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Abstract. Lower Miocene sediments from a previously not investigated outcrop of the Qom Formation (Cen-
tral Iranian Basin) were studied for their foraminiferal and calcareous nannofossil content. The studied stratigraphic
record is assigned to the upper part of calcareous nannofossil NN2 Zone/CNlc Subzone and to the benthic fora-
miniferal Borelis melo melo Zone of Burdigalian age. The diversity indices, benthic foraminiferal morphogroups, and
quantitative investigation of assemblages (principal component and cluster analysis) suggest an overall shallow-marine

depositional environment. This interpretation is well constrained based on the dominance of the B1 benthic forami-

nifera morphotype with biconvex, trochospiral calcareous test, and epifaunal habitat. The identified six cluster groups
of benthic foraminiferal assemblages are confirmed by the principal component analysis too, and their distribution
along the studied section argue for dynamic changes of the environment. This is well exemplified by a more or less
constant shallowing, then deepening trend of the environment as revealed by the shifting from the high diversity,
shallow-shelf assemblages of Cluster 5 and 6 toward the low diversity, near-shore Ammonia tepida and Porosononion

subgranosus assemblage (Cluster 1), and back.

INTRODUCTION

In the earliest Miocene the Central Paratethys
and the Mediterranean had a large-scale connection
with the Indo-Pacific which facilitated the faunal
exchange between the two oceanic realms (Rogl
1999). However, towards the end of Burdigalian
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this connection was interrupted due to the collision
between the African-Arabian and Iranian (Eurasian)
plates. As a result, the marine faunal migration and
exchange between the two marine provinces was
interrupted (Harzhauser & Piller 2007; Rogl 1999).
The timing of the final collision of the African-Ara-
bian plates with the Iranian Plate (Coleman-Sadd
1982; Reuter et al. 2009; Rogl 1998b), hence the
closure of the Tethyan seaway, is still under debate.
The large benthic foraminiferal record suggests an
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Fig. 1 - Geological map of the studied area. Redrawn and modified after the Geological Map of Iran (1: 2.500.000) compiled by the National

Iranian Oil Company in 1957 and Heydari et al. (2003).

Aquitanian age (Adams et al. 1983), whilst the fossil
mollusks and mammal record indicate a Burdigalian
age (Robba 19806; Rogl & Steininger 1983; Whybrow
1984) for this event. The collision between the two
plates led to the formation of a volcanic arc, thus,
the Qom Basin become a back-arc basin in the Mio-
cene (Reuter et al. 2009; Schuster & Wielandt 1999;
Seddighi et al. 2012).

These significant paleobiogeographic and pa-
lacoceanographic changes (Reuter et al. 2009) coin-
cided with the deposition of the Lower Miocene
Qom Formation in the Central Iranian Basin, hence
this lithostratigraphic unit offers insights into the
evolution and isolation of the Paratethys. However,
the age of the Qom Formation it is still not well
constrained, although it is in the focus of various
studies since Loftus (1855). The results so far evi-
denced that the age of this lithostratigraphic unit
spans between Oligocene to Miocene based on the
smaller and larger benthic, and planktonic foramini-
feral record of the Qom Formation (Behforouzi &
Safari 2011; Daneshian & Dana 2007; Mohammadi
& Ameri 2015; Nouradini et al. 2015; Rahaghi 1976,
1980; Yazdi-Moghadam et al. 2021). However, the
age of the different parts of the Qom Formation,
which covers more than 1800 km in three basins
(Mohammadi 2022), is far from being well constrai-

ned. Furthermore, a proper paleoenvironmental in-
terpretation of this stratigraphic unit is essential for
exploration, because the bioclastic limestones host
hydrocarbon reserves with major economic interest
(Reuter et al. 2009).

In order to better constrain the depositional
environment of the Qom Formation, the aims of
this study are: 1. a first detailed calcareous nanno-
fossils investigation to better constrain the deposi-
tional time-interval of the Qom Formation; 2. the
use of foraminiferal and calcareous nannofossil
biostratigraphy based on assemblages’ comparison,
and correlation to various standard zonation; and 3.
depositional history and paleoenvironmental recon-
struction of the Early Miocene interval of the Qom
Formation in the Central Iranian Basin.

GEOLOGICAL SETTING

The Central Iran Basin belongs to and is clas-
sified as one of the structural tectonic zones of the
Iranian territory (Stocklin & Setudehina 1991) ex-
hibiting complex geological units (Fig. 1) spanning
from Paleozoic to Recent (Letouzey & Rudkiewicz
2005; Yazdi-Moghadam et al. 2018). In the south,
the basin is separated from the Zagros Mountains
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by the remnants of the Neo-Tethys. The closure of
the Neo-Tethys occurred in the Late Cretaceous,
while the Arabian Plate continued its movement to-
ward the Iranian Plate (Eurasia) until the collision
of the two plates around the Oligocene-Miocene
boundary (Yazdi-Moghadam et al. 2021).

The sedimentary record of the Qom Forma-
tion was deposited in the Tethyan Seaway in Central
Iran (Qom back-arc basin), as well as in the Sanan-
daj-Sirjan strip (fore-arc basin) and Urmia-Dokhtar
magmatic arc zone (inter-arc basin), therefore co-
vering a large area (Berberian 1983; Daneshian &
Dana 2019; Mohammadi et al. 2013; Reuter et al.
2009). Stratigraphically it is positioned between two
continental formations (the Lower Red and the
Upper Red formations) and consists of alternating
matls, limestones, and shelly limestones (Seyrafian
& Toraby 2005; Stocklin & Setudehina 1991). The
lithological complexity of the Qom Formation was
already documented by the first geological studies
targeting this formation and done by Loftus (1855),
Tietze (1875), Kihn (1933), Gansser (1955), Abaie
et al. (1964), and Bozorgnia (1966). More detailed
work was done by Furrer & Soder (1955) who sub-
divided the Oligocene and Miocene Qom Forma-
tion in the type locality into six members (a, b, c,
d, e, f), whilst Soder (1959) further extended the
C unit into 4 subunits (c-1, c-2, ¢-3 and c-4) and
Bozorgnia (1966) recognized up to ten members
within the Qom Formation. More recently, Stocklin
(1991) combined the previous subdivisions of the
Qom Formation, hence finally subdividing it into 9
members.

Previous biostratigraphy
ronmental studies of the Qom Formation were
mainly based on the data provided by larger benthic
foraminifera (LBF), smaller benthic foraminife-
ra, planktonic foraminifera, corals, bryozoans, and
ostracods. Rahaghi (1976, 1980) described LBF
assemblages which later were further detailed by
Daneshian & Chegini (2007), who conducted stu-
dies on benthic foraminiferal assemblages of the
Qom Formation exposed in the area of Semnan,
and by Behforouzi (2011) who focused on the bio-
stratigraphy and paleoecology of the assemblages
in the Chenar area. Rezaeian (2008) concluded that
the Qom Formation was deposited on the sou-
thern margin of the Alborz Mountains. Behforouzi
(2011) used thin sections in order to address the fo-
raminiferal biostratigraphy and paleoecology of the

and paleoenvi-

Qom Formation in Chenar area (NW Kashan, cen-
tral Iran), whilst Karevan et al. (2014) studied the
biostratigraphy and paleoecology of scleractinian
corals in order to reconstruct the depositional en-
vironment of the Qom Formation in NE Dalijan,
Central Iran. The LBF assemblages from the Cen-
tral Iranian Basin were first described by Moham-
madi & Ameri (2015). Nouradini et al. (2015) focu-
sed on foraminiferal paleoecology in order to refine
the paleoenvironmental reconstruction of the Qom
Formation in NE Isfahan, Central Iran. A relatively
diverse (15 genera and 28 species) planktonic fora-
miniferal assemblage was recovered by Daneshian
& Ghanbari (2017) from the Qom Formation in the
Zanjan area (NW Iran). Daneshian & Dana (2019)
studied the Lower Miocene benthic foraminiferal
assemblages from Central Iran and recognized pe-
lagic facies. Recently, Yazdi-Moghadam et al. (2021)
investigated the Lower Miocene benthic foramini-
feral and coralline algal assemblages from the Qom
Formation in the northwestern region of Iran.

The investigated area is located 21 km west
of the Jaam village (east of Semnan) in the nor-
thernmost part of the Central Iran Basin. It is se-
parated from the Alborz Mountains to the north
by the Attari fault (Alavi-Naini 1997), a 25 km long
fault located beneath the Jaam area. Here the Ceno-
zoic starts with Eocene marls (Dozahir Marls) and
continue with shallow marine lower Oligocene and
middle Oligocene deposits (marls, gypsum, san-
dstone and conglomerates). The upper Oligocene
sequence is represented by the Lower Red Forma-
tion (intercalations of sandstone, reddish conglo-
merate and marls), and continues upward with lo-
wer Miocene marine transgressive succession (Qom
Formation). The Miocene deposits are overlain by
the Miocene/Pliocene terrigenous rocks belonging
to the Upper Red Formation (sandstone, red con-
glomerates, red marls and siltstones). The youngest
deposits in the Jaam area are Pliocene-Pleistocene
conglomerates. In some parts of the Jaam area ho-
wever, the volcanic rocks overlie unconformably

the Qom Formation (Alavi-Naini 1997).
MATERIAL AND METHODS
The Jaam section (N: 35°43°34”, E: 53°

38743”) is located in the proximity of Semnan city,
about 180 km east of Tehran (Fig. 1). The strati-
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Fig. 2 - The foraminiferal biozona-
tion of the Qom Formation
(based on Laursen et al. 2009

and van Buchem et al. 2010).

612
Series/ .
S Stage Biozones
Burdigalian Borelis melo melo - Borelis melo crudica
Lower Miocene Aquitanian Miogypsina- Elphidium sp. - Peneroplis farsensis
Indeterminated zone

Chattian Archaias asmaricus/ hensoni - Miogypsina complanatus

Rlizceens Rupelian - Chattian Lepidocyclina - Operculina - Ditrupa
Rupelian Nummulites vascus - Nummaulites fichtelli

Eocene - Oligocene Globigerina spp. - Turborotalia cerrazoulensis - Hantkennia

graphic thickness of the Qom Formation in this
area is around 450 m, and the sediments consist
mainly of marls, and marlstone presenting different
stages of cementations, with their color varying
between green, brown, grey, or light grey. Howe-
ver, limestones are often interlayering between the
marls or marlstones. Samples (~ 100-200 g each)
were collected from the marly intervals, and special
attention was paid on those intervals where litholo-
gical changes were observable.

Foraminiferal assemblages

Thirty-eight samples were collected and ana-
lyzed for foraminifera. The samples were prepared
using the standard micropaleontological technique,
with some minor modifications. Since the samples
were fairly well cemented and the microfossils pre-
sented a poor to moderate preservation, we oven-
dried (at 50°C) and weighed the materials, then treat-
ed them with a 3% hydrogen peroxide solution for
12 hours. The disintegrated samples were washed
over a 63 um mesh using tap water. The residues
were dried overnight in the oven at 50°C. If needed,
the above-mentioned steps were repeated. The dried
residue was dry sieved over a >125 um mesh and
split with an ASC microsplitter until an aliquot of
~250-300 specimens of benthic foraminifera was
obtained. The entire benthic foraminiferal content
(>125 pum) of the selected split was picked under
an Optika stereomicroscope. The specimens were
sorted and counted, and the resulted data was used
for proxy and statistical calculations. The identifica-
tion at species level of the collected specimens was
done using a ZEISS Stemi 508 stereomicroscope
with 125X and a Hitachi SV8230 SEM machine.

The standard biozonations used in the present
study follow the concepts of Laursen et al. (2009)
and van Buchem et al. (2010) (Fig. 2). Their biozo-

nation is based on the Asmari Formation, which is
the lithostratigraphic equivalent of the Qom For-
mation (Abbassi et al. 2010).

The diversity indices i.e., total number of
taxa (taxa), the dominance (D) of the identified
species estimated using the Simpson diversity in-
dex, the Shannon-Wiener and Fishet’s o were cal-
culated using Past 4.07b (Hammer & Harper 2000;
Hammer et al. 2001). We used the Shannon-Wiener
index because it estimates the diversity of the spe-
cies based on their relative abundance and richness
(Spellerberg & Fedor 2003), and the Fisher’s alpha
index as it is used to differentiate between the sam-
ples varying in the number of specimens (Fisher et
al. 1943; Hammer & Harper 2006). The abundance
of the benthic foraminifera in a sample was calcu-
lated by dividing the number of recovered forami-
niferal specimens with the multiple of the dried
weight of the samples and the used split fraction.

PraTe 1

Lower Miocene benthic foraminiferal microphotographs (SEM).
Scale bar 100 um.

1 - Olgita pacifica (Cushman, 1924).

2 - Texctularia sp. 1 (Defrance, 1824).

3 - Textularia sagittnla (Defrance, 1824).

4 - Spiroplectinella sp. (Kisel'sman, 1972).

5 - Bulimina aff. elongata (d’Orbigny, 1820).

6 - Triloculina sp. 2 (d’Orbigny, 1820).

7 - Triloculina sp. 1 (d’Orbigny, 1826).

8 - Cycloforina cf. gracilis (Karrer, 1867).

9 - Ammonia beccarii (Linnaeus, 1758).

10 - Edphidinm crispum (Linnaeus, 1758).

11 - Elphidinm sp. (Montfort, 1808).

12 - Porosononion subgranosus (Egger, 1857).

13 - Pararotalia aff. aculeata (4 Orbigny, 1846).

14 - Borelis melo (Fichtel & Moll, 1798).

15 - Rosalina aft. obtusa (d’Orbigny, 1846).

16 - Nonion commune (d’Orbigny, 1846).

17 - Articulina sp. 1. (d’Orbigny, 1820).
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The statistical analysis was done using Past 4.07b
(Hammer & Harper 2006; Hammer et al. 2001). The
hierarchical cluster analysis (QQ-mode) is based on
Ward’s method, and Euclidean similarity index wi-
thout stratigraphic constraint. The PCA (Principal
Components Analysis) was performed using varian-
ce—covariance matrix. The analyzed dataset included
only those benthic foraminiferal taxa which had at
least =1% relative abundance in at least 1 sample.
The barren samples were also excluded from the sta-
tistical treatment analysis.

In this study, we analyzed the foraminiferal as-
semblages morphotypes based on Chan et al. (2017).
Four morphogroups were determined (A, B, C, and
D), and these were further subdivided into diffe-
rent morphotypes based on their test shape. Since
the analysis was designed for benthic foraminifera,
we ignored the planktonic species. Furthermore, we
excluded the unidentified benthic foraminiferal spe-
cies. The decisive factors for the morphogroups and
morphotypes are based on their shell morphology,
life position, and mode of life.

Calcareous nannofossils

Seventy samples were investigated for calcare-
ous nannofossils’ content, from which 62 samples
contained moderately to poorly preserved calcare-
ous nannofossils, while eight samples were barren.
The smear slides were prepared according to the
standard techniques (Bown & Young 1998) and
were examined under polarized light in cross-nichols
(XPL) and bright field (BF) with a Zeiss light micro-
scope (LM) at 1000x magnification.

The species belonging to Reficulofenestra, which
are among the most common in the investigated ma-
terial, were separated using a size-based identifica-
tion combined with some morphological character-
istics (see Nannotax3 Young et al. 2022; Kallanxhi
2023): Reticulofenestra minuta (very small placoliths < 3
um), R. antarctica (small placoliths with a size of 3-5
um and closed central area; sensu Wade & Bown
2000), R. hagii (small placoliths with size 3—5 ym and
a central opening), R. gelida (medium to large speci-
mens, > 5-10 um; with a nearly closed central area
by a pore/long pore/slit); R. daviesii (medium sized
placoliths, size 5-8 pm and central-area surrounded
by a ring of pores) and R. pseudoumbilicns (medium to
large sized placoliths, > 5 pm, elliptical with central
opening). The specimens of R. pseudoumbilicus were
separated into two size classes: > 5-7 pm, and > 7

Lazar B., Falahatgar M., Sarfi M., Kallanxhi M.-E., Bdle R. & Lérdnd §.

um, the last one being dominant.

The calcareous nannofossil relative abun-
dance per sample was assessed semi-quantitatively at
first look, as follows: F — Few (1 specimen/FOV), R
— Rare (1 specimen/2-10 FOVs), VR — Very rare (1
specimen/11-100 FOVs), VVR — Very very rare (1
specimen/>100-300 FOVs), XR — Extremely rare (1
specimen/sample) and B — barren. The calcareous
nannofossil assemblage was separated into autoch-
thonous and reworked. The biostratigraphy follows
mainly the concepts of Martini (1971), and Okada
and Bukry (1980). Abbreviations in the text mean
as follows: FO - First Occurrence and LO — Last
Occurrence.

REsuLTS

Benthic foraminiferal assemblages

More than 10.000 benthic foraminifera speci-
mens were picked and identified from the investi-
gated samples, resulting in the identification of 41
different taxa (Fig, 3; Plate 1; Appendix 1, Table 2).
The average taxa number per sample is 15. The as-
semblages with the highest taxa number (20) were
recovered either from the bottom (EQ - 09) or from
the upper part (EQ - 51 and EQ - 64) of the studied
section. The lowest taxa number (9) was recorded in
the middle part of the studied stratigraphic record
(EQ - 36). Changes can be observed in the number
of the identified taxa: a notable increase from 9 (EQ
- 30) to 20 (EQ - 51), or a drop from 19 (EQ - 69)
to 14 (EQ - 71). In some cases, however, the transi-
tion between two neighboring samples shows only
a minor change in the number of taxa e.g., samples
EQ - 78 and EQ - 81.

The most common species found throughout
the section are Anumonia beccarii, Ammonia tepida, Po-
rosononion subgranosus, and species belonging to the
Ephidium and Triloculina, but the continuous presen-
ce in low abundance of Borelis melo marker taxa was
also observed. An interesting finding was the occur-
rence of Olgita pacifica since it is for the first time
reported from this area. Furthermore, it is important
to note the almost complete absence of the plankto-
nic foraminiferal species from the studied samples.

Diversity indices
The taxa count resulted from the analysis of
the benthic foraminiferal assemblages were used to
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The abundance of the benthic foraminiferal

assemblages in the studied samples is moderate. Its
values range from ~ 4 to 714 specimen/g dry sedi-

Conglomerate  Shaly Limestone

Fig. 3 - Lithology and the distribution of the calcareous nannofossil and foraminiferal taxa along the studied section.

bers, Shannon-Wiener, and Fisher’s alpha indices

calculate the abundance, dominance, taxon num-
(Fig. 4).
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Shannon
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Dominance
0.0 01 02 03 04 05 0

01 2 3 4 5

Fig. 4 - The diversity indices of the
benthic  foraminiferal —as-
semblages along the section.
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Sample

The colors correspond with
the color palette used for
the cluster and PCA analysis
(see fig. 0).

ment. The lowest value is registered in sample EQ-
81 (with Elphidium sp. 1 as dominant taxon), while
the highest can be found in the EQ-82 (with An-
monia beccarii as dominant taxon). The average abun-
dance of the benthic foraminifera in the samples is
~ 225 specimens/g dry sediment.

None of the investigated assemblages can be
characterized by a clear, pronounced dominance of
any taxon. Even the value of 0.5 of the dominan-
ce was not reached by any of the assemblages. The
highest D is registered in the lower part of the sec-
tion (EQ-36, D = ~0.45). The assemblages with the

lowest D values (~ 0.10) were recovered from the
bottom part (EQ - 13) or the upper part of the (EQ
- 80) studied sedimentary record. The average num-
ber of the dominance is low (~0.20).

The Fisher’s alpha diversity index has values
between 1.72 - 4.96. The lowest value is registered
in the sample EQ-306, while the peak is found in the
EQ-51. In case of the samples EQ-69, EQ-68, and
EQ-64 the Fisher’s values are almost identical (4-
4.2). The Shannon-Wiener diversity index registers
a range from around 1(EQ-30) to 2.5 (EQ-13). The
values of this diversity index fluctuate throughout

Fig. 5 - Grouping of the samples
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Fig. 6 - First two components of the principal component analysis carried out on the smaller benthic foraminiferal dataset. The graph also
shows the grouping of the samples according to the cluster analysis.

the studied section. Furthermore, the Fisher’s alpha
and the Shannon-Wiener indexes have very similar
trends.

Cluster analysis

The hierarchical clustering resulted six well
constrained clusters (Fig. 5).

Cluster 1 — groups six samples (EQ-05, EQ-
64, EQ-58, EQ-61, EQ-62, and EQ-53) characteri-
zed by a high relative abundance of Ammonia tepida
and Porosononion subgranosus. The first one’s relative
abundance in a given sample can be as high as 60%,
while the last peaks at around 45%. Besides the do-
minant species, the presence of some benthic fo-
raminifera taxa (E/lphidium ortenburgense, Protelphidinm
ct. roemeri, and Cycloforina ct. gracilis) with low relative
abundance could be observed.

Cluster 2 — includes only three samples (EQ-
28, EQ-306, and EQ-82) with high relative abundan-
ce (48-01%) of Ammonia beccarii. 1n addition to A.
beccarit, C. cf. gracilis, and P. subgranosus are present in
low relative abundance (4.6-6.7%).

Cluster 3 — groups six samples (EQ-84, EQ-
81, EQ-78, EQ-76, EQ-56, and EQ-73) having in
common high relative abundance of E/lphidium sp. 1
(7.8-36.8%) and Rosalina att. obtusa (0-52.2%). The-
se species are accompanied by taxa having rather
similar relative proportion: A. fepida, A. beccarii (1.4-

30.8%), E. ortenburgense (1-10.2%), P. cf. roemeri (0.4-
7%) and P. subgranosus (1.1-13-7%).

Cluster 4 — consists of one sample (EQ-
71) with a high relative abundance of Bulimina atf.
elongata (~50%). In this sample A. #epida makes up
almost 30% of the identified benthic foraminifera.
Apart from these two taxa, the relative abundance
of various Elphidium and Triloculina species is nota-
ble.

Cluster 5 — groups six samples (EQ-34, EQ-
68, EQ-51, EQ -03, EQ -57, EQ -10) with common
A. beccarii (8.6-19.3%). Other abundant species in
the samples of this cluster are Nonion commune, E.
ortenburgense, P. subgranosus and taxa of the genera
Triloculina, and Cycloforina.

Cluster 6 — groups together 8 samples (EQ-
09, EQ-69, EQ-55, EQ-52, EQ-86, EQ-14, EQ-
13, EQ-72) characterized by the quite equal relative
abundance of A. beccarii, A. tepida, Elphidinm, Cyclo-
Jorina, and Triloculina.

Principal Component Analysis

The PCA analysis (Fig, 6.) was performed to
gain complementary data on the separation of the
benthic foraminiferal assemblages into different
groups. The first two principal components (PC 1
and 2) can explain 52.47% of the variance present
in the data.
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PC 1 explains 35.35% of the variance and
separates the samples with a clear dominance of
Ammonia tepida, Nonion commune, and Porosononion
subgranosus from the samples with a relatively high
abundance of Ammonia beccariz, Triloculina sp. 2, Buli-
mina aft. elongata and Rosalina aff. obtusa.

PC 2 can explain around 16.9% of the va-
riance. Its separation of the samples is based on the
differences in the relative abundance of A. beccarii,
N. commmune, P. subgranosus, and Cyeloforina cf. gracilis
from the samples dominated by E/phidium sp. 1, R.
aff. obtusa, B. aff. elongata, and Triloculina sp. 1.

The PCA analysis suggests that sample EQ-
72 grouped in Cluster 6 is an outlier. The difference
between the sample EQ-72 and the rest of the sam-
ples belonging to Cluster 6 is linked to the signifi-
cant difference as regards the relative abundance of
A. tepida in EQ-72 (36.6%) versus the rest of the
samples of Cluster 6 (2.4%-18.8%). Since the se-
paration of the samples by PC 1 is mainly based on
the relative abundance of A. #pida, sample EQ-72
was moved on the horizontal axis from the rest of
the samples belonging to Cluster 6. Thus, explaining
its somewhat strange position on the PCA graph.

Morphogroups

Morphotype analyses were carried out on the
benthic foraminiferal assemblages (Fig. 7). The defi-
nition of morphotypes is mainly based on the life po-
sition and shell morphology with references to extant
species (Chan et al. 2017), and our analysis is focused
on the most important morphotypes present in the
samples.

The most abundant species belong to the Bl
morphotype, which is dominant almost throughout
all the studied samples (Fig. 8). The taxa of this
morphotype have biconvex shell with trochospiral
growth, and prefer an epifaunal habitat. The main
benthic foraminifera species of this group are Aw-
monia becearii and A. tepida. These species are known
for surviving extreme environmental conditions and
stress factors living in a shelf environment (Murray
2006), and are able to adapt to and survive at low
oxygen concentrations (Kitazato & Tsuchiya 1999;
Moodley & Hess 1992). They are also often found in
a shallow-water marine, estuary systems (Mendes et
al. 2004; Morigi et al. 2005; Polovodova et al. 2009).

The morphotype Al has a variable proportion
along the studied section, but it is more common in
the lowermost and upper middle part of it. Oppot-

Morphogroups | Morphotypes | Test form | Main genera
Al Bieonvex | ppohigi
A Planspiral Zidi
Flattened- -
A2 @ depressed P e”e""P.hS
Planspiral Operculina

é
-
=
L J
-

4|

‘\‘.“'

LY

Fig. 7 - Foraminiferal morphotypes based on shell morphology and
their living habitat. Redrawn and modified after Chan et al.
(2017).

tunistic feeding is characteristic for the benthic fora-
miniferal species placed in this group (species belon-
ging to the Elphidium genus). Species belonging to the
genus Elphidium are considered to live in a shallow-
water marine environment (Frezza & Carboni 2009;
Levy et al. 1995; Murray 1991). The species of this
morphotype prefer somewhat similar conditions (i.e.
shallow marine environment) as the Ammonia (Mut-
ray 2000), but are more sensitive to the salinity chan-
ges. Several species of this morphotype (e.g., E/phi-
dinm crispum) are bloom feeders: they rapidly grow
and reproduce during phytoplankton bloom periods,
thus causing patchiness in their appearance (Murray
1991).

The C1 morphotype groups species belonging
to the Triloculina. They are known to survive in hyper-
saline conditions (up to 65 ppt), hence, an increase in
the salinity levels can explain the sporadic accentua-
ted presence (Murray 1991).

The D1 morphotype is almost non-present
except in sample EQ-71. The marked increase of
the percentage of this morphotype is caused by a
high relative proportion of Bulimina aff. elongata in



Biostratigraphy and paleoenvironmental analysis of the Lower Miocene Qom Formation 619

Relative abundance (%)

0 20 40 60 80 100
EQ - 86 -
EQ-84 -
EQ-82 -
EQ-81 -
EQ-78 -
EQ-76 -
EQ-73 -
EQ-72 -
EQ-71 -
EQ-69 -
EQ-68 -
EQ-64 -
EQ-62 -
EQ-61 -
EQ- 58 -
EQ - 57 -
EQ - 56 -
EQ - 55 -
EQ-53 -
EQ-52 -
EQ-51 -
EQ - 36 -
EQ-34
EQ-28 -
EQ-14 -
EQ-13 -
EQ-10 -
EQ- 09
EQ- 05 -
EQ- 03 1

[ JAa1[]A2 [ 81 [E 62 [ C1
[ c2 [ c3 [ D1 [ D2

Sample

Fig. 8 - Relative abundance (%) of the benthic foraminiferal
morphotypes in the studied samples.

sample BEQ-71. Bulimina, a common shelf genus is
known to survive in low-oxygen environments (Cor-
liss & Emerson 1990; Murray 2006). Also, they live
in shallow waters with a relatively high organic car-
bon content (Hermelin & Shimmield 1990; Miller &
Lohmann 1982).

Morphotype B2 has an increased relative abun-
dance in the upper part of the studied section, due
to the presence of Rosalina aff. obtusa. The common
normal marine shelf taxa belonging to the Rosalina
genus can produce an organic glue in order to at-
tach themselves to plants thus surviving even in high
energy zones (Langer 1993).

The A2 morphotype (Dendritina) is known to
live in a shallow, tropical environment up to 20 m
water-depth (Betzler & Scmitz 1997). They can dwell
in a high or a low energy zone without discrimination
(hard or seagrass bed) to their substrate (Leutenegger
1984; Reiss & Hottinger 1984).

The C2 morphotype consist of the species be-
longing to the genus Pyrgo. Based on Murray (1991)
they prefer normal salinity (~35%) and are almost
completely missing in hypersaline conditions.

The C3 is represented by B. el which indica-
tes a warm (25°C), shallow-water marine habitat (El
Baz et al. 2018; Murray 1991). Their living depth and
distribution is chiefly dependent upon the symbiont
they host in their shell (Leutenegger 1984).

The species belonging to the Textularia genus
are placed into the D1 morphotype. These species
thrive in environments influenced by open marine
systems and does not prefer the muddy sediments
(Haunold 1999).

Calcareous  nannofossil
composition and diversity

The calcareous nannofossils assemblage (Ap-
pendix 2; Plate 2) contains a total of 83 taxa, from
which 31 species were considered in situ and com-
prise typical Lower Miocene species, while 52 species
are reworked from Mesozoic and Paleogene. The
long ranging taxa like Braarudosphaera bigelowii, Cocco-
lithus pelagicus, Cyclicargolithus floridanus, Reticulofenestra
minuta and Sphenolithus moriformis were considered part
of the autochthonous assemblage. The dominating
calcareous nannofossil families are as follows: Heli-
cosphaeraceae (with nine species), Noelaerhabdaceae
(with seven species), Sphenolithaceae (with four spe-
cies), Coccolithaceae and Discoasteraceae (with four
species each). The rest of the remaining families are
represented by only one species each (Braarudospha-
eraceae, Calcidiscaceae and Pontosphaeraceae). The
in-situ taxa (C. pelagicus, C. floridanus, Reticulofenestra
bagqii, R. minuta and Reticulofenestra pseudoumbilicus) be-
long to the most common species found and have

assemblage

a continuous presence along the studied sedimenta-
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ry record (Fig. 3). Less abundant and with discon-
tinuous distribution along the section are: Coccolithus
miopelagicus, Reticulofenestra antarctica, Reticnlofenestra da-
viesii, Reticulofenestra gelida and Sphenolithus moriforniis.
Most of the identified species i.e., B. bigelowii, Clan-
sicocens subdistichus, Coronocyclus nitescens latus, Discoaster
adamantens, Discoaster deflandrei, Discoaster ct. druggi,
Discoaster sp., Helicosphaera ampliaperta, Helicosphaera
carteri, Helicosphaera euphratis, Helicosphaera mediterranea,
Helicosphaera minuta, Helicosphaera vedderi, Helicosphaera
ct. watkinsii, Helicosphaera sp. 1, Helicosphaera sp., Pon-
tosphaera multipora, Sphenolithus conicus, Sphenolithus dis-
similis, Sphenolithus pseudobeteromorphus, Sphenolithus sp.
and Umbilicosphaera rotula are scarce and very rare to
extremely rare.

Helicosphaera sp. 1 is a large helicolith with flat
appearance (length is 9 um and width is 6 um), el-
liptical outline and crenulated margins, with no vis-
ible flange and no developed wing, only a very small
spur being present. The general appearance of this
species under XPL (90°) is bright when oriented par-
allel with one of the axes, while when inclined at ap-
proximately 30-45°, the central area becomes shad-
owed, displaying pseudo-extinction lines formed by
a thin line along the length of the helicolith, and two
thicker lines parallel to the short axis, which occupy
the centre. The centre appears to be closed, the only
perforations present are only two small pores which
are visible in both XPL and BF and encase the cen-
tral area.

DiscussioNn

Age assignment

The presence of the B. melo throughout
the studied stratigraphic record support the assi-
gnment of the investigated foraminiferal assembla-
ges to the Borelis melo melo Biozone (Laursen 2009;
van Buchem et al. 2010; Sakhavati et al. 2020), and
suggest a Burdigalian age (Early Miocene) for the
Qom Formation at the studied site. This interpre-
tation agrees with the age assignment of other B.
melo bearing Lower Miocene deposits of Iran and
Saudi Arabia (Chan et al. 2017; Daneshian & Dana
2007; Heidari et al. 2014; Hughes 2014; Vaziri-
Moghaddam 2010; Sakhavati et al. 2020). Further-
more, the Burdigalian age is confirmed based on
the known paleogeography: the migration of the
genus Olgita into the study area from its nearest

Lazar B., Falahatgar M., Sarfi M., Kallanxhi M.-E., Bdle R. & Lérdnd §.

reported occurrence in the Persian Gulf (Al-Enezi
et al. 2020) was only possible until the formation
of the so called Gomphotherium ILandbridge in the
late Burdigalian (R6gl 1998a).

PrATE 2

Lower Miocene calcareous nannofossils microphotographs. The
images were captured in crossed polarized light (XPL) and in
bright field (BF). The scale bar is of 2 pm (pictures 1-22) and
5 pm (pictures 23-24).

1 - Coccolithus miopelagicus Bukry, 1971 (sample EQ23, XPL).

2 - Coccolithus pelagicns (Wallich, 1877) Schiller, 1930 (sample EQ73,
XPL).

3 - Cydlicargolithus floridanns (Roth & Hay, in Hay et al., 1967) Bukry,
1971 (sample EQ23, XPL).

4 - Reticulofenestra pseudonmbilicus (Gartner, 1967) Gartner, 1969 (sam-
ple EQ14, XPL).

5 - Reticulofenestra hagii Backman, 1978 (sample EQ41, XPL).

6 - Reticulofenestra minuta Roth, 1970 (sample EQ14, XPL).

7 - Reticulofenestra daviesii (Haq, 1968) Haq, 1971 (sample EQ14, XPL).

8 - Unwmdbilicosphaera rotula (Kamptner, 1956) Varol, 1982 (sample

EQ29, XPL).

9 - Helicosphaera ampliaperta Bramlette & Wilcoxon, 1967 (sample
EQ13, XPL).

10 - Helicosphaera ampliaperta Bramlette & Wilcoxon, 1967 (sample
EQ25, XPL).

11 - Helicosphaera mediterranea Miller, 1981 (sample EQ23, XPL).

12 - Helicosphaera carter; (Wallich 1877) Kamptner, 1954 (sample
EQ25, XPL).

13 - Helicosphaera cf. watkinsii da Gama & Varol, 2013 (sample EQ19,
XPL).

14 - Helicosphaera minnta Miiller, 1981 (sample EQ50, XPL).

15-17 - Helicosphaera sp. 1 Kamptner, 1954 (sample EQ24, fig. 15 - 90°
XPL, fig. 16 - 90° BF and fig. 17 - 30° XPL).

18 - Sphenolithus dissimilis Bukry & Percival, 1971 (sample EQ19, XPL).

19-20 - Sphenolithus psendobeteromorphus Fornaciari & Agnini, 2009
(sample EQ15, XPL, two orientations; fig. 19 at 0° and fig.
20 at 45°).

21 - Sphenolithus psendobeteromorphus dissimilis Bukry & Percival, 1971
(sample EQ14, at 45° XPL).

22 - Discoaster cf. druggii Bramlette & Wilcoxon, 1967 (sample EQ23,
BE).

23 - Discoaster cf. drnggii Bramlette & Wilcoxon, 1967 (sample EQ53,
BF).

24 - Discoaster cf. drnggii Bramlette & Wilcoxon, 1967 (sample EQ53,
BE).
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The calcareous nannofossil assemblages
identified in the sediments belonging to Qom For-
mation (Plate 2; Appendix 2), were assigned to the
upper part of the long-ranging Discoaster druggii
Zone (NN2; Martini 1971) and to Discoaster drug-
gii Subzone of Okada and Bukry (Subzone CN1c;
1980), hence the studied sedimentary record is
early Burdigalian. This study documents the co-oc-
curence of Discoaster ct. druggii (samples EQ23 and
EQ53; Fig. 3; Plate 2, Figs. 22-24) which has its FO
in the base of NN2 Zone (Young 1998) and that of
Helicosphaera ampliaperta (samples EQ13 and EQ25;
Fig. 3; Plate 2, Figs. 9-10) with a FO which approxi-
mates the Aquitanian/Burdigalian boundary (20.43
Ma; Gradstein et al. 2012). The updated new age
for the FO of H. ampliaperta biohorizon in the Me-
diterranean area is 20.35 Ma (Fabbrini et al. 2019).
The scarcity of  Sphenolithus  pseudobeteromorphus
(samples EQ15 and EQB80; Fig. 3; Plate 2, Figs. 19-
20) which has its FO in the upper part of NN2/
CNlc zones (Fornaciari & Agnini 2009), support
the age assighment of the studied sedimentary re-
cord, at least from sample EQ15 upward, to the
lower Burdigalian (upper NN2 zone). This agrees
with some observation made in the Mediterranean
area (Albania), where lower Burdigalian assembla-
ges with H. ampliaperta and S. pseudobeteromorphus
were found (Kallanxhi 2023). The absence of Sphe-
nolithus belemmos from the studied stratigraphic re-
cord, suggest that the studied sedimentary record
is older than the FO of §. belemmnos corresponding
to the base of CN2/MNN3a/CNM5 zones (lower
NN3 zone) and calibrated by Backman et al. (2012)
to 19.01 Ma.

Other taxa used in Lower Miocene biostrati-
graphy are Helicosphaera mediterranea (samples EQ22,
EQ23 and EQ24; Fig. 3; Plate 2, Fig. 11) and He-
licosphaera cf. watkinsii (sample EQ19; Fig. 3; Plate
2, Fig. 13). H. mediterranea has its FO in the Me-
diterranean area within zones NN2/CN1c (DSDP
Leg 42A, Hole 372; Miller 1981) and MNN2b
subzone of Fornaciari & Rio (1996), above the FO
of H. ampliaperta. This species occurs in the Lo-
wer Miocene from the middle — upper parts of zo-
nes NN2/CNlc in Albania, Mediterranean realm
(Kallanxhi 2023). Helicosphaera ct. watkinsii (sample
EQ19; Fig. 3; Plate 2, Fig. 13) is a short-ranging
taxon restricted to Zone NN2 (da Gama & Varol
2013).

Other species with FO in Zone NN2 (Young
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1998; Bergen et al. 2017; Boesiger et al. 2017) re-
covered from the studied sedimentary record are
R. hagii (Fig. 3; Plate 2, Fig. 5), U. rotula (in sam-
ples EQ29 and EQ32), H. vedder: (sample EQ50),
S. dissimilis (Fig. 3; Plate 2, Figs. 18, 21), which co-
occurs with R. pseudonmbilicus (Fig. 3; Plate 2, Fig.
4). The specimens of this latter species are present
in both sizes, but the larger morphotype (>7 um)
is the dominant. Several authors (i.e., Fornaciari et
al. 1996; Di Stefano et al. 2008) identify as R. psex-
donmbilicus only the larger morphotypes, and sug-
gest a younger FO (in NN6 Zone) for this species,
compared to the FO at the base of NN4 Zone
as in Nannotax3 (Young et al. 2022). The appea-
rance of R. psendoumbilicus (> 7 pm) within older
sediments in Zone NN2 is however mentioned by
some authors from the Atlantic Ocean (Howe &
Sblendorio—Levy, 1998; Norris et al. 2014) and
from the Central Paratethys (Mol¢ikova & Stranik
1987; Holcova 2013), whilst Kallanxhi (2023) re-
ported recently both morphotypes of R. pseudonm-
bilicus starting with zone NN2 from the Mediter-
ranean area.

Even though, the lower part of the section,
from sample EQ1 to EQ13 (containing Helicospha-
era ampliaperta) and EQ15 (containing Sphenolithus
pseudoheteromorphus), lack the typical marker taxa,
therefore it is not possible to constrain their age
based on nannofossils.

Paleoenvironmental reconstruction

The most dominant morphotype throughout
the section is the B1 with its most abundant ge-
nus Ammonia. This genus can be found in shallow
brackish to hypersaline marine waters, generally
living in a lagoon-like environment (Murray 1991,
2000), and it is the most common foraminiferal
genus in shallow marine and paralic environments
globally (Hayward et al. 2021). Therefore, we as-
sign a shallow marine, relatively high energy de-
positional environment to the studied sedimentary
record (Fig. 9). This is also supported by the taxa
of the genera Nowion, Elphidium, and Borelis, which
are mobile forms, and they can live and survive in
the waters with high energy due to the shape of
their test (Gonera 2012). The environment is fur-
ther constrained by the E/phidium-taxa which often
live in symbiosis with green algae, therefore their
metabolism highly depends on photosynthesis
and the depth of their habitat is controlled by the
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Fig. 9 - Paleoenvironmental reconstruction based on benthic foraminiferal assemblages. The figure also shows the distribution of benthic

foraminiferal morphotypes.

symbiont’s light demand (Leutenegger 1984). Al-
though the Textularia and Nodosaria might suggest
an even deeper environment (Parker & Gischler
2015), they are present in low abundance only. The
very rare planktonic foraminifera recovered from
some samples, are hard to be interpreted as it is
not clear if they are in situ or not.

The environment was highly dynamic, as
suggested by the 6 benthic foraminiferal groups
(all of them of shallow marine origin) identified
based on the hierarchical cluster and PCA-analysis.
The dynamic changes of the paleoenvironment
are however the best exemplified by the observed
competition-like behavior noticed between Anmo-
nia beccarii and A. tepida (Fig. 10): if one of them
has a high relative abundance in a sample, the other
species’ relative abundance is low. In some sam-
ples however, their relative abundance is almost
identical, but this is only observed when their re-
lative abundance in a given sample is low. We ex-
plain this competition by environmental changes,
as modern A. beccarii and A. tepida can present
morphofunctional adaptations to their habitats
and environment. 4. beccarii can have an epiphytic
mode of life thanks to a rapid 3-D emission of the
pseudopodia, thus being able to support its test
within the seaweed framework, whilst 4. 7¢pida has
an inbenthic life mode, living in the sediment, and
feeding on particulate organic matter (Debenay et
al. 1998; Hayward et al. 2021). They also have dif-

ferent feeding strategies: laboratory experiments
on the A. beccarii feeding habit showed that A.
beccarii specimens might have a tendency of over-
feeding to the point they consume and completely
deplete the bacteria and algae supplies (Chandler
1989). Also, A. beccarii is known for its tolerance
to different oxygen concentrations and it can sur-
vive even in a low-oxygen environment (Moodley
& Hess 1992). Thus, when A. beccarii is the domi-
nant then the paleoenvironment was either a well-
oxygenated marine environment with seaweed or
an environment with somewhat oxygen depleted
bottom waters, whilst the dominance of A. fepida
suggest a shallow-marine environment with higher
sediment input, hence turbidity.

There is a high variation/fluctuation upwards
the studied section until sample EQ-71 in the rela-
tive abundance of the high salinity tolerant species
of C1 morphotype further suggesting dynamic
changes and even salinity fluctuations within the
shallow-marine paleoenvironment, as this change
can be related to high evaporation rate, decrease
or lack of freshwater input etc. (Murray 2000).
Upwards from sample EQ-71 the relative abundan-
ce of C1 morphotype decreases, and it is replaced
by the benthic foraminifera belonging to the B2
morphotype, known as high-energy species, sur-
viving environments with fast-flowing waters, wa-
ves, and currents (Langer 1993). Thus, indicating a
change in the ocean conditions.
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Fig. 10 - The relative abundance (%) of Ammonia beccarii (black) and
Ammonia tepida (grey) along the studied section.

Paleoceanography

The birth of the Central Iranian Basin is lin-
ked to the collision and final subduction of the
Arabian and African plates with the Iranian pla-
te, which started in the Mesozoic (Coleman-Sadd
1982; Reuter et al. 2009; Rogl 1998a). As a result,
during the Miocene, the so-called Tethyan Seaway
was closed and consequently, the Qom Basin was
formed (Reuter et al. 2009). In the Early Mioce-
ne a connection existed between the Paratethys,
Mediterranean, and Indo-Pacific, which made pos-
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sible in the early Burdigalian a substantial faunal
migration between the Indo-Pacific and Paratethys
(Harzhauser & Piller 2007; Rogl 1998a). However,
this faunal migration and exchange between the
Paratethys and the Indo-Pacific was terminated in
the late Burdigalian because of the rotation and
collision of the Arabian and African plates with
Eurasia. This created the Gomphotherium Landbrid-
ge, thus connecting Africa with Eurasia (Rogl
1999). Al-Enezi et al. (2020) recently reported the
genus Olgita from the coastal zone of Kuwait, the
geographically closest, documented occurrence
of this taxa to our sampling point. Therefore, our
findings of the O. pacifica in the studies samples
together with the existing palacoceanographic data
suggest the early Burdigalian age as a possible mi-
gration time of the species into the area of the
Central Iranian Basin (Fig. 11).

CONCLUSIONS

Our study on the foraminiferal assemblages
recovered from the Qom Formation offer new in-
sights into its age and paleoenvironment. The re-
covered foraminiferal assemblages can be assigned
to the Borelis melo melo Zone, hence the studied part
of the Qom Formation was deposited during the
Burdigalian (Early Miocene). This age assignment
is further supported by the correlation to the up-
per part NN2 or CNlc calcareous nannofossil zo-
nes of the studied sedimentary record.

The benthic foraminiferal assemblages sug-
gest a dynamic shallow-marine depositional envi-
ronment, as emphasized by the abundance of the
benthic foraminiferal species, and by the diversity
of the benthic foraminiferal assemblages, and their
clustering into six, well defined groups. These as-
semblages were controlled by the dynamic changes
and even salinity fluctuations of the shallow-mari-
ne environment, and document a competition-like
behavior between Ammonia beccarii and Ammonia
tepida. The calcareous nannofossil assemblages re-
covered from the Qom Formation emphasize their
potential in studies of shallow-marine sedimentary
environments, and they proved to be useful to bet-
ter constrain the time interval (early Burdigalian)
when the connection through the Tethyan Seaway
made possible the migration of Olgita pacifica into
the Central Iranian Basin.
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Legend:

Reported presence of the
Olgita pacifica
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W Evaporites

f Ocean circulation

Fig. 11 - Simplified map of the spatial distribution of the foraminiferal genus O/giza. Reported presence and our findings. A: early Burdigalian
paleogeography, B: late Burdigalian paleogeography, C: present-day geography (modified and redrawn after R6gl 1999).
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