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ABSTRACT —This paper describes the foraminiferal associations along with the presentation of three new agglutinated conical foraminiferal
species to the construction of the biozonation framework in the Mahallat region of central Iran. The stratigraphic distribution of benthic
foraminifers is used to characterize three assemblage zones that are in ascending order: rotaliids-valvulinids Assemblage Zone, alveolinids-
coskinolinids Assemblage Zone, and nummulitids-discocyclinids Assemblage Zone. These associations are characterized by marker fossils
and localized from the inner ramp to the proximal outer ramp depositional environments. Their biostratigraphic range is assigned to the
middle Cuisian to early Lutetian. In addition, three new agglutinated conical foraminiferal species: Daviesiconus mahallatensis sp. nov.,
Barattolites arghadehensis sp. nov., and Coleiconus minimus sp. nov. are described and figured for the first time from the lower Eocene
shallow-water limestone in the studied area. These new species have common characteristics such as eccentric conical test with a low number
of comparably coiled chambers in the early stage and uniserial chambers in the adult stage, but they differ in size, the form of test, and radial
subepidermal partitions (beams, intercalary beams, and rafters). They are associated with the index A/veolina fauna and their biostratigraphic
range is assigned to middle—late Cuisian (Ypresian, Early Eocene).

Keywords: biostratigraphy, Early Eocene, new taxa, Mahallat, Iran.

RESUMO - Este trabalho descreve as associagdes de foraminiferos juntamente com a apresentag@o de trés novas espécies de foraminiferos
aglutinantes conicos, visando a elaborag@o do arcabougo bioestratigrafico na regido de Mahallat, no Ird Central. A distribuigao estratigrafica
dos foraminiferos bentonicos ¢ utilizada para caracterizar trés zonas de associa¢do, da base para o topo: Zona de Associacdo Rotalideos—
Valvulinideos, Zona de Associag¢do Alveolinideos—Coskinolinideos, ¢ Zona de Associagdo Numulitideos—Discoclinideos. Estas associagdes
sdo caracterizadas por fosseis marcadores e localizadas desde a plataforma interna até aos ambientes de deposi¢do em plataforma externa
proximal. O intervalo bioestratigrafico ¢ atribuido do Cuisiano médio ao inicio do Luteciano. Além disso, trés novas espécies de foraminiferos
aglutinantes conicos, Daviesiconus mahallatensis sp. nov., Barattolites arghadehensis sp. nov. e Coleiconus minimus sp. nov., sao descritas
e figuradas pela primeira vez em amostras do calcario de aguas rasas do Eoceno Inferior na area estudada. Essas novas espécies apresentam
caracteristicas em comum, tais como a testa cOnica excéntrica, baixo niimero de camaras enroladas no estagio inicial e camaras unisseriais
no estagio adulto, mas diferem em tamanho, formato da testa e divisorias subepidérmicas radiais (“beams, intercalary beams, and rafters”).
Elas estdo associadas a fauna-indice Alveolina e sua distribuigao biostratigrafica ¢ atribuido ao Cuisiano médio—superior (Ypresiano, Eoceno
Inferior).

Palavras-chave: bioestratigrafia, Eoceno Inferior, espécies novas, Mahallat, Ira.

INTRODUCTION biostratigraphy in various shallow marine deposits of the

tropical and subtropical regions (Hottinger, 1960, 2007;

The studied area (Mahallat region) is geographically ~ Schaub, 1966, 1973, 1981; Rahaghi & Schaub, 1976; Drobne,

located at the border of the Sanandaj-Sirjan zone and ~ 1977; Rahaghi, 1980, 1983; Racey, 1994; Serra-Kiel et

Central Iran. Due to structural complexity, it is very difficult al., 1998; Scheibner et al., 2005, 2007; Babazadeh, 2008;

to precisely determine the boundary between these two  Scheibner & Speijer, 2008; Zamagni et al., 2008; Afzal et

structural zones. It seems to belong to the Sanandaj-Sirjan  al., 2011; Drobne et al., 2011; Zhang et al., 2013; Nafarieh
zone (northeast Esfahan-Sirjan Block). There is no clear et al., 2019).

lateral continuity due to fault-controlled sedimentological All of the recorded benthic foraminiferal specimens could
changes (Figure 1). be subdivided into three groups based on the composition

The larger benthic foraminifers are important shallow- and morphology of the test. They include agglutinated,
water fauna from the Eocene deposits of the studied porcellaneous, and hyaline foraminiferal tests, among which
area in Central Iran. They are marker fossils used for the only the agglutinated foraminifers are the target of this paper.

reconstruction of the paleo-environment and high-resolution The Paleogene agglutinated conical foraminifera along
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Figure 1. Iran map showing the tectonostratigraphic zones from west/south parts of Iran (Zagros Zone, Sanandaj-Sirjan Zone, Urumieh-Dokhtar Magmatic

Arc, Central Iran) and study area (Mahallat region).

with orbitolinids, alveolinids, miliolids, and nummulitids
occupied a wide range of shallow water environments. Due
to the presence of small miliolids, the agglutinated conical
foraminifers indicate a shelf environment with restricted
circulation. The agglutinated conical foraminifera are rarely
preserved in shallow water facies for this reason they were

poorly identified (Hottinger & Drobne, 1980; Hottinger,
2007).

The three genera Daviesiconus Hottinger & Drobne
(type species: Coskinolina balsilliei Davies), Coleiconus
Hottinger & Drobne (type species: Coskinolina elongata
Cole), and Barattolites Vecchio & Hottinger, were first
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reported by Davies (1930), Cole (1942), and Vecchio (2003),
respectively. Hottinger & Drobne (1980) carefully studied
the internal structure of Daviesiconus and Coleiconus.
The exoskeleton of agglutinated conical foraminifera with
simple radial partitions (beams and intercalary beams)
was described in detail by Vecchio & Hottinger (2007)
for Barattolites trentinarensis Vecchio & Hottinger in the
Trentinara Formation of Southern Italy. Similar specimens
with B. trentinarensis were observed in Iranian material from
south Iran (Zagros Mountain) (Hottinger, 2007). Several taxa
of conical agglutinated foraminifera from the Mahalat Region
of central Iran are defined in this article. Among them, three
new taxa: Daviesiconus mahallatensis sp. nov., Coleiconus

minimus sp. nov. and Barattolites arghadehensis sp. nov. are
established for the first time. These new species are recorded
from the Eocene carbonate deposits of the study area.

MATERIAL AND METHODS

The paleontological study of larger benthic foraminifera
was based on optical microscopy analysis of specimens from
121 thin sections of carbonate rocks. The study section,
about 400 m thick, is well exposed in the quadrangle defined
by 33°46°00”, 33°46°15”’N and 50°25°00”", 50°25°10”E
(Figure 2).

Figure 2. Location of the study area (Arghadeh area) on the Mahallat geological map, central Iran (Geological Survey of Iran) (Sheikholeslami, 2005).
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In the study area, Eocene carbonate deposits consist of
a succession of basal conglomerate, cream foraminiferal
limestone including wackestone facies, massive coralgal
limestone, and gray argillaceous limestone. The bioclasts are
mainly composed of benthic foraminifers, bivalves (oysters),
gastropod fragments, bryozoans, corals, and rare echinoids.
The lower contact of this succession with Cretaceous deposits
is discordant and the upper contact is covered by alluvium.

Among the 50 rock samples collected from the studied
area, about 12 samples have new species. The numbers
containing new species are as follows: 216, 217, 218, 220,
222,223,225, 230, 237, 238, 239, 240, and 241.

The measurements of axial and basal cone diameters
(flattening index) were performed under the microscope with
amicrometer and checked on photographic enlargements. For
each parameter (cone diameter, spiral chambers, uniserial
chambers, etc.) and flattening index (Rb/a) of the agglutinated
conical taxa, a numerical statistic was provided and illustrated.
The stratigraphic column and foraminiferal plate are done with
Adobe Illustrator software. The suprageneric classification is
established by Kaminski (2004, 2014) and the morphological
terms of agglutinated foraminifers are used by the terminology
of Hottinger & Drobne (1980).

All rock samples and thin sections in this study are stored

in the paleontological collection (P¢) of the laboratory of
Tehran Payame Noor University (TPNU).
Abbreviations: AZ I, rotaliids-valvulinids Assemblage Zone;
AZ 11, alveolinids-coskinolinids Assemblage Zone; AZ III,
nummulitids-discocyclinids Assemblage Zone; acd, axial
cone diameter, bed, basal cone diameter, Rb/a, ratio between
basal length and axial length (flattening index); a, aperture;
b, beam; ch, chamber, chm, chamber margin; ¢p, continuous
pillars;, d, depressed suture; f, foramen; hb, hemispherical
base; Isc, last spiral chamber; lue, last uniserial chamber;
Iw, lateral wall; ma, marginal aperture; mr, marginal rim; p,
pillar; s, septum; ss, spiral suture.

BIOSTRATIGRAPHY

The Early Eocene carbonate deposits containing
rich benthic foraminifers are applied for establishing the
biostratigraphical zonations. These deposits represent marine
strata in the Mahallat region which were rarely studied and
have poorly documented fauna.

No foraminiferal biozonation was established in the
Mahallat region of the Neo-Tethyan High Zagros yet.
Therefore, a systematic study of Eocene foraminiferal
associations was carried out for the first time in the study
area, which allowed the determination of three foraminiferal
assemblages: rotaliids-valvulinids Assemblage Zone (AZ
I), alveolinids-coskinolinids Assemblage Zone (AZ II), and
nummulitids-discocyclinids Assemblage Zone (AZ III). They
range from the middle Cuisian to early Lutetian (Figure 3).

FORAMINIFERAL ZONATIONS

Rotaliids-valvulinids Assemblage Zone (AZ I)

This assemblage occurs between the horizon (bed) 202
and the horizon (bed) 210 in stratigraphic order. This interval
is 85 m thick and composed of a succession of carbonate
facies that overlies the basal micro-conglomerate (Figure 3).
It yields hyaline foraminifers such as Granorotalia sublobata
Benedetti, Di Carlo & Pignatti, 2011, Sphaerogypsina
globulus (Reuss, 1848), Decrouezina aegyptiaca (Cuvillier,
1930), Assilina laxispira De La Harpe, 1853, and Nummulites
sp. together with rare small miliolids (Biloculina sp.,
Triloculina sp. and Quinqueloculina sp.). The biostratigraphic
range is assigned to middle Cuisian based on the presence of
marker species such as Granorotalia sublobata by Benedetti
et al., 2011. This association is equivalent to the SBZ 11
(Serra-Kiel et al., 1998) and Tp 7b (BouDagher-Fadel et al.,
2015) (Figure 4).

Remarks. The biostratigraphic range of Assilina laxispira
is attributed to Late Ypresian (Cuisian) by previous authors
such as Samuel et al. (1972), Rahaghi & Schaub (1976),
Serra-Kiel et al. (1998), and Saraswati et al. (2000, 2012).
Decrouezina aegyptiaca is documented by Boukhary (1994)
from the Upper Libyan Stage (Late Cuisian) at Beni Hassan
(Nile Valley, Egypt). He again mentioned this species in
his later work (Boukhary et al., 2009) from Early Eocene
(Cuisian) Gebel Umm Russeies, Northern Galala, eastern
desert (Egypt). Granorotalia sublobata was discovered and
illustrated by Benedetti ez al. (2011) in central and southern
Italy. Its co-occurrence with other biostratigraphic markers
such as Alveolina decastroi Scotto Di Carlo, 1966, Alveolina
cremae Checchia-Rispoli, 1905 and Cuvillierina vallensis
(Ruiz De Gaona, 1948), would confirm the middle Cuisian.

Alveolinids-coskinolinids Assemblage Zone (AZ II)

Further up, between beds 211 and 243, there is a carbonate
succession of wackestone, about 275 m, containing two small
patch reefs (Figure 3). The second foraminiferal assemblage
(AZ 1I) occurs in this interval and is composed of abundant
porcellaneous larger foraminifera (4/veolina) associated
with agglutinated foraminifera (Daviesiconus, Coleiconus,
Coskinolina Stache, Barattolites, Cribrobulimina Cushman,
1927, Valvulina d’Orbigny, 1826, Pseudochrysalidina Cole,
1941) and rare miliolids and rotalids (Granorotalia). This
assemblage is subdivided into two sub-zones: A and B, based
on the biostratigraphic range of the index Alveolina.

The sub-zone A is defined by the occurrence of Alveolina
distefanoi Checchia-Rispoli, 1905, 4. decastroi, A. levantina
Hottinger, 1960 and A. cremae. Its biostratigraphic range is
assigned to middle Cuisian and corresponds to the SBZ 11
(Serra-Kiel et al., 1998) and Tp 7b (BouDagher-Fadel et al.,
2015) (Figure 4). The sub-zone B is characterized by the
presence of Alveolina frumentiformis Schwager, 1883 and
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Figure 3. Distribution of selected foraminifera on the columnar stratigraphic section.
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Figure 4. Correlation chart showing the biostratigraphic zonation of Serra-Kiel et al. (1998), BouDagher-Fadel et al. (2015), and foraminiferal assemblages

in the studied area.

A. cf. septentrionalis Drobne, 1977. Its stratigraphic range is
considered to late Cuisian age and corresponds to the SBZ
12 (Serra-Kiel et al., 1998) and Tp 8 (BouDagher-Fadel e?
al., 2015) (Figure 4). The three new species Daviesiconus
mahallatensis sp. nov., Coleiconus minimus sp. nov., and
Barattolites arghadehensis sp. nov. occur in this stratigraphic
interval and are illustrated in Figure 3.

Nummulitids-discocyclinids Assemblage Zone (AZ III)

The third foraminiferal assemblage (AZ I1I) is recognized
at the top of the studied section. This part of the section
(between beds 246 to 251), about 40 m thick, consists of
a succession of argillaceous limestone with large hyaline
foraminifera (Discocyclina sp., Assilina sp.) and planktonic
foraminifera such as Acarinina bullbrooki (Bolli, 1957),
Morozovelloides lehneri (Cushman & Jarvis, 1929), and
Dentoglobigerina yeguaensis (Weinzierl & Applin, 1929).
This assemblage zone is assigned to the Middle Eocene (early
Lutetian) based on the planktonic foraminifers (Berggren et
al., 2006; Hayward et al., 2022).

SYSTEMATIC PALEONTOLOGY

Class FORAMINIFERA D’Orbigny, 1826
Subclass TEXTULARIIA Mikhalevich, 1980
Order LOFTUSIIDA Kaminski & Mikhalevich, 2004,
in Kaminski, 2004)

Suborder LOFTUSIINA Kaminski & Mikhalevich, 2004
Superfamily LOFTUSIACEA Brady, 1884
Family ORBITOLINIDAE Martin, 1980

Daviesiconus Hottinger & Drobne, 1980

Daviesiconus mahallatensis sp. nov.
urn:lsid:zoobank.org:pub:98AC9DA3-360B-471A-BD70-
892FCFD73931
(Figures 5, 6A—B; 7TA-I)

Diagnosis. The test is characterized by the finely agglutinated
conical shell with low trochospiral chambers arrangement
in the early growth stage. The exoskeleton is composed of
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Figure 5. A, biometrical comparison between four agglutinated conical foraminifera: Daviesiconus mahallatensis sp. nov., Barrattolites arghadehensis sp.
nov., Coleiconus minimus sp. nov., and Daviesiconus balsilliei; B, flattening index diagram for aforementioned agglutinated conical foraminifera.
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simple radial partitions (beams) without intercalary beams and
rafters. The endoskeleton is composed of continuous pillars
from one chamber to the next one. The cone base is slightly
convex in the adult stage and larger than its height. The basal
margin shows marginal rims in the adult stage.

Derivation of name. The specific name refers to Mahallat
City, central Iran.

Holotype. Illustrated in Figures 6A—B.

Type locality. East Arghadeh village, Mahallat City, Central
Iran.

Stratigraphic level. Early Eocene (Cuisian) (SBZ 11-12).
Repository. Deposited at the TPNU (Tehran Payame Noor
University), Tehran, Iran. The number of samples is 216,218,
220, 222,223,225, 237, 238, 239, 240, and 241.
Description. Finely agglutinated shell with low trochospiral
chambers arrangement in the early growth stage and followed
by uniserial chambers arrangement with distinctly depressed
sutures in the adult stage. The axial and basal cone diameters
(axial and basal lengths) reach 1.65 mm and 2.125 mm
respectively, for the holotype (Figures 6A—B). The ratio
between the basal length and axial length (flattening index,
Rb/a) is 1.28 for the holotype. In the collected material, the
axial cone diameter (acd) ranges between 1 and 1.37 mm,
and the basal cone diameter (bcd) is between 1.125 and 1.62
mm. The average flattening index is 1.2. This new species
is located on the left side of the normal line of the flattening
index diagram (Figure 5B). The conical test is wider than
its height and the basal margin shows a specific marginal
rim in the adult stage. There are three to four chambers in a
low-trochospiral arrangement of the nepionic stage for the
holotype. There are 6—7 uniserial chambers per 1 mm of axial
length. The cone base is slightly convex with a hemispherical
view in both the nepionic and adult stages. The microspheric
forms are poorly known because the embryonic apparatus
is not clear. The megalospheric form is found in a more
eccentric position followed by a loosely coiled nepionic
stage. The diameter of axial and basal cones is 0.35 and 0.45
mm respectively. The ratio between the basal and axial cone
diameters (Rb/a) varies from 1-1.4 in the megalospheric
specimens. The megalospheric proloculus is eccentric and
followed by hemispherical deuteroconch and a few (2-3)
coiled chambers. The exoskeleton consists of simple radial
partitions (beams) without intercalary beams and rafters. The
endoskeleton consists of continuous pillars from one chamber
to the next one. The pillars are subcircular in horizontal
sections. The apertural face is arranged by a few relatively
large pores with marginal apertures and marginal rims at
the periphery. The morphometric data and the dimensional
comparison of the new taxon are figured out and plotted in
Figures 5SA-B.

Remarks. Daviesiconus is close to the genus Barattolites
due to the trochospiral nepionic stage in both generations
and simple exoskeleton; however, it differs in the presence
of marginal apertures, small trochospiral early growth
stage, and absence of intercalary beams. This new species
differs from Daviesiconus balsilliei in the low-trochospiral

stage with a slightly eccentric position, wide cone base,
bell-shaped test with marginal rims, and greater flattening
index. It is associated with Alveolina distefanoi, A. decastroi,
A. levantina, A. cremae, A. frumentiformis, and A. cf.
septentrionalis. Therefore, its biostratigraphic range extends
from the Middle Cuisian to the Late Cuisian.

Daviesiconus Hottinger & Drobne, 1980

Daviesiconus balsilliei (Davies, 1930)
(Figures 7J-0)

1930 Coskinolina balsilliei Davies, p. 496; pl. 1, figs. 6-9;
pl. 2, figs. 4-6 and 15.

1939 Coskinolina liburnica Stache, Silvestri, pl. 6, figs. 5?
6-7; pl. 8, figs. 4-5; pl. 20, fig. 5.

1948 Coskinolina balsilliei Davies, Henson, p. 29; pl. 7, fig.
10; pl. 10, fig. 11.

1970 Coskinolina balsilliei Davies, Kaever, p. 24; pl. 2, figs.
6, 8-9.

1980 Fallotella (Daviesiconus) balsilliei (Davies), Hottinger
& Drobne, p. 242-243; text-fig. 4; pl. 17, figs.1-23.

2015 Daviesiconus balsilliei (Davies), Garcia, p. 105; text-
fig. 4.25(1-14).

2016 Daviesiconus balsilliei (Davies), Serra-Kiell et al., p.
50; text-fig. 35(1-14).

Description. The agglutinated conical test shows a small
embryonic apparatus with trochospiral early growth stage
followed by the arrangement of uniserial chambers with
slightly depressed sutures in the adult stage. The embryonic
apparatus is eccentric and composed of a protoconch and a
prominent hemispherical deuteroconch. The cone base is
slightly convex with a hemispherical view in both nepionic
and adult stages. The thick wall has a pseudokeriothecal
texture. The axial cone diameter (acd) ranges between 1.06
mm and 1.56 mm and the basal cone diameter (bcd) between
1 mm and 1.55 mm. This specimen is almost isometric with
a ratio between basal length and axial length (flattening
index, Rb/a) of approximately 1 in megalospheric form.
This species plots on the normal line of the flattening index
diagram (Figure 5B). In the collected materials, there are
6—7 uniserial chambers per 1 mm axial cone diameter in
adult form. The endoskeleton consists of pillars continuous
from one chamber to the next one. The exoskeleton displays
simple radial partitions (beams) without intercalary beams
and rafters. This structure along with some parts of the
endoskeleton is described as septula by Hottinger (2007). The
outline of the pillars is subcircular to circular in the horizontal
section. The apertural face is arranged by a few relatively large
pores with marginal apertures in the periphery (Hottinger &
Drobne, 1980).

Remarks. According to Hottinger & Drobne (1980), the
diameter of axial and basal cones of Daviesiconus balsilliei
measures 0.75-1.325 mm and 1-1.75 mm respectively, in
megalospheric form. For a basal cone diameter of 1.5 mm,
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there are 68 radial partitions per quadrant. There are § pillars
per 1.5 mm on an axial cone-diameter. There are 7—8 uniserial
chambers per | mm on a cone axial line for this specimen.
The stratigraphic range of the material’s Hottinger & Drobne
is assigned to the Early Eocene in the Middle East.

According to Serra-Kiel et al. (2016) The megalospheric
form of Daviesiconus balsilliei has axial and basal cone
diameters of 2.75 mm and 2.3 mm respectively, in Dhofar
(Oman) and Socotra Island (Yemen) sections. Whereas in
microspherical form, the conical test has a maximum axial
diameter of 4.9 mm and a maximum basal diameter of 4.8 mm.
Based on the foregoing data, the test of D. balsilliei seems
to be isometric. This species is associated with Nummulites
cyrenaicus Schaub, 1981, N. vicaryi d’Archiac & Haime,
1853, and N. fabianii Prever, 1905 assigned to the upper
Bartonian to Priabonian SBZ18-20 in Yemen.

Therefore, it seems that the recorded species is close to the
specimens of Daviesiconus balsilliei collected from former
Yugoslavia (Hottinger & Drobne, 1980), but it differs from
those of Oman and Yemen (Serra-Kiel et al., 2016) in the
smaller test size of the test and fewer uniserial chambers per
Imm axial cone-diameter. Based on biometric measurements,
the figured specimens of D. balsilliei of Hottinger & Drobne
(1980) are smaller than those found in the materials of Serra-
Kiel ef al. (2016). This species is associated with Alveolina
distefanoi, A. decastroi, A. levantina, A. frumentiformis, and
A. cf. septentrionalis. Thus, its biostratigraphic range extends
from the middle Cuisian to the late Cuisian.

Barattolites Vecchio & Hottinger, 2007

Barattolites arghadehensis sp. nov.
urn:1sid:zoobank.org:pub:502D0601-96E3-407C-A6C2-
98A642D841E4
(Figures 6C-D; 8A-I)

Diagnosis. The conical agglutinated test has a planispiral
chamber arrangement in the early stage and continue with
low trochospiral. It consists of three parts, apical with the
embryonic chambers, middle with spiral chambers, and lower
with uniserial chambers. The cone base is almost flat and
slightly convex in the adult stage. The exoskeleton consists of
beams and intercalary beams arranged in a line or alternated
from one chamber to the next. The endoskeleton is composed
of continuous pillars with an irregular pattern while marginal
apertures are not observed.

Derivation of name. The specific name refers to Arghadeh
village, Mahallat City, central Iran.

Holotype. Illustrated in Figures 6C-D.

Type locality. East Arghadeh village, Mahallat City, Central
Iran.

Stratigraphic level. Early Eocene (Cuisian) (SBZ 11-12).
Repository. Deposited at the TPNU (Tehran Payame Noor
University). Tehran, Iran. The number of samples is 217, 222,
230, 237, 238, 239, and 240.

Description. The conical agglutinated test has an embryonic
apparatus in an eccentric position. The proloculus with a

planispiral chamber arrangement and low trochospiral in the
early stage is followed by 5—6 spiral chambers in the nepionic
stage and continued by 7-8 uniserial chambers with slightly
depressed sutures in the later stage. There are 5—6 uniserial
chambers per 1 mm of axial length. The nepionic stage shows
an inclined position with respect to the axes of the adult cone.
In the microspheric form, the new species has an axial cone
diameter of 1.44 mm and the basal cone diameter of 0.65 mm
for the holotype (Figures 6C-D). The flattening index (Rb/a)
is 0.45. The remaining specimens have an axial cone diameter
of 1-1.4 mm, and a basal cone diameter of 0.5-0.6 mm. The
average flattening index (Rb/a) is 0.42. This new species is
located on the right side of the normal line of the flattening
index diagram (Figure 5B). The conical shell is subdivided
into three parts based on its morphological appearance: the
apical part with a narrow apical angle in the early stage, the
middle part with spiral chambers in the nepionic stage, and
the lower part with uniserial chambers in the neanic stage.
The cone base is almost flat and slightly convex in the adult
stage. The chamber sutures are slightly depressed. The
microspheric form shows an eccentric position with tight
trochospiral chambers in the early stage and followed by
trochospiral chambers arrangement in the spiral stage and
uniserial chambers in the adult stage. The megalospheric form
has an embryonic apparatus that may be considerably inclined
with respect to the axis of the adult cone. The nepionic growth
stage is composed of 4-5 chambers in a short trochospiral
arrangement and the neanic growth stage is composed of 2—3
uniserial chambers. The endoskeleton consists of continuous
pillars which represent an irregular pattern and are positioned
in the adaxial zone. Marginal apertures are not observed.
The exoskeleton consists of beams and intercalary beams
arranged in a line or alternated from one chamber to the next
(Figures 8D-E). The morphometric data and the dimensional
comparison of the new taxon are figured and plotted in Figures
SA-B.

Remarks. The genus Barattolites is distinguished by the
simple exoskeleton with beams and intercalary beams and the
absence of marginal apertures and rafters. The Barattolites
arghadehensis sp. nov. differs from the B. trentinarensis and
B. andhuri Gallardo-Garcia & Serra-Kiel, 2016 in a smaller
size of the test, narrower apical angle, and presence of small
planispiral juvenile growth stage with low-trochospiral
chamber arrangement in the early stage.

The Barattolites trentinarensis is reported so far from
Trentinara Formation (southern Italy) and Jahrum Formation
(southern Iran) (Hottinger, 2007; Vecchio & Hottinger, 2007).
In the materials of southern Italy, the agglutinated conical test
of B. trentinarensis reaches about 3 mm of axial cone diameter
in microspheric forms and about 2 mm in megalospheric
forms. The flattening index is 0.5 in megalospheric form
and 0.7 in microspheric specimens. In the Iranian specimens
collected by Rahaghi (1980) from the south and east Iran,
there are 7—8 uniserial chambers per 1 mm on a cone axial
line. According to Hottinger (2007), the Italian specimens
are slenderer in shape than the Iranian specimens (Rahaghi’s
materials).
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Figure 6. Drawing of thin sections of three new species. A—B, Daviesiconus mahallatensis sp. nov., A, axial section, thin section: 216; B, Camera Lucida
drawing with indication of structural elements, Early Eocene (Cuisian), Arghadeh area (Mahallat region). C-D, Barrattolites arghadehensis sp. nov., C, axial
section, thin section: 239; D, Camera Lucida drawing with indication of structural elements, Early Eocene (Cuisian), Arghadeh area (Mahallat region). E-F,
Coleiconus minimus sp. nov., E, axial section, thin section: 240; F, Camera Lucida drawing with indication of structural elements, Early Eocene (Cuisian),
Arghadeh area (Mahallat region). Abbreviations: a, aperture; b, beam; ch, chamber; cp, continuous pillars; ds, depressed suture; hb, hemispherical base;
Isc, last spiral chamber; luc, last uniserial chamber; Iw, lateral wall; ma, marginal aperture; mr, marginal rim; p, pillar; s, septum. Scale bars: A= 1 mm; C,

E = 0.5 mm; B, D, F = without scale bar.
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Figure 7. Photographs of foraminiferal species. A—I, Daviesiconus mahallatensis sp. nov., A, thin section 241-1, axial section; B, thin section 218-1, subaxial
section; C, thin section 241-2, oblique section; D, thin section 238—1, oblique section; E, thin section 2414, basal section; F, thin section 222—1, axial section,
megalospheric form; G, H, thin section 2161, detail showing a wall texture; I, thin section 216, axial section. J-O, Daviesiconus balsilliei, J, thin section
230-1, subaxial section; K, thin section 239-2, subaxial section; L, thin section 237—1, upper right: subaxial section and lower left, Daviesiconus mahallatensis
sp. nov., basal oblique section; M, left, thin section 240—1, subaxial section and right, Barattolites sp., subaxial section; N, thin section 211-1, basal oblique
section; O, thin section 230-2, basal oblique section. All specimens are collected from Arghadeh area (Mahallat region). Abbreviations: a, aperture; b, beam;
ch, chamber; cp, continuous pillars; ds, depressed suture; f, foramen; hb, hemispherical base; Isc, last spiral chamber; luc, last uniserial chamber; lw, lateral
wall; ma, marginal aperture; mr, marginal rim; p, pillar; s, septum. Scale bars: A—E, L-M = 1 mm; F-I = 0.5 mm.
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Figure 8. Photographs of foraminiferal species. A-l, Barrattolites arghadehensis sp. nov., A, thin section 239-3, axial section; B, thin section 240-5, subaxial
section; C, thin section 222-2, subaxial section; D, thin section 237-3, basal oblique section; E, thin section 2374, basal oblique section; F, thin section
230-3, subaxial section, megalospheric form; G, thin section 2394, axial section, megalospheric form; H, thin section 238-2, subaxial section; I, thin section
238-3, subaxial section. J-L, Barrattolites sp., J, thin section 217-1, subaxial section; K, thin section 230—4, subaxial section; L, thin section 240-8, subaxial
section. All specimens are collected from Arghadeh area (Mahallat region). Scale bars: A—B, D-E, G-L = 1 mm; C, F = 0.5 mm. Abbreviations: b, beam; f,
foramen; p, pillar; s, septum.



286 Revista Brasileira de Paleontologia, 25(4), 2022

It is believed that the Barattolites arghadehensis sp. nov.
is an ancestral form of B. trentinarensis because it is smaller
and has an early planispiral stage in the early apical system.
This new species is associated with Alveolina distefanoi,
A. decastroi, A. levantina, A. frumentiformis, and A. cf.
septentrionalis indicating middle to late Cuisian.

Barattolites Vecchio & Hottinger, 2007

Barattolites sp.
(Figures 8J-L)

Description. The agglutinated test shows a high-conical
morphology with a slightly convex base. The wall is thick
with a pseudokeriothecal texture. No microspheric forms were
found. The axial cone-diameter ranges between 1 and 1.4 mm
and the basal cone diameter between 0.65 and 0.75 mm. The
average flattening index of this species is 0.67. This species
is located on the right side of the normal line.

Remarks. The Barattolites sp. is similar to Barattolites
andhuri, due to the equilateral triangular outline but differs
in its smaller test size of the test. This species differs from
Barattolites arghadehensis sp. nov. in the larger average
flattening index, larger basal cone diameter, and the equilateral
triangular outline in the axial section. The Barattolites sp.
differs from the B. trentinarensis in a smaller test size of
the test and the presence of an equilateral triangular outline.
According to Vecchio & Hottinger (2007), the stratigraphic
range of B. trentinarensis covers the Ypresian to the Early
Lutetian (Vecchio & Hottinger, 2007), whereas this recorded
species, like Barattolites arghadehensis sp. nov., was found
in the middle to late Cuisian deposits. It is associated
with Alveolina frumentiformis, A. distefanoi, A. levantina,
Daviesiconus balsilliei and Cribrobulimina sp.

Coleiconus Hottinger & Drobne, 1980

Coleiconus minimus sSp. nov.
urn:1sid:zoobank.org:pub:D0A7421E-CEB6-442F-87BD-
16F492C637E0
(Figures 9A-I)

Diagnosis. The agglutinated conical test presents an eccentric
prominent trochospiral chamber in the early stage. The
thick wall shows pseudokeriothecal texture with distinctly
depressed sutures. The cone base is convex in the adult stage.
The exoskeleton is characterized by a simple structure with
thick beams and without intercalary beams and rafters. The
endoskeleton is composed of discontinuous pillars arranged
in a wide space.

Derivation of name. This species has a small test.
Holotype. Illustrated in Figures 6E—F.

Type locality. East Arghadeh village, Mahallat City, Central
Iran.

Stratigraphic level. Early Eocene (Cuisian) (SBZ 11-12).

Repository. Deposited at the TPNU (Tehran Payame Noor
University), Tehran, Iran. The number of samples is 239 and
240.
Description. The agglutinated conical test has a prominent
early trochospiral stage in an eccentric position and is
followed by the uniserial arrangement of chambers with
distinctly depressed sutures in the adult stage. The conical
test is characterized by a thick wall with pseudokeriothecal
texture, distinctly depressed sutures, and a convex cone base
in the adult stage. The diameter of axial and basal cones are
0.87 mm and 1.06 mm respectively, for the holotype (Figures
6E—F). The flattening index (Rb/a) is 1.22 for the holotype.
In the other material, the axial cone diameter (acd) ranges
between 0.65 and 1.125 mm, and the basal cone diameter
(bed) is between 0.8 and 1.25 mm. The average flattening
index is 1.14. This new species is located on the left side and
near the normal line (Figure 5B). No microspherical forms
were found. The endoskeleton consists of discontinuous
pillars arranged in a wide space. The exoskeleton presents
a simple structure with thick beams and without intercalary
beams and rafters. The apertural face is arranged by large
pores with marginal apertures. This new species is associated
with Alveolina frumentiformis, and A. cf. septentrionalis. Its
biostratigraphic range is late Cuisian. The morphometric data
and the dimensional comparison of the new taxon are figured
out and plotted in Figures SA-B.
Remarks. The genus Coleiconus is distinguished from
Barattolites by possessing a thick marginal wall with a
keriothecal structure, distinct marginal trough with a row
of marginal apertures, a much more prominent spiral stage,
and coarse internal structure with the large chamberlets in
the marginal zone. Coleiconus minimus sp. nov. differs from
Coleiconus elongata (Cole, 1942) and Coleiconus zansi
Robinson, 1993 in a smaller size, convex cone base, and more
prominent spiral stage. This species is close to Coleiconus
christianaensis Robinson, 1993, but differs in a finner internal
structure and looser aspect of the central pillars. This new
species is associated with Alveolina frumentiformis, and A.
cf. septentrionalis. Its biostratigraphic range is late Cuisian.
In the materials of Hottinger & Drobne (1980), Coleiconus
elongata has maximum axial and basal diameters of 1.6 mm
and 2 mm, respectively. There are 6 pillars per 1.5 mm on
a cone diameter and 8-9 uniserial chambers per 1 mm on a
cone axial line for this species. The flattening index is 0.6—1.2.
In Rahaghi’s materials (Rahaghi, 1980), from the south and
east Iran, there are some specimens similar to Daviesiconus
and Coleiconus. In comparison with the samples collected
from the studied area, Rahaghi’s specimens have simple
radial partitions (beams), but were identified as Coskinolina
sp. nov. from the Sabzewar area (Rahaghi, 1980). They are
associated with Alveolina stercusmuris Mayer-Eymar, 1886,
A. frumentiformis, and Nummulites laevigatus (Bruguiére,
1792), which are assigned to the Middle Eocene in the
Sabzewar area. Its age is deduced from the faunal associations.
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Figure 9. Photographs of foraminiferal species. A—I, Coleiconus minimus sp. nov., A-B, thin section 240-3, axial section; C, thin section 2394, subaxial
section; D, thin section 240—4, upper: subaxial section and lower: basal oblique section; E, thin section 2406, upper left: basal oblique section and lower right:
subaxial section; F, thin section 240-7, subaxial section; G, thin section 239-5, subaxial section; H, thin section 239-1, upper: subaxial section and lower:
basal oblique section; I, thin section 239—1, subaxial section. All specimens are collected from Arghadeh area (Mahallat region). Abbreviations: b, beam; f,
foramen; Isc, last spiral chamber; ma, marginal aperture; p, pillar; s, septum; ss, spiral suture. Scale bars: A, C-H = lmm; B, I = 0.5 mm.

DISCUSSION

Integrated micropaleontological and stratigraphical
studies on Paleogene carbonate rocks provide new knowledge
on the foraminiferal associations and stratigraphic range in
the studied area. From the point of view of biostratigraphy,
three foraminiferal assemblages are presented in the Mahallat
region for the first time. They consist of rotaliids-valvulinids
Assemblage Zone (AZ 1), alveolinids-coskinolinids
Assemblage Zone (AZ II), and nummulitids-discocyclinids
Assemblage Zone (AZ III). Based on the biostratigraphic
foraminiferal marker, the first assemblage (rotaliids-
valvulinids Assemblage Zone) is equivalent to the SBZ 11
(Serra-Kiel et al., 1998). This assemblage occurs in the

lower part of the studied section and is assigned to the middle
Cuisian. The second assemblage (alveolinids-coskinolinids
Assemblage Zone) is characterized by the presence of
abundant alveolinids which allowed me to determine two
sub-zones: A and B in the middle part of the studied section.
The biostratigraphic range of each sub-zone corresponds
to the SBZ 11 and 12 and is assigned to middle and late
Cuisian respectively. The planktonic foraminifers presented
in the third assemblage (nummulitids-discocyclinids
Assemblage Zone) are considered marker fossils, but the
benthic foraminifers have never been an indicator for the
biostratigraphic scheme. In this work, due to the stratigraphic
location and the concurrent range of the recorded planktonic
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foraminifers, the biostratigraphic range of this assemblage is
attributed to the Lutetian stage.

From the point of view of paleoecology, the rotaliids-
valvulinids Assemblage Zone (AZ 1), is dominated by the
local enrichment of small miliolids and small rotaliids with
few large, flat, thin layer hyaline foraminifers (A4ssilina
and Decrouezina). The presence of miliolids in the fine
grain wackestone indicates an oligotypic community and
corresponds to locally restricted conditions with enhanced
nutrients in shallow water (Geel, 2000). The small rotaliids are
considered to be very frequent in calcareous littoral deposits
from the inner neritic zone (lagoon) to shallow protected
subtidal setting (Luterbacher, 1984; Accordi et al., 1998;
Ozgen-Erdem et al., 2005). Whereas the thin layer 4ssilina
d’Orbigny, 1839 is adapted to stable, slightly nutrient-depleted
environments, normal marine salinity values, the lower limit
of the photic zone, and deeper environment (i.e., deeper part
of the photic zone) (Racey, 1994).

In alveolinids-coskinolinids Assemblage Zone (AZ 1I),
the most abundant benthic foraminifers are represented
by alveolinids, miliolids, coskinolinids, and subordinate
rotaliids. The presence of miliolids, along with agglutinated
foraminifers (coskinolinids) can be assigned to a proximal
inner ramp setting (Vecchio & Hottinger, 2007). Moreover, the
occurrence of alveolinids, miliolids, and coskinolinids may
be developed from the distal inner ramp to the middle ramp.

In nummulitids-discocyclinids Assemblage Zone (AZ III),
the orthophragminids (Discocyclina) have been described
from a wide range of environments within the shallow
marine (e.g., back and fore reef/shoal) (Ghose, 1977) to
deeper settings (e.g., outer shelf/ramp) (Buxton & Pedley,
1989; Eichenseer & Luterbacher 1992; Beavington-Penney
& Racey, 2004). The small and robust Nummulites Lamarck,
1801 were spread throughout the Tethyan region from the
eastern Alps to the Middle East (eastern Iran) and occurred
in a broad range of open marine environments during the
Eocene, whereas they are found within the inner ramp
during the Paleocene (Rasser ef al., 1999; Romero et al.,
2002; Nebelsick et al., 2005). The co-occurrence of small
Nummulites and Discocyclina Gumbel, 1870 suggests shallow

depth inner and middle ramp settings. On the other hand, the
planktonic foraminifers prefer to be present in a calm, low-
energy environment and the deep environment with dominant
normal salinity water and reduced light intensity. Therefore,
these three associations extend from the inner ramp setting to
the proximal outer ramp depositional environment.

CONCLUSIONS

Three foraminiferal assemblages are presented in the
Mabhallat region for the first time. Two of them match well with
SBZ 11 and SBZ 12 of the Standard Shallow Benthic Zones
of Serra-Kiel et al. (1998) and BouDagher-Fadel et al. (2015).

In the Assemblage Zone I, there are three index
foraminifers: Assilina laxispira, Granorotalia sublobata and
Decrouezina aegyptiaca (Figure 10). The G. sublobata can be
the best marker of the SBZ 11 of Standard Shallow Benthic
Zones of Serra-Kiel et al. (1998).

The three new species Daviesiconus mahallatensis sp.
nov., Barattolites arghadehensis sp. nov., and Coleiconus
minimus sp. nov. are identified in the Assemblage Zone 11
and described for the first time. The first two species occur in
the middle—late Cuisian and the third species is only found in
the late Cuisian. The co-occurrence of the alveolinid species
(Figure 10) with the newly recorded taxa of agglutinated
foraminifers indicates a middle—late Cuisian age (SBZ 11-12).
Therefore, the three new taxa can be used for establishing at
least a regional biostratigraphy of the Cuisian strata. They
can be correlated with the simultaneous taxa. Therefore, the
systematic description and the stratigraphic distribution of the
three new species, along with the marker foraminifers are the
purposes of this article.

The planktonic foraminifers presented in the Assemblage
Zone III are considered marker fossils, but the benthic
foraminifers have never been an indicator for the
biostratigraphic scheme. In this work, due to the stratigraphic
location and the concurrent range of the recorded planktonic
foraminifers, the biostratigraphic range of this zone is
attributed to the Lutetian stage.
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Figure 10. Photographs of foraminiferal species. A, Sphaerogypsina globulus, equatorial section, thin section 213; B—C, Assilina laxispira, subaxial section,
thin section 203; D, Assilina laxispira, axial section, thin section 203, E, Decrouezina aegyptiaca, axial section, thin section 207; F, Granorotalia sublobata,
axial section, thin section 209; G, Granorotalia cf. sublobata, subaxial section, thin section 206; H, Alveolina cremae, axial section, thin section 233; 1,
Alveolina cremae, axial section, Sphaerogypsina globulus, equatorial section, thin section 237; J, Alveolina decastroi, axial section, thin section 225; K,
Alveolina distefanoi, axial section, thin section 225; L, Alveolina levantina, axial section, thin section 211; M, Alveolina frumentiformis, subaxial section,
thin section 240. Scale bars: A~E, H-M = 1 mm; F-G = 0.5 mm.
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