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Original Research Abstract:

Alveolinids benthic foraminifera, are known as significant biostratigraphic markers, commonly

l;; Clv[m::(zlbm occur in shallow water carbonates of Eocene deposits from Tethyan regions. Twenty-nine species
Revised: and three subspecies of the genus Alveolina are described from carbonate pebbles of the Hormak
29 May 2023 conglomerates (Ghargharook section) in northeastern Zahedan (Eastern Iran Belt). The Ilerdian
Accepted: and Cuisian chronstratigraphic units of the study area are characterized by perfectly preserved
14 Jul 2023 specimens of Alveolina species such as A. archiaci adamsi, A. aramaea, A. canavari, A. corbarica,
Published online: A. cremae, A. dedolia taneri, A. aff. di-stefanoi, A. ellipsoidalis, A. erki, A. aff. frumentiformis,
15 Jul 2024 A. gambaensis, A. globosa, A. globula, A. aff. guidonis, A. haymanaensis, A. himalayensis, A.

kayserensis, A. minuta, A. moussoulensis, A. oblonga, A. parva, A. pisiformis, A. reicheli, A.
© The Author(s) 2024 rotundata kazancii, A. ruetimeyeri, A. sakaryaensis, A. schwageri, A. subpyrenaica and A. aff.

tumida. These species are found throughout many shallow-water successions of the Tethyan
region during the Lower Eocene (subzones 6 — 12). Calcareous pebbles containing Alveolina are
originated from the northern parts of the mountains of Eastern Iran, mainly Safid Abeh, Bandan,
Nehbandan and Birjand areas. These pebbles were parts of the local Zebro, Debil, and Palang
formations.
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1. Introduction shallow marine environments of the Paleogene. The Eocene

alveolinids of the Tethys regions have been described by

The genus Alveolina d’Orbigny (1826) is a larger benthic
foraminifer with porcelaneous test, planispirally coiled; it
was abundant and diverse especially in the Eocene shal-
low—water tropical and subtropical carbonate environments.
Accurate identification of Alveolina species makes it a
powerful tool for determining the age of rocks and global
biostratigraphy and paleogeographic reconstructions of the
Tethyan regions.

The distinction of alveolinid biozones proposed by Hot-
tinger (1960) and Serra-Kiel et al. (1998) are mainly as-
sessed from the Tethyan province. Alveolinids, throughout
their evolutionary lineages, exhibit relatively rapid rates of
evolution and develop complex structures, which makes
them a crucial biostratigraphic index fossil group for the

several researchers (Hottinger, 1960, 1974; carlo, 1966;
Sirel, 1976a, 1976b; Drobne, 1977; Rahaghi, 1978, 1980,
1983; Sameeni and Butt, 2004; Vecchio et al., 2007; Er-
dem, 2008; Erdem et al., 2007; Erdem et al., 2016; Sirel
and Acar, 2008; Drobne et al., 2011; Zhang et al., 2013;
Deveciler, 2014; Sarkar, 2016, 2019; Babazadeh and Na-
jafabadi, 2015; Papazzoni et al., 2017; Hadi and Vahidnia,
2019; Hadi et al., 2019a; Hadi et al., 2019b; Hadi et al.,
2019c; Hadi et al., 2020a; Hadi et al., 2020b; Moezi—Nasab
et al., 2018; Bozkurt and Gormiis, 2021; Arjmandzadeh
et al., 2021; Rahman et al., 2021; Khan et al., 2021), among
others.

In the East Iran Belt, few systematic studies have been car-
ried out on the Eocene alveolinas, for instance Babazadeh
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and Alavi (2013) studied the carbonate sequences of south
Birjand and identified Early Eocene SBZ5-6 zones of Serra-
Kiel et al. (1998) (Fig. 1).

Moezi—Nasab et al. (2018) studied the Hormak conglom-
erate and they suggested an Early Eocene age for this con-
glomerate level (Fig. 1).

Hadi et al. (2019a) and Hadi et al. (2019c¢) studied bios-
tratigraphy of larger foraminiferal and microfacies from
two limestones sections of Ypresian (Ilerdian-Cuisian) age
of the Sistan Suture Zone (eastern Iran): 1-Chenesht section
repotred middle Ilerdian to late Cuisian (SBZ8-12) and; 2-
Robiyat section reported middle to late Cuisian (SBZ11-12)
(Fig. 1).

Recently, Hadi et al. (2019a) studied marly limestone (16 m
in thickness) of the Hormak section located 29° 59'37"N;
60° 51'14"E close to the Ghargharook section. However,
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there are ambiguities in their study, since, by our field ob-
servations, no marly limestone units have been recognized
in this area (Fig. 1).

The purpose of this paper is 1) systematic description of
Alveolina species contained in allochthonous pebbles orig-
inated from the eastern belt of Iran. 2) Determining the
origin of conglomerate carbonate pebbles based on the iden-
tification of alveolinid assemblages. 3) Stratigraphers can
use the results of this research to reconstruct the paleogeog-
raphy of different regions of Tethys.

2. Geological setting and lithostratigraphy

Iran has been subdivided into various sedimentary-structural
zones (Fig. 2 a). In the eastern part of central Iran, between
the Nehbandan Fault (in the west) and the Hariroud Fault
(in the east), with a range of 800 km long and 200 km wide,
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Figure 1. Stratigraphic distributions of the Alveolina species in the East Iran Belt, after previous works and this study
(Moezi—Nasab et al., 2018; Babazadeh and Alavi, 2013; Hadi et al., 2019a) and (Hadi et al., 2019a).
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Figure 2. (a) Map of Iran showing the sedimentary-structural zones (modified from (Zanchi et al., 2009)). (b) Geographic
position of the studied area, Ghargharouk section. (c) Photographs of the Hormak conglomerate. (d) Geological map and
location of the studied section (modified from (Behrozi, 1991)).

there are thick flysch deposits, which contain ophiolitic
rocks associated with remains oceanic crust. The mentioned
area, which passed the developmental stages from oceanic
to continental crust, is one of the derivations of the ‘“Neo-
Tethyan” type, called the “East Iran Belt Mountains” (Alavi,
1991). Iranshahr — Birjand Sheared Fault Zone (Samani and
Ashtari, 1992) contains Nehbandan-Khash Zone (Nabavi,
1976) Iranshahr-Birjand area (Reyre and Mohafez, 1972)
and Sistan Suture Zone (Tirrul et al., 1983).

The ophiolite-flysch range of the East Iran Belt Mountains
includes several intensely deformed tectonic units consist-
ing of volcanic and volcanoclastic rocks, siliceous pelagic
sediments (cherts and radiolarites), and calcareous rocks
(deep marine, platform), while in some other parts there are
outcrops of terrigenous turbidites.

The study area is located between Nosrat Abad and Ka-
hourak faults in the east of Iran (Aghanabati, 2004). Based
on the mechanism of these faults, it seems that the evolution
of the sedimentary basin in the study area was different
from the main zone of the Sistan Suture and the evolution
of sedimentary and igneous facies from the Late Cretaceous
(Aghanabati, 2004). In this region, from the east (Nos-
rat Abad Fault) to the west (Kahourak Fault), sedimentary
rocks along with igneous rocks (gabbro and pillow lava)

were deposited during the Late Cretaceous, although Eocene
ignimbrite, tuff, and rhyolitic tuffs discontinuously overlie
the whole strata. In the study area, there are outcrops of
conglomerates of 1 to 300 meters in thickness near Ghargha-
rook village. The study stratigraphic section is composed of
alternation of oligomictic conglomerate bearing calcareous
pebbles, isolated corals and pebbly chert, sandstone, red
shale, andesite, basalt, and rhyolitic tuff pebbles (Fig. 3).

3. Material and methods

The alveolinids described here are included in samples col-
lected from a stratigraphical section located 7 km to the east
of the village of Ghargharook, located 50 km north of the
Zahedan city (Figs. 2 b-d). The selected site for the field-
work shows perfectly preserved foraminifera specimens and
is located 60°51'39.48"E latitude, 29°58'35.41”N longitude,
respectively.

The alveolinids were found in limestone pebble of the Hor-
mak conglomerate (Samples GH 1 —46). The authors per-
formed taxonomic investigations on 120 thin sections using
a Nikon eclipse E200 microscope. Photomicrographs were
taken using Superior Statistical analysis Pro (with version
9.0 of LIMDEP 2008). The material is housed at the Islamic
Azad University of Zahedan.
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Figure 3. Lithostratigraphic column and photographs of the Hormak conglomerate.
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4. Systematic paleontology

The description of morphological features and strati-
graphic distribution follows the terms employed by
(Hottinger, 1960; Serra-Kiel et al., 1998; Erdem et al.,
2007) and (Sirel and Acar, 2008) (with discussions and
references there in). The suprageneric classification follows
Loeblich and Tappan (1987). The description of bio-
zones was mainly conducted based on the Tethyan province.

Phlum Foraminifera (d’Orbigny, 1826)

Order Miliolida (Delage and Hérouard, 1896)
Superfamily Alveolinoidea (Ehrenberg, 1839)
Family Alveolinidae (Ehrenberg, 1839)
Genus Alveolina (d’Orbigny, 1826)

Alveolina globosa (Leymerie, 1846) (Plate 1. Fig. 1)
1846 Alveolina subpyrenaica var. globosa pars. Leymerie,
pl. 8, Figs. 10 a-c.

1960 Alveolina globosa Leymerie; Hottinger, p. 80-82, pl.
3, Figs. 15-20; text Figs. 10, 221, 40.

2008 Alveolina globosa Leymerie; Sirel and Acar, pl. 5,
Figs. 8, 9; pl. 8, Figs. 1-7.

Description: The small test is spherical to sub-spherical.

Plate 1
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The axial and equatorial diameters are 2.5 mm and 2.1
mm, respectively. The index of elongation is 1.19 mm.
Proloculus is spherical with a diameter of 0.32 mm. It
is followed by tightly coiled 2 whorls of nepionic stage.
The latter 4 — 5 whorls are flosculinized. The thickness of
the basal layer is 3 —4 times larger than the height of the
chamberlets in the flosculinized period. Whorls that adult
and senile sateges are coiled loosely. The cross-sections of
the chamberlets are generally circular. Chamberlets turn
into slightly oval in the last whorls.

Range: A. globosa was described in Sinjar Formation aged
Upper Paleocene, northern Iraq by Al-Hashimi and Amer
(1985). It was reported in the middle Ilerdian (SBZ7, 8) of
Sakarya, Turkey (Sirel and Acar, 2008).

Alveolina pisiformis Hottinger (1960) (Plate 1. Figs. 2, 3)
1960 Alveolina pisiformis Hottinger, p. 85, pl. 4, Figs. 1-6;
text Figs. 43 b, f.

1977 Alveolina pisiformis Hottinger; Drobne, p. 24, pl. 3,
Figs. 14-15, text Fig. 11 b.

1995 Alveolina pisiformis Hottinger; Acar, p. 54, pl. 1,
Fig. 4.

2008 Alveolina pisiformis Hottinger; Sirel and Acar, pl. 6,
Figs. 6-8; pl. 7, Figs. 1-6

Figure 4. 1) Alveolina globosa Leymerie (1846) sample number H 24; 2-3). A. pisiformis Hottinger (1960) sample number
H 24; 4). A. aramaea Hottinger (1960) sample number H 24; 5-6). A.parva Hottinger (1960) sample number H31; 7). A.
globula Hottinger (1960) sample number H24; 8-9). A. subpyrenaica Leymerie (1846) sample number 8:H 27. 9:H 12;
10-11. A. reicheli Sirel and Acar (2008) sample number 10: H 1, 11: H 32; 12. A. aff. guidonis Drobne (1977) sample
number H 3; 13. A. sakaryaensis Sirel (1976b) sample number H 10. All figures belong to axial sections.
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2015 Alveolina pisiformis Hottinger; Hadi et al., pl. 1,
Fig. d.

2016 Alveolina pisiformis Hottinger; (Hadi et al., 2016), p.
226, text-Fig. 9e.

2019c Alveolina pisiformis Hottinger; Hadi et al., Fig. 5.2.

Description: The test is spherical to sub-spherical.
The axial diameter varies between 2.7 and 3.2 mm. The
axial and equatorial diameters are 2.5 mm and 2.8 mm,
respectively. The index of elongation is 1.1. The proloculus
is spherical with a diameter of 0.18 — 0.28 mm and
followed by two whorls are tightly coiled in the early stage.
The adult stage has three or four flosculinized whorls.
The thickness of the basal layer is 3 — 4 times larger than
the height of the chamberlets. In the senile (final) stages,
3 — 4 whorls are coiled slightly tight. While the basal layer
increases in the adult stage, it decreases towards the final
stage. The cross-sections of the chamberlets are circular
turn into an upright oval form in the last whorls.

Range: Serra-Kiel et al. (1998) reported the occurrence
of this species in the upper part of SBZ6 to SBZ7. It was
found in the lower Ilerdian of the Sakarya, Turkey (Sirel
and Acar, 2008) and reported in the SBZ7-SBZ8 biozones
of the Adriatic carbonate platform by Drobne et al. (2011).
According to Hadi et al. (2019c), the species indicates a
middle Ilerdian (SBZ7-8) age of sedimentary successions
of the Western Alborz and Eastern Iran.

Alveolina aramaea (Hottinger, 1960) (Plate 1. Fig. 4)
1960 Alveolina aramaea Hottinger, p. 72, p 1.3, Figs. 4-7;
text-Fig. 36.

1972 Alveolina aramaea Hottinger; Sirel, p. 278, pl. 1,
Fig. 4.

2008 Alveolina aramaea Hottinger; Sirel and Acar, pl. 11,
Figs. 5-7.

Description:  The megalospheric generation has a
small-sized, slightly nautiloid to spherical form. The
axial and equatorial diameters are 1.6 mm and 1.5 mm,
respectively. The index of elongation is 1.06 mm. The
large proloculus (0.2 mm in diameter) is followed by 4 —5
subspheric whorls of the flosculinized period. Thickening
of the basal layer increases gradually towards the last
whorls. Chamberlets are small and circular in the inner
whorls, larger and ovoid in the outer whorls.

Range: This species was reported in the lower llerdian
limestone beds of the Kars area, northeastern Turkey (Sirel
and Acar, 2008). Drobne (1977) described rare specimens
of this species in association with common Alveolina
aramaea from outcrops close to Kozina (Slovinia).

Alveolina parva (Hottinger, 1960) (Plate 1. Figs. 5, 6)
1960 Alveolina parva Hottinger, p. 98, pl. 5, Figs. 3, 4;
text-Figs. 51 h-1.

2008 Alveolina parva Hottinger; Sirel and Acar, pl. 17,
Figs. 1-7.

Description: The small megalospheric test is sub-
spheric to slightly ovoid shape. The axial and equatorial
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diameters are 3 mm and 2.2 mm respectively. The index of
elongation is 1.43 mm. The spheric proloculus (0.1 mm
diameter) is followed by tightly coiled 3 — 4 subspheric
whorls of the nepionic stage. In the following three
flosculinized whorls, the basal layer is 5 — 6 times greater
than the height of the chamberlets. The last stage is
composed of tightly 1 —2 whorls. The cross-sections of
chamberlets are circular in the early stage. They can be
seen in the oval form in the flosculinized whorls.

Range: The species was reported from the lower Cuisian
sediments of Sarlak Dere section in Nigde region and in
the lower to middle Cuisian limestone of the Darende area,
West Malatya, Turkey (Sirel and Acar, 2008).

Alveolina globula (Hottinger, 1960) (Plate 1. Fig. 7)

1960 Alveolina globula Hottinger, p. 77, pl. 3, Figs. 10, 11;
text-Figs. 38 c-e, 39.

1972 Alveolina globula Hottinger; Sirel, p. 278, pl. 1,
Figs. 1, 2.

2008 Alveolina globula Hottinger; Sirel and Acar, pl. 18,
Figs. 11, 12; pl. 19, Figs. 1-3.

Description: The test is small and spheric or slightly
subspherical shape. The axial and equatorial diameters are
2.5 mm and 2.3 mm, respectively. The elongation index is
1.08 mm. The spheric megalosphere (0.22 mm in diameter)
is followed by 2 — 3 subspherical-slightly ovoid whorls. In
the following eight whotls, the thickening of the basal layer
increases marginally. The size of the chamberlets increases
slightly toward the outer whorls. The cross-sections of the
chamberlets are small and spheric.

Range: The species was found in the lower Ilerdian deposits
of the Kars, eastern Turkey and in the uppermost lower
middle Ilerdian limestone of the Sakarya section, Ankara
central Turkey (Sirel and Acar, 2008).
Alveolina subpyrenaica (Leymerie, 1846) (Plate 1.
Figs. 8, 9)

1846 Alveolina subpyrenaica Leymerie, pl. 12, Figs. 9 a—c.
1965 Alveolina subpyrenaica Leymerie; (Dizer, 1965), pl.
1, Figs. 8-12.

1976b Alveolina subpyrenaica Leymerie; Sirel, pl. 5,
Figs. 3-8.

2007 Alveolina subpyrenaica Leymerie; Ozgen-Erdem et
al., Figs. 6 f, g.

2008 Alveolina subpyrenaica Leymerie; Sirel and Acar, pl.
22, Figs. 6, 7.

2015 Alveolina subpyrenaica Leymerie; Hadi et al., pl. 1,
Fig. b.

2016 Alveolina subpyrenaica Leymerie; Hadi et al., p. 226,
text-Fig. 9 b.

2020b Alveolina subpyrenaica Leymerie; Hadi et al.,
Figs. 4.8-9.

Description: The test is an elongated oval with an
axial diameter varies between 3.0 — 3.6 mm and equatorial
diameter between 1.8 — 2.3 mm. The index of elongation is
1.6 mm. The proloculus is spheric and small (0.1 mm in
diameter). The early stage has tightly coiled 2 — 3 spheric

2008-8779[https://dx.doi.org/10.57647/}.ijes.2024.1603.17]
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whorls. The following 67 elongated ovoid whorls are
coiled loosely along with the axial and equatorial directions.
The size of the small chamberlets increases from the first
to the last whorl. The shape of chamberlets is spheric or
subspheric in the early stage, then become upright-oval
shape in the last whorls.

Range: The species was found in the middle Ilerdian
(SBZ8) deposits of the Sakarya section (Sirel and Acar,
2008) and Eskigehir (Erdem et al., 2007) from central
Turkey. It was also reported in the lower part of the middle
Ilerdian (SBZ7) from the Gheynarjeh section and the
middle Ilerdian (SBZ7-SBZS8) deposits in the Baghdareh
section by Hadi et al. (2020b) and described in the Ziarat
Formation from Soltanieh Mountains (Western Alborz) by
Hadi et al. (2015).

Alveolina reicheli (Sirel and Acar, 2008) (Plate 1.
Figs. 10, 11)
2008 Alveolina reicheli Sirel and Acar, pl. 24, Figs. 1-6.

Description: The medium-sized test is slightly elon-
gated ovoid shape. The axial diameter varies between
2.9 — 4.0 mm. The equatorial diameter is approximately
1.6 to 2.1 mm and the index of elongation is 1.85 mm. The
spherical to subspherical proloculus has 0.28 — 0.3 mm
diameter. It is followed by tightly coiled 1 — 2 ovoid whorls
of the nepionic stage. The latter 4 — 5 elongated whorls are
coiled loosely in the axial direction. The latest 3 — 4 whorls
are coiled tightly. The size of the chamberlets increases
gradually from the early stage to the final stage.

Range: According to Sirel and Acar (2008), this species
indicates an early-middle Cuisian age (SBZ10-11) in
central Turkey.

Alveolina aff.
Fig. 12)

1977 Alveolina guidonis Drobne, p. 60, pl. 15, Figs. 6-12.
2008 Alveolina guidonis Drobne; Sirel and Acar, pl. 30,
Figs. 1-4.

2019a Alveolina guidonis Drobne; Hadi et al., Fig. 6.3.

guidonis (Drobne, 1977) (Plate 1.

Description:  The medium-sized test is elongated
ovoid shape. The axial and equatorial diameters are 5.0 mm
and 2.5 mm, respectively. The index of elongation is 2 mm.
There are 14 whorls in an axial section that measures 5.0
mm in diameter. The proloculus (0.2 mm in diameter) is
spherical. The spheric proloculus is followed by regularly
coiled elongated ovoid whorls. The size of the chamberlets
increases gradually from the early stage to the last whorl.
The cross-sections of the chamberlets are subcircular in the
early whorls, however, they become upright oval in the last
whorls.

Range: this species was restricted to the middle Ilerdian
(SBZ7, 8) in the Sakarya section central Turkey (Sirel
and Acar, 2008) and the Keciborlu area (Isparta) in SW
Turkey (Bozkurt and Gormiis, 2021). According to Hadi
et al. (2019a) Alveolina gr. guidonis indicates the middle
Ilerdian (SBZS8) age in the Chenesht section from Iran.
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Alveolina sakaryaensis (Sirel, 1976b) (Plate 1. Fig. 13)
1976b Alveolina sakaryaensis Sirel, p. 21, pl. 11, Fig. 5; pl.
111, Fig. 4.

2004 Alveolina sakaryaensis Sirel; (Erdem, 2004), p. 30,
pl. 29, Fig. 5; pl. 31, Fig. 4; Fig. 13.

2008 Alveolina sakaryensis Sirel; Sirel and Acar, pl. 29,
Figs. 1-4.

2020b Alveolina aff. sakaryensis Sirel; Hadi et al., Fig. 4.12.

Description: The test is medium-sized and ovoid
with axial diameter of 4.5 mm and equatorial diameter of
2.6 mm. The index of elongation is 1.73 mm. The spherical
and large proloculus (0.4 mm in diameter) is followed by
1 — 2 tightly coiled subspherical whorls of the nepionic
stage. The following 5 — 6 elongated whorls are coiled
loosely along the axial direction. The axial thickening
of the basal layer is 3 — 4 times thicker than the height
of chamberlets. In the senile stage, the 3 —4 whorls are
coiled tightly and the axial thickening of the basal layer is
decreased. The chamberlets are circular and small in the
early stages, then become slightly larger and upright oval in
the last whorls.

Range: This species was found in the middle Ilerdian
(SBZ7-8) of the Sakarya section in central Turkey (Sirel
and Acar, 2008). It was documented among the assemblage
of Glomalveolina lepidula, A. ellipsoidalis, A. pisiformis,
and A. subpyrenaica in the upper part of the middle Ilerdian
(SBZ8) in the Baghdareh section, Iran (Hadi et al., 2020b).

Alveolina aff.
Fig. 1)

1960 Alveolina tumida Hottinger, p. 139, text-Fig. 71 b.
1977 Alveolina tumida Hottinger; Drobne, pl. 7, Figs. 4-6.
1998 Alveolina tumida Hottinger; (Gietl, 1998), pl. 4,
Fig. 7.

2015 Alveolina tumida Hottinger; Hadi et al., pl.2, Fig. b.
2016 Alveolina tumida Hottinger; Hadi et al., p. 226,
text-Fig. 9 d.

2020b Alveolina tumida Hottinger; Hadi et al., Figs. 4.10-
11.

tumida (Hottinger, 1960) (Plate 2.

Description: The test is a small-sized and elongated
oval with poles rounded. The axial and equatorial diameters
are 3.0 mm and 1.5 mm, respectively. The index of
elongation is 2 mm. The spherical proloculus has a
diameter of about 0.2 mm. It is followed by 2 — 3 tightly
coiled subspherical whorls in the early stage. The later
seven elongated whorls are coiled loosely in the axial
direction. The thickness of the basal layer is 3 — 4 times
larger than the chamberlets height in this stage. The
chamberlets are small and circular in the early stages and
their size increases gradually from the early stage to the
final stage.

Range: This species was reported from the lower Ilerdian
and early middle Ilerdian (SBZ6 to SBZ7) deposits of the
Tethyan Province by Serra-Kiel et al. (1998). It was also
found in the lower part of the middle Ilerdian (SBZ7) from
the Gheynarjeh and Baghdareh sections of the western
Alborz zone, Iran (Hadi et al., 2020b).
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Plate 2

Figure 5. 1) Alveolina aff. tumida Hottinger (1960) sample number H 25; 2-3). A. ellipsoidalis Schwager, 1883 sample
number 2:H27, 3: H6; 4-6). A. rotundata kazancii Sirel and Acar (2008) sample number 4: H 25, 5: H43, 6: H43; 7). A.
erki Acar (1995) sample number H16; 8-9). A. gambaensis Ho et al. (1976) sample number 8:H 22, 9: H 8; 10-12. A.
himalayensis Ho et al. (1976) sample number 10: H 34, 11: H 22, 12: H 16; 13) A. corbarica Hottinger (1960) sample
number H 18; 14). A. kayserensis Sirel and Acar (2008) sample number H 20; all figures belong to axial sections.

Alveolina ellipsoidalis (Schwager,
Figs. 2, 3)

1883 Alveolina ellipsoidalis Schwager, p. 96, pl. 25,
Figs. 1-2.

1960 Alveolina ellipsoidalis Schwager; Hottinger, p. 64, pl.
2, Figs. 1-8, text-Figs. 20c, 33 a, b.

1964 Alveolina ellipsoidalis Schwager; (Devoto, 1964), pl.
2, Fig. 2.

1974 Alveolina (Alveolina) ellipsoidalis Schwager; Hot-
tinger, p.41, pl.33, Figs. 1-7.

1976b Alveolina ellipsoidalis Schwager; Sirel, p. 92, pl. 2,
Figs. 5, 6, 8-11; pl. 6, Fig. 6.

1977 Alveolina ellipsoidalis Schwager; Drobne, p.16, pl.1,
Figs. 1-3.

1998 Alveolina ellipsoidalis Schwager; (Accordi et al.,
1998), , pl. 18, Fig. 1.

2007 Alveolina ellipsoidalis Schwager; Ozgen-Erdem etal.,
Figs.5e, f.

2008 Alveolina ellipsoidalis Schwager; Sirel and Acar, pl.
21, Figs. 1-4.

2009 Alveolina ellipsoidalis Schwager; (Scheibner and
Speijer, 2009), p. 209, text-Fig. 10 L.

2011 Alveolina ellipsoidalis Schwager; Drobne et al. p.

1883) (Plate 2.

747, pl. 1.

2013 Alveolina ellipsoidalis Schwager; Zhang et al.,
text-Fig. 8/4.

2015 Alveolina ellipsoidalis Schwager; Hadi et al., pl. 1,
Fig. a.

2016 Alveolina ellipsoidalis Schwager; Hadi et al., p. 226,
text-Fig. 9 c.

2020b Alveolina ellipsoidalis Schwager; Hadi et al.,
Figs. 4.5-6.

Description: The test is medium-sized and ellipsoidal to
elongated oval. The axial diameter varies between 2.8
mm and 4.0 mm. The equatorial diameter varies from 1.7
mm to 2.5 mm. The index of elongation is 1.64 mm. The
small spherical proloculus (0.1 —0.12 mm in diameter) is
followed by tightly coiled 3 —4 subspherical whorls. The
following whorls are coiled regular and oval. The basal
layer is thin. The cross-sections of the chamberlets are
sub-circular in the early stage then become oval. Their size
increases gradually from the early stage to the final stage.

Range: A. ellipsoidalis is defined in the upper parts of early
Ilerdian of Spain by Hottinger (1960). Similarly, Serra-Kiel
et al. (1998), Fig. 2 showed that the species range in the
same stratigraphic levels as indicated by Hottinger (1960).
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Hadi et al. (2020b). reported that this species indicates
the middle Ilerdian (SBZ7-SBZS8) of the Gheynarjeh and
Baghdareh sections (Western Alborz-Iran). Bozkurt and
Gormiis (2021) found it in the same levels (SBZ7-8) of
the Isparta region in Turkey. This species has also been
recognized from the early—middle Ilerdian (SBZ5-SBZS)
deposits in Turkey by Erdem et al. (2007) and is recorded
in Tibet in SBZ6-SBZS8 by Zhang et al. (2013).

Alveolina rotundata kazancii (Sirel and Acar, 2008)
(Plate 2. Figs. 4-6)

2008 Alveolina rotundata kazancii Sirel and Acar, pl. 34,
Figs. 1-8.

Description:  The test is small-medium sized and
elongated oval-shaped. The axial diameter varies between
3.2 mm and 3.5 mm. The equatorial diameter varies from
1.4 mm to 1.5 mm and the index of elongation is 2.2 mm.
Spherical proloculus (0.3 — 0.4 mm in diameter) is followed
by tightly coiled 1 — 2 subspheric whorls of the nepionic
period. The latter 5 — 6 elongated ovoid whorls of the adult
stage are coiled loosely in the axial direction. The axial
thickening of the basal layer is 3 — 4 times greater than
the basal layer in an equatorial spiral. The cross-sections
of the chamberlets are circular. They can be seen upright
oval-shaped in the last whorl.

Range: This species was first introduced from the middle
Ilerdian (SBZ7-8) successions of the Sakarya section
in central Turkey (Sirel and Acar, 2008). Similarly, it
was found in the middle Ilerdian of Isparta (Bozkurt and
Gormiis, 2021) and Kastamonu regions (Erdem et al., 2016).

Alveolina erki (Acar, 1995) (Plate 2. Fig. 7)
1995 Alveolina erki Acar, p. 35, pl. 3, Figs. 10-13.
2008 Alveolina erki Acar; Sirel and Acar, pl. 36, Figs. 1-3.

Description: The test is small-sized and lenticular
to ovoid. The axial and equatorial diameters are 1.0 mm
and 0.6 mm, respectively. The index of elongation is 1.6
mm. Subspherical proloculus (0.2 mm in diameter) is
followed by tightly coiled 3 ovoid whorls. The latter two
whorls are elongated. Basal layer, in the axial direction,
thickens marginally towards the last two whorls. The
cross-sections of the chamberlets are circular or subcircular.
Range: The species is defined in the middle-upper Ilerdian
(SBZ7-9) deposits of the Sakarya section, SW Ankara,
central Turkey (Sirel and Acar, 2008). It was found in the
lowermost lower Ilerdian of the Kayseri, central Turkey
(Sirel and Acar, 2008). Alveolina erki was also found in
the early to middle Ilerdian (SBZ5-8) carbonates of Isparta
region, SW Turkey by Bozkurt and Gormiis (2021).

Alveolina gambaensis Sheng and Zhang, in (Ho et
al., 1976) (Plate 2. Figs. 8, 9)

1976 Fasciolites gambaensis Sheng and Zhang, p. 38, pl.
XVII, Figs. 1-5.

2008 Alveolina gambaensis Sheng and Zhang; Sirel and
Acar, pl. 36, Figs. 6-1 1.
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Description:  The elongated-fusiform test is small-
sized with axial diameter of 1.2 — 1.7 mm and equatorial
diameter of 0.5 — 0.6 mm. The index of elongation is 2.6
mm. The spheric prolocus has an 0.1 mm diameter. It is
followed by 2 — 3 ovoid whorls of the nepionic stage. In the
last whorls, the axial thickening of the basal layer becomes
rather thick as opposed to the basal layer of the equatorial
spirals. The cross-sections of chamberlets are circular in
the early stage and oval in the last stage. The size of the
chamberlets increases gradually from inner to the outer
whorls.

Range: The species was found in the uppermost lower
Ilerdian to lowermost middle Ilerdian-middle Ilerdian
limestone of the Kayseri, central Turkey (Sirel and Acar,
2008).

Alveolina himalayensis Sheng and Zhang, in (Ho
et al., 1976) (Plate 2. Figs. 10-12)

1976 Fasciolites himalayensis Sheng and Zhang, p. 39, p. 1.
XVII, Figs. 6-9.

2008 Alveolina himalayensis Sheng and Zhang; Sirel and
Acar, pl. 36, Figs. 12-15.

Description: The megalospheric form has a small-
sized, elongated test, with axial and equatorial diameters
are 1.8 —2.4 mm and 0.8 — 1.2 mm, respectively. The
index of elongation is 2 mm. The proloculus is spherical or
sometimes subspherical and its diameter varies from 0.15 to
0.2 mm. The early stage is composed of tightly coiled 3 — 4
ovoid whorls. The last whorls are elongated, and the axial
thickening of the basal layer in these whorls is thicker in
comparison with the basal layer of the equatorial direction.
The cross-sections of the small chamberlets are circular in
the early whorls and upright oval in the last whorls.
Range: The species was found in the uppermost lower
Ilerdian (SBZ6) deposits of the Korumazdag in Turkey
(Sirel and Acar, 2008).

Alveolina corbarica (Hottinger, 1960) (Plate 2. Fig. 13)
1960 Alveolina corbarica Hottinger, p. 68, pl. 2, Figs. 20-
24; texte-Figs. 6 a, 35-g.

1976a Alveolina corbarica Hottinger; Sirel, p. 94, pl. 5,
Figs. 1, 2.

2008 Alveolina corbarica Hottinger; Sirel and Acar, pl. 38,
Figs. 1-7.

Description: The test is elongated. The axial and
equatorial diameters are 3.0 mm and 2.3 mm, respectively.
The index of elongation is 1.3 mm. The subspherical
proloculus (0.2 mm in diameter) is followed by 2 or 3
tightly coiled whorls. The following 6 — 7 elongated
ovoid whorls are coiled loosely at the axial direction.
The thickness of the basal layer is twice the height of
chamberlets in the axial region. The cross-sections of
chamberlets are circular in the early stage and oval in the
last stage. The size of the chamberlets increases gradually
from inner to the outer whorls.

Range: Hottinger (1960) described the stratigraphic
distribution of this species as upper part of middle
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Ilerdian, Serra-Kiel et al. (1998) considered A. corbarica
as a marker of SBZ8. BouDagher-Fadel et al. (2015)
reported this species from the same stratigraphic levels in
Tibet. The species was found in the middle Ilerdian beds
(SBZ7-8) of the Korumazdag section, Kayseri and Sakarya
section-Ankara, central Turkey (Sirel and Acar, 2008) and
in Isparta region, SW Turkey (Bozkurt and Gormiis, 2021).

Alveolina kayserensis (Sirel and Acar, 2008) (Plate 2.
Fig. 14)
2008 Alveolina kayserensis Sirel and Acar, pl. 40, Figs. 1-4.

Description: The test is medium-sized and subcylin-
drical in shape. The axial and equatorial diameters are 4.6
mm and 2.1 mm, respectively. The index of elongation is
2.1 mm. The spherical proloculus (0.12 mm in diameter) is
followed by tightly coiled 2 — 3 elongated whorls of the
nepionic stage. In the last 6 — 7 subcylindrical whorls, the
axial thickening of the basal layer is thicker than that of the
equatorial direction. The last 3 — 4 whorls are coiled tightly.
The size of the chamberlets increases gradually from the
first to the last whorls. Their cross-sections are circular in
the early whorls and upright oval in the last whorls. The
size of the chamberlets increases gradually from inner to

Yarahmadzahi & Sinanoglu

the outer whorls.

Range: The species was found in the uppermost lower
Ilerdian to the lowermost middle Ilerdian (SBZ6-7) deposits
of the Korumazdag section, Turkey (Sirel and Acar, 2008).

Alveolina moussoulensis (Hottinger, 1960) (Plate 3.
Figs. 1, 2)

1960 Alveolina moussoulensis Hottinger, p. 65, pl. 2,
Figs. 10-16, text-Figs. 20 d, 24, 34.

1976b Alveolina moussoulensis Hottinger; Sirel, pl. IV,
Fig. 9.

2005 Alveolina moussoulensis Hottinger; (Erdem et al.,
2005), p. 413, text-Fig. 10 f.

2007 Alveolina moussoulensis Hottinger; Ozgen-Erdem et
al., Fig. 5 g.

2008 Alveolina moussoulensis Hottinger; Sirel and Acar, pl.
29, Figs. 1-3.

2011 Alveolina moussoulensis Hottinger; Drobne et al. p.
747, pl. 1.

2013 Alveolina moussoulensis Hottinger; Zhang et al.,
text-Fig. 8.7.

2016 Alveolina moussoulensis Hottinger, (Ozcan et al.,
2016), text-Fig. 20.2.

2020b Alveolina moussoulensis Hottinger; Hadi et al.,

Plate 3

1 mm

Figure 6. 1-2) Alveolina moussoulensis Hottinger (1960) sample number 1:H 2, 2: H 46; 3-4. A). dedolia taneri Sirel and
Acar (2008) sample number 3:H 32, 4:H11), 5-6). A. minuta Checchia-Rispoli (1905) sample number 5:H 11, 6:H 9 7).
A.archiaci adamsi Sirel and Acar (2008) sample number H 18; 8). A. cremae Checchia-Rispoli (1905) sample number H 14
9). A. haymanaensis Sirel (1976a) sample number H25; 10-11). A. canavarii Checchia-Rispoli (1905) sample number

10:H 1, 11:H 26. All figures belong to axial sections.
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Fig. 4.7.

Description:  The test is medium-sized and ovoid
with rounded poles. The axial and equatorial diameters
are 3.4 — 3.6 mm and 2.1 — 2.2 mm, respectively. The
index of elongation is 1.6 mm. Proloculus is spherical
and its diameter is 0.2 mm. The first 3 to 4 whorls are
tightly coiled and subspherical. The last 5 whorls are coiled
relatively loose. The axial thickening of the basal layer is of
less thick than the basal layer of the other whorls. The last
4 — 5 whorls are coiled tightly. In this stage, the basal layer
is thin. The size of the chamberlets increases gradually
from the first to the last whorls. Their cross-sections are

circular in the first whorls and oval in the last whorls.
The microspheric test is medium sized and subcylindrical.

Elongated whorls are coiled tightly and irregularly. The
size of the chamberlets increases gradually from inner to
the outer whorls.

Range: This species was found in the lower part of the
middle Ilerdian successions from Spain (Hottinger, 1960)
Eskisehir and Turkey (Erdem et al., 2007). It was also
identified in early to middle Ilerdian deposits of the
Isparta region in Turkey (Bozkurt and Gormiis, 2021).
BouDagher-Fadel et al. (2015) recorded this species in
SBZ7 to SBZ9 in Tibet. Hadi et al. (2020b) reported it as
an index of the SBZ7 of middle Ilerdian of the Gheynarjeh
and Baghdareh sections (western Alborz, Iran).

Alveolina dedolia taneri (Sirel and Acar,
(Plate 3. Figs. 3, 4)

2008 Alveolina dedolia taneri Sirel and Acar, pl. 44,
Figs. 1-8.

2019 Alveolina dedolia taneri Sirel and Acar; Hadi and
Vahidinia, Figs. 3.3, 3.4.

2008)

Description: The test has a small-medium size, ovoid form
with axial and equatorial diameters of 3.0 mm and 2.2 mm,
respectively. The index of elongation is 1.36 mm. The
small spherical proloculus (0.1 mm in diameter) is followed
by tightly coiled 4 — 5 spheric-subspheric whorls of the
nepionic stage. The last 7 — 8 ovoid whorls are coiled
slightly loose and regular. The thickening of the basal
layer is twice the height of the chamberlets. The size of
the chamberlets increases gradually from the beginning to
the end of the spire. The cross-sections of the chamberlets
are circular to subcircular in the early whorls. and become
upright oval in the last whorls.

Range: A. dedolia taneri was reported in the lower Cuisian
(SBZ10) deposits, in central Turkey (Sirel and Acar, 2008).
but Hadi and Vahidnia (2019) documented it in the middle
Cuisian (SBZ11) successions of Central Iran.

Alveolina minuta (Checchia-Rispoli, 1907) (Plate
3. Figs. 5, 6)

1907 Alveolina minuta Checchia-Rispoli, p. 160, p 1.3,
Fig. 7.

2008 Alveolina minuta Checchia-Rispoli; Sirel and Acar, p.
1.45, Figs. 9-14.

2019a Alveolinact. minuta Checchia-Rispoli; Hadi et al.,
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Fig. 7.2.

Description: The test has a small size, slightly elon-
gated ovoid. The axial diameter varies between 2.0 mm and
2.3 mm. The equatorial diameter ranges between 1.3 mm
and 1.4 mm. The index of elongation is 1.58 mm. Small
proloculus is spherical to subspherical with a diameter
ranges between 0.1 mm and 0.2 mm. It is followed by
tightly coiled 3 — 4 subspheric whorls of the early stage. In
the following elongated ovoid whorls, the axial thickening
of the basal layer is slightly thick. The chamberlets are
small in the early stage and their size increases toward the
outer whorls.

Range: The specie was determined in the lower-middle
Cuisian limestone beds of the Safranbolu and Malatya,
areas,Turkey (Sirel and Acar, 2008). According to Hadi
et al. (2019a), this species can be found in the lower Cuisian
(SBZ10) successions of the Chenesht section-Iran.

Alveolina archiachi adamsi (Sirel and Acar, 2008)
(Plate 3. Fig. 7)

2008 Alveolina archiaci adamsi Sirel and Acar, pl. 46,
Figs. 7-10.

Description: The medium test has an ovoid shape.
The axial and equatorial diameters are 4.1 mm and 2.3
mm, respectively. The index of elongation is 1.78 mm.
Proloculus is large and of 0.4 mm in diameter. It is followed
by 1-2 spheric whorls in the early stage. and 10 — 11 ovoid
whorls of the adult stage. The poles of these whorls are
pointed in the early stage, then become rounded in the
following stages. The cross-sections of the chamberlets are
subspheric in the early whorls and upright oval in the last
whorls.

Range: The specie was defined in the lowermost middle
Cuisian limestone of the Belendiz section, Konya, central
Turkey (Sirel and Acar, 2008).

Alveolina cremae (Checchia-Rispoli, 1905)

(Plate 3. Fig. 8)

1905 Alveolina cremae Checchia-Rispoli, pl. 12, Figs. 3-5.
2007 Alveolina cremae Checchia-Rispoli; Ozgen-Erdem et
al.,Fig.9c¢c

2008 Alveolina cremae Checchia-Rispoli; Sirel and Acar,
pl. 48, Figs. 1-6.

2010 Alveolina cremae Checchia-Rispoli; (Dicarlo et al.,
2010), pl. 7, Fig. 11.

2011 Alveolina cremae Checchia-Rispoli; Drobne et al., p.
749, pl. 2.

2011 Alveolina cremae Checchia-Rispoli; Benedetti et al.,
p. 703, text-Figs. 2 c—f.

2017 Alveolina cremae Checchia-Rispoli; Papazzoni et al.
p. 12, text-Fig. 5 a.

2020b Alveolina cremae Checchia-Rispoli; Hadi et al.,
Fig. 7.1.

Description: The medium test is slightly elongated
ovoid with rounded poles. The axial and equatorial
diameters are about 4.0 mm and 1.8 mm, respectively.
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The index of elongation is 2.22 mm. The large, spherical
proloculus (0.3 mm in diameter) is followed by 1 —2
subspheric whorls. In the last 6 — 7 whorls, the axial
thickening of the basal layer is greater than the basal
layer of the equatorial direction. The cross-sections of the
chamberlets are subspheric at the early stage and upright
oval or uneven in the last whorls.

Range: This species is a marker of SBZ11 (Serra-Kiel
et al., 1998). Its stratigraphic range in the middle Cuisian is
known in Spain (Hottinger, 1960), Turkey, (Erdem, 1998),
and Italy (Benedetti et al., 2011), It was also found in
the middle Cuisian (SBZ11) deposits of the Gheynarjeh
section, Iran (Hadi et al., 2020b).

Alveolina haymanaensis (Sirel, 1976a) (Plate 3. Fig. 9)
1976a Alveolina haymanaensis Sirel, pl. 11, Fig. 2; pl. 111,
Figs. 1-3.

2007 Alveolina haymanensis Sirel; Ozgen-Erdem et al.
Fig.9b.

2019b Alveolina haymanensis Sirel; Hadi et al. Fig. 7.9.

Description: The test has a medium-size, inflated
ovoid-elongated. The axial and equatorial diameters are 4.5
mm and 3.1 mm, In turn. the index of elongation is 1.45
mm. The subspheric large proloculus (0.4 mm in diameter)
is followed by one subspheric whorls of the nepionic stage.
The following 5 — 6 elongated whorl are coiled loosely at
the axial direction and the axial thickenings of the basal
layer in this stage are 2 — 3 times greater than the height of
the chamberlets. The last stage is composed of 6 — 7 tightly
coiled whorls. The axial thickening of the basal layer
becomes narrower in the last whorls. The cross-sections of
the chamberlets are spheric to subspheric in the early stage
and upright oval in the last whorls.

Range: This species can be considered as an early Cuisian
indicator in Ankara and Eskisehir areas, Turkey (Sirel,
1976a; Erdem et al., 2007). The stratigraphic distribution of
A. haymanensis resembles the Tethyan Alveolina zones of
Serra-Kiel et al. (1998).

Alveolina canavarii (Checchia-Rispoli, 1905) (Plate 3.
Figs. 10, 11)

1905 Alveolina canavarii Checchia-Rispoli, pl. 12,
Figs. 19-21, 25.

1960 Alveolina canavarii Checchia-Rispoli; Hottinger, pl.
8, Figs. 15-18, text-Figs. 21 e, 22 g, 68 a—d, 69.

2007 Alveolina canavarii Checchia-Rispoli; Ozgen-Erdem
etal. p. 921, text-Figs. 8 c, d.

2008 Alveolina canavarii Checchia-Rispoli; Sirel and Acar,
pl. 57, Figs. 1-6; pl. 58, Figs. 1-3.

2011 Alveolina canavarii Checchia-Rispoli; Drobne et al.
p. 749, pl. 2.

2015 Alveolina canavarii Checchia-Rispoli; Hadi et al. pl.
2, Fig. f.

2020b Alveolina canavarii Checchia-Rispoli; Hadi et al.,
Figs. 7.3-5.

Description: The test is medium-sized and cylindri-
cal to subcylindrical with rounded poles. The axial and
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equatorial diameters are 4.2 —4.6 mm and 2 — 2.3 mm,
respectively. The index of elongation is 2 mm. Proloculus
is spherical and has a 0.38 mm diameter. It is followed by
5 — 6 elongated whorls coiled loosely. The axial thickening
of the basal layer is 4 — 5 times greater than the height of
chamberlets in these whorls. The last 3 whorls are coiled
tightly. The cross-sections of the chamberlets are small and
subcircular in the early whorls, they become upright oval in
the last whorls.

Range: This species was reported the lower Cuisian
(SBZ10) of the peri-Mediterranean region (Hottinger and
Drobne, 1988; Serra-Kiel et al., 1998; Drobne et al., 2011).
It was defined in the early-middle Cuisian (SBZ10-SBZ11)
by Hottinger (1960) and Sirel and Acar (2008). Also, some
authors (Erdem et al., 2007; Hadi et al., 2015) introduced
the first appearance of this species from the upper Ilerdian
deposits (SBZ9) of Turkey and Iran. This species was
observed in the middle Cuisian (SBZ11) of the Gheynarjeh
section in Iran (Hadi et al., 2020b).

Alveolina oblonga (d’Orbigny, 1826) (Plate 4. Fig. 1)
1826 Alveolina oblonga d’Orbigny, Figs. 28, 30 and 31.
2007 Alveolina oblonga d’Orbigny; Ozgen-Erdem et al.,
Fig. 8 f.

2008 Alveolina oblonga d’Orbigny; Sirel and Acar, pl. 63,
Figs. 1-5; pl. 64, Figs. 1-4.

2019a Alveolina oblonga d’Orbigny; Hadi et al., Figs. 7.6-7.

Description:  The test is cylindrical with rounded
poles and medium-sized. The axial and equatorial
diameters are 5.8 mm and 2.4 mm, respectively. The index
of elongation is 2.41 mm. The proloculus is subspherical
with a diameter of 0.18 mm. The first 6 — 7 ovoid whorls
are coiled loosely along the axial direction by the equatorial
line. In the following subcylindrical whorls of the last
stage, the thickening of the basal layer narrows. The
cross-sections of chamberlets are circular in the ovoid
whorls and upright oval in the cylindrical whortls.

Range: This species was defined in the Alveolina oblonga
Zone by Hottinger (1960) which corresponds to the early
Cuisian, and was found in the same levels by Erdem
et al. (2007). However, the species was introduced as
an indicator of the early-middle Cuisian for Tethyan
Province by Serra-Kiel et al. (1998). Hadi et al. (2019a)
found this species in the lower-middle Cuisian (SBZ10-
11) deposits of the Chenesht and Baghdareh sections in Iran.

Alveolina aff.
(Plate 4. Fig. 2)
1905 Alveolina di-stefanoi Checchia-Rispoli, p. 163, pl. 12,
Fig. 9.

2019a Alveolina cf. di-stefanoi Checchia-Rispoli; Hadi et
al., Figs. 6.6-7.

distefanoi (Checchia-Rispoli, 1905)

Description: The test is medium-sized and elongated
subcylindric. The axial and equatorial diameters are 4.5
mm and 1.4 mm, respectively. The index of elongation
is 3.2 mm. The spheric proloculus is small (about 0.1
mm in diameter) and is followed by tightly coiled 1 —2
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Plate 4

Figure 7. 1) Alveolina oblonga d’Orbigny (1826) sample number H 18; 2). A. aff. di-stefanoi Checchia-Rispoli (1905)
sample number H 23; 3-5). A. schwageri Checchia-Rispoli (1905) sample number 3: H 6, 4-5: H 11; 6. A. ruetimeyeri
Hottinger (1960) sample number H 6; 7. A. aff. frumentiformis Schwager (1883) sample number H 10. All figures belong

to axial sections.

elongated ovoid whorls. In the following 7 — 8 elongated
whorls, the axial thickening of the basal layer becomes
greater. The cross-sections of the chamberlets are circular
to subcircular-oval from inner to outer whorls.

Range: The species was observed in the lower to middle
Cuisian deposits of the Darende, eastern Turkey (Sirel and
Acar, 2008) Safranbolu area, NW Turkey (Okur and Kutluk,
2020) Central-Southern Italy (Benedetti et al., 2011).
According to Hadi et al. (2019a) this species indicates an
early Cuisian (SBZ10) age of the Chenesht section from
Iran.

Alveolina schwageri (Checchia-Rispoli, 1905) (Plate 4.
Figures 3-5)

1905 Alveolina schwageri Checchia-Rispoli, pl. 12,
Figs. 11-14.

1960 Alveolina schwageri Checchia-Rispoli; Hottinger, p.
155, pl. 10, Figs. 5-7; pl. 11, Fig. 3.

1977 Alveolina schwageri Checchia-Rispoli;
Fig. 39 a, pl. 15, Figs. 13-16.

2007 Alveolina schwageri Checchia-Rispoli; Ozgen-Erdem
etal., Fig. 9 g.

Drobne,

Description: The test is small-sized and elongated
ovoid shape. The axial diameter varies between 2.7 mm

and 3.0 mm. The equatorial diameter measures 1.2 to 1.4
mm. The index of elongation is 2.2 mm. The proloculus is
spherical with a diameter of 0.15 —0.18 mm. It is followed
by tightly coiled 3 — 4 ovoid whorls of the nepionic stage.
The axial thickening of the basal layer in the last 5 — 7 of
elongated ovoid whorls, is thicker than the basal layer in the
equatorial direction. The chamberlets are spheric or ovoid.
Range: This species was observed in the lower Cuisian
deposits of Eskisehir, Turkey (Erdem et al., 2007). It was
observed in the early-middle Cuisian of central and eastern
Turkey (Sirel and Acar, 2008). It was also found in the
Lower Eocene beds corresponding to SBZ10 in NE India,
by (Sarkar, 2019).
Alveolina ruetimeyeri 1960) (Plate 4.
Fig. 6)

1960 Alveolina ruetimeyeri Hottinger, pl. 9, Figs. 17-18; pl.
11, Figs. 13-15; pl. 14, Figs. 20-22.

1977 Alveolina ruetimeyeri Hottinger; Drobne, pl. 17,
Figs. 2-5.

2007 Alveolina ruetimeyeri Hottinger; Ozgen-Erdem et al.,
Fig. 9 g.

2008 Alveolina ruetimeyeri Hottinger; Sirel and Acar, pl.
64, Figs. 5, 6; pl. 65, Figs. 1-7.

(Hottinger,
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Description:  The test is medium-sized, elongated
with rounded poles. The axial and equatorial diameters are
4.5 mm and 1.5 mm, respectively. The index of elongation
is 3 mm. The large proloculus (0.3 mm in diameter) is
spherical and is followed by 1 — 2 subspherical whorls of
the early stage and by elongated whorls of the adult stage.
The axial thickening of the basal layer is thicker in the last
elongated whorls. The cross-sections of the chamberlets
are generally circular or subcircular in shape.

Range: The species was introduced as an early Cuisian
indicator (Alveolina oblonga Zone) by Hottinger (1960). It
was also reported in the lower-middle Cuisian successions
of the Eskisehir and Safranbolu, Turkey (Erdem et al.,
2007, Sirel and Acar, 2008). and from the lower Cuisian of
NE India (Sarkar, 2019).

Alveolina aff.
(Plate 4. Fig. 7)
1983 Alveolina frumentiformis Schwager, p. 100, pl. 2,
Fig. 4.

1960 Alveolina frumentiformis Schwager; Hottinger, pl. 10,
Figs. 15-18; pl. 16, Figs. 1-7, text-Figs. 8e, f, Fig. 21f,
Fig. 82.

1974 Alveolina frumentiformis Schwager; Hottinger, pl. 83,
Figs. 3-4; pl. 84.

1977 Alveolina frumentiformis Schwager; Drobne, pl. 12,
Figs. 1-6.

2019a Alveolina frumentiformis Schwager; Hadi et al.,
Figs. 8.4-6.

Jrumentiformis (Schwager, 1883)

Description: The test is large sized, elongated and
subcylindrical. The axial and equatorial diameters are
9.0 mm and 2.2 mm. The index of elongation is 4.09
mm. The early whorls are elongated ovoids. The last four
whorls are fusiform and loosely coiled. The last whorls
are elongated with truncated poles and are coiled slightly
tightly and the axial thickening of the basal layer narrower.
The chamberlets are small, circular in the inner whorls,
becoming larger and oval in the outer whorls.

Range: This species is documented the upper Cuisian-early
Lutetian (SBZ12, 13) of the Tethyan Province by Serra-Kiel
et al. (1998). However, Hadi and Vahidnia (2019) reported
A. frumentiformis from the middle Cuisian (SBZ11) in
central Iran. Besides, this species was defined in the upper
Cuisian (SBZ12) of the Chenesht section in Iran by Hadi
et al. (2019a).

5. Discussion

5.1 Biostratigraphic interpretation

Two foraminiferal biozonal schemes have been established
based on data from the Tethyan province: 1) a biozonation
based on the genus Alveolina and composed of eight bio-
zones, were proposed by Hottinger (1960) for the Ilerdian
and Cuisian interval, 2) a biozonation based on shallow
large benthic foraminifera with Twenty zones (SBZ1-20)
have been proposed by Serra-Kiel et al. (1998) for the Pale-
ocene — Eocene interval. The stratigraphic distributions of
the Alveolina species described in the present study can be
characterized by taking into account their distributions given

Yarahmadzahi & Sinanoglu

by previous authors (Hottinger, 1960; Sirel, 1976a, 1976b;
Drobne, 1977; Rahaghi, 1983; Sameeni and Butt, 2004;
Vecchio et al., 2007; Erdem, 2008; Erdem et al., 2007; Er-
dem et al., 2016; Sirel and Acar, 2008; Drobne et al., 2011;
Deveciler, 2014; Sarkar, 2019; Papazzoni et al., 2017; Hadi
and Vahidnia, 2019; Hadi et al., 2019a; Hadi et al., 2019b;
Hadi et al., 2019c; Hadi et al., 2020a). Stratigraphic distri-
butions and assemblage of Alveolina species, identified in
the study area, are given in stratigraphic order (from older
to younger) according to their vertical positions in the bio-
zones of Hottinger (1960) and shallow benthic foraminifer
according to biozones of Serra-Kiel et al. (1998).

The upper part of the early Ilerdian is indicated by the Alve-
olina ellipsoidalis Zone of Hottinger (1960), which equiv-
alent to the shallow benthic zone (SBZ 6) of Serra-Kiel
et al. (1998). This interval is defined by pebbles containing
Alveolina ellipsoidalis Alveolina himalayensis A. aramaea.
In addition, in the study pebbles, Alveolina ellipsoidalis
is found associated with Alveolina erki, A. pisiformis, A.
kayserensis, A. globula, A. globosa, A. gambaensis.

The lower part of the middle Ilerdian corresponds to the
Alveolina moussoulensis Zone of Hottinger (1960) or the
shallow benthic zone (7) of Serra-Kiel et al. (1998). This
interval is represented by the first and the last occurrence of
Alveolina moussoulensis. In the studied area, Ghargharook
section, Alveolina moussoulensis, is found in pebbles asso-
ciated with A. ellipsoidalis, A. erki, A. gambaensis, A. glo-
bosa, A. globula, A. gr. guidonis, kayserensis, A. pisiformis,
A. rotundata kazancii, A. sakaryensis, A. subpyrenaica and
A. aff. tumida.

The upper part of the middle Ilerdian, described as the Alve-
olina corbarica Zone by Hottinger (1960) or the zone (SBZ
8) of shallow benthic by Serra-Kiel et al. (1998) is defined
by the first and the last occurrence of A. corbarica. In the
Ghargharook section, SBZ 8 is observed by pebbles con-
taining A. moussoulensis, A. aff. tumida, A. kayserensis and
A. gambaensis, A. ellipsoidalis, A. erki, A. globosa, A. glob-
ula, A. gr. guidonis, A. pisiformis, A. rotundata kazancii, A.
sakaryensis and A. subpyrenaica.

The late Ilerdian, is defined into the Alveolina trempina
Zone by Hottinger (1960) or the zone (SBZ 9) of shallow
benthic by Serra-Kiel et al. (1998). In the studied section,
the biostratigraphic range of A. trempina has not been rec-
ognized but it can be represented Alveolina canavarii.

by pebbles containing A. corbarica, A. ellipsoidalis, A. erki,
A. globosa, A. globula, A. gr. guidonis, A. pisiformis, A.
rotundata kazancii, A. sakaryensis and A. subpyrenaica A.
oblonga, A. dedolia taneri, A. cf. di-stefanoi, A. haymanaen-
sis, A. minuta, A. parva, A. reicheli, A. ruetimeyer and A.
schwageri.

The early Cuisian is defined as the Alveolina oblonga Zone
by Hottinger (1960) or the zone (10) of shallow benthic by
Serra-Kiel et al. (1998). In the Ghargharook section this
interval is represented by pebbles containing A. oblonga, A.
dedolia taneri, A. cf. di-stefanoi, A. haymanaensis, A. min-
uta, A. parva, A. reicheli, A. ruetimeyer and A. schwageri
and the last occurrence of A. cf. di-stefanoi, A. haymanaen-
sis and A. minuta. This interval also contains A. canavarii.
The middle Cuisian, defined as the Alveolina dainellii Zone
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by Hottinger (1960) or zone (11) of shallow benthic by
Serra-Kiel et al. (1998) is represented in the Ghargharook
section by pebbles containing A. cremae and A. archiachi
adamsi and A. canavarii, A. dedolia taneri, A. oblonga, A.
parva, A. reicheli, A. ruetimeyeri and A. schwageri.

The late Cuisian, described as the Alveolina violae Zone by
Hottinger (1960) or zone (12) of shallow benthic by Serra-
Kiel et al. (1998) is represented in the Ghargharook section
by pebbles containing of A. canavarii, A. cremae, A. erki, A.
dedolia taneri, A. oblonga, A. gr. parva, A. reicheli and A.
schwageri

5.2 Origin of carbonate pebbles of the study conglomer-
ate

In the eastern belt of Iran (or Sistan Suture Zone), Eocene
carbonate deposits have not been well studied, conse-
quently, the lithostratigraphic formations of this structural-
sedimentary zone have been named partially.

In recent years, some paleontological works, including
Moezi—Nasab et al. (2018), Hadi et al. (2019a), Hadi et
al. (2020a), Hadi et al. (2020b), and Gorgij and Mirzaei
(2019) have studied the foraminifera assemblages of this
structural zone and introduced three local formations Debil,
Zibro, and Panlang. It seems that the pebbles of the study
conglomerate in the Harmak section originated from these
formations.

6. Conclusion

The micropaleontological analysis and regional correlation
allow.

1- to characterize and described in the carbonate pebbles
of the Hormak conglomerate of the north Zahedan a rich
Alveolina fauna composed of 29 species and 3 subspecies.
This allows reliable dating and correlation of Alveolina
assemblages with those form other sections, both in Iran
and beyond.

2- that conglomerate pebbles containing Alveolina are
mostly originated from the local Zebro, Debil and Palang
formations of the northern parts of the Eastern Iran.

3- the Alveolina assemblages described in the present
article represent typical components for the SBZ 6
(lower Ilerdian) to SBZ 12 (late Cuisian) by comparing
the available biostratigraphic information coming from
reference sections of the Tethyan region.
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