Naragh area, this sequence, 
with a thickness of 46 m, is composed mainly of 

Fig. 10. A, E – Photograph 
of first depositional se-
quence in the study areas; 
A, D – Field views of the 
maximum flooding sur-
face (MFS), TST and HST 
systems tract of sequence 
1 in the Naragh area; F – 
Field photograph of the 
maximum flooding surface 
(MFS), TST and HST sys-
tems tract of sequence 1 in 
the Bijegan area; C, G – Mi-
croscopic photographs of 
maximum flooding surface 
1 in the study areas
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a succession of thin-, medium- and thick-bed-
ded limestones. Layers of limestone (thick- and 
massively bedded) with a thickness of 15 m  can 
be observed in sequence 2 in the Bijegan area. 
In both areas, the lower part of Sequence 2 is 
characterised by an upward- deepening trend 
(TST), which is marked by limestone of lagoon-
al and open-marine environments (Figs 6, 7, 11). 
In the Naragh area, the MFS is defined by the 
occurrence of thick-bedded limestone with large 
benthic foraminifera (Figs 6, 12). Medium-bed-
ded limestone (containing coralline red algae 
and large perforate foraminifera) can be consid-
ered to constitue the MFS for this sequence in 
the Bijegan area (Figs 7, 12). Deposits of lagoonal 
and open-marine environments (medium- and 
thick-bedded limestone) are indicative of the 
highstand systems tracts (HST) in the Naragh 
and Bijegan areas (Figs 6, 7, 12). The sequence 
boundary of Type 2 (SB 2) between sequences 

1 and 2 is characterised by patch reefs in the 
Naragh area (Figs 6, 13). In the Bijegan area, the 
same is marked by medium-bedded limestone 
of a restricted lagoon environment (Figs 7, 13). 
This sequence boundary seems to be correlata-
ble with the sequence boundary Ch3 of Haq & 
Schutter (2008) (Figs 6, 7).

	– Sequence 3: In the Naragh area, this sequence is 
an incomplete depositional sequence and indi-
cates an upward-deepening trend (transgressive 
systems tracts, TST) (Fig. 13). This package con-
sists of thick-bedded limestone with numerous 
perforate foraminifera (Neorotalia and Lepidocycli-
na), corallinacean and coral debris in the Naragh 
area. The thickness of Sequence 3 is 42 m; it is 
characterised by a thick-bedded limestone of an 
open-marine environment (containing large ben-
thic foraminifera and coralline red algae) in the 
Naragh area (Figs 6, 13). However, in the Bijegan 
area this sequence is a third-order depositional 

Fig. 11. A, E – Outcrop pho-
tograph of the sequence 
boundary between first 
and second deposition-
al sequences in the study 
areas; B, C – Field pho-
tographs of the sequence 
boundary in the Naragh 
area; F – Field view of the 
sequence boundary in the 
Bijegan area; D, G – Pho-
tomicrographs of thin sec-
tion of sequence boundary 
in the study areas
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sequence. The sequence, of 90 m in thickness, 
starts with lagoonal deposits (medium-bedded 
limestone). The transgressive systems tracts 
(TST) of sequence 3 is composed of thin- and 
medium-bedded limestones of a lagoonal and 
open-marine environment (Figs 7, 13). The MFS 
is characterised by thin-bedded limestones (rich 
in large benthic foraminifera such as Lepidocy-
clina) (Figs 7, 13). Limestone of an open-marine 
environment (thin- and thick-bedded limestone) 
formed in highstand systems tracts (HST) (Figs 7, 
13). The erosional surface (sequence boundary of 
Type I) was observed at the boundary between 
the Qom Formation and recent alluvial deposits 
in the Naragh and Bijegan areas.

6.3.	Correlation between depositional 
sequences of the northern and southern 
Tethyan seaway and Paratethys

The influence of local fault activities and global 
sea level change on the distribution of deposition-
al sequences in the Qom Basin (especially during 
the Rupelian–Chattian) is important. Morley et al. 

(2009) showed that local fault activity increased in 
the Qom Basin during the Oligocene–Miocene. In 
fact, those researchers suggested that the rate of 
sedimentation and subsidence due to local fault ac-
tivity were variable in different areas of the Qom 
Basin. In addition, a connection between the mar-
gins of the northern and southern Tethyan sea-
ways and Paratethys Basin (trend: northwest to 
southeast) during the Rupelian–Chattian was doc-
umented. During the Rupelian and Chattian, three 
third-order depositional sequences in the Bijegan 
area and two third-order depositional sequences 
and an incomplete depositional sequence in the 
Naragh area formed (Figs 6, 7, 14). Mahyad et al. 
(2018, 2019), who studied the Oligocene and Mio-
cene deposits of the Qom Formation, identified nine 
depositional sequences in the Kahak, Nowbaran 
and Andabad areas. Data published by Vakarcs et 
al. (1998), Ehrenberg et al. (2007), Haq & Schutter 
(2008), van Buchem et al. (2010) and Mahyad et al. 
(2018, 2019) were used in the present research. The 
curve of the study areas was correlated to other ba-
sins (southern Tethyan seaway and Paratethys) and 
with the global sea level change (Fig. 14). During 
the Rupelian and Chattian, the study areas were 
affected by local faults to a higher extent than the 

Fig. 12. A, E – General view 
of second depositional 
sequences (TST 2, MFS 2 
and HST 2); B, D – Field 
photographs of maximum 
flooding surface (MFS) be-
longing to the second dep-
ositional sequences in the 
Naragh area; F – Field view 
of the maximum flooding 
surface (MFS) belonging 
to second depositional 
sequences in the Bijegan 
area; C, G – Photomicro-
graphs of the thin section 
of maximum flooding sur-
face (MFS 2) in the study 
areas
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fluctuation of sea level of the southerb Tethyan sea-
way and Paratethys. In addition to this, Mahyad et 
al. (2019) indicated that a full connection between 
the Tethyan seaway and Paratethys basins occurred 
during the Burdigalian and suggested that this was 
discontinued during the late early Burdigalian (see 
Reuter et al., 2009). However, this connection con-
tinued to exist during the Langhian and early Ser-
ravallian (Rögl, 1997, 1999). Therefore, the deposi-
tional basins (southern Tethyan seaway, Paratethys 

and Qom Basin) of the Tethyan seaway were relat-
ed both during the Burdigalian and later.

7.	 Conclusions

Two outcrops of the Qom Formation in the Naragh 
and Bijegan areas have been studied for a better 
understanding of environmental conditions of for-

Fig. 13. A, D – Field views of 
the sequence boundary 
between second and third 
depositional sequences 
in the study areas; B – 
Outcrop of the sequence 
boundary and third dep-
ositional sequence in the 
Naragh area; I – Gener-
al view of the sequence 
boundary in the Bijegan 
area; C, H – Photomicro-
graphs of the sequence 
boundary in the study ar-
eas; E, G – Outcrop pho-
tographs of the maximum 
flooding surface (MFS) of 
sequence 3 in the Bijegan 
area. F – Photomicrograph 
of the maximum flooding 
surface (MFS) of sequence 
3 in the Bijegan area
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mation of these units in the Qom Basin (northern 
seaway basin). Our results show that:
1.	 microfacies recognised characterise a carbonate 

platform developed on an open shelf without 
effective barriers (reefal, oolitic and bioclastic 
barriers) separating it from the sea. They are 
grouped into two sedimentary environments 
representing a lagoon (restricted and semi-re-
stricted) and an open-marine environment.

2.	 based on microfacies analysis, three third-order 
depositional sequences in the Bijegan area and 
two third-order depositional sequences and an 
incomplete depositional sequence in the Naragh 
area have been recognised.

3.	 during the Rupelian and Chattian, sea level 
changes at these two localities were affected 
by local fault activity and sea level change of 
the Qom Basin was less influenced by fluctua-
tion of global sea level change and other basins 
(southern Tethyan seaway and Paratethys ba-
sins). In fact, the Paratethys and southern Teth-
yan seaway basins probably did not connect to 
the northern Tethyan seaway basin (Qom Basin) 
during the Rupelian and Chattian.
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