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Abstract The larger benthic foraminifera Suraqalatia brasieri Gormus, Lawa & Nuaimy (type-locality: Maastrichti-
an Agra Formation of Iraq) is reported for the first time from the upper Maastrichtian Tarbur Formation of the Zagros
Fold-Thrust-Belt, SW Iran. It has originally been assigned to the Dicyclinidae Loeblich & Tappan. The complex exo-
skeleton and the test morphology (flat, low conical with annular-concentric chambers forming the main part) however
exclude its belonging to this family (discoidal, cyclical chambers biserially added, complex megalospheric embryo).
Herein we describe a new family, the Suragalatiidae. Suragalatia brasieri might represent a Maastrichtian endemic
taxon restricted to the Arabian Plate. Two species belonging to the genus Dicyclina Munier-Chalmas (D. sampoi
Cherchi & Schroeder and D. schlumbergeri Munier-Chalmas) are present in the Upper Cretaceous of Iran.
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INTRODUCTION

The Upper Cretaceous Tarbur Formation, named after the
village of Tarbur (Fars Province), and cropping out in the
SW Zagros basin, represents a predominantly carbonate
lithostratigraphic unit that contains rich microfauna and
microflora associated with rudists (James and Wynd,
1965). It extends from the northwest to the southeast of
the Zagros basin along the western edge of the imbricated
Zagros zone, between the main Zagros fault and the
Shabazan fault to the east (Alavi, 2004). Towards the
southwest the Tarbur Formation interfingers with the
Gurpi Formation, which usually underlies the former.

The Tarbur Formation is extraordinarily rich in larger
benthic foraminifera (LBF), among orbitoidids, siderolit-
ids, soritids, orbitolinids and others (Vaziri-Moghadam et
al., 2005; Afghah, 2009; Maghfouri-Moghaddam et al.,
2009; Rajabi et al., 2011; Abyat et al., 2012, 2015; Af-
ghah and Farhoudi, 2012; Pirbaluti and Abyat, 2013;
Pirbaluti et al., 2013; Afghah and Yaghmour, 2014;
Schlagintweit et al., 2016a, b). Among them are some
taxa that are palaeogeographically restricted to the Maas-
trichtian of the Arabian Plate (Schlagintweit and Rashidi,
2018). In the present paper the LBF Suraqalatia brasieri
Gormus, Lawa & Nuaimy, 2017 (type-locality: Maas-
trichtian Agra Formation of Iraq) is reported for the first
time from the upper Maastrichtian of the Tarbur For-
mation. Its original assignment to the Dicyclinidae is crit-
ically assessed along with remarks on the occurrence of
Dicyclina in the Upper Cretaceous of Iran.

STUDIED SECTIONS

The studied samples are from two sections of the Tarbur
Formation:

a) Mandegan section

The study area, located in the High Zagros Belt, is situat-
ed north of Mount Dena, about 65 km south of the town
of Semirom (Fig. 1).
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Fig. 1 Location map of the Naghan and Mandegan sections
(B: from google maps).
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The section of the Tarbur Formation is exposed about 10
km south of the village of Mandegan. Here the Tarbur
Formation with a thickness of ~272 m overlies conform-
ably the Gurpi Formation. The top of the section is un-
conformably overlain by conglomerates of the Pliocene
Bakhtiari Formation (see Bahrami, 2009, for details).
Based on the lithostratigraphy, the section has been sub-
divided into three units (from base to top): unit 1 is dom-
inated by thick-bedded limestones, unit 2 mostly contains
medium-bedded limestones with intercalated marly lime-
stone layers, and unit 3 consists of marly limestones. Su-
ragalatia brasieri Gérmus, Lawa & Nuaimy appears in
the lower part of unit 1, persisting until the boundary with
unit 2. Unlike several other taxa, it does not reach the
topmost parts of the Tarbur Formation (Fig. 2). The
Greenwich coordinates of the section base are N 31°, 25',
8.13"and E 51°, 24', 34.58".

b) Naghan section

The studied area in the folded Zagros belt is located ap-
proximately 50 km south-west of Naghan town near
Gandomkar village and is here named the Naghan section
(Fig. 1). At this locality, the Tarbur Formation uncon-
formably rests on the Gurpi Formation and is overlain by
the Paleocene Sachun Formation. Lithologically, the
Gurpi Formation consists of dark shales, grey calcareous
shales with planktonic foraminifera. The Sachun For-
mation consists of gypsum, red shales, anhydrite and
some layer of carbonates.

The thickness of the Tarbur Formation at the Naghan
section is about ~ 274 m. It is composed of medium to
thick—bedded grey limestone, shales and marls and can be
subdivided into five units

- unit 1 (99 m), red to yellow shales.

- unit 2 (61 m), medium- to thick-bedded grey limestones
with Loftusia and rudist debris (calcarenites to calciru-
dites).

- unit 3 (33 m), intercalation of grey shales and cream to
grey, medium- to thick-bedded limestones (calcilutites
and calcarenites).

- unit 4 (38 m), thick-bedded to massive, grey to cream-
coloured limestones containing broken rudist shells and
tests of Loftusia (calcarenites, calcilutites to calcirudites).
- unit 5 (~ 41.6 m), shales interbedded with medium- to
thick-bedded yellow limestones containing Loftusia
fragments.

Suragalatia brasieri Gérmus, Lawa & Nuaimy appears in
unit 4 reaching the middle part of unit 5 (see Schlagint-
weit et al., 2016a, fig. 4). The Greenwich coordinates of
the section base are N 31°47' 52" and E 50° 32' 53 "

SYSTEMATICS

The high-rank classification follows Pawlowski et al.
(2013). For the low-rank classification see Kaminski
(2014). For a glossary of terms, see Hottinger (2006).

Phylum Foraminifera d”Orbigny, 1826

Class Globothalamea Pawlowski et al., 2013

Order Loftusiida Kaminski & Mikhalevich, 2004
Suborder Loftusiina Kaminski & Mikhalevich, 2004
Superfamily Loftusoidea Brady, 1884

Family Suragalatiidae Schlagintweit & Rashidi n. fam.
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Diagnosis: Test low-conical to almost flat with a reduced
probably low trochospiral stage followed by an uncoiled
main part with annular chambers. Marginal part of cham-
bers with exoskeleton consisting of series of fine beams
and rafters, covered externally by a thin epiderm. The
exoskeleton forms a dense polygonal subepidermal net-
work becoming coarser towards the chamber interior. The
inner part of the chambers is undivided (no endoskele-
ton). Test wall agglutinating. Foramina multiple.
Remarks. Discussing the suprageneric position, the ge-
nus Suragalatia was placed in the family Dicyclinidae
Munier-Chalmas by Gormis et al. (2017). The authors (p.
365) also state that "dicyclinid forms include a tiny pro-
loculus™ contrasting other forms such as Orbitopsella or
Orbitolina. This statement is incorrect and does not take
into account the results of Cherchi & Schroeder (1990a,
b) as will be shown later in the text (see chapter on Dicy-
clina). Loeblich and Tappan (1987) and Kaminski (2014)
separated two families, the Cuneolinidae Saidova (genera
with conical, compressed or not, to flabelliform tests:
Cuneolina, Palaeolituonella, Pseudotextulariella, Ver-
corsella) and the Dicyclinidae Loeblich & Tappan (genus
with cyclic chambers: Dicyclina). According to the
emendation of Arriaga et al. (2016, p. 19), the Cuneolini-
dae Saidova are considered a synonym of Dicyclinidae,
"because the differences in test shape of the adult forms
are not considered a criterion sufficient to erect two sepa-
rate families. The family is characterized by biserial ar-
rangement of the chambers, reticular subepidermal net-
work, and absence of an endoskeleton”. The chamber
arrangement in Suragalatia is not biserial as in the Dicy-
clinidae and instead is cyclical-concentric, thereby ex-
cluding its belonging to the Dicyclinidae. Note that for
genera that share the same type of exoskeleton covered
by the epiderm (forming a polygonal subepidermal net-
work), differences in the chamber arrangement are con-
sidered a suprageneric criterion: "planispiral to uncoiled,
peneropliform or cyclical (Spirocyclinidae); biserial (Di-
cyclinidae); low trochospiral (Dictyopsellidae)" (Albrich
et al., 2015, p. 265). Representatives of the Spirocyclini-
dae with cyclic (ring-shaped) chambers have a discoidal
flattened test; in the Suragalatiidae test is low-conical
with annular (ring-shaped) chambers. The early growth
stage of the Spirocyclinidae displays planispirally ar-
ranged chambers. Concerning the exoskeleton, the com-
parably long (primary) beams protruding widely into the
chamber lumen of Suragalatia are worth mentioning. For
the moment being the Suraqgalatiidae only include the
name-giving genus Suragalatia Gormiis, Lawa & Al
Nuaimy, 2017. The inadequate knowledge on the initial
part of Suraqalatia respectively the megalospheric em-
bryo, and the distributional pattern of the multiple foram-
ina hinders a further specification in the family diagnosis
for the time being.

Genus Suragalatia Gérmiis, Lawa & Al Nuaimy, 2017
Suragalatia brasieri Gérmiis, Lawa & Al Nuaimy, 2017
(Figs. 3-5)

2008 Pseudorbitolina cf. marthae Douvillé — Al-Kubaysi,
figs. 2-12 (Maastrichtian Agra Formation of Iraq).

2016 Pseudorbitolina marthae Douvillé — Al-Kubaysi
and Abid, figs. 6-1 to 6-3 (Maastrichtian Agra Formation
of Iraq).



Suraqalatia brasieri Gérmus, Lawa & Nuaimy, 2017 from Zagros fold-thrust-belt

enejebeins + so}I/0413pIS
snjaAoojeydw

(5961 puApn) auozoiq snjafaojeydwQ - eisnyo]

sa}1j04apIS
+ S9pPI0}IqIO

npoubiq elueyyjeqoaN
———
eJajijjown|od eulijnuo20.4As
T —————
‘dss eisnjjoq
-

sniodouosew snjafaojeydw

LIdISelq eljejebeinS

saprodes31o[ed s9}1j0I0pPIS I
eipaw "16 SaPIO0}IQIO M

£
T € lun g1t un I 31 un
ks S|g
<l ozi-soL | | LL-02
% sojdwes-1 Yy m. @ = .
- !l =1
) HiH | =
o H 2 ~-~ 1 [13E ] A M FW M
o=
e (102 ol 1] 123 = —] N — | &
co l S -
9 ! 3® l ® l
.-O\~ 1 (3] — A 1™ 1
uoljewlo4 inq.iej w Q¢
uelnyouiseeN : ‘D
snoadelal) ajeT

Fig. 2 Distribution (total vertical range) of Suraqalatia brasieri Gérmiis, Lawa & Al Nuaimy and some other larger benthic

foraminifera in the Tarbur Formation of the Mandegan section.
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Fig. 3 Suragalatia brasieri Gormiig, Lawa & Al Nuaimy, upper Maastrichtian Tarbur Formation of Mandegan (a, c)
and Naghan sections (b, d, f); oblique, partly tangential sections. e development of annular chambers (in grey) in
some orbitolinids (modified from Douglass, 1960, fig. 21) and two sections (X—X' and Y-Y') comparable to those
illustrated in a—d, and f. Abbreviations: b = beam, ch = chamber, ib = intercalary beam, s = septum, sn = subepider-
mal network. Thin-sections: Rt 63 (a), 2NG 183 (b), Rt 36 (c), 2NG 146 (d), 2NG 169 (f).
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Fig. 4 Suraqalatia brasieri Gormiis, Lawa & Al Nuaimy, upper Maastrichtian Tarbur Formation of Mandegan (a,
e) and Naghan sections (b—d, f); oblique, partly tangential sections. Abbreviations: D = Dicyclina, L = Loftusia, N
= Neobalkhania, O = Omphalocyclus. Scale bars =1 mm. Thin-sections: Rt 63 (a), 2NG 183 (b), Rt 36 (c), 2NG

146 (d), 2NG 169 (f).

2016a Loftusia sp. — Schlagintweit et al., fig. 12b
(Maastrichtian Tarbur Formation of Iran).

*2017 Suragalatia brasieri n.gen., n. sp. — Goérmds et al.,
p. 2, figs. 3-5 (Maastrichtian Agra Formation of Iraq).

Remarks. The specimens from the Tarbur Formation
shown here only comprise tangential and oblique sec-
tions, whereas the original description of the Iraqi materi-
al was based on both thin-sections and isolated speci-
mens. Therefore we refrain from a detailed description of
the Iranian sections instead commenting the one given by
Gormis et al. (2017) thereby referring to their figures in
the following. The specimens from the weathered rock
surface (e.g. Figs. 3/7a, 4/9 to 4/11) viewed from above

and from the side (Fig. 3/6e) as well as the equatorial
section shown in Fig. 4b of Gormiis et al. (2017) display
its test morphology. Accordingly, Suragalatia brasieri
displays a low conical, mostly conico-concave test, some-
times irregularly bent, displaying annular (ring-shaped)
chambers. Sometimes the tests also display a bending
upwards of the final chambers. Note that such "reflexed
convex forms" are recorded from some orbitolinids (e.g.,
Douglass, 1960, figs. 17, 21). The maximum test diame-
ter of the Iragian specimens was indicated as up to 7 cm
and up to 60 chambers. The sections from Iran not affect-
ing complete tests attain a size of up to 2.2 cm (~ half
size of an incomplete specimen amounting for a total of
~4.4 cm). Whether or not the mentioned test irregularities
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reflect any kind of dimorphism is unknown but appears
unlikely as no two typical morphologies, e.g., differing
by their apical angles, occur. The initial part is poorly
documented. No megalospheric embryo has been illus-
trated by Gormiis et al. (2017). The isolated specimens
display a pustular apex (Fig. 4/10). The annular chambers
making up the main test part are subdivided marginally
by beams (primary and intercalary) and rafters forming a
polygonal subepidermal network. The latter becomes
coarser towards the chamber interior. Externally it is cov-
ered by a thin epiderm (about 15 pm in thickness) (Fig. 5
this work).

Fig. 5 Suragalatia brasieri Gérmiis, Lawa & Al Nuaimy, upper
Maastrichtian Tarbur Formation of Mandegan section. Detailed
view showing wall structure and exoskeleton (subepideremal
network). Abbreviations: b = beam, ep = epiderm, f = foramen,
s = septum. Thin-section Rt 63.

In some sections of Gormiis et al. (2017, figs. 4/1a, 5/8) it
appears that the main partitions are aligned in successive
chambers. The interior part of the chambers does not
show any structural elements (endoskeleton) (e.g., trans-
verse section of Gormiis et al., 2017, fig. 3/4b, 3/12a, or
Fig. 3b this work). Concerning the foramina, the infor-
mation in the original description is not concrete, stating
"apertures are numerous and lie in the epidermal parts at
the edges of the test" (op. cit., p. 365). Some tiny forami-
na have been observed alternating with the beams (Fig.
5). Summarizing, there is still a lack of knowledge con-
cerning the initial part, and the foramina that are multiple
but of unknown distributional pattern.

Microfacies. In the Tarbur Formation Suraqalatia brasi-
eri was observed in wackestones/floatstones displaying
variable amount of fine siliciclastic input. Besides rudist
debris it is associated with other larger benthic foraminif-
era, common with Loftusia sp., Omphalocyclus
macroporus (Lamarck), and Dicyclina schlumbergeri
Munier-Chalmas, more rarely with Neobalkhania bignoti
Cherchi, Radoi¢i¢ & Schroeder, Persiella pseudolituus
Schlagintweit & Rashidi and Dictyoconus bakhtiar.
Schlagintweit, Rashidi & Babadipour. Besides some thal-
li of Salpingoporella pasmanica Radoi¢i¢, the paucity of
calcareous algae is worth mentioning in the samples con-
taining S. brasieri.

Occurrences and stratigraphy. Iraq: lower part of the
Agra Formation, Maastrichtian (GOormiis et al., 2017).
Iran: upper Maastrichtian Tarbur Formation (see
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Schlagintweit et al., 2016b). Gormiis et al. (2017, p. 365)
noted the co-occurrence of Dicyclina and Loftusia with
Suragalatia. Due to the sole occurrence of the latter two
taxa in the Maastrichtian of southeastern Turkey the au-
thors state that the latter might extend in its distribution
towards this area. If so this would imply the occurrence
within the whole distributional area of Loftusia (see Fleu-
ry et al., 1990). As S. brasieri represents a taxon that can
hardly be overlooked and that has not been illustrated
elsewhere in the literature such an assumption remains
just speculative and by no means proven. Last but not
least, it should be mentioned that within the Tarbur For-
mation, S. brasieri has been observed in the two northern
sections (Naghan and Mandegan sections) but not in the
southern locality (?deeper environment) that we studied
(Fasa section, see Schlagintweit et al., 2016b). Therefore
it might be restricted to the middle and upper region of
the Tarbur Formation within the Zagros Zone.

REMARKS ON DICYCLINA MUNIER-CHALMAS,
1887, FROM THE UPPER CRETACEOUS OF IRAN

The genus Dicyclina Munier-Chalmas (Albian? Cenoma-
nian-Maastrichtian) is represented by three species: the
type-species D. schlumbergeri Munier-Chalmas, 1887
(Coniacian-Santonian of S-France), D. simplex Cherchi &
Schroeder, 1990a (Middle Cenomanian of France), and
D. sampoi Cherchi & Schroeder, 1990b (Cenomanian of
Iran). These differ in the complexity of the embryo as an
essential criterion, the chamber shape in axial sections,
and the wall structure. Concerning the latter aspect, the
European taxa (D. schlumbergeri and D. simplex) possess
an agglutinated-keriothecal wall, lacking in the Middle
East D. sampoi. As has been pointed out by Cherchi &
Schroeder (1990b, p. 210), however, this might be due to
a disappearance by diagenetic processes. The differences
of the three species are mainly due to the size, position
and complexity of their megalospheric embryonic appa-
ratuses (Cherchi & Schroeder 1990a, b, for details). For
the two species occurring in the Upper Cretaceous of
Iran, D. sampoi (Cenomanian of Sarvak Fm.; Fig. 6) and
D. schlumbergeri (Maastrichtian Tarbur Fm.; Fig. 7), the
difference mainly refers to the complexity of the embry-
onic apparatus. D. sampoi exhibits an irregularly ellipsoi-
dal embryo with a complex supra- and subembryonic
zone composed of main and intercalary partitions. The
diameter of the embryonic apparatus of the specimen
(slightly oblique axial section) shown in Figure 6 is 1.5
mm (Cherchi & Schroeder, 1990b: up to 0.86 mm). The
connection between the embryonic and post-embryonic
chambers has not been evidenced in the original descrip-
tion. It is represented by pores (foramina) with a diameter
of ~0.045 mm situated between the supra- and subembry-
onic zones. The protoconch has a diameter of ~1.2 mm
and a height of ~0.55 mm. Dicyclina sampoi was de-
scribed by Cherchi & Schroeder (1990b) from the mid-
dle-upper Cenomanian Sarvak Formation of the Zagros
Range. From this formation it was erroneously reported
in recent years as Dicyclina schlumbergeri Munier-
Chalmas (Afghah & Fadaei, 2014; Omvidar et al., 2014;
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Fig. 6 Dicyclina sampoi Cherchi & Schroeder, from the Ceno-
manian of the Sarvak Formation, Zagros Zone, SW Iran, slight-
ly oblique axial section (from Omidvar et al., 2014, fig. 3.10 as
Dicyclina schlumbergeri). Megalospheric specimen showing
embryonic apparatus and bilateral symmetric pores (foramina)
enabling the communication with the first cyclic post-
embryonic chamber. These are located between the supra- (up-
per; in yellow) and subembryonic zones (below; in red) (ar-
rows). Both zones are subdivided by primary (b = beams) and
secondary partitions (ib = intercalary beams).

Toulabi & Roozbahani, 2015; Rikhtegarzadeh et al.,
2016). Dicyclina schlumbergeri illustrated by Afghah et
al. (2014, fig. 11F) from the Early-Middle Cenomanian of
the Sarvak Formation belongs to Cuneolina sp.

The protoconch of D. schlumbergeri as depicted in equa-
torial section has a diameter of ~0.9 mm. It displays an
irregular ellipsoidal to kidney-shaped outline (Fig. 7a-b).
There are only main partitions projecting into the embry-
onic chamber. The total diameter of the embryonic appa-
ratus is 0.5 to 0.8 mm (Cherchi & Schroeder, 1990a:
0.65-0.95 mm). Dicyclina schlumbergeri is rather com-
mon in the Tarbur Formation and present throughout a
comparably wide vertical range in the studied sections.
The microfacies corresponds to wackestones and float-
stones with larger benthic foraminifera, dasycladalean
algae, and rudists. Dicyclina schlumbergeri was also re-
ported from the Coniacian-Campanian llam Formation
(e.g., James and Wynd, 1965; Omidvar et al., 2014). It is
worth mentioning that from the Lower Cretaceous Taft
Formation of Central Iran a "Glomospira urgoniana-
Dicyclina schlumbergeri biozone" was established by
Babazadeh & Dehej (2015). The illustrated specimens on
Figure 6i-k in fact belong to Balkhania balkhanica
Mamontova, as do those shown in Figure 6q-r as Pseudo-
choffatella cuvillieri. The specimen illustrated as D.
schlumbergeri by Sari et al. (2009, pl. 3, fig. 8) from a
reworked Upper Cretaceous succession from Turkey be-
longs to D. simplex Cherchi & Schroeder due to the struc-
ture and size of its embryo. With this respect the range of
D. schlumbergeri as Middle Cenomanian to Coniacian
(Sari et al., 2009, fig. 17) remains unproven. In fact, the
available data much more suggest that Dicyclina schlum-
bergeri represents a taxon with a Coniacian to Maas-
trichtian stratigraphic range (e.g., Gendrot, 1968; Cherchi
& Schroeder, 1990a, b; Veli¢ 2007, Boix et al., 2011; this
work).
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