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Upper Eocene-Oligocene larger Foraminifera
from the westernmost Tethys (Prebetic Range, SE Iberia).
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Abstract: The study of upper Eocene-Oligocene larger foraminiferal assemblages in two sections of
the Prebetic Range in south-eastern Iberia (Ibi and La Font Roja sections) revealed a rich diversity, in-
cluding species previously known only from the Central Tethys, such as the Eocene Neorhipidionina cf.
spiralis, and the Oligocene Pfendericonus globulus, Austrotrillina howchini, Idalina pignattii, and Archa-
ias sp., as well as endemic forms such as Peneroplis peramplus, Spirolinella emmae, and Borelis sp. 1.
The continuous record of Austrotrillina (Rupelian-Chattian) and Risananeiza (upper Chattian) showed
evolutionary trends and allowed for a systematic revision. Austrotrillina asmariensis, A. striata, and A.
brunni are considered morphotypes of a single species, A. striata, evolving anagenetically from the
lower Rupelian A. paucialveolata, which originated from the Eocene A. eocaenica. The two known
species of Risananeiza, R. crassaparies and R. pustulosa, were identified for the first time within the
same stratigraphic section. They represent successive stages of an anagenetic species throughout the
upper Chattian. The biostratigraphic results provide an improved characterization of Shallow Benthic
zones SB 21 to 23 in the westernmost Tethys and allow the subdivision of SB 23 (upper Chattian) into
two sub-biozones, 23A and 23B, based on the stratigraphic ranges of miogypsinids (Miogypsinella spp.,
Postmiogypsinella intermedia) and Risananeiza. The Priabonian-Chattian Neorotalia burdigalensis also
exhibits evolutionary trends with potential biostratigraphic relevance. Overall, the biostratigraphic data
obtained indicate diachronous, parallel evolution and extinction in several genera, improving our un-
derstanding of diversity patterns and migration pathways in Oligocene larger Foraminifera.
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Résumé : Grands foraminiféres de I'Eocéne supérieur-Oligocéne de la Téthys occidentale (Pré-
bétique, sud-est de la péninsule ibérique). Révision des genres Austrotrillina et Risana-
neiza.- L'étude des assemblages de grands foraminiféres de I'Eocéne supérieur-Oligocéne dans deux
coupes de la chaine prébétique du sud-est de la péninsule Ibérique (coupes d'Ibi et de La Font Roja) a
révelé une riche diversité, incluant des espéces auparavant connues uniquement de la Téthys centrale,
telles que Neorhipidionina cf. spiralis de I'Eocéne, et Pfendericonus globulus, Austrotrillina howchini,
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Idalina pignattii et Archaias sp. de I'Oligocene, ainsi que des formes endémiques comme Peneroplis
peramplus, Spirolinella emmae et Borelis sp. 1. La présence continue d'Austrotrillina (Rupélien-Chat-
tien) et de Risananeiza (Chattien supérieur) a mis en évidence des tendances évolutives et a permis
une révision systématique. Austrotrillina asmariensis, A. striata et A. brunni sont considérées comme
des morphotypes d'une seule espéce, A. striata, ayant évolué de maniére anagénétique a partir d'A.
paucialveolata (Rupélien inférieur), elle-méme issue d'A. eocaenica (Eocéne). Les deux espéces con-
nues de Risananeiza, R. crassaparies et R. pustulosa, ont été identifiées pour la premiére fois dans la
méme coupe stratigraphique. Elles représentent des stades successifs d'une espéce anagénétique tout
au long du Chattien supérieur. Les résultats biostratigraphiques permettent une meilleure caractérisa-
tion des zones benthiques de faible profondeur SB 21 a 23 dans la Téthys occidentale et la subdivision
de SB 23 (Chattien supérieur) en deux sous-biozones, 23A et 23B, en fonction de la répartition strati-
graphique des miogypsinidés (Miogypsinella spp., Postmiogypsinella intermedia) et de Risananeiza. La
Neorotalia burdigalensis (Priabonien-Chattien) présente également des tendances évolutives potentiel-
lement pertinentes sur le plan biostratigraphique. Globalement, les données biostratigraphiques ob-
tenues indiquent une évolution diachronique et paralléle, ainsi que des extinctions chez plusieurs gen-
res, ce qui contribue a une meilleure compréhension des schémas de diversité et des voies de migra-

tion chez les grands foraminiféres de I'Oligocéne.
Motsclefs :

e Rupélien ;

 Chattien ;

« Priabonien ;

- zones benthiques de faible profondeur ;

« Borelis ;

» Neorotalia ;

- Pfendericonus

1. Introduction

The late Eocene-Oligocene was characterised
by major climatic and palaeoceanographic changes,
marking the end of the Eocene's warm conditions
and the onset of the cooler and more seasonal cli-
mate of the Oligocene (e.g., BERGGREN & PROTHERO,
1992; ZAcHos et al., 2001; PALIKE et al., 2006; Liu
et al., 2009; JovaNnEe et al., 2009). These environ-
mental changes led to a progressive decline in
larger foraminiferal diversity, most evident in the
Mediterranean region, and the extinction of major
groups that had flourished during the early and
middle Eocene, including Alveolina, orthophrag-
mines (Discocyclinidae and Orbitoclypeidae), and
most lineages of Nummulites.

In the Western Tethys, the reduced diversity
of larger Foraminifera during the late Eocene-
early Oligocene is further compounded by a
scarce and discontinuous geological record. For
example, the Pyrenean foreland basin (Ebro
Basin), which was very rich in larger Foraminifera
during the early and middle Eocene, lost its con-
nection with the Atlantic Ocean in the middle Pri-
abonian and became endorheic (RiBA et al., 1983;
GARCEs et al., 2020). Consequently, the late Pri-
abonian and Oligocene were characterized by en-
dorheic deposition, dominated by alluvial, la-
custrine, and palustrine successions, including
evaporites, carbonates, and siliciclastics. In the
Helvetic Alps, the Priabonian record of larger Fo-
raminifera is mainly represented by limestones
with hyaline species from relatively deep facies
(heterosteginids and orthophragmines), overlain
by the deeper-water Globigerina marls (e.g., FER-
RANDEZ-CARNADELL et al., 2023b). A large part of the
marine Oligocene deposits from the Western
Tethys were either eroded or deformed by tecton-
ic processes, during or after deposition, as noted
by HOTTINGER (1963) for the Betics. A classical Oli-

gocene section in northern Spain, San Vicente de
la Barquera (Heck & DROOGER, 1984), consists of
turbiditic deposits where lepidocyclinids and num-
mulitids occur together with reworked Eocene
nummulitids and orthophragminids, as well as a
few Lower Cretaceous orbitolinids (FERRANDEZ-CA-
NADELL et al., 1999).

Oligocene larger Foraminifera have been ex-
tensively studied in the Central Tethys (Iran,
Irag, Oman, Yemen, eastern Turkey; e.g., HEN-
SON, 1936, 1937, 1950; Smout & EAMES, 1958;
Abams, 1968; SIreL, 2003; Gebik, 2008, 2014,
2015; Ozcan & Less, 2009; Ozcan et al., 2009a,
2010a, 2010b; Isik, 2010; Isik & HAakYEMEZ, 2011;
SIREL et al., 2013, 2020a, 2020b; SERRA-KIEL et
al., 2016). In contrast, studies from the Western
Tethys (Mediterranean region-western and central
Turkey) are fewer and more limited, particularly
regarding shallow-water facies with porcellaneous
larger Foraminifera. These facies have only been
reported from Malta (FeLix, 1973; BRANDANO et al.,
2009), Italy (PiGNATTI, 1995; Basst et al., 2007),
Mallorca (CoLom, 1929, 1935), and SE Spain (Di-
DON et al., 1961; HOTTINGER, 1963), or are re-
stricted to the nearly monospecific 'Archiacina
beds' in the Paris Basin (ALIMEN & Lucas, 1945),
Aquitaine (SzTrRAKOS & STEURBAUT, 2017), Transyl-
vania (BomsrTa, 1980), and Mallorca (CoLom, 1957).
HOTTINGER (1963), SIREL (1997), and BassI et al.
(2007) emphasised the scarcity of shallow-water
carbonate facies in the Western Tethys ("virtually
absent", SIReL, 1997, p. 167).

The global reduction in larger Foraminifera
diversity, together with the poor geological record
of shallow-platform facies in the Western Tethys,
makes Priabonian-Oligocene biozonation particu-
larly challenging. Biostratigraphic correlation is
further complicated by multiple migration epi-
sodes involving several groups (e.g., ROBINSON,
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Figure 1: Geographical and geological setting of the study area. A) Location of the study area (star) in the eastern
part of the Prebetic domain within the Betic Cordillera of the Iberian Peninsula. B) Geological map of the study area
showing the location of the two sections studied along roadcuts: Ibi and La Font Roja. This map is an adapted ver-
sion derived from the geological maps by ALMELA et al. (1973), MARTINEZ DEL OLMO & BENZAQUEN (1973), MARTINEZ et
al. (1977), and COLODRON et al. (1980), updated from data from GEEL (1995) and this study. C) Panoramic view of
the lower and middle parts of the Ibi section, showing the boundaries between the Priabonian, Rupelian, and Chat-
tian stages based on the biostratigraphic analysis conducted in the present study. D) Outcrop view of the upper
Chattian succession at La Font Roja section.

1996; RENEMA, 2002, 2007; HARZHAUSER & PILLER,
2007; BOUDAGHER-FADEL & PRice, 2013; HOTTINGER,
2014; BENEDeTTI et al., 2018; SARFI & YAzDI-
MoGHADAM, 2024; and references therein). These
limitations in the geological and fossil record have
led to the assumption that diversity in the West-
ern Tethys during the Priabonian and Oligocene

was lower compared to the Central Tethys (e.g.,
Bassi et al., 2007; Dimou et al., 2024). Bassi et
al. (2007) further suggesting a gradual reduction
in porcellaneous species diversity in the Central-
Western Tethys from south-east to north-west.

In this study, we report a rather complete suc-
cession of Eocene-Oligocene age (Priabonian-up-
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per Chattian) from the Prebetic Range (Figs. 1-2),
representing shallow-water platform carbonates
developed along the south-eastern coast of the
Iberian Peninsula. These deposits contain rich as-
semblages of both hyaline and porcellaneous larg-
er Foraminifera, unique in the Western Tethys, of-
fering new insights into the diversity and palaeo-
biogeography of these organisms during the Oli-
gocene. Furthermore, the continuous record
throughout the Oligocene enables a detailed anal-
ysis of morphological variation and evolutionary
trends in several genera, particularly Austrotril-
lina, Risananeiza, and Neorotalia. These findings
provide valuable contributions to biozonation and
biostratigraphic correlation, as well as to the in-
terpretation of palaeobiogeographic diversity and
migration patterns.

2. Geological setting

The Betic Cordillera in southeastern Spain
forms part of the Western Mediterranean Alpine
belt. It is subdivided into an External Zone and an
Internal Zone, corresponding respectively to the
former passive southern margin of Iberia and a
stack of allochthonous nappe complexes (GARciA-
HERNANDEZ et al., 1980; GEeL & ROEP, 1999; VERA,
2000). The External Prebetic Domain occupies the
northern part of the Prebetic Zone, in a proximal
position relative to the southeastern Iberian mar-
gin, and consists mainly of platform carbonates,
which were periodically interrupted by detrital
inputs. On the other hand, the Internal Prebetic is
characterised by hemipelagic deposits including tur-
bidites (MARTIN-CHIVELET & CHACON, 2007; HONTZzSCH
et al., 2013). The studied sections record a ~500
m-thick succession of shallow-platform limestones
belonging to the External Prebetic, located near
the town of Ibi (Fig. 1).

Deposition of upper Eocene-Oligocene deposits
in the Prebetic Domain was influenced by the
Alpine tectonic activity. Initially, the southern
Iberian margin acted as a passive margin, later
undergoing an extensional phase before evolving
into a thrust-and-fold belt during the Betic oroge-
ny and the opening of the Gulf of Valéncia in the
late Oligocene-Miocene (Azema, 1977; Roca & DEe-
SEGAULX, 1992; VEGAs, 1992; GeeL, 1995). Con-
sequently, Paleogene palaeogeography and sedi-
mentation in this region were complex and vari-
able (MARTIN-MARTIN et al., 2021).

There is no consensus among authors regard-
ing the age of the post-Eocene deposits. In
particular, the younger shallow-water limestone
beds in the Ibi and surrounding areas were initially
interpreted as Aquitanian-Burdigalian (ALMELA et
al., 1973; MaRTINEZ DEL OLMO & BENZAQUEN, 1973;
MARTINEZ et al., 1977; COLODRON et al., 1980), and
later reassigned to the Burdigalian (GEeL, 1995)
or even to the middle Oligocene (GEeeL, 2000). It
should be noted, however, that the chronostrati-
graphic meaning of these stratigraphic units has
varied over time.

The Oligocene larger Foraminifera from the
Prebetic of Alacant have been previously studied
by HoOTTINGER (1963), Azema et al. (1969), GEEL
(1995, 2000), HONTzscH et al. (2013), BOVER-
ARNAL et al. (2017), FERRANDEZ-CANADELL and BOVER-
ARNAL (2017), FALCES-DELGADO and GIANNETTI (2023),
and FERRANDEZ-CANADELL (2024). The pioneering
work by HOTTINGER (1963) revealed an association
of porcellaneous forms ("Calcaires a Pénéroplidés
de Moratalla"), which he compared to those from
the Middle East reported by Henson (1950) and
interpreted as late Oligocene in age, based on
previous data on molluscs in DURAND DELGA and
MAGNE (1958). Later studies by Azema et al. (1969),
GEeL (1995, 2000), and HONTzscH et al. (2013)
identified larger Foraminifera only at the group or
generic level, providing a basic biostratigraphy
(supplemented by planktic foraminiferal data in
GeeL, 1995) and focusing on major stratigraphic
sequences and their relation with tectonic evolution
and climatic changes. FERRANDEZ-CANADELL and
BOVER-ARNAL (2017) studied larger Foraminifera
from the easternmost Prebetic (Benitatxell Range)
and identified a characteristic upper Chattian (SB
23) assemblage containing both porcellaneous
and hyaline species. The study by FALCES-DELGADO
and GIANNETTI (2023), which focused on the pa-
laeoecology of Kuphus, reported an upper Ru-
pelian (SB 22A) association of larger Foraminifera
from Serra de I'Arguenya, located on the southern
flank of the Diapiric Anticline of the Saix-Castalla-
Ibi subunit (MaArTINEZ et al., 1977), approximately
20 km ESE of Ibi.

The Ibi section (Els Molins ravine, north of Ibi
town; Fig. 1) preserves a long record of Palaeo-
gene deposits, ranging from the middle Cuisian,
Shallow Benthic zone (SB) 11 (MARTIN-MARTIN et
al., 2025; MicLAus et al., 2025), to the late Chat-
tian (SB 23). The Oligocene record of the Ibi sec-
tion was previously studied by GeeL (1995, 2000),
who interpreted the facies as back-reef deposits
and recognised four Oligocene sedimentary
cycles, O1 to O4. Based on the larger Foraminife-
ra assemblages (identified at the group or genus
level), together with regional correlations and
planktic foraminiferal data, GeeL (1995) assigned
the ages of these cycles as lower Rupelian (P18-
19-20, cycles 01 and 02), upper Rupelian to
lower Chattian (P21, cycle O3), and upper Chat-
tian (P22, Cycle 04). In a later paper, GEEL
(2000) revised this interpretation and considered
all these cycles to represent the lower and middle
Oligocene. Similarly, HoNTzscH et al. (2013) used
foraminiferal assemblages, recognised at the level
of group or genus, to develop a depositional
model for the Prebetic Paleogene platform, high-
lighting the influence of climate changes and tec-
tonics. These earlier studies focused primarily on
the sedimentary evolution of the area and did not
address the systematics of the Foraminifera at
the species level. Consequently, they do not pro-
vide information on species diversity. Their bios-
tratigraphic frameworks are based on the first

242



@ Carnets Geol. 26 (12)

~ Ibi Section La Font Roja Section (FR)
S| o
| SAMPLES SAMPLES
w 260 g= = .3 -_ AA-5 § )
z I - AA4  Ibi-12 g2
Q
3 ] - 1bi-13 Ibi-17 — | = -23- -
= 250 - IBi-1 250 - - FE_%%DE&SA 30
B Ibi-14 = - FR-119 FR-20
& Ibi-15 - FR-118 ER.Y9
#p——= - AA3 Ibir10 = |- ERI8
[ —— ) |- AA2 H;J)E:B 1bi-20 = —  SA2b
230 - SAs7 - = -  FR-16
= Ibi-11 - SA-28
220 - 3 220 = FER-117
— — |-
————— - SA-67 "
§lv = |: Ibi-49 - FR14
5 = &i.gg DHeE - RS
— —— | R0
woll——= | = SA64 |47 190 — |C FR-108
SA-63 — - FR-107
= Ibi-46
- FR-
180g——— - SA-82 180 B R. 1g6
== - — FR-105
o |- saeq P45 - = FR-104
. C o -= B
-  SA-60 —|= FR-101 FR-12
160 = SA59 a4 160, ~  ERA00
= - %% e ]
= = [B==) - FR-99
% 150 - SA-57 Ib3_42 ] 150 = FR98 p g
w = SA-56 Ibi-41, Ibi-7 —~| = FR-97 FR-96
o = Ibi-40, Ibi-1, Ibi-6 _ |- FR95
o® 140g——— = SA-55 140 — | - FR-94
2 [—— ) |- sSA®54 w —=—|Z FR#83 1
o z ) |= Froz FR10
ol |- Ibi-5 88|10
- SA-53 3|8 - FRO1
i - Ibi-44 =1L -  FR9
Z sas2 iz MN23 2 - FR90
= |- MN-22 —— |- FR-89
c | 1ofl—— = MN-20 mmf; 11of—— —  FR-88
o = MN-18 3 - FR-87
3 - MN-18A = FRrgs FRS
=S - MN-17
& - MN-16 L =z B8
- :biqgg MN-15 VN —— — | ERE3
= PUYMNA3 o — = ERg2
- . MN-11 - . —  FR-80
= Ibi-128 MN-10 = FR-7
= s = B
= bizr Mg oS 0 _ o
g & |-~
= B .
= oo NRET TS 70 - FR-6
= ibi-124
- Ibi-123 —  FR-75
Ibi-122 G
- lbi- - FR-5
= ibi-121 -
~ adop o= - FR-74
- Ibi-119 = FR73 o,
- Ibi-118 = FR72 gy
N
= - Ibi-17 o0 — |- ERES
- Ibi-116 ——) -  ER68
= B3 1hi19a aoll = FRST fr3
c = 1bi-113 1bi-113A
s = Ibi-112 - 5
Z|c Ibi-111 FR-66
s = bie110 " . = FR.2
ik Ibi-109 o
oz = 5 i
S = 2 peozibcios . - PR
= bic _ g
= Ibi-101 Ibi-102 == |= FR62 rpgy
o I - Ibi-100 omlnasd  |Z FR-6D
[ ] Limestone [ Marl/Clay/Silt - Undulated Subaerial Sampled
[ Marly limestone [ Sandstone ~——— bedding unconformity ayer

Figure 2: Stratigraphic logs of the studied sections and stratigraphic positions of the samples collected. See Fig. 1
for the location of the sections.
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Preliminary results of the present study were
given in two congress abstracts (GRANERO et al.,
2020, 2022), and in FERRANDEZ-CANADELL (2024), a
paper focused on two early Rupelian new species

perhaps endemic to the Prebetic domain.
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Figure 3: Stratigraphic logs studied, A) Ibi section and B) La Font Roja section, showing textures and qualitative
abundances of skeletal and non-skeletal components. See Fig. 1 for the geographical location of the studied sections.

occurrences and co-occurrences of genera. In this

‘ @ Facies-characteristic component O Common component or bioturbation structures X Rare component

define an 'upper lower Oligocene', a 'middle Oli-
gocene', and an 'upper Oligocene', respectively.

regard, GeeL (2000) used the first occurrences of
Nephrolepidina, Eulepidina, and Miogypsinoides to



3. Materials and methods

The studied specimens were documented from
over 6,000 microphotographs taken from 385 thin
sections of 212 limestone samples, collected
along nearly 500 m of stratigraphic section (Fig.
2). Most of the Foraminifera were, therefore,
studied in unoriented and non-centred sections.
Consequently, the measurements reported in
tables and plots are approximate and may be
slightly smaller than the real dimensions. Thin
sections of the samples were produced in the Lab-
oratories of Palaeontology and Petrology of the
Faculty of Earth Sciences of the University of
Barcelona. Several microscopes and cameras
were used; with the majority of photographs
taken using a Zeiss AxioCam MRc 5 digital camera
mounted on a Zeiss Axioplan-2 petrographic
microscope. The thin sections are deposited at
the Faculty of Earth Sciences of the University of
Barcelona, except for those containing type mate-
rial of Peneroplis peramplus and Spirolinella
emmae (FERRANDEZ-CANADELL, 2024), which are
housed at the Museum of Natural Sciences of
Barcelona (Museu de Ciéncies Naturals de Barce-
lona) in seven thin sections under catalog num-
bers MGB 94151 (sample MN-6), MGB 94152
(sample MN-18), MGB 94153 (sample Ibi-120),
and MGB 94154 (sample Ibi-126). According to
MARTINSSON (1979) and EmiLianI (1991), we use
the terms "planktic" and "benthic" rather than
"planktonic" and "benthonic", which are incorrect
derivations from the Greek terms. Original to-
ponymic names in the Catalan language are used
instead of the Castilianised forms imposed during
the Franco dictatorship found in the literature
(e.g., Alacant instead of 'Alicante’, Saix instead of
'Sax', Serra de I'Arguenya instead of 'Sierra de la
Arguefia', and Barranc dels Molins instead of 'Bar-
ranco de los Molinos'). To simplify the text and
improve readability, full species names are listed
in Appendix.

List of abbreviations: FR: La Font Roja, SB:
Shallow Benthic (biozone), FO: first occurrence,
EI: elongation index (= test length/width), P: in-
ternal equatorial diameter of the megalospheric
proloculus (excluding chamber wall thickness).

4. Results

Two sections were studied in the south-eastern
Iberian Peninsula: Ibi and La Font Roja (Figs. 1-
4). Both belong to the External Prebetic Domain,
which comprises a mixed carbonate-siliciclastic
succession of Triassic to Miocene age, deposited
along the South Iberian passive continental mar-
gin of the Tethys (GARCiA-HERNANDEZ et al., 1980;
VERA, 2000; HONTzscH et al., 2013). No formal
lithostratigraphic units have yet been defined for
the succession analysed.

The Ibi section was logged along the Molins
ravine (Barranc dels Molins), north of Ibi town in
Alacant province (Fig. 1). The section, correspond-
ing to the 'Ibi west' section of GEeL (1995, 2000),
includes a continuous record of platform lime-

stones from the middle Eocene to the late Chat-
tian, which is cut by an erosional surface uncon-
formably overlain by middle Miocene marls and
sandstones containing planktic Foraminifera. The
part of the Ibi section studied here (base:
38°38'13"N, 0°34'43"W) shows a continuous series
of shallow-water limestones ranging from the up-
permost Eocene (Priabonian) to the upper Chat-
tian (Figs. 1-5). The La Font Roja section (FR), lo-
cated 9 km to the east-north-east, lies within the
Carrascar de la Font Roja Natural Park (Figs. 1-5)
and roughly corresponds to the 'Ibi-east' section
of GEEL (1995).

Ibi succession

The sedimentary succession logged at Ibi is
260 m thick (Figs. 2, 3A) and is mainly composed
of well-bedded limestone beds ranging from
centimetre- to metre-scale thickness. Locally, the
limestones display nodular bedding and are in-
terbedded with marl layers of comparable thick-
ness. The limestones predominantly exhibit pack-
stone to grainstone textures, although wacke-
stone textures are also locally present. Porcella-
neous Foraminifera constitute the main skeletal
component of these platform carbonates. How-
ever, beds dominated by hyaline Foraminifera,
corals, rhodophytes, or Microcodium also occur.
Beds dominated by hyaline Foraminifera are
mainly found in the lower part of the section, be-
tween metres 11 and 26, and metres 111 and
120 (Fig. 3A). Like hyaline Foraminifera, rhodo-
phytes are also common throughout the succes-
sion but become locally dominant between metres
3 and 39, 113 and 122, and 209 and 241. The
Rhodophyta observed include geniculate and non-
geniculate species, some of which form rhodo-
liths. In certain intervals, such as between metres
239 and 245 (Fig. 3A), these rhodoliths accumu-
late to form a distinct rhodolith bed (Fig. 4A-B).
Locally, hook-shaped morphologies of crustose
rhodophytes were also identified. Coral-domi-
nated beds occur in both the lowermost and up-
permost parts of the section, specifically between
metres 29 and 30, and metres 204 and 239, re-
spectively (Fig. 3A). The coral colonies observed
were not reef-builders but rather level-bottom
communities displaying a loose growth fabric, or
they formed coral biostromes (Fig. 4C). Microco-
dium was observed in 13 samples across the suc-
cession (Fig. 4D), with notable dominance in
three samples from the stratigraphic interval be-
tween metres 155 and 160 (Fig. 3A). Other com-
mon skeletal components in the limestones in-
clude bivalves, gastropods, bryozoans, serpulids,
planktic Foraminifera, and agglutinated Foraminif-
era, including encrusting forms. Remains of
chlorophytes are rare. Among the non-skeletal
components, peloids and silt- to fine sand-sized
quartz grains are common, whereas intraclasts
are present but rare. Stratigraphic intervals with
siliciclastic influence occur between metres 0 and
66, and 89 and 117. At metre 245, an erosional
surface marks the top of the carbonate platform
succession (Figs. 3A, 4E-F). This irregular surface
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Figure 4: Sedimentary and fossil features from the Ibi and La Font Roja sections. A-B) Outcrop view (A) and detail
(B) of an upper Chattian rhodolith bed, upper part of the Ibi section. Note the nodular appearance of the surface, re-
flecting the accumulation of rhodoliths; ruler = 15 cm. C) Outcrop view of an upper Chattian coral biostrome, upper
part of the Ibi section. Coral colonies can be distinguished by their lighter beige coloration; ruler = 15 cm. D) Mi-
crophotograph showing Microcodium invading Borelis tests, late Rupelian, sample SA-57, Ibi section metre 148, scale
bar = 1 mm. E) Irregular erosional surface capping the upper Chattian platform carbonate succession at the top of
the Ibi section (white arrow). This unconformity is overlain by marls containing scleractinian coral colonies in growth
position (red arrows). Hammer = 32 cm. F) Detail of the rockground at the top of the Ibi section (white arrow in e)
with bioerosional features associated with the unconformity. Scale bar = 5 cm. G-H) Outcrop view (G) and detail (H)
of an undulated breccia bed conforming to an underlying irregular palaeotopography in the lowermost part of the FR
section; scale bar = 15 cm. I) Coral colony in growth position from La Font Roja section, at 145 m (Figs. 2, 3b);
scale bar = 5 cm. J) Outcrop photograph of echinoid tests from La Font Roja section, at 35 m (Figs. 2, 3b); scale bar
= 5 cm. K) Photomicrograph of a grain-supported texture showing reworked Microcodium (white arrow), hyaline Fo-
raminifera tests, and intraclasts (red arrow), sample SA-30. L-M) Photomicrograph (L) and detail (M) of sample FR-8
(late Chattian, La Font Roja section) showing intraclasts, most of which contain fragments of hyaline larger Forami-
nifera tests; scale bars = 1 mm.

shows widespread bioerosion features (Fig. 4F).
Above it lies an alternation of marls, silts, and
sandy limestones. The sandy limestones contain
abundant planktic Foraminifera. Hyaline and ag-
glutinated Foraminifera, sponge remains, and
fragments of echinoids and molluscs also occur.
In addition to quartz grains, common non-skeletal
components include glauconite and peloids. Local-

ly, marly deposits overlying the erosional surface
host level-bottom coral communities preserved in
life position, exhibiting a loose growth fabric (Fig.
4E). Samples of the Ibi section are numbered as
Ibi-x, Ibi-MN-x, SA-x, and AA-x, corresponding to
different field campaigns (2013/2016/2018) or to
different subsections (Fig. 2).
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Figure 5: Biostratigraphic distribution of foraminiferal taxa in the Ibi section.

La Font Roja succession

The stratigraphic section measured at FR has a
thickness of 250 metres (Figs. 1-2, 3B). The suc-
cession is faulted, although the faults show only
minor displacements. The base of the succession
is marked by metre-thick breccias made up of
carbonate intraclasts containing coral fragments
and lepidocyclinids. The uppermost breccia bed
shows an undulated bedding and conforms to an
underlying irregular palaeotopography (Fig. 4G-

H). Above this, the succession consists of centi-
metre- to metre-thick massive limestones with
packstone to grainstone textures, dominated by
hyaline Foraminifera. Other common skeletal
components include porcellaneous Foraminifera,
agglutinated Foraminifera (including encrusting
forms), planktic Foraminifera, and fragments of
rhodophytes, echinoids, bivalves, gastropods,
bryozoans, and serpulids. Porcellaneous Forami-
nifera are particularly abundant between metres
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80 and 137, where they locally dominate the
facies (Fig. 3B). Entire echinoid tests occur locally
and are commonly associated with siliciclastic-
influenced deposits (Fig. 43). Coral fragments, as
well as rare colonies in growth position, are found
between metres 5 and 115, and again between
metres 142 and 152 (Fig. 4I). Two samples, col-
lected at metres 98 and 248 respectively, yielded
rare, reworked fragments of Microcodium (Fig.
4K). The most abundant non-skeletal components
identified are silt- to sand-sized quartz grains and
peloids. Significant siliciclastic input, resulting in
sandy limestones, occurs between metres 182
and 201, and 245 and 249. At metre 114, there is
a layer with wackestone texture with intraclasts,
most of which contain foraminiferal fragments
(Fig. 4L-M). Samples from La Font Roja section
are numbered as FR-x and SA-x (Fig. 2).

Biostratigraphy

We follow the Shallow Benthic biozonation (SB
zones), based on larger Foraminifera, stablished
for the Paleocene-Eocene (SB zones 1-20; SERRA-
KIEL et al., 1998a, 1998b) and for the Oligocene-
Miocene (21-26; CaHuzAC & POIGNANT, 1997, 1998).
See further details on the SB zonation in PIGNATTI
and PapazzonI (2017) and Papazzoni et al. (2017).
Based on the assemblages of larger Foraminifera
identified in the samples, different Shallow Benth-
ic (SB) biozones were identified, corresponding to
the Priabonian (SB 19-20), lower Rupelian (SB 21),
upper Rupelian-lower Chattian (SB 22A-22B), and
upper Chattian (SB 23) (Figs. 5-6).

In the Ibi section, the Priabonian is represent-
ed by 35 m of limestones overlying marls without
larger Foraminifera. The Oligocene starts with 16
m of marly limestone interbedded with thin lime-
stone beds, followed by 55 m of limestones of
lower Rupelian age. The next 125 m consist of
limestones and marly limestones of upper Ru-
pelian and lower Chattian age. The Rupelian/
Chattian boundary (SB 22A-22B) is not distin-
guished by any major change in the foraminiferal
assemblages (see below). The upper Chattian is
truncated by an erosional surface and reduced to
about 10 m of limestones in the Ibi section. To
complement this limited exposure of the upper
Chattian in the Ibi section, we studied a nearby
section (La Font Roja, FR), located 9 km ESE,
which comprises 250 m of monotonous upper
Chattian limestones, bounded at the base by a
karstic breccia and topped by a major fault. The
fault at the top of the section separates it from
another block with more than 100 m of similar
monotonous upper Chattian limestones, which are
difficult to correlate with those of the section
studied. Therefore, the latest Chattian and the
Oligocene-Miocene boundaries are not included in
this study.

Reworked foraminiferal tests were observed in
several samples, but rarely mixing species from
different biozones. In samples Ibi-116 and Ibi-
117 (the last samples with Eocene assemblages,
at 35 and 38 m in the Ibi section; Figs. 2, 5),
well-preserved specimens of Chapmanina occur
together with eroded ones. In the Ibi section, Or-
bitolites occurs in several samples from the first
40 m, associated with other Eocene genera. How-
ever, a small fragment (0.45 mm) of Orbitolites
was found in sample Ibi-124, approximately 27 m
above the Eocene/Oligocene boundary. Similarly,
in sample Ibi-10 (238 m), characterised by late
Chattian (SB 23) species, some intraclasts contain
Borelis inflata and Praerhapydionina delicata, 74 m
above their last occurrence in the section. In the
FR section, a layer with intraclasts containing
fragments of hyaline larger Foraminifera was ob-
served (sample FR-89, at 114m; Fig. 3B). Forami-
niferal tests showing a low degree of abrasion are
common throughout the succession, which could
be related either to winnowing or limited rework-
ing. In addition, Microcodium is recorded in sever-
al layers of the Ibi section (Figs. 3B, 4D), indicat-
ing short-term emersion and subaerial exposure.
Reworking was considered when characterizing
the biozones and do not have major implications
for the biostratigraphic interpretation.

The biostratigraphic interpretation (Figs. 5-6)
is based on the following larger foraminiferal as-
semblages:

Priabonian, SB 19-20

This biozone is recognised at the base of the
Ibi section (Fig. 5) and is characterised by the fol-
lowing association of larger Foraminifera: Num-
mulites fabianii, Nummulites ex gr. N. incrassatus,
Acervulina linearis, Gypsina mastelensis, Gypsina
sp., Asterigerina rotula, Discocyclina spp., Fabia-
nia cassis, Planorbulina bronnimanni, Sphaero-
gypsina globulus, Halkyardia minima, Gyroidinella
magna, Schlosserina asterites, Chapmanina gas-
sinensis, Silvestriella tetraedra, Neorotalia burdi-
galensis, Rotorbinella epardi, Borelis vonder-
schmittii, Orbitolites cf. cotentinensis, and Neorhi-
pidionina cf. spiralis (Figs. 7-8, 10, 12).

Early Rupelian, SB 21

The biozone was identified in the lower part of
the Ibi section (Fig. 5) and is distinguished by the
presence of Nummulites fichteli, N. vascus, Gypsi-
na cf. mastelensis, Gypsina sp., Halkyardia mini-
ma, Neorotalia burdigalensis, Rotorbinella cf.
epardi, Asterigerina sp., Planorbulina bronniman-
ni, Austrotrillina paucialveolata, Praebullalveolina
minuta, P. oligocenica, Sivasina egribucakensis,
Penarchaias glynnjonesi, Coscinospira sivasensis,
C. elongata, Praerhapydionina delicata, Spirolinel-
la emmae, Peneroplis evolutus, P. peramplus, P.
thomasi, P. flabelliformis, Idalina pignattii, Schlum-
bergerina alveoliniformis, and Pfendericonus glo-
bulus (Figs. 9-11, 13).
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Figure 7: Priabonian larger Foraminifera association from the Ibi section. A) Nummulites ex gr. N. fabianii (PREVER in
FABIANI), tangential section showing reticulate septal filaments, sample Ibi-111; B) N. fabianii, axial section (P = 235
pm), sample Ibi-109. €) Nummulites ex gr. N. incrassatus (HARPE), sample Ibi-111. D) Schlosserina asterites
(GUMBEL), subaxial section, sample Ibi-111. E) Asterigerina rotula (KAUFMANN), subaxial section, sample Ibi-107. F)
Silvestriella tetraedra (GUMBEL), oblique section, sample Ibi-106. G) Acervulina linearis HANZAWA, subaxial section,
sample Ibi-107. H) Fabiania casis (OPPENHEIM), subaxial section, sample 1bi-106. I) Gyroidinella magna Le CALVEZ,
equatorial section, sample Ibi-104. J) Discocyclina sp., axial section, sample Ibi-104. K) Chapmanina gassinensis
(SILVESTRI), subaxial section, sample Ibi-104. L) Planorbulina bronnimanni BIGNOT & DECROUEZ, equatorial section,
sample Ibi-116. M) Halkyardia minima (LIEBUS, 1911), axial section, sample Ibi-104. N) Sphaerogypsina globulus
(Reuss), sample Ibi-113A. O) Borelis vonderschmitti (SCHWEIGHAUSER), subequatorial section, sample Ibi-108. P) Or-
bitolites cf. O. cotentinensis LEHMANN, sample Ibi-110. Scale bars: B-D, F-G, I, N, P =500 pm; J =1 mm); rest = 200 pm.

This assemblage also includes an indetermi-
nate pseudo-involute Spiroloculinidae (Fig. 11H-K),
which occurs in samples Ibi-118 to Ibi-5, corre-
sponding to the lower-middle Rupelian (SB 21
and the basal part of SB 22A). It resembles Elazi-
gella altineri from the Thanetian of western Tur-
key (SIREL, 1999, 2015), the type species of Sub-
family Elasigellinae (MikHALEVICH, 2008), but dif-
fers by the apparent lack of apertural teeth and
by the occasional presence of involute chambers
(Fig. 11K). The scarcity of specimens and the lack
of equatorial sections prevent a more detailed
characterization of this form.

Late Rupelian-Early Chattian, SB 22A-22B
This biozone is recognised in the upper part of
the Ibi section (Fig. 5) and is characterised by the
occurrence of Nummulites fichteli, N. kecskemetii,
Heterostegina assilinoides, Nephrolepidina spp.,
Eulepidina cf. formosoides, Asterigerina sp., Pla-
norbulina sp., Planolinderina sp., Amphistegina
bohdanowiczi, Neorotalia burdigalensis, Rotorbi-
nella cf. epardi, Victoriella conoidea, Austrotrillina
striata, Sorites sp., Borelis inflata, Borelis sp. 1,
Praerhapydionina delicata, Peneroplis evolutus, P.
thomasi, P. flabelliformis, Penarchaias glynn-
jonesi, Coscinospira elongata, C. sivasensis, Siva-

sina egribucakensis, Idalina pignatti, Schlumber-
gerina alveoliniformis, Pfendericonus globulus,
and Spiroloculinidae indet. (Figs. 8-13).

Late Chattian SB 23, Ibi section

In the Ibi section (Fig. 5), this biozone is char-
acterised by the following association of larger Fo-
raminifera: Nummulites kecskemetii, Nummulites
sp., Heterostegina assilinoides, Cycloclypeus medi-
terraneus, Nephrolepidina spp., Planorbulina
bronnimanni, Planolinderina sp., Biarritzina sp.,
Neorotalia burdigalensis, Risananeiza crassapa-
ries, Elphidium cf. crispum, Austrotrillina striata,
Austrotrillina ex gr. striata-howchini, and Schlum-
bergerina alveoliniformis (Figs. 8-10, 13-15).

Late Chattian SB 23, FR section

In FR, the SB 23 is distinguished by the pres-
ence of Nummulites vascus, Nummulites kecske-
metii, Heterostegina assilinoides, Spiroclypeus
margaritatus, Cycloclypeus mediterraneus, Oper-
culina complanata, Nephrolepidina cf. morgani,
Nephrolepidina sp., Eulepidina sp., Miogypsinella
complanata, M. formosensis, Miogypsinella boro-
dinensis, M. akcadagensis, Postmiogypsinella in-
termedia, Asterigerina sp., Amphistegina bohda-
nowiczi, A. mammilla, Sphaerogypsina sp., Biar-
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Figre 8: Neorotalia burga/ensis (ORIGNY) from the Ibi and LaFont Roja sections, Eocene and Oligocen forms at

the same scale. A) Priabonian (SB 19-20) specimens, Ibi section; B) Lower Rupelian (SB 21) specimens, Ibi section;
C) Upper Rupelian (SB 22A) specimens, Ibi section; D) Lower Chattian (SB 22B) specimens, Ibi section; E) Lower-
upper Chattian (SB 23) specimens, Ibi section; F) Upper Chattian (SB 23) specimens, La Font Roja section, F1-F6)
SB 23A; F7-F13) SB 23B. Samples: A1) Ibi-101, A2-A3) Ibi-102, A4) Ibi-103; A5) Ibi-104; B1) Ibi-127, B2) Ibi-MN-
7, B3) Ibi-MN-9; C1-C2) Ibi-2, C3) SA-58, C4) SA-60; D) SA-63; E1-E2) Ibi-9, E3) Ibi-20;F1) FR-65, F2) FR-70, F3)
FR-74, F4) FR-77, F5) FR-4, F6) FR-6; F7) FR-7, F8) FR-9, F9) FR-10, F10) FR-82, F11) FR-84, F12) FR-91, F13) FR-
96. Note that some specimens (A4, A5, C1, C4?, F1, F2, F4) are microspheric forms. See Fig. 2 for the stratigraphic
location of samples. ap: aperture, sp: spiral canal, uf: umbilical flap, up: umbilical pile, vf: adaxial ventral furrows.

ritzina sp., Planorbulina bronnimanni, Planolin-
derina sp., Risananeiza crassaparies, R. pustulosa,
Neorotalia burdigalensis, Rotorbinella sp., Sorites
sp., Peneroplis thomasi, P. flabelliformis, Archaias
sp., Austrotrillina striata, Austrotrillina ex gr.
striata-howchini, A. howchini, and Schlumbergeri-
na alveoliniformis (Figs. 6, 8-12, 14-16).

5. Micropalaeontology

More than 80 different species or Foraminifera
have been distinguished in the studied sections:
25 species were identified from the Eocene and
about 60 from the Oligocene. Some agglutinated
Foraminifera, peneroplids, victoriellids, ortho-
phragmines or lepidocyclinids could not be identi-
fied at the species level, so the total number of
species in the assemblages is actually higher. All

taxa were identified in random thin sections,
which in most cases do not allow for detailed de-
scriptions. Due to the high number of foraminifer-
al taxa identified, including agglutinated, porcella-
neous and hyaline species of Priabonian, Ru-
pelian, and Chattian age, we summarise here the
results for those most relevant to biostratigraphy
or palaeobiogeography. Taxa requiring taxonomic
revision are discussed in detail in the Systematic
Palaeontology section.

The suprageneric classification mainly follows
LoeBLICH and TAPPAN (1987a), taking into account
that the former is outdated in some aspects (e.g.,
the inclusion of orthophragmines, Discocyclinidae
and Orbitoclypeidae within the Nummulitoidea
based on the supposed presence of canal systems
is incorrect). See Appendix for full species names.
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Figure 9: Oligocene hyaline larger Foraminifera. A-B) Nummulites fichteli MICHELOTTI, A) subaxial-oblique section,
MN-8; B) equatorial section (P = 240 pym), sample MN-2. C) Nummulites vascus JoLy & LEYMERIE, axial section, sam-
ple MN-7. D) Nummulites kecskemetii LEss, axial section, Ibi-9. E) Operculina complanata DEFRANCE, equatorial sec-
tion, sample FR-29. F-G) Cycloclypeus mediterraneus MATTEUCCI & SCHIAVINOTTO, F) axial section, sample Ibi-9; G)
equatorial-oblique section, sample AA-2. H-J) Heterostegina assilinoides BLANCKENHORN, H) axial section, sample FR-
80; I) equatorial section, sample FR-97; J) equatorial section, sample FR-27. K-L) Spiroclypeus margaritatus
(SCHLUMBERGER), K) equatorial section, sample FR-22; L) subaxial section, sample FR-1. M) Eulepidina cf. formo-
soides (DouVILLE), sample Ibi-2. N) Nephrolepidina sp., equatorial section, sample FR-62. O) Nephrolepidina cf. mor-
gani (LEMOINE & R. DOUVILLE), equatorial section, sample FR-80. P-Q) Asterigerina sp., P) axial section, sample FR-
72; Q) subaxial section, sample MN-22. R-S) Amphistegina bohdanowiczi BIEDA, R) axial section, sample Ibi-9; S)
subaxial section, sample FR-27. T-Y) Amphistegina mammilla (FICHTEL & MoLL), T-U) sample Ibi-10, V sample AA-3,
W) sample FR-50, X) sample FR-72, Y) sample Ibi-10. Z) Planorbulina sp., equatorial section, sample Ibi-20. AA)
Planolinderina sp., subaxial section (AA1) and detail (AA2) showing the two apertures characteristic of the genus,
sample FR-62. Scale bars: A-B, I, F, L, M, O = 500 um; AA2 = 50 ym; rest = 200 pm.
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Idalina pignattii

A few specimens of Idalina (Family Haueri-
nidae, Subfamily Miliolinellinae) were observed in
samples from the Rupelian and lower Chattian
(Ibi section). They match Idalina pignattii GALLAR-
DO-GARCIA and SERRA-KIEL from Oman (in SERRA-
KIEL et al., 2016) in test size and shape, quinque-
loculine-biloculine growth pattern, and apertural
structure (compare Fig. 11W with Fig. 13.13 and
13.15 in SERRA-KIEL et al., 2016). The diameter of
the proloculus, P = 88-102 uym (N = 2) (Fig. 11W-
Y), also falls within the 70-100 pym range given in
the species diagnoses (SERRA-KIEL et al., 2016).
However, the adscription of this species to the
genus Idalina remains uncertain. The diagnosis of
Idalina includes a trematophorate aperture in
adult growth stages (GRIMSDALE, 1952; LOEBLICH &
TAPPAN, 1987a), a feature not clearly visible in any
of the specimens of I. pignattii figured in the orig-
inal description by SERRA-KIEL et al. (2016), nor in
our material. SERRA-KIEL et al. (2016) reported a
biostratigraphic range of SB 21-22 for I. pignattii.
In the Prebetic, this species occurs within this
range (early and late Rupelian) but also in SB
22B, extending its range to the early Chattian
(Fig. 5). EscanDELL and CoLoMm (1962) described a
new species, "Idalina laminata", from the Oligo-
cene of Mallorca, similar to I. pignattii. However,
their illustrations lack magnification and, accord-
ing to SERRA-KIEL et al. (2016), the original mate-
rial is lost. Furthermore, no reference to the type
locality (other than "beds of the Oligocene trans-
gression" in Mallorca) is made in the original de-
scription (EscaNDELL & CoLoM, 1962, p. 127).

Peneroplis peramplus
and Spirolinella emmae

These two species (Superfamily Soritoidea,
Family Peneroplidae) were described in detail
from samples of the Ibi section in a previous work
(FERRANDEZ-CARNADELL, 2024). Peneroplis peramplus
(Fig. 110) is an evolute annular species charac-
terised by a large bilocular megalospheric em-
bryo, with a protoconch measuring approximately
240 um and a deuteroconch up to 400 um. The
genus Spirolinella, with the type species S. em-
mae (Fig. 11V), is similar to Spirolina but differs
by its slender test, thinner walls, and its distinc-
tive complex aperture, petaloid to stellate in
shape, with distally protruding lips forming capsu-
lar cavities radially arranged, each with an aper-
ture at the distal end. Based on current knowl-
edge, these two forms are exclusive to SB 21
(lower Rupelian) and are considered endemic to
the Prebetic (FERRANDEZ-CARNADELL, 2024).

Archaias

The genus Archaias (Superfamily Soritoidea,
Family Soritidae) has been identified in a few
samples from the FR section (Figs. 6, 12A-D). The
available material, although scarce and fragmen-
tary, shows involute growth and the presence of
endoskeletal pillars, but does not allow identifica-
tion at the species level. Archaias originated in
the Eocene (middle Eocene of the Caribbean re-

gion, according to RoBINSON and WRIGHT, 1993). In
the Mediterranean region up to the Middle East it
ranges up to the upper Oligocene (lower Chat-
tian), as reviewed by SeIGLIE et al. (1977), HoT-
TINGER (2007), and Bassi et al. (2007). Oligocene
species include A. hensoni, A. kirkukensis, and
two Rupelian species, A. diyarbakirensis and A.
minimus, originally assigned to the genus Prae-
archaias (SIREL, 1997, 2003; SIReL et al., 2013;
HAKYEMEZ et al., 2016), which was later regarded
as a synonym of Archaias (HOTTINGER, 2007). A
further species, A. asmaricus differs in test archi-
tecture, which is similar to Peneroplis thomasi in
the shape of chambers, and likely belongs to an-
other genus (Bass! et al., 2007). A review of the
literature reveals a lack of consensus regarding
both the species assignment and their strati-
graphic range. Henson (1950) reported A. opercu-
liniformis from the lower Oligocene and A. kirku-
kensis and Archaias cf. aduncus from the upper
Oligocene of Iraq. From the Zagros Basin in Iran,
Hasiel (2016a) reported A. operculiniformis from
the middle Rupelian, A. kirkukensis from the mid-
dle Rupelian-middle Chattian, and A. hensoni from
the Chattian. Later works reported A. operculini-
formis from the lower Rupelian (YAzDI-MOGHADAM
et al., 2023a) or Archaias sp. from the Rupelian
and A. kirkukensis and A. asmaricus from the
Chattian (HaBiei, 2018; HABIBI & BOVER-ARNAL,
2018; HaeiBl et al., 2024). ALLAHKARAMPOUR DILL et
al. (2020) provided a biostratigraphical distribu-
tion of the species of Archaias in the Asmari Fm.
in Iran, calibrated with Sr isotope stratigraphy.
They concluded that A. operculiniformis occurs in
the Rupelian and A. hensoni and A asmaricus in
the Chattian. From the Oligocene of Turkey, SIREL
(2003, 2013), followed by Hakyemez et al. (2016),
reported "Praearchaias" minimus and "P." diyar-
bakirensis restricted to SB 21, and A. kirkukensis
and A. asmaricus ranging from SB 21 to SB22.
From this interval (Rupelian-early Chattian),
GepIK (2014, 2015) reported A. kirkukensis and A.
hensoni, whereas KAYGILI and Aksoy (2019) recog-
nised only A. kirkukensis. From Oman and Yemen
(Socotra), SERRA-KIEL et al. (2016) reported two
species ranging from the Bartonian to the Ru-
pelian (SB 17-21), which they assigned to A.
operculiniformis and A. diyarbakirensis.

Considering this biostratigraphic distribution,
the specimens from FR section probably belong to
either A. hensonii or A. kirkukensis. The main dif-
ference between these two species lies in the
number of rows of pillars: one row in A. hensonii
and two or more rows in A. kirkukensis (BAssI et
al., 2007). This character is only properly visible
in centred axial sections and could not be distin-
guished in our specimens.

Orbitolites

Orbitolites (Superfamily Soritoidea, Family So-
ritidae) occurs in several samples from the lower
(Priabonian) part of the Ibi section (Fig. 5). Most
specimens are fragmentary oblique sections; the
largest preserved test measures approximately
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& DECEVILER, lower Rupelian (SB 21); samples: A, G, L) Ibi-MN-6, B) Ibi-119, C) Ibi-121, D) Ibi-125, E, F) Ibi-126,
H) Ibi-MN-8, I) Ibi-MN-20, ],K) Ibi-127. M) Elphidium cf. E. crispum (LINNAEUS), subaxial-peripheral section, sample
1bi-10. N) Rotalid indet., subaxial section, sample Ibi-116. O-S) Rotorbinella cf. epardi FERRANDEZ-CANADELL & BAUM-
GARTNER-MORA; samples: O) FR-81 (SB 23), P, Q) Ibi-101 (SB 20), R) Ibi-40 (SB 22A), S) Ibi-41 (SB 22A). T)
Victoriella conoidea (RUTTEN), subaxial section, sample MN-23. U) Rupertina sp., subaxial section, sample FR-113. V-
Y) Elphidiella sp., subaxial (V, W) and equatorial (X, Y) sections; samples: V) Ibi-128, W) Ibi-130, X) Ibi-MN-4, Y)
1bi-129. Z-AB) Gypsina cf. G. mastelensis BURSCH, axial section; samples: Z) Ibi-MN-6 (early Rupelian), AA, AB) Ibi-
116 (Priabonian). Scale bars: M, T-U, AA = 500 pm; rest = 200 pm.

4 mm in diameter. An equatorial section (Fig. 7P)
shows a bilocular megalospheric embryo similar in
size and morphology to that of O. cotentinensis,
which has been reported from the Bartonian and
Priabonian (SB 17-20) of France (LEHMANN, 1961),
Oman (SERRA-KIEL et al., 2016), and Crimea (ZA-
KREVSKAYA, 2023). Other Priabonian occurrences of
Orbitolites have been documented from the Ebro
Basin in north-eastern Spain (TRAVE et al., 1996),
northern Italy (BArRBIN, 1986, not shown in a fig-
ure; Papazzoni & SIROTTI, 1995, not shown in a
figure), northern Hungary (VITALIS-ZILAHY, 1967),
north-western Turkey (SiMMONS et al., 2020; SIREL
et al., 2020a), and offshore India (CoTTON et al.,
2019).

Sorites

Another soritid genus, Sorites, is relatively
common in the Oligocene of the Prebetic (FERRAN-
DEZ-CANADELL & BoVER-ARNAL, 2018), although it is
never abundant. It occurs in the upper part (SB
22A-22B) of the Ibi section and in the middle part
of the FR section (SB 23) (Figs. 6, 11A-C). De-
spite the large number of thin sections prepared
from the richest samples from the Ibi and FR sec-
tions, as well as from the Benitatxell Range
(FERRANDEZ-CANADELL & BOVER-ARNAL, 2017, 2018),
no centred sections were obtained to adequately
characterise the species and compare it with
known taxa. The Prebetic specimens are charac-
terised by the axial section of septula, which are
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Figure 11: Oligocene porcellaneous larger Foraminifera from the Ibi and La Font Roja sections. A-C). Sorites sp. A,
B) axial and subaxial sections of megalospheric specimens; C) equatorial section of a megalospheric specimen; sam-
ples: A) Ibi-6; B, C) SA-57. D) Coscinospira sivasensis SIREL & OzGEN-ERDEM, equatorial section, sample Ibi-7. E)
Coscinospira elongata SIREL & OzGEN-ERDEM, subaxial section, sample Ibi-MN-7. F) Praebullalveolina minuta SIREL &
OzGEN-ERDEM, sample Ibi-MN-17. G) Praebullalveolina oligocenica SIREL & OzGEN-ERDEM, sample Ibi-MN-17. H-K)
Spiroloculinidae indet., axial and subaxial sections. Note the semi-involute test, with evolute chambers and involute
walls in H-J and the involute chambers in K; samples: H) Ibi-MN-21, I) Ibi-120, J) Ibi-MN-6, K) Ibi-MN-14. L)
Peneroplis flabelliformis SIREL & OzGEN-ERDEM, equatorial section; sample Ibi-5. M) Peneroplis cf. evolutus HENSON,
equatorial-oblique section, sample Ibi-130. N) Peneroplis thomasi HENSON, axial section, sample Ibi-6. O) Peneroplis
peramplus FERRANDEZ-CANADELL, oblique section, sample Ibi-130. P) Penarchaias glynnjonesi (HENSON) (left) and
Peneroplis peramplus paratype MGB 94151 LP2.1 (right), sample Ibi-MN-6. Q) Penarchaias glynnjonesi, axial sec-
tion, note the apertures in the alar prolongations; sample Ibi-MN-6. R-T) Sivasina egribucakensis SIREL & OzGEN-ER-
DEM, R) subaxial section showing the dendritine aperture; S) axial section, megalospheric form; T) axial section, mi-
crospheric form; samples: R) Ibi-6; S) Ibi-127; T) Ibi-127. U) Praerhapydionina delicata HENSON, axial-oblique sec-
tion, megalospheric form; sample Ibi-129. V) Spirolinella emmae FERRANDEZ-CANADELL, subaxial section (paratype
MGB 94153 LPb.1); sample Ibi-120. W-Y) Idalina pignattii GALLARDO-GARCIA & SERRA-KIEL, megalospheric forms;
samples: W) SA-53, X) Ibi-121, Y) Ibi-43. Z) Schlumbergerina cf. alveoliniformis (BRADY), axial section, sample SA-
53. Scale bars: C, T = 500 um; rest = 200 pm.
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Figure 12: Oligocene porcellaneous larger Foraminifera from the Ibi and La Font Roja sections. A-D) Archaias sp.,
subaxial sections; A-B) sample FR-91, C) sample FR-83, D) sample FR-78. E) Neorhipidionina cf. N. spiralis HOT-
TINGER, subaxial-tangential section (E1) and detail (E2), sample Ibi-116. Note the septula (black arrows) and the
foramina (white arrows), with median foramina alternating with the marginal ones. F-N) Borelis inflata (ADAMS); G-I)
megalospheric specimens in different ontogenetic stages from the same sample, SA-57; J1) comparison of speci-
mens in G-I at the same scale, J2) photocomposition to compare specimens in Figure 12H-I (right half of H super-
posed on I), note the close correspondence of whorls, chambers and chamberlets; K) two megalospheric specimens
of different ontogenetic stage in the same thin section, sample Ibi-6; L) subequatorial section, sample Ibi-40. M)
oblique section, sample SA-57; N) subaxial section, sample Ibi-6. O-W) Borelis sp. 1, with morphological characters
intermediate between B. inflata (ADAMS), B. merici SIREL & GUNDUz and B. pygmaea HANzAWA. Note the fusiform test
(elongation index between 1.7 and 2.6), the subsphaerical initial whorls, the columellar thickening and the absence
of Y-shaped septula; O-S) sample SA-60, T) sample Ibi-6, U) sample Ibi-5, V) sample SA-57, W) sample SA-52.
Scale bars: E2, F2 = 100 pym; rest = 200 pm.

thicker in the median plane and become thinner
towards the lateral walls, similar to those of
Sorites variabilis (sensu HOTTINGER et al., 1994, Pl.

lowed by a wide flexostyle. These specimens also
show similarities to the few Oligocene occurrences
reported from the Mediterranean region (see PI.

84, figs. 9-10). However, the megalospheric em-
bryo resembles that of S. orbiculus (sensu HoT-
TINGER et al., 1994), with a proloculus diameter of
76-96 um (measured in two axial sections), fol-

5, fig. 6 in ZurrArRDI-COMERCI, 1930; Fig. 4A in
BrRANDANO et al., 2009; Fig. 2c in PoMAR et al.,
2014).
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Figure 13: Austrotrillina species and morphotypes from the Ibi section. A-I) Austrotrillina paucialveolata ADAMS. A,
B) microspheric forms from the basal lower Rupelian. C-I) specimens showing bilocular and trilocular growth and the
variability of the exoskeleton, from a simple undulate inner surface of the wall (C-E) to protrusions variable in size
and shape and irregularly distributed (F-I). Note the flexostyle in C and H. J-R). Austrotrillina striata TobD & POsT,
with exoskeletal patterns of asmariensis-type in J-M (SB 21-22A), and of striata-type in N-R (SB 22A). Note bi-, tri-
and quinquelocular types of growth and the flexostyle in L, M, N, and P. Samples: A-B, G) Ibi-121; C) Ibi-120; D)
Ibi-MN-19; E) Ibi-129; F, H) Ibi-126; I) Ibi-MN-6; J, L-P) SA-53; K) SA-57; Q) Ibi-43; R) Ibi-7. Scale bars: A-B = 1

mm; C-R = 200 pm.
Praerhapydionina

Praerhapydionina delicata (Superfamily Sori-
toidea, Family Soritidae) from the Ibi section was
described in detail in a previous work (FERRANDEZ-
CANADELL, 2024). The most significant feature dis-
cussed there is the presence of a pseudokeriothe-
ca-like texture on the walls, which may serve as a
useful criterion for identifying the genus and clari-
fying its alleged wide geographical distribution,
reported from the Caribbean to Indonesia (HoT-
TINGER, 2007). In the Ibi section, P. delicata oc-
curs in the Rupelian (SB 21-22A) (Figs. 5, 11U),
and its last occurrence may represent a potential
marker for the Rupelian/Chattian (SB 22A-22B)

boundary (see the discussion on biostratigraphy
below).
Neorhipidionina

The Eocene genus Neorhipidionina (Superfami-
ly Alveolinoidea, Family Rhapydioninidae) is char-
acterised by a planispiral-involute nepionic stage
that transitions to an uncoiled, evolute stage with
fan-shaped adult chambers of elongate-oval axial
section. The chambers are subdivided by radial
septula perpendicular to the lateral walls, leaving
an annular passage in the median part where the
foramina are located. Initially, the foramina are
arranged in a single row, increasing to two or
three rows in adult chambers. The foramina of the

257



Carnets Geol. 26 (12)

-__ _ ‘ "R, ; - b ‘ > " ] : l—' s -
Figure 14: Austrotrillina with bifurcated alveoli. A) Austrotrillina striata Tobb & PosT, axial-oblique section (A1) and
detail (a2) showing ocasional bifurcated alveoli, sample SA-60, Ibi section. B-C) Specimens (B1, C1) and details (B2,
C2) with exoskeletal patterns transitional between striata and howchini morphotypes from the basal late Chattian
(basal SB 23) of the Ibi section, samples: B) Ibi-9, C) Ibi-15; the latter, could be considered a true A. howchini
(SCHLUMBERGER). D-G) Austrotrillina howchini (SCHLUMBERGER), D) equatorial-oblique section (D1) and detail (D2)
from La Font Roja section, sample FR-7 (SB 23); E-G specimens (E1, F1, G1) and details (F2-F4, G2) from Serra de
I'Ombria (section under study, about 30 km SW from Ibi); note the regular bifurcate alveoli. Scale bars: details A2,

B2, C2, T2 = 100 um; D2, F2-F4, G2 = 50 pm; rest = 200 pm. Scale bar = 0.5 mm.

additional median row (median foramina) alter-
nate with those of the other two rows (marginal
apertures), positioned between the septula (HoT-
TINGER, 2007; SERRA-KIEL et al., 2016; NAFARIEH et
al., 2019). Two specimens from the lower part of
the Ibi section (samples Ibi-113A and Ibi-116,
Fig. 5) show these characters. Both are peripheral
axial sections showing the characteristic elongate-
oval chamber shape and radial septula with a
central, unsubdivided passage. One specimen
(Fig. 12E) also shows marginal foramina between
septula and median apertures alternating with the
marginal ones. This specimen (Fig. 12E) therefore
shows virtually all the diagnostic characters of
Neorhipidionina according to the original definition
of the genus (HOTTINGER, 2007, p. 9). Based on
the size and shape of the chambers, these speci-
mens are most similar to N. spiralis. Neorhipi-
dionina urensis exhibits uncoiled stages with an
oval outline, whereas N. williamsoni has a larger
test. However, the main difference between N.
spiralis and N. williamsoni lies in the size of the
protoconch, which was not observed in our speci-
mens. The known range of the genus is Bartoni-
an-Priabonian, SB 17-20 (Henson, 1948; Hot-
TINGER, 2007; SERRA-KIEL et al., 2016; CoTTON et
al., 2019; NAFARIEH et al., 2019; CHANGAEI et al.,
2022), which is consistent with the Priabonian age
assigned to the lower part of the Ibi section.

Praebullalveolina

Praebullalveolina oligocenica and P. minuta
(Superfamily Alveolinoidea, Family Alveolinidae)
were defined by SIrReL and OzGEN-ERDEM (in SIREL
et al., 2013) from the early Rupelian, SB 21, in
the Sivas Basin of central Turkey. Both species
were identified in the lower part of the Ibi section
(Fig. 11F-G). They are difficult to distinguish in
partial random sections and are, therefore,
grouped together as Praebullalveolina spp. in the
biostratigraphic plot (Fig. 5). They occur in por-
cellaneous foraminiferal facies associated with
Austrotrillina paucialveolata, Idalina pignattii,
Coscinospira elongata, C. sivasensis, Peneroplis
evolutus, P. peramplus, Spirolinella emmae,
Penarchaias glynnjonesi, Sivasina egribucakensis,
Praerhapydionina delicata, and Pfendericonus
globulus, interpreted as early Rupelian, SB 21.
Praebullalveolina oligocenica was reported from
the Rupelian (without differentiating between SB
21 and 22B) of Oman and Socotra Island (Yemen)
by SERRA-KIEL et al. (2016). The association, in-
cluding P. delicata, C. elongata, and C. sivasensis,
suggests an early Rupelian (SB 21) age. This
species was also reported as "Praebullalveolina
sp." from the lowermost Oligocene of Priabona
(northern Italy) by BARBIN et al. (1997).
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Figure 15: Risananeiza from the Ibi and FR sections. A-3) Risananeiza crassaparies BENEDETTI & BRIGUGLIO, megalo-
spheric forms. A-D) specimens from the basal SB 23A, Ibi section; E-J) specimens from SB 23A, lower part of the FR
section; K-Q) Risananeiza pustulosa BOUKHARY et al., megalospheric forms, SB 23B, FR section; Note the large pro-
loculus in O (P = 318 um) and Q (P = 320 um). R=S) Risananeiza pustulosa, microspheric forms, SB 23B, FR section.
All specimens at the same magnification. Samples: A) Ibi-9, B) Ibi-15, C) Ibi-20, D) AA-3, E) FR-62, F) FR-65, G)
FR-67, H) FR-68, I) FR-69, J) FR-71; K) FR-87, L) FR-98, M) FR-103, N) FR-105, O) FR-13, P) FR-106, Q) FR-15; R)
FR-103, S) FR-15. The scale bars apply to all photos.
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Figure 16: Miogypsinids from the upper Chattian (SBZ 23) from the La Font Roja section. A-B) Miogypsinella sp.,
axial section, sample FR-70. C-D) Miogypsinella cf. M. formosensis (YABE & HANZAWA), subequatorial section, sample
FR-70. E) Miogypsinella cf. M. borodinensis HANZAWA, subequatorial section, sample FR-82. F) Miogypsinella sp., axi-
al and subaxial sections, sample FR-88. G) Miogypsinella sp., axial section (top) and Postmiogypsinella intermedia
SIREL & GEDIK, subaxial section (bottom), sample FR-98. H) Miogypsinella sp., subaxial sections, sample FR-102. I)
Miogypsinella cf. M. formosensis, sample FR-1. 3) Miogypsinella borodinensis/M. akcadagensis (GEDIK & SIREL), sam-
ple FR-2. K) Miogypsinella formosensis/borodensis, sample FR-5. L) Miogypsinella cf. formosensis, equatorial sec-
tion, sample FR-22. M) Miogypsinella cf. M. borodinensis, equatorial section, sample FR-102. N-P) Miogypsinella cf.
M. akcadagensis, equatorial sections; samples: N) FR-102, O) FR-103, P) FR-104. Q-R) Miogypsinella cf. M.
borodinensis, equatorial sections; samples: Q) FR-104, R) FR-118. S-U) Postmiogypsinella cf. M. intermedia, S) sub-
axial-oblique section, megalospheric specimen, sample FR-79; T-U) microspheric specimens, axial sections, samples:
T) FR-87, U) FR-98. Scale bars = 200 pm.

Most Borelis specimens from the Oligocene
part of the section (Fig. 12F-N) exhibit the follow-
ing features: proloculus diameter between 30 and
85 pm (typically 50-60 pm), 7-9 chambers per

Borelis

Borelis (Family Alveolinidae) occurs in both the
Eocene and Oligocene parts of the Ibi section. On-
ly four specimens of Borelis were recovered from

the lowermost part of the Ibi section (Fig. 5).
They exhibit a subspherical test measuring 0.65
to 0.83 mm in diameter (mean = 0.77 mm, N =
4). A subequatorial section (Fig. 70) shows a pro-
loculus approximately 48 pm in diameter, fol-
lowed by two (?) streptospiral whorls and five
planispiral whorls, the last whorl containing 12
chambers. These features correspond to the Eo-
cene species B. vonderschmitti (e.g., BENEDETTI,
2010; SIReL et al., 2020a).

whorl at a test diameter of 1 mm (N = 3), 25-29
chamberlets per 1 mm length (N = 3), an elonga-
tion index (EI = test length/width) mostly be-
tween 1.2-1.6, Y-shaped septula completely ab-
sent, and a thin basal layer with columellar thick-
ening reduced or absent. These characters corre-
spond to the diagnostic features of B. inflata (EI
= 0.95-1.56 according to AbAms, 1965; HOTTINGER,
1974; Bassi et al., 2021b). The EI values in the
specimens from Ibi match those reported for B.
inflata specimens from the Rupelian of Sicily
(1.13-1.27; BenepetTi, 2010) and eastern Turkey
(1.22-1.35; SIrREL, 2003).
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<« Figure 17: Plot of elongation index and
megalospheric proloculus diameter (um) for
Borelis from the Ibi and La Font Roja sec-
tions (see data in Table 1), with ranges for
Oligocene species (squares) based on the
Fig. 1 in BassI et al. (2021b). The ranges of
proloculus diameter were extended, for B.
merici SIREL & GUNDUz, from 1.35-1.56 to
1.3-1.8 um to include data in SIREL (2003),
and for Borelis pulchra (ORBIGNY) from 25-
30 to 25-50 pm to include data in CoOLE
(1957) on Borelis primitivus, considered a
synonym of B. pulchra by BaAss! et al.
(2021b). Note that part of the specimens
from Ibi and La Font Roja sections (orange
circles) fit well within the range of B. inflata
(ADAMS), whereas some specimens (blue
circles) fall between the ranges of B. in
flata/B. merici and B. pygmaea HANZAWA,
and are here referred to as Borelis sp. 1.

35
30 — B. pygmaea
2.5
x J
@
E 2.0 g .
[ ] 5. E EESREE [ P e
o B. merici { e
B i : - »
S Wl B inflata| | °
= e P ® ©
b LA S J e
- o0 ©
1.0 — B. puIChra 0, s
0.5 —
1 ©® Borelis sp. 1
= @ Borelis inflata
0.0 T | T | T | T [ 1
0 20 40 60 80

100

Diameter of megalospheric proloculus (um)

A second group of Oligocene specimens ex-
hibits columellar thickening and a notably higher
EI of 1.7-2.2, possibly reaching 2.6 in incomplete
forms (Fig. 120-W). These EI values are larger
than those documented for B. merici (1.3-1.8;
SIREL & GUNDUz, 1981; SIrReL, 2003) and B. philip-
pinensis (1.3-1.8; BassI et al., 2021b), but small-
er than those for B. pygmaea (2.3-2.5 according
to SIREL, 2003; 2.2-3.2 according to BassiI et al.,
2021b). They also differ from B. philippinensis by
lacking Y-shaped septula. Because these speci-
mens do not fit the diagnosis of any known
species, they are referred to here as Borelis sp. 1.
The limited number of available centred sections
prevents a formal, detailed characterization of a
potential new species. These forms may be relat-
ed to the specimens reported from the Malatya
Basin as B. merici by Gepik (2017), which exhibit
an EI of 1.79-2.71. A graphic plotting elongation
index (EI) against proloculus diameter (P) con-
firms that most specimens fall within the variabili-
ty of B. inflata, whereas those assigned to Borelis
sp. 1 occupy intermediate values between B. in-
flata/B. merici and B. pygmaea (Fig. 17; Table 1).

Table 1: Measurements in Borelis specimens from the
Ibi section. P: Diameter of the megalospheric prolocu-
lus, L: Test lenght, D: Test diameter, EI: Elongation in-
dex. (See plot in Fig. 17).

Species Sample P (um) L (um) D (um) EI (L/D)
68.0 552 524 1.05
45.0 843 606 1.39
37.4 631 527 1.20
69.0 565 489 1.16
62.0 660 592 1.11
54.0 637 481 1.32
Ibi-57 |59.0 168 151 1.11

SA-60

Borelis inflatd 48.0 416 410 1.01
62.0 1,587 1,074 1.48

44.0 1,339 1,046 1.28

bis 460 1,256 950 1.32

51.0 574 483 1.19
50.0 1,138 974 1.17
Ibi-5 68.0 336 303 1.11
SA-52  41.0 365 298 1.22
54.0 1,015 583 1.74
76.0 1,606 839 1.91
SA-60 |47.0 1,210 622 1.95
74.0 1,496 798 1.87
58.0 1,493 726 2.06
Ibi-58 69.5 1,234 774 1.59
Ibi-5 52.8 1,732 950 1.82
Ibi-52  76.0 624 393 1.59

Borelis sp. 1
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The samples from the Ibi section also include
several small subspherical forms (Fig. 12G-K). To
assess whether these represent juveniles or a
smaller species such as B. pulchra, we overlaid
images of small and large specimens from the
same samples (Fig. 12]1-J2). As no significant
differences were observed apart from test size
(they show similar size, shape and number of
chambers and chamberlets), we interpret the
small tests as juvenile forms of B. inflata. On the
other hand, the occurrence of Borelis pulchra in
the Oligocene (BassI et al., 2021b) is question-
able (see also BouDAGHER-FADEL & PRrICE, 2021).
This species was originally defined from recent
material from Cuba (OrBIGNY, 1839) and, accord-
ing to HOTTINGER (1974), is known only from mod-
ern sands in the Caribbean (Florida, Bahamas,
Cuba, Jamaica) and from Ascension Island in the
Atlantic. Bassi et al. (2021b) placed in synonymy
with B. pulchra four fossil species, B. primitivus,
B. parvula, B. boninensis, and B. globosa, and ex-
tended its stratigraphic range down to the Priabo-
nian and its geographic distribution to the Pacific
(Philippines, Ogasawara Islands, Eniwetok, Sai-
pan, Australia). However, the adscription of these
fossil species to B. pulchra is questionable for
several reasons: (1) most characters used to de-
fine Borelis species cannot be applied to small
forms with sphaerical tests < 1 mm (e.g., number
of chambers per whorl at 1 mm test diameter,
number of chamberlets per 1 mm chamber length,
or elongation index, since elongated forms may
initially have a sphaerical shape); (2) contradic-
tion in the definition of B. pulchra by BassI et al.
(2021b) as having a proloculus of 25-30 pm,
whereas including as a synonym B. primitivus,
defined as having a proloculus of 50 um (CoLE,
1957); (3) gaps in the stratigraphic record (e.g.,
the alleged occurrence of B. pulchra in the
Pliocene is based on an arbitrary reinterpretation
of an unfigured mention of B. melo by MATSUMARU
(2011); and (4) geographic inconsistency, with
recent forms in the Caribbean and Atlantic and
fossil forms in the Pacific (interpreted as homo-
plassic by BouDAGHER-FADEL & PRrice, 2021). The
small specimens from the Prebetic fit the diagno-
sis of B. pulchra by BassI et al. (2021b), but also
match juvenile individuals of other species, in-
cluding the Eocene B. vonderschmitti. These small
forms from the Prebetic are, therefore, interpret-
ed as juvenile individuals of the two recognised
species: B. inflata and Borelis sp. 1.

Amphistegina

Two species of Amphistegina (Superfamily As-
terigerinoidea, Family Amphisteginidae) were
identified in the sections studied: Amphistegina
bohdanowiczi and A. mammilla. Both species
were described in detail by FERRANDEZ-CANADELL
and BoverR-ARNAL (2017; see also ROGL & BRAND-
STATTER, 1993). Amphistegina bohdanowiczi (Fig.
9R-S) is very similar to Asterigerina rotula, from
which it probably originated by developing a
lenticular test with involute chambers. It occurs

throughout the Oligocene (SB 21-23) and has al-
so been reported from the Lower Miocene (e.g.,
ROGL & BRANDSTATTER, 1993). In the Ibi section its
first occurrence (FO) was observed in the middle
part, corresponding to the SB 22A. Its absence in
the lower part may be due to the shallow-water
facies of SB 21 layers, dominated by porcella-
neous Foraminifera where hyaline species are
scarce.

The test of A. mammilla (Fig. 9T-Y), with its
symmetrical lenticular-rhomboidal outline and
umbonal bosses on both sides, resembles that of
some Nummulites, particularly N. vascus, with
which it has sometimes been confused (e.g.,
STOoKLOSA & SiMo, 2008). Chattian A. mammilla
has been reported as A. hauerina (a synonym of
A. mammilla; ROGL & BRANDSTATTER, 1993; FERRAN-
DEZ-CANADELL & BOVER-ARNAL, 2017) from Palestine
(HensoN, 1936) and the Aquitaine Basin (SzTrRAKOS
& STEURBAUT, 2017), and as A. lessonii from Malta
(FELIX, 1973).

HaeiBl and Bover-ARNAL (2018) reported
Amphistegina mammilla (as A. mammilla, A. cf.
mammilla, and N. vascus in their Fig. 7a, 7k, and
7d, respectively) from the Rupelian and lower-
most Chattian of the Asmari Formation in Iran.
However, its association with Nummulites vascus,
Heterostegina assilinoides, and Eulepidina ele-
phantina suggests a late Chattian (SB 23) age.
Their interpretation of the Rupelian/Chattian bound-
ary coincides with a marked shift to shallower fa-
cies, where hyaline associations are replaced by
porcellaneous forms and miogypsinids. WIELANDT-
ScHUSTER (2004) also reported Amphistegina cf.
mammilla from the Rupelian of the Mesohellenic
Basin (Greece). Although no specimens were il-
lustrated, the association with Eulepidina ele-
phantina, Heterostegina assilinoides, and Cyclo-
clypeus droogeri suggests a late Chattian age.
The report of A. mammilla from the Rupelian of
Zagros (Iran) by AMIRSHAHKARAMI (2013) corre-
sponds to A. bohdanowiczi (FERRANDEZ-CANADELL &
BoVER-ARNAL, 2017).

Lepidocyclinids

Nephrolepidina and Eulepidina (Superfamily
Asterigerinoidea, Family Lepidocyclinidae) are
widely used in Oligocene biostratigraphy. Both
genera were identified in samples from the two
sections studied, but species-level determination
was not possible due to the lack of loose speci-
mens, which are necessary for a statistically sig-
nificant biometrical study based on centred equa-
torial sections. One specimen was tentatively as-
signed to N. cf. morgani (Fig. 90) because it
closely matches the specimens illustrated by
BENEDETTI and ScHIAVINOTTO (2023, Figs. 7-8). The
diameter of the deuteroconch in Eulepidina from
non-centred sections in the lowermost part of the
basal upper Rupelian of the Ibi section (730-845
um, Fig. 9M) agrees with the values of topotypes
of E. formosoides (363-1285 uym, mean = 772
pm) reported by Heck and DROOGER (1984), as
well as with values from other localities in Turkey
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and Iran (e.g., Ozcan et al., 2010a; AKBAR-BASKA-
LAYEH et al., 2020; YAzDI-MoGHADAM et al., 2025).

Nummulitids

In the Ibi and FR sections, nummulitids (Su-
perfamily Nummulitoidea, Family Nummulitidae)
are represented by species of Nummulites, Hete-
rostegina, Spiroclypeus, and Cycloclypeus. Num-
mulites is scarce in the two studied sections.
Specimens belonging to the N. fabianii group (N.
fabianii, N. fichteli), the N. incrassatus group (N.
incrassatus, N. vascus), and the operculiniform N.
kecskemetii were identified. We follow the classifi-
cation of reticulate Nummulites proposed by
Ozcan et al. (2009a), which has been adopted by
several authors (Ozcan et al.,, 2010a, 2010b,
2019; Less et al., 2011; AxkBAR-BASKALAYEH et al.,
2020; HabpI et al., 2023). According to this classi-
fication, Nummulites fabianii is characterised by
having umbo, weak granules, heavy reticulation,
and a proloculus diameter of 200-300 ym. The
specimens of reticulate Nummulites from the low-
er part of the Ibi section exhibit these features
(Fig. 7A-B). The proloculus could only be mea-
sured in one axial section, with an equatorial di-
ameter of 235 pm. This species is associated with
Nummulites of the N. incrassatus group, which
have a small proloculus (< 50 pym; Fig. 7C), along
with Acervulina linearis, Asterigerina rotula,
Discocyclina spp., Fabiania cassis, Halkyardia
minima, Gyroidinella magna, Schlosserina aste-
rites, Chapmanina gassinensis, Silvestriella tetra-
edra, Rotorbinella epardi, Borelis vonderschmittii,
and Orbitolites cf. cotentinensis.

In upper levels of the Ibi section, N. vascus
and N. kecskemetii, together with Nummulites of
the group of N. fabianii occur. Within the latter,
most specimens are characterised by a larger,
smooth reticulate test (Fig. 9A-B). Measurements
taken from an equatorial section (Fig. 9B) yielded
the following values: P = 238 pm, outer diameter
of the first two whorls = 1.135 ym, 18 post-em-
bryonic chambers in the first two whorls, and an
index of spiral opening = 26.4. These parameters
fall within the variability of N. fichteli (e.g., Ozcan
et al., 2010a).

Nummulites vascus (Fig. 9C) is characterised
by a radiate, biconvex test with an indistinct cen-
tral knob and an acute margin. The protoconch,
measured in subaxial sections, yielded P values of
122-153 pm (N = 5), which are lower than those
reported for N. vascus by Less et al. (2011) and
SIREL et al. (2020a), possibly because the sections
are not centred.

Nummulites kecskemetii is characterised by its
very small proloculus (usually 60-90 pym in diam-
eter), operculinid spiral, narrow chambers, and
curved septa, almost at right angle in the proxi-
mal half and at 10°-15° where joining the spiral
wall (Less, 1991). It is rare in the studied sections
and was recognised only in axial sections (Fig.
9D) as a small operculinid hummulitid, with P val-
ues of 47-96 ym (N = 3). Its biostratigraphic
range spans the entire Chattian (SB 22A-23)

(Less, 1991; BALDI et al., 1999; WIELANDT-SCHUS-
TER et al., 2004; OzcaN et al., 2009a, 2010a; PARr-
ENTE & LEss, 2019).

Heterostegina assilinoides and Spiroclypeus
margaritatus from the Prebetic upper Chattian
were previously described (the latter as "S.
blanckenhorni") by FERRANDEZ-CANADELL and BOVER-
ARNAL (2017). No significant morphological or bio-
metrical differences were observed in the speci-
mens from the Ibi and FR sections. Heterostegina
assilinoides (Fig. 9H-]) occurs in the upper part of
the Ibi section and throughout the FR section
(Figs. 5-6). The estimated P values 162-247 um
(mean = 201.2 um, N = 8) are similar to those
reported for specimens from Benitatxell in the
eastern Prebetic (210-338 pm, mean = 268 um;
FERRANDEZ-CANADELL & BOVER-ARNAL, 2017) and
within the variability documented in the literature
(Henson, 1937; Ozcan et al., 2009a, 2010a; BENE-
DETTI et al., 2018). Spiroclypeus margaritatus oc-
curs in the uppermost part of the Ibi section and
throughout the FR section (Fig. 9K-L), with P val-
ues of 296-356 pym (mean = 328.75 uym, N = 4).
This species, often reported as S. blanckenhorni
(@ junior synonym) in the Mediterranean region,
is not related to the Priabonian species (Ozcan et
al., 2009b; Less et al., 2018). It occurs in the up-
per Chattian (SB 23) across the entire Tethys
realm, from the Mediterranean to the Pacific
(CoLE, 1969; CaHuzAC & POIGNANT, 1997; EHREN-
BERG et al., 2007; Less et al., 2018), and also oc-
curs in the lower Aquitanian of central Turkey
(Ozcan et al., 2009b).

Cycloclypeus is very scarce in our samples
(Fig. 9F-G). It occurs at the top of the Ibi section
and throughout the FR section (Figs. 5-6). The
test exhibits a central swelling of flattened lentic-
ular shape, and the external surface is smooth,
lacking granules. The diameter of the megalo-
spheric protoconch (P = 114-192 pym, mean =
151 ym, N = 11) corresponds to C. mediter-
raneus (120-160 ym) and differs from the smaller
protoconch of C. droogeri (< 120 pm) and the
very small embryo of C. eidae (60-90 pm) (MAT-
TEUCCI & ScHIAVINOTTO, 1985; OzcaN & Less, 2009).
It also differs from the larger proloculus of C.
pseudocarpenteri (P = 195-375 um) described
from the lower Chattian (SB 22B) of eastern Tur-
key (Ozcan et al., 2010a). No significant differ-
ences were observed between specimens from
the Ibi section (P = 162-182 pm, mean = 164
pm) and those from the FR section (P = 128-192
Mm, mean = 143.6 pym). Similar specimens as-
signed to C. mediterraneus have been reported
from the Prebetic and southern Spain (LAAGLAND,
1990; RENEMA, 2015; FERRANDEZ-CANADELL & BOVER-
ARNAL, 2017) and central Italy (MATTEUCCI & SCHI-
AVINOTTO, 1977, 1985; RENEMA, 2015).

Rotorbinella

Rotorbinella is a small conical rotalid (Family
Rotaliidae, Subfamily Rotaliinae) with the simplest
canal system. It is a polyphyletic genus with a
discontinuous biostratigraphic record, including
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species known from the Cenomanian, Coniacian-
Santonian, Paleocene-Ilerdian, and Miocene-Re-
cent intervals, reflecting recurrent origins and ex-
tinctions (FERRANDEZ-CANADELL et al., 2023a). Ro-
torbinella epardi was originally defined from ma-
terial of the Helvetic Alps, later recognised in oth-
er western basins of the Tethys, and considered a
characteristic species for the Priabonian, SB 19-
20 (FERRANDEZ-CANADELL et al., 2023b). In the Pre-
betic, it occurs in the Priabonian of the lowermost
part of the Ibi section (Figs. 5, 10P-Q). A similar
form, here referred to as Rotorbinella cf. epardi
also occurs throughout the Oligocene (Fig. 100,
R-S). The limited material prevents a conclusive
species determination, but it is likely that the
biostratigraphic range of R. epardi extends up-
ward into the upper Chattian, as previously sug-
gested by FERRANDEZ-CANADELL et al. (2023b).

Miogypsinella and Postmiogypsinella

Western Neothethys miogypsinids (Superfami-
ly Rotalioidea, Family Miogypsinidae) without lat-
eral chamberlets, classically assigned to Miogypsi-
noides, actually belong to the genus Miogypsinella
Hanzawa, which is characterised by an initial, low
trochospiral coil and thinner lateral walls (SIREL,
2015; Gebpik, 2020). Similarly, some reports of
Miogypsina from the Chattian of the Mediter-
ranean region may correspond to Postmiogypsi-
nella SIREL & GEDIK. This reinterpretation could ex-
plain certain age misinterpretations (e.g., the in-
terpretation of the uppermost part of the Ibi sec-
tion as Burdigalian by GEeeL, 1995).

Four species of Miogypsinella (= Miogypsi-
noides auct.) have been differentiated based on
the number of spiral chambers (factor X), with
varying limits according to different authors as
well as different ranges of variability and bios-
tratigraphic ranges (e.g., Gepik & SIReL, 2009;
SIREL & GEeDIK, 2011; SIReL & Isik, 2011; GEDIK,
2014, 2020; Hakyemez et al., 2016). Since our
study was carried out entirely on random thin
sections (Fig. 16), the exact number of spiral
chambers and their variability could rarely be ob-
served. To address this limitation, we adopted a
threshold of 14 spiral chambers to differentiate M.
complanata and M. formosensis (with more than
14 spiral chambers, X > 14) from M. borodensis
and M. akcadagensis (with 14 or fewer spiral
chambers, X <14). Some specimens with fewer
than 10 spiral chambers were identified as M.
akcadagensis (Figs. 6, 16N-P). As a result, a dis-
tinct biostratigraphic distribution was observed for
the two groups (Fig. 6): specimens with X > 14
occur in the lower part of the FR section, whereas
those with X <14 occur in the middle-upper part,
associated with Postmiogypsinella. No miogypsi-
nids were found in the uppermost samples from
the Ibi section (last 12 m; Fig. 5), which are in-
terpreted as late Chattian in age based on the
presence of Risananeiza pustulosa, Amphistegina
mammilla, and Cycloclypeus mediterraneus.

Elphidium and Elphidiella

Elphidiella (Family Elphidiellidae) differs from
Elphidium (Family Elphidiidae) by lacking retral
processes and having multiple interioareal aper-
tures and a rounded periphery (e.g., CONSORTI et
al., 2018). In our samples Elphidiella sp. occurs in
the uppermost Eocene and the lower Rupelian (SB
21) (Figs. 5, 10V-X). This species is likely the
same reported as "Elphidium sp. 1" from the low-
er Rupelian of the Asmari Formation in the Sepi-
dar Anticline (Zagros Basin, Iran) by Hasiel (2016a,
PIl. 2, figs. 3, 18).

Elphidium crispum is a relatively common
species in Middle Miocene or younger rocks (e.g.,
HANSEN et al., 1987; CaHuzAC & POIGNANT, 2004).
According to YAazbpi-MoOGHADAM et al. (2021), its
earliest occurrence in Central Iran is in the Burdi-
galian (SBZ 25). Elphidium cf. crispum was found
in a single sample from the lowermost upper
Chattian of the Ibi section (Fig. 10M). The occur-
rence of Elphidium crispum in the lowermost up-
per Chattian (SB 23) in the Prebetic is in accor-
dance with the biostratigraphic study by SzTrAkos
and STEURBAUT (2017) in western Aquitaine Basin.
SIREL and GEDIK (2011) included "Elphidium sp." in
the assemblage characterizing the upper Chattian
of Malatya Basin (eastern Turkey), although they
did not provide illustrations.

6. Systematic palaeontology
(C. FERRANDEZ-CANADELL)

The record along a succession spanning the
early Rupelian to the late Chattian has revealed
new features in two genera, Austrotrillina and Ri-
sananeiza, which have implications for their sys-
tematics. Consequently, these two genera are
discussed in more detail in this section. Two other
genera with Eocene and Oligocene representa-
tives, Pfendericonus and Neorotalia, also require
clarification and are, therefore, also included in
this section.

The genus Austrotrillina. Structure and
diagnostic criteria

The extensive literature on Austrotrillina re-
veals diverse and often contradictory systematic
interpretations and biostratigraphic ranges for its
species. Based on observations of morphological
features and evolutionary trends along the sec-
tions studied, together with a critical assessment
of the literature, a comprehensive review of the
genus is made here.

In the literature five species of Austrotrillina
are currently accepted: the Eocene A. eocaenica
HOTTINGER, and the Oligocene-Miocene species A.
paucialveolata GRIMSDALE, A. asmariensis ADAMS,
A. striata Topb and PosT, A. brunni MARIE, and A.
howchini (ScHLUMBERGER). Among the Oligo-Mio-
cene species, A. paucialveolata and A. howchini
are clearly differentiated by their exoskeleton:
simple and irregular or scattered in the former
(and in A. eocaenica), and regular and complex
with bifurcated alveoli in the latter. There is a
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considerable confusion with the other three
species, A. asmariensis, A. striata, and A. brunni,
with different species definitions and diagnostic
features, partly resulting from insufficient original
descriptions. Characters such as size of alveoli,
spacing between alveoli, thickness of the walls
between alveoli, test shape, growth type (bilocu-
lar/trilocular/quinquelocular), and diameter of the
megalospheric proloculus are highly variable and,
to some extent, subject to subjective interpreta-
tion. Consequently, these species do not exhibit
clear patterns in their biostratigraphic ranges, nor
even in their order of appearance in the geologi-
cal record across different regions.

ADAMS (1968) carried out a first revision of the
genus, checking type material, redefining species,
and erecting a new one, A. asmariensis. A key
conclusion of his review was the difficulty in dis-
tinguishing species due to variability and the
presence of intermediate forms. The genus
Austrotrillina was recently revised by BassI et al.
(2021a), who recognised only four species and
concluded that A. eocaenica is the ancestor of the
group, from which two species originated in the
Rupelian, A. brunni and A. striata (including A.
paucialveolata), with a fourth species, A. how-
chini, appearing in the Burdigalian.

The observations of Austrotrillina along the Ibi
and FR sections, spanning from the lowest Ru-
pelian to the upper Chattian, revealed architec-
tural features and evolutionary patterns that en-
abled a revision and reinterpretation of the genus
taxonomy (Figs. 13-14, 18-19).

First, there is confusion regarding both the ar-
chitecture, mainly the structure of the wall, and
the terminology used to describe it (alveoli, al-
coves, parapores), which needs clarification. In
their revision of Austrotrillina, Bassi et al. (2021a)
described the wall structure not as an exoskeleton
but as a wall texture, consisting "of a tectum and
a parakeriotheca with subsutural alcoves" (Bassi
et al. (2021a, p. 15). Therefore, they considered
the cavities in the wall to be parapores, not
alveoli: "The alveole recesses are of varying
depth and end blind beneath the tectum. Conse-
quently, they are parapores sensu HOTTINGER
(2006)" (Basst et al., 2021a, p. 6). However, HoT-
TINGER (2006) emphasised the distinction between
exosqueletal structures (including alveoli) and
wall textures (keriotheca, pseudokeriotheca,
parapores), noting the simultaneous presence of
both in some genera. He clearly stated (Hort-
TINGER, 2006, p. 6) that "Alveoles must be distin-
guished from parapores or parakeriothecal cavi-
ties that are an adjunct of wall texture" and high-
lighted that "Among the porcellaneous Foraminif-
era with alveoles, Austrotrillina is a prominent
group". The present work follows HOTTINGER (2006)
in considering that the terms "parapores" and
"parakeriotheca" (wall texture) should not be ap-
plied to Austrotrillina. A special case is A. how-
chini, in which the alveoli are bifurcated, with
morphotypes progressively more complex struc-

tures and levels of bifurcation. Bassi et al.
(2021a) studied in detail (using microCT) the
most complex forms of the genus, specimens of
A. howchini with three orders of bifurcation in
alveoli, where the wall structure becomes homo-
geneous, lacking recognizable beams or rafters,
and closely resembling pseudokeriothecal wall
textures. Whereas this type of structure might be
interpreted as pseudokeriothecal wall with para-
pores (even illustrating a particular origin of ke-
riothecal wall from increasing alveolar complexi-
ty), this terminology cannot be applied to the
simple cavities in the in the walls of the other
species of Austrotrillina, which are true alveoli
(i.e., exoskeleton), not parapores (i.e., wall tex-
ture). This is evident in A. eocaenica and A.
paucialveolata, where cavities in the wall can
reach 100 pm in width (Fig. 13F) or appear as
smooth, shallow depressions on the inner wall
surface (Fig. 13C-E). The same applies to the
asmariensis, striata, and brunni morphotypes, as
well as the simplest forms of A. howchini with a
single level of bifurcation in alveoli.

Second, Bassi et al. (2021a) considered, and
used as a diagnostic character, that beams are
present only in A. howchini and A. eocaenica, and
therefore absent in their concept of A. brunni (in-
cluding A. asmariensis) and A. striata (including
A. paucialveolata). This interpretation is incorrect,
because beams are conspicuous in all regular
morphotypes (striata, asmariensis, brunni), as
well as in simple howchini (Fig. 18B-D, G). An ex-
ception occurs in the complex forms of A.
howchini (with two or three bifurcation levels in
alveoli), where beams become less discernible or
disappear entirely. Bassi et al. (2021a) did not
provide thin-section photographs of these com-
plex forms, relying exclusively on processed mi-
croCT images.

Third, HOTTINGER (2007) introduced the pres-
ence of so-called "alcoves" as an architectural di-
agnostic character in Austrotrillina, defined as
blind cavities formed by beams merging with the
basal layer in the chamber suture. Subsequent
authors followed HoOTTINGER (2007), adding the
presence of alcoves into the description of Austro-
trillina species (e.g., Bassi et al., 2021a, for A.
eocaenica and A. howchini; SErRrRA-KIEL et al.,
2016, for A. eocaenica, A. brunni, and A. striata).
However, there are no blind cavities in the test of
Austrotrillina; the supposed alcoves are simply
alveoli observed in tangential section. The few il-
lustrated "alcoves" in Austrotrillina in the litera-
ture (HOTTINGER, 2007; SERRA-KIEL et al., 2016;
Bassi et al., 2021a) are always shown in tangen-
tial section. Sections normal to the chamber wall
show that the exoskeleton (beams) only reaches
the basal layer at the chamber junction, forming a
cavity that remains open to the chamber lumen,
that is, an alveolus (Fig. 18E-H). As noted by
HOTTINGER (2007), these alveoli in the marginal
part of chambers (suture) are somewhat larger
and quadrangular (Fig. 18C-D, G). The confusion
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A
MORPHOTYPES: paucialveolata striata asmariensis howchini
SPECIES: A. oligocaenica A. striata A. howchini
A. paucialveolata

Figure 18: Architecture of the test of Austrotrillina. A) Different morphotypes of the exoskeleton of Austrillina and
the species bearing each morphotype. B-3) Architecture of the test and morphotypes in Austrotrillina. B-D) Tangen-
tial sections showing the two exoskeletal elements that form the alveoli, beams (bm), normal to the chamber su-
tures, and rafters (rf) normal to sutures (su); note the larger size of alveoli beside sutures; samples: B) Ibi-9, C SA-
57, D) Ibi-43. E-H) Sections showing the exoskeletal features in the different morphotypes: asmariensis-type (E),
striata-type (F) and howchini-type (G-H). All the cavities in the wall are formed by open cavities, i.e., alveoli. The al-
leged presence of alcoves (i.e., blind cavities within the walls) are actually misinterpreted oblique or tangential sec-
tions of alveoli (black arrows); when the section is normal to the wall it is clear that all the cavities are open (white
arrows). Note the bifurcation of alveoli in G and H; samples: E-F) SA-60, G-H) SU-2 (Serra de I'Ombria, section un-
der study). I) Microphotograph of a thin section and details (white squares) showing the occurrence of the two mor-
photypes of exoskeleton in the same sample (SA-57), asmariensis-type (top) and striata-type (bottom). J) Equatori-
al-oblique section and details showing the two morphotypes of alveoli in the same specimen, asmariensis-type in the
inner chambers (1) and striata-type in the external chambers (2); sample FR-83. Scale bars = 200 um.
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may have arisen because, in the marginal (polar)
zones of the test, the walls of two adjacent cham-
bers meet at a closed angle along a curved su-
ture, so that part of the section is always tangen-
tial. It is only in this tangential part of the section
where the supposed alcoves are seen, whereas at
the opposite end of the chamber the cavities ap-
pear as open alveolus (Fig. 18E-H). This can also
be seen in the section of A. howchini in ADAMS
(1968, PI. 3, fig. 6), and in Figure 9D and 9H in
Basst et al. (2021a), where "alcoves" appear only
on one side of the chamber, whereas on the other
side the alveolus is clearly open to the chamber
lumen. The conclusion is that there are no alcoves
in Austrotrillina and, therefore, they cannot be
considered a valid diagnostic character.

Fourth, according to Bassi et al. (2021a), A.
howchini would be the only species lacking a flex-
ostyle. However, in the original description of the
species, based on material from Australia, ScHLuM-
BERGER (1893, p. 119) clearly stated that "on re-
marque au centre la mégasphére avec son canal”,
which he also illustrated in his Fig. 1. Further-
more, in his description of A. howchini, AbaAms
(1968, p. 86) wrote: "Test comprising a subglob-
ular proloculus (...) followed by a tube-like second
chamber". The flexostyle is visible in his figured
specimens (see Pl. 2, fig. 4 in Abpams, 1968).
Therefore, the absence of a flexostyle cannot be
considered a diagnostic feature for A. howchini.

Fifth, the diameter of the megalospheric pro-
loculus in the asmariensis, striata, and brunni
morphotypes is so variable that it can hardly be
used as a diagnostic character for distinguishing
species. ADAMS (1968) noted the extreme variabil-
ity in proloculus diameter (P) in A. asmariensis,
reporting values ranging from 70 to 250 pm, with
middle Oligocene specimens having the largest
proloculi in the genus. According to his data
(Abams, 1968), the range of P in A. paucialveolata
(80-130 pm) falls within that in A. asmariensis
(70-250 pm), A. striata (50-130 pm), and A.
howchini (70-150 pm). In their diagnosis of A.
brunni, Bassi et al. (2021a) included a proloculus
diameter ranging from 100 to 250 um. However,
they included in the synonymy list all the speci-
mens assigned to A. brunni by SERRA-KIEL et al.
(2016), who described the species as having a
proloculus diameter of 60-100 pm. These two
ranges are mutually exclusive. If combined, the
total range would be 60-250 ym, similar to that of
A. asmariensis according to AbAms (1968) and
nearly encompassing the known range of the
genus.

In the sections studied, particularly in the Ibi
section, the evolution of Austrotrillina through the
Oligocene can be traced from the lowermost Ru-
pelian to the upper Chattian. The specimens from
the lower Rupelian (SB 21) are all of the A.
paucialveolata type, which is replaced in the up-
per Rupelian and through the lower to the upper
Chattian (SB 22A-23) by asmariensis/striata/
brunni forms.

Tests with asmariensis and striata/brunni ex-
oskeletal morphotypes occur together in the same
samples (Fig. 18I) and even within the same
specimen (Fig. 18]). The upper samples with
Austrotrillina in the Ibi section (basal SB 23) ex-
hibit exoskeletons transitional between striata
and howchini morphotypes, showing incipient bi-
furcation of alveoli (Fig. 14B-C). Occasional speci-
mens with regular bifurcation of alveoli appear in
the middle upper Chattian in the FR section (Fig.
14A). The evidence indicates a progressive phylo-
genetic change in exoskeleton pattern from the
asmariensis-type to the striata-type, reflected in
the ontogeny, and subsequently evolving toward
the howchini-type. That is, the different exoskele-
tal patterns represent stages in a continuous, grad-
ual evolutionary trend. Because asmariensis and
striata/brunni exoskeletal types occur together
(same stratigraphic layers and even within the
same test), they cannot be used to define species.

Based on this review of the main diagnostic
characteristics and the terminology to be used in
descriptions, along with the observations made on
the studied material and data from the literature,
the currently accepted species are reviewed be-
low.

Austrotrillina paucialveolata and A. eo-
caenica

The exoskeleton in Austrotrillina paucialveolata
is highly variable, ranging from a simple rounded
thickening of the wall (producing an undulate in-
ternal surface in sections perpendicular to the
wall) to alveoli that are irregular in size, shape,
and distribution (Fig. 13A-I). As stated by Abams
(1968) in his emended diagnosis of the species,
alveoli are restricted to the last few chambers.
Austrotrillina paucialveolata is very similar to A.
eocaenica, differing by its smaller test, smaller
megalospheric proloculus, and a thinner basal
layer (HOTTINGER, 2007; SERRA-KIEL et al., 2016).

Reported values of P in the literature are 80-
130 pm (AbpamMs, 1968), 80-100 pm (HOTTINGER,
2007) or 60-70 pm (SERRA-KIEL et al., 2016) for
A. paucialveolata;, and 240-320 pm (HOTTINGER,
2007; "24-32 ym" in BassI et al., 2021a) or 190-
235 pm (SErRRA-KIEL et al., 2016) for A. eocaenica.
Specimens of A. paucialveolata from the Ibi sec-
tion are consistent with these values, with a P can
= 83 ym (range = 40-140 ym, N = 16), showing
an increase from Ppea, = 75.08 pm in the lower-
most samples (Ibi-118 to Ibi121, range = 40-106
pm, N = 6) to @ Ppean = 117.5 pm in the upper-
most sample (Ibi-MN20, range = 120-148 pm, N
= 3; Table 2).

Basst et al. (2021a) considered A. paucialveo-
lata a junior synonym of Austrotrillina striata,
stating that "No textural and structural differ-
ences were found between A. striata and A. pau-
cialveolata" (Bassi et al., 2021a, p. 12). In fact,
the size and pattern of alveoli in these two
species are markedly different (Fig. 13). The evi-
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Figure 19: Schematic drawing of the alveolar lateral wall of Austrotrillina and the different exoskeletal patterns that
will be apparent depending on the direction of the section. The same exoskeleton can appear as asmariensis-type (A-
A'), more or less thicker striata-type (B-B', C-C'), or irregular (D-D'). Photo: A. striata, Ibi section, sample SA-57 (SB

22A, upper Rupelian).

Table 2: Measurements of megalospheric proloculus diameter (P) in Austrotrillina from the Ibi and FR sections

Species Section Sample meter in section P (pm) Mean N range std. dev.
FR FR-83 96 128 - 1 - -

AA-3 238 167 a 1 - s
Ibi-9 236 135 - 1 - -
Ibi-11 227.5 67 = i = =
SA-68 218.5 133, 156 109.25 2 133-156 83.07
SA-63 188 49 - 1 - -
SA-62 179 62 - 1 - -
Ibi-45 171 83 - 1 - -

1. striata 57, 64, 66, 73, 82, 89, 106, 109, 110, 111,
SA-60 163.5 118, 122, 129, 131, 132, 136, 138, 141, 144, 120.37 27 57-160 34.69

144, 144, 144, 144, 149, 151, 156, 160
SA-59 161 59, 116 87.50 2 59-116 57.00
SA-57 148 52, 60, 66, 70, 98, 100, 104 78.57 7 52-104 32.18
Ibi-41 146.5 86 = i = =
[bi Ibi-6 142 48, 63, 64, 78, 94, 104, 120 81.57 7 48-120 35.44

Ibi-5 130 61, 65, 66, 68, 70, 74, 74, 76, 77, 81 71.20 10 61-81 19.38
Ibi-2, SA-52 116.5 45 1
SA-53 127 94, 111, 118, 121 111.00 4 94-121 48.98
MN-20 110 120, 128, 148 132.00 3 120-148 65.57
Ibi-MN-19 108 82 = 1 = -
Ibi-130 96.5 68 - 1 - -
Ibi-129 94 72 = i = =

lA. paucialveolata| MN-6 78 58, 70, 73 66.84 3 58-73 32.56
Ibi-126 76 67 = i = =
Ibi-121 55 84 - 1 - -
Ibi-120 50 40, 56, 86, 106 71.88 4 40-106 39.79
[bi-118 44.5 79 - 1

dence supports treating A. paucialveolata as a
valid species. It is the only Austrotrillina species
occurring in the lower Rupelian in the Ibi section
and is easy to distinguish from other Oligocene-
Miocene species (A. striata, "A. asmariensis", "A.
brunni", A. howchini) by its irregular and rudi-
mentary exoskeleton, which is restricted to the

peripheral chambers (Figs. 13-14). In the Ibi sec-
tion, a general trend towards more abundant
trilocular forms and a more developed and regular
exoskeleton can be observed throughout the low-
er Rupelian (Fig. 13). Austrotrillina paucialveolata
was reported from the Rupelian of Mallorca as
"Quinqueloculina laberynthica n. sp." by ESCANDELL
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and CoLom (1962, p. 127; Fig. 16.1-16), and as
"Austrotrillina howchini" by HOTTINGER (1963, PI.
1, figs. 1-2).

Austrotrillina striata, A. asmariensis, and
A. brunni

The exoskeleton in these forms is regular, with
alveoli formed by the intersection of two ex-
oskeletal elements, beams and rafters (Figs. 133-
R, 18B-D, I-]), also noted by SireL et al. (2013).
Beams are larger, protruding farther into the
chamber lumen, and oriented roughly normal to
the sutures. Rafters are smaller and perpendicular
to beams. Alveoli are rounded and roughly ar-
ranged in rows following the beams. At the su-
tures, alveoli are larger and quadrangular in out-
line (Fig. 18C-D), bounded only by beams that
merge with the basal layer. These cavities along
the sutures correspond to the "alcoves" described
by HoOTTINGER (2007) and Bassi et al. (2021a).
However, as discussed above, they remain open
to the chamber lumen (white arrows in Fig. 18E-
H) and are, therefore, alveoli.

The initial chambers lack an exoskeleton, a
feature that is more pronounced in microspheric
forms. The ontogenetic stage at which the ex-
oskeleton appears in the different morphotypes
could not be determined from our material, al-
though the number of chambers without an ex-
oskeleton is clearly lower than in A. pauci-
alveolata (compare Fig. 13A-I with Fig. 13]-R).

The diameter of the alveoli and, more impor-
tantly, the thickness of the walls that delimit
them are variable. According to Abams (1968, p.
82), alveoli may be fine as in A. asmariensis or
coarse as in A. striata, however, he did not pro-
vide measurements for alveolar diameter in these
two forms. Measurements in our material show
that the diameter of the alveoli is similar in both
morphotypes (approximately 20-30 pm). The
variation between morphotypes lies in the spatial
distribution of the alveoli, which is controlled by
the thickness of the walls separating them. There-
fore, these two morphotypes differ primarily in
the thickness of the walls between alveoli, rather
than alveolar diameter (Fig. 18). Walls between
alveoli are thin in the "asmariensis" type and
thick in the "striata" morphotype, resulting in
more or less tightly distributed alveoli. This char-
acter has traditionally been used as the main cri-
terion for distinguishing species (asmariensis vs.
striata). Although these two morphotypes appear
well differentiated, variability produces intermedi-
ate forms that are difficult to assign to either
morphotype, even using biometric criteria. Inter-
mediate forms between asmariensis and striata
morphotypes, as well as between paucialveolata
and asmariensis, and between asmariensis and
howchini morphotypes have been reported (e.g.,
ADAMS, 1968; BELFORD, 1984; RIERA et al., 2019;
HaiG et al., 2020). Moreover, some variability in
wall thickness between alveoli (and in alveolar di-
ameter or spacing of alveoli, as noted by Apawms,
1968), may result from section orientation: be-

cause beams are thicker than rafters, sections
across successive rafters show thinner walls than
sections across successive beams (Fig. 19).
Therefore, different morphotypes of alveoli (asma-
riensis, striata or combinations of both) may ap-
pear in differently oriented sections of the same
specimen (Fig. 19). In the Ibi section both mor-
photypes, asmariensis and striata, occur in the
same sample (i.e., population) (Fig. 18I). Fur-
thermore, both morphotypes are present within
the same test, as shown in the specimen in Figure
18E-H, where there appears to be a transition
from the "asmariensis" type to the "striata" type
during ontogeny. Consequently, the alveolar pat-
tern is not a reliable diagnostic feature for differ-
entiating or characterizing species, and Austro-
trillina asmariensis AbAMS should be regarded as a
junior synonym of A. striata Tobb & PosT. This
conclusion is consistent with Abams' (1968, p. 85)
observation: "Although typical specimens of A.
asmariensis and A. striata (...) look very different,
the geographical and stratigraphic distributions of
the two are such that it is difficult to avoid the
conclusion that we are really dealing with one
species and that the differences between them
are not of fundamental importance".

A third species, A. brunni, has been arbitrarily
characterised (i.e., not on the basis of observa-
tions of the type material) by the presence of a
large megalospheric proloculus, a smaller and
more frequent trilocular test, and rounded mar-
gins in equatorial section (e.g., SIREL, 2003; SER-
RA-KIEL et al., 2016). However, no solid morpho-
logical, biometric, or biostratigraphic criterion
clearly separates A. brunni from A. striata. The
supposed absence of alcoves, used by BassI et al.
(2021a) as a diagnostic character of A. brunni, is
not a valid criterion because, as discussed above,
alcoves are not present in the test of Austro-
trillina. The proloculus diameter values reported
for "A. brunni" by SERrRA-KIEL et al. (2016) and
Bassi et al. (2021a), 60-100 pm and 100-250 pm,
respectively, are mutually exclusive. In MARIE's
(1955) original description of A. brunni, no details
on the proloculus were provided. The measure-
ments of the proloculus diameter in Austrotrillina
carried out in the present study (Table 2) show a
general increase in both A. paucialveolata and A.
striata, but also a high degree of variability that
prevents discrimination, on this basis alone,
among A. striata, A. asmariensis, and A. brunni.
Furthermore, according to Abams (1968, p. 85),
who examined MARIE's original photographs of A.
brunni, some specimens show alveoli that bifur-
cate toward their outer ends, a feature that Abams
interpreted as corresponding to intermediate
forms between "the A. striata/asmariensis group
and the true A. howchini". Several authors have
assigned the same biostratigraphic range to "A.
asmariensis", "A. striata", and "A. brunni", or
have reported their co-occurrence within the
same beds (e.g., SIREL, 2003, 2015; Gebpik, 2015;
SERRA-KIEL et al., 2016; Bassi et al., 2021a), oc-
casionally alongside A. paucialveolata as well
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(e.g., Abpams, 1968, p. 90). The co-occurrence and
stratigraphic succession of these "species" (pauci-
alveolata, asmariensis, striata, brunni, howchini)
have been reported or interpreted in many differ-
ent combinations (e.g., AbAmMs, 1970; BOUDAGHER-
FADEL & BANNER, 1999; GeDIK, 2015; BOUDAGHER-
FADEL, 2018; RIERA et al., 2019; Bassi et al.,
2021a), with the only consistent point being that
A. howchini is considered the youngest form. In-
termediate specimens between all morphotypes
(paucialveolata/asmariensis, asmariensis/striata,
asmariensis/howchini, striata/howchini, and brun-
ni/howchini) have been documented (e.g., ADAMS,
1968; RIERA et al., 2019; HAIG et al., 2020).

Given the lack of clear discriminatory charac-
teristics, the presence of intermediate forms, the
co-occurrence of different types of exoskeleton in
the same horizons or in the same specimen, and
the appearance of morphotypes in different bios-
tratigraphic order in different areas, the three
forms (asmariensis, striata, and brunni) are here
merged into a single species, A. striata Topb (fol-
lowing the priority of the oldest name and the
emended description of the topotypes by Apams,
1968). The terms asmariensis, brunni, and stria-
ta, would then refer to different morphotypes of
the species A. striata, which appear to descend
from A. paucialveolata and diachronically evolved
into A. howchini ("the end point in the evolution
of the genus", Abams, 1968, p. 93). This interpre-
tation is consistent with the observations of HaiG
et al. (2020), who also used the term morphotype
to describe the different forms, including transi-
tional morphotypes between A. paucialveolata and
A. asmariensis, between A. asmariensis and A.
howchini, as well as as well as forms with differ-
ent orders of alveolar bifurcation within A. how-
chini.

Taking this morphological and biostratigraphi-
cal variability of morphotypes into account, only
four species can be distinguished within the genus
Austrotrillina:

e Austrotrillina eocaenica HOTTINGER: with
simple and irregular alveoli in the last
chambers, P = 190-320 pm, middle-late
Eocene.

e Austrotrillina paucialveolata GRIMSDALE: with
simple and irregular alveoli, limited to the
last chambers or beginning in the 3rd or
4th chamber, P = 40-140 pm, Rupelian.

e Austrotrillina striata Tobb & PosT: with reg-
ular simple alveoli starting in earlier cham-
bers and showing two main morphotypes
according to the thickness of the walls be-
tween alveoli, thin in the asmariensis-type
and thick in the striata-type. P = 50-250
pMm, Rupelian-Serravallian.

e Austrotrillina howchini (SCHLUMBERGER): with
bifurcated alveoli, showing 1 to 3 orders of
bifurcation. P = 70-150 ym, late Chattian-
Langhian.

Because different morphotypes traditionally

considered as three separated species are here

merged into a single species, A. striata, an e-
mended diagnosis is provided for this taxon.

Phylum Foraminifera ORBIGNY, 1826

Class Tubothalamea
PAwLOWSKI et al., 2013

Order Miliolida DELAGE & HEROUARD, 1896
Superfamily Milioloidea EHRENBERG, 1839

Family Austrotrillinidae
LOEBLICH & TAPPAN, 1986

Genus Austrotrillina PARR, 1942

Type species: Trillina howchini SCHLUMBERGER,
1893.

Austrotrillina striata
Tobb & PosT, 1954, emended
(Figs. 133-U, 14A4, 18B-J)
1954 Austrotrillina striata; Tobb & PosT, p. 555, PI. 198,
fig. 9.
1955 Au%trotri//ina brunni sp.; MARIE, p. 203, PI. 9, figs.
4-8.
1968 Austrotrillina striata Tobb and POST; ADAMS, p. 92,
Pl. 3, figs. 7-9; PI. 4, figs. 1-13; PI. 5, figs. 2-3,
6-8; PI. 6, fig. 9.
1968 Austrotrillina asmariensis sp. nov.; ADAMS, p. 82,
Pl. 1, figs. 1-12.

See the supplementary data in Bassi et al.
(2021a) for a comprehensive synonymy list for A.
striata, A. asmariensis, and A. brunni, which should
be included here as synonymies of A. striata, ex-
cluding most references to specimens assigned to
A. paucialveolata, which is here considered a valid
species (GRIMSDALE, 1952, PI. 20, figs. 7-10; SEr-
RA-KIEL et al., 2016, Figs. 14.8-12, 15.9-20; Bou-
DAGHER-FADEL, 2018, PIl. 6.9, figs. 15-17 and PI.
6.10, figs. 1-2; and YAzDi-MoGHADAM et al., 2018,
Fig. 8H-I).

Type material: In the original description of
A. striata, Topb and PosT (1954) illustrated only a
single specimen in external view from wells in
Bikini Atoll. Abams (1968) studied topotypes and
provided a detailed description. A topotype was
also illustrated by BouDAGHER-FADEL (2018, PI. 7.1,
fig. 6).

Emended diagnosis: An Austrotrillina species
with simple (non-bifurcated) and regularly distrib-
uted alveoli.

Description: Growth biloculine, triloculine or
quinqueloculine. Initial chambers without exoskel-
eton, later chambers with exoskeleton with
beams and rafters and alveoli. The number of
chambers without exoskeleton is variable, likely
lower in stratigraphically upper populations. The
diameter of alveoli is about 20-30 pm. The spac-
ing and thickness of the walls between alveoli is
variable, but two main morphotypes can be dis-
tinguished (Fig. 18A): an asmariensis-type, with
thin alveolar walls and alveoli densely packed,
and a striata-type, with thick alveolar walls and,
therefore, more widely spaced alveoli. Different
morphotypes can occur together in the same
stratigraphic layer (Fig. 18I) or in the ontogeny of
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a single specimen (e.g., Fig. 18], with asmarien-
sis-type alveoli in the initial chambers and striata-
type in the later ones). Subspherical proloculus
with flexostyle. Diameter of the proloculus very
variable, between 40 and 250 ym, with a general
but irregular increase through time.

Remarks: In the definition of the species,
Topbp and PosTt (1954, p. 556) described the aper-
ture of A. striata as "rather large, elongate, with-
out a thickened rim or any internal tooth, but
when the cribrate plate is absent, there appear to
be numerous, small inward-projecting teeth from
the outer border". These "teeth" likely correspond
to elements of the exoskeleton exposed on a bro-
ken or abraded apertural face. The original inter-
pretation of the type species as belonging to
Trillina, within the group of "Miliolidées tremato-
phorées" of MuNIER CHALMAS (PARR, 1942), proba-
bly contributed to the widespread assumption
that the aperture of Austrotrillina is cribrate. In
his description of the type species, A. howchini,
SCHLUMBERGER (1893) described the aperture as
being covered by a perforate plate. PARR (1942)
re-examined the type material and concluded that
SCHLUMBERGER's statement was a misinterpretation
of the internal structures, although in his diagno-
sis of the new genus Austrotrillina he still noted
the aperture as "doubtfully cribrate" (PARR, 1942,
p. 361). The specimen illustrated in Apams (1968,
PI. 1, fig. 12) shows a narrow interiomarginal slit,
consistent with the description by Tobb and Post
(1954). No evidence has been found in the litera-
ture for a cribrate aperture in any species of
Austrotrillina.

Differential diagnosis: A. eocaenica and A.
paucialveolata exhibit a different exoskeletal pat-
tern, characterised by irregular and much wider
alveoli. Austrotrillina brunni was inadequately de-
fined, based solely on test size and rounded
shape, with only five non-centred sections and no
data on proloculus diameter. It has subsequently
been interpreted subjectively by different authors,
resulting in contradictory criteria (e.g., proloculus
diameter of 100-250 ym according to Bassi et al.,
2021a, or 60-100 pm according to SERRA-KIEL et
al., 2016). The alveolar pattern and the presence
of occasional bifurcate alveoli in the type material
(Abams, 1968) suggests that A. brunni represents
an advanced (i.e., stratigraphically higher) mor-
photype of A. striata, consistent with the occur-
rence of "Miogypsina complanata" at the type lev-
el (MarIg, 1955). Austrotrillina howchini differs in
having a more complex, keriothecal-like exoskele-
ton with bifurcate alveoli (with one to three or-
ders of bifurcation) and thicker chamber walls.

Austrotrillina howchini

(SCHLUMBERGER, 1893)
(Fig. 14D-G)

1893 Trillina howchini SCHLUMB. n. sp.; SCHLUMBERGER, p.
119-120, Figs. 1-2, PI. 3, fig. 6.

1942 Austrotrillina howchini (SCHLUMBERGER); PARR, p.
361, Fig. 1.

1968 Austrotrillina howchini (SCHLUMBERGER); ADAMS, p.
86, PI. 2, figs. 1-7; PI. 5, fig. 5; PI. 6, figs. 1-5, 7.

1973 Austrotrillina howchini (SCHLUMBERGER); ADAMS &
BELFORD, p. 13, PI. 3, fig. 7.

1973 Austrotrillina howchini (SCHLUMBERGER); ADAMS, PI.
2, fig. 5.

1973 Austrotrillina howchini (SCHLUMBERGER); BINNEKAMP,
p. 9, Pl. 1, figs. 1-4.

1974 Austrotrillina howchini (SCHLUMBERGER); ADAMS &
BELFORD, p. 487, PI. 73, fig. 7.

1984 Austrotrillina howchini (SCHLUMBERGER); BELFORD,
Pl. 6, fig. 19.

2013 Austrotrillina howchini (SCHLUMBERGER);
SHAHKARAMI, PI. 6, fig. 12; PI. 8, figs. 5-6.

2014 Austrotrillina howchini (partim.); Novak, Fig. 2A,
D-F.

2014 Austrotrillina asmariensis ADAMS; GEDIK, Pl. 4, fig. 1.

2015 Austrotrillina asmariensis ADAMS; GEDIK, Pl. 1, fig. 14.

2018 Austrotrillina howchini (SCHLUMBERGER); Bou-
DAGHER-FADEL, PI. 7.1, figs. 1-3, 12.

2020 Austrotrillina howchini (SCHLUMBERGER); HAIG et
al., Fig. 8F-H.

2020 Austrotrillina asmariensis ADAMS; GEDIK, Fig. 14N.

2021a Austrotrillina howchini (SCHLUMBERGER); BASSI et
al., p. 12, Figs. 7-9.

Type material: ScHLUMBERGER (1893), PI. 3,
fig. 6.; PARR (1942), p. 361, Fig. 1.

Diagnosis: An Austrotrillina species with reg-
ularly bifurcated alveoli. The bifurcation can be
absent in the first chambers, and can be simple or
with different, up to three orders of bifurcation.

Remarks: Austrotrillina howchini is considered
a valid species, characterised by the presence of
regularly bifurcated of alveoli. In most specimens
reported in the literature, alveoli are bifurcated
once, forming two subalveoli, but two (e.g., Fig. 1
in PARR, 1942) or up to three successive bifurca-
tions (e.g., Fig. 7 in BasslI et al., 2021a) may oc-
cur in each alveolus, producing between one and
four orders of alveoli and subalveoli.

According to Bassi et al. (2021a, 2024), A.
howchini is a Miocene species, first appearing in
the latest Aquitanian of Kenya, Tanzania, and In-
donesia, and disappearing in the latest Langhian-
early Serravallian in the central and northern
Central Indo-Pacific. In material from the Prebet-
ic, some specimens of A. striata from the middle-
upper Chattian (uppermost SB 22B and lower SB
23) exhibit occasional bifurcated alveoli (Fig. 14B-
C), although rare, sporadic bifurcate alveoli were
also observed in specimens from the middle Ru-
pelian (Fig. 14A). These specimens are interpret-
ed as transitional forms leading to A. howchini.
Some specimens from the FR section (from the
first layers containing Risananeiza pustulosa, in
the middle part of SB 23) already display regular
alveolar bifurcation and can be assigned to A.
howchini (Fig. 14D). Austrotrillina howchini was
previously reported from the Betic Cordillera by

AMIR-
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HOTTINGER (1963), although these specimens cor-
respond to A. paucialveolata rather than A.
striata, as stated by Bassi et al. (2021a). Fully
developed A. howchini occurs elsewhere in the
Prebetic, for example in the Serra de I'Ombria, El-
da, 38 km SW Ibi (section under study; Fig. 14E-G).

ADAMS (1968) observed bifurcate alveoli in the
peripheral chambers of the type material of A.
brunni (originally illustrated by MaARIE and re-illus-
trated by Abams, 1968, PI. 6, figs. 6, 8). He inter-
preted this material as a "very probably transition
form" between A. striata and A. howchini. The
age of this material, from the Pentalofon Forma-
tion in Greece, has been variably interpreted as
"Oligocéne supérieur ou méme Aquitanien basal"
(MaARIE, 1955), Lower Miocene (WIELAND-SCHUSTER,
2004), or upper Rupelian-Chattian (NP 24-NP25,
see FERRIERE et al., 2013). According to MAaRIE (in
BRUNN et al., 1955), this Austrotrillina is associat-
ed with Miogypsina complanata, indicating a late
Chattian age (SB 23).

Subclass Textulariana MIKHALEVICH, 1980
Order Textulariida LANKESTER, 1885

Suborder Textulariina
DELAGE & HEROUARD, 1896

Superfamily Chrysalidinoidea
NEAGU, 1968

Family Chrysalidinidae NEAGU, 1968

Genus Pfendericonus
HOTTINGER & DROBNE, 1980

Type species: Pfendericonus makarskae
(SOEST, 1942)

Pfendericonus globulus
SIREL & DEVECILER, 2020,
in SIREL et al., 2020a
(Fig. 10A-L)
1962 Valvulina cf. italica; ESCANDELL & CoLoM, Fig. 23.1-4.
1997 Pfendericonus? sp.; SIREL, p. 171, PI. 4, figs. 1-5, 13.
2016a Valvulinid sp.; HagiBl, Pl. 2, fig. 13 ["12" in the
figure caption].
2016b Coskinolina sp.; HaBiBl, PI. 2, fig. 9.
2020a Pfendericonus globulus; SIREL & DEVECILER in
SIREL et al., p. 12, Figs. 5B, 6E-F, 11A-].

Description: The test shape is globular, usu-
ally lacking the final rectilinear uniserial stage
found in other species of Pfendericonus, only ob-
served in one specimen (Fig. 10K). The wall is
thick and with pseudokeriothecal texture. The en-
doskeleton consists of few pillars in the central
part, roughly aligned between adjacent chambers
(Fig. 10G-H, L). The megalospheric form shows a
bilocular embryo with a subspherical protoconch,
followed by a second chamber of similar size. The
protoconch, measured in three megalospheric speci-
mens (Fig. 10A, J showed diameters of 123, 148
and 155 ym (mean = 143.3 pm), somewhat
smaller than the values of 155-175 um reported
in Priabonian (SB 19-20) and Oligocene (SB 21)
specimens by SIREL and DEeVECILER (in SIREL et al.,
2020a). On the other hand, there is incoherence

in the values of P reported from the Priabonian
specimens, 250 ym in SIREL (1997) and 155-175
pm in SIREL et al. (2020a).

Distribution and age: Pfendericonus globulus
occurs in the lower part of the Ibi section associ-
ated with Austrotrillina paucialveolata, Idalina
pignatii, Coscinospira elongata, C. sivasensis, Pe-
neroplis evolutus, P. peramplus, Spirolinella em-
mae, Penarchaias glynnjonesi, Sivasina egribuca-
kensis, Praerhapydionina delicata, Praebullalveo-
lina minuta, and P. oligocenica. This assemblage
corresponds to the lower Rupelian (SB 21).

Remarks: The specimens from Ibi are mor-
phologically similar to those reported by SIREL
(1997) and SIREL et al. (2020a) from the Priaboni-
an and lower Oligocene (SB 21) of southern Tur-
key, which SIREL and DeveciLer (in SIREL et al.,
2020a) assigned to a new species, Pfendericonus
globulus. SCHLAGINTWEIT (2022) considered P. glo-
bulus a junior synonym of P. mindanaoensis MAT-
SUMARU, from the Selandian of the Philippines.
Pfendericonus mindanaoensis was defined based
on only three non-centred sections (PI. 4, figs. 8-
9 in MATSUMARU, 2017), to which SCHLAGINTWEIT
(2022) added two specimens previously reported
by MATSUMARU as Chrysalidina sp., in which no en-
doskeleton is observable (Pl. 4, figs. 10-11 in
MATSUMARU, 2017). The available data on P. min-
danaoensis are insufficient to characterise the
species, as key characters, such as proloculus di-
ameter or dimorphism are unknown. In addition,
its test is smaller and its architecture simpler than
those of the Priabonian-Oligocene form. Based on
these observations, P. globulus is considered a
valid species, to which the Rupelian specimens
from the Prebetic are assigned. One specimen
from Ibi exhibits a smaller proloculus of 68 pm
(Fig. 10G). Judging from the illustrations, one of
the specimens shown in SIReL et al. (2020a, Fig.
11F) appears to have a similarly small proloculus.
The specimens reported by EscanDeLL and CoLoM
(1962, Fig. 23.1-4) from the Rupelian of Mallorca
as Valvulina cf. italica CusHMAN likely belong to P.
globulus. The occurrence of P. globulus from the
Rupelian-early Chattian of south-western Iran, re-
ported as "valvulinid sp. 1" (HaBisr, 2016a, PI. 2,
fig. 13) or as "Coskinolina sp." (HaBiBl, 2016b, PI.
2, fig. 9), needs confirmation.

The Priabonian and Rupelian specimens from
Turkey (SIReL, 1997; SIReL et al., 2020a), and
particularly the Oligocene specimens of P. globu-
lus from the Prebetic, are smaller, exhibit a short-
er uniserial stage, and have a simpler structure
(fewer pillars) than the lower-middle Eocene P.
makarskae (SoesT, 1942; HOTTINGER & DROBNE,
1980; VEccHIO & HOTTINGER, 2007; KAYGILI, 2016).
SERRA-KIEL et al. (2016) reported occurrences of
Pfendericonus from the Bartonian-Priabonian of
Oman and Socotra. They assigned these speci-
mens to P. aff. makarskae, considered a possible
new species similar to P. makarskae, but distin-
guished by a larger test (up to 2.3 mm in diame-
ter), thicker test wall, and fewer pillars. This form
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also possesses a large protoconch, measuring
215-360 pm in diameter.

Subclass Rotaliana MIKHALEVICH, 1980
Order Rotaliida LANKESTER, 1885

Superfamily Calcarinoidea
SCHWAGER, 1876

Family Calcarinidae ORBIGNY, 1826
Subfamily Pararotaliinae RE1ss, 1963

Genus Neorotalia BERMUDEZ, 1952
Type species: Rotalia mexicana NUTTALL, 1928

Neorotalia burdigalensis

(ORBIGNY, 1852)
(Fig. 8A-F)
1826 Rotalia burdigalensis n. sp.; ORBIGNY, p. 273, n 21,
nom. nud.
1852 Rotalia burdigalensis; ORBIGNY, p. 157; Fig. in FOR-
NASINI (1906), PI. 3, fig. 1.
1886 Rotalia lithothamnica n. sp.; UHLIG, p. 195-196, PI.
5, figs. 9-11.
1957 Rotalia lithothamnica UHLIG var. schoragbjurensis
var. n.; SAAKYAN-GEZALYAN, p. 51-52, PI. 9, figs.
1-3
1967 Rotalia viennoti; ADAMS & BOURGEOIS, p. 32, PI. 4,
fig. 1.
1974 Rotalia lithothamnica schoragbjurensis SAHAKYAN-
GEZALYAN; AKOPIAN, p. 306, PI. 157, figs. 1-3.
?1993 Pararotalia sp.; MATSUMARU et al., p. 12, Fig. 2.5-6.
1998 Neorotalia burdigalensis (ORBIGNY); POIGNANT, p.
118, Pl. 1, figs. 18-19.
2003 Neorotalia lithothamnica UHLIG; SIREL, p. 304, PI.
8, figs. 1-5.
2003 Neorotalia pinarensis (CUSHMAN & BERMUDEZ);
SIREL, p. 304, PI. 8, figs. 6-8.
2008 Rotalia viennotti; RIKHTEHGARZADEH et al., Pl. 1, fig. 5.
2009 Pararotalia lithothamnica (UHLIG); Busik, Fig. 1S
2009 Neorotalia viennoti (GREIG, 1935); SADEGHI et al.,
Figs. 7.5, .8, 9.5?
2010 Neorotalia viennotti GREIG, 1935 (partim.); AMIR-
SHAHKARAMI & TAHERI, PI. 5, figs. 1-3, 6.
Neorotalia  lithothamnica  (UHLIG);
MoGHADAM, PI. 1, figs. 9-10.
2013 Neorotalia tethyana, new species; BOUDAGHER-
FADEL & PRICE, p. 195, Fig. Alb-d, A2b.
2014 Neorotalia sp.; KAREVAN et al., Fig. 6G
2016b Neorotalia viennoti (GREIG); HABIBI, PI. 1, fig. 3
2018 Neorotalia viennoti (GREIG); HABIBI, p. 1294, PI. 2,
fig. 8; PI. 4, figs. 8-9.
2018 Neorotalia viennoti (after GREIG, 1935); HABIBI &
BoVER-ARNAL, Fig. 7f, j.
2018 Neorotalia sp.; YAzDI-MOGHADAM, Fig. 6A-C.
Description: Trochospiral test of lenticular
shape; dorsal surface smooth or with low, flat
piles; ventral side with a single, rarely compound,
large, protruding knob; sometimes with small
pustules or short, rounded spines on the periph-
ery. Umbilical flap separating the main chamber
lumen from an umbilical spiral canal, with axial
ventral furrows around the umbilical plug.

Distribution and age: Neorotalia burdiga-
lensis occurs throughout the Ibi and La Font Roja
sections, spanning the Priabonian, Rupelian, and
Chattian (Figs. 5-6).

Remarks: Neorotalia burdigalensis is a com-
mon species in the Oligocene and Lower Miocene

2011 YAZDI-

of the Western and Central Tethys. Oligocene
forms are frequently reported in the literature as
"N. viennoti" or "N. lithothamnica" (e.g., SADEGHI
et al., 2009; AMIRSHAHKARAMI & TAHERI, 2010; Yaz-
DI-MOGHADAM, 2011; HaBIBI, 2016a, 2018; FERRAN-
DEz-CANADELL & BOVER-ARNAL, 2017; HaBBI &
BovER-ARNAL, 2018) or assigned to other genera,
such as Pararotalia (e.g., CAHUZAC & POIGNANT,
1987) or Nummulites (see Fig. 7 in AL MENOUFY et
al., 2024). Following revision of the type material,
N. lithothamnica was considered a junior syn-
onym of N. burdigalensis by POIGNANT and PuioL
(1978). This synonymy was later formally estab-
lished by PoiGNANT (1998), who revised the type
material of Rotalia burdigalensis ORBIGNY and des-
ignated a lectotype. Her description of the materi-
al matches that of N. lithothamnica by ULGH
(1886) and the morphological features of our ma-
terial and differs from that of N. viennoti. Neoro-
talia tethyana (BouDAGHER-FADEL & PRICE, 2013) is
also most likely a junior subjective synonym of N.
burdigalensis.

In the sections studied, Neorotalia occurs in
Eocene and Oligocene samples and is charac-
terised by a trochospiral test with a smooth dorsal
surface and a single large, protruding knob on the
umbilical side, occasionally accompanied by small
pustules or short rounded spines, mainly along
the periphery. These features correspond to the
description of "N. lithothamnica" by UHLIG (1886)
as well as those of the Oligocene R. lithothamnica
var. schoragbjurensis by SAAKYAN-GEZALYAN (1957)
and AkopIAN (1974) which are considered here as
belonging to the same species, N. burdigalensis.
In contrast, the test of N. viennoti is flatter and
less trochospiral, entirely covered with small pus-
tules on both dorsal and ventral sides and along
the periphery, and the umbilical side bears sever-
al piles rather than the single large umbilical knob
characteristic of N. burdigalensis (see HOTTINGER
et al., 1991; HoOTTINGER, 2014). No specimens
clearly assignable to a second Neorotalia species
were observed in the examined samples from the
Prebetic.

The biostratigraphic ranges reported for both
"N. lithothamnica" and N. viennoti extend from
the middle Eocene to the Middle Miocene (GREIG,
1935; Reiss & MEeRLING, 1958; PoiGNANT & PuloL,
1976, 1978; HOTTINGER et al., 1991; CaHuzAC &
PoiGNANT, 1993, 1996, 1997; Busik, 2009; Hot-
TINGER, 2014; TOMASSETTI et al., 2016; SzTRAKOS et
al., 2017), despite the clearly different forms as-
signed to these species by different authors. The
range of N. burdigalensis appears to extend from
the late Eocene (SAAKYAN-GEZALYAN, 1957; Sz-
TRAKOS et al., 2017) to the Burdigalian (POIGNANT,
1998). It is common in the Oligocene of Western
and Central Tethys, but its geographic distribution
may be wider, extending as far as Japan (see Fig.
2.5-6 in MATsuMARU et al., 1993), and potentially
reaching the American bioprovince, as POIGNANT
(1998) also regarded R. mexicana NUTTALL as a
junior synonym of N. burdigalensis.
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Neorotalia burdigalensis occurs throughout the
Ibi and FR sections, from the Priabonian to the
upper Chattian, showing a general increase in test
size together with a reduction in trochospirality
(Fig. 8A-F). HOTTINGER (2014) noted that a taxo-
nomic reassessment of Eocene-Miocene Neorota-
lia species could reveal potential biostratigraphic
applications. A biometrical study of the megalo-
spheric proloculus in specimens from the Ibi-La
Font Roja succession, although based on a rela-
tively small number of specimens from random
sections, demonstrates a steady increase of P val-
ues, from 45-60 pm in Eocene specimens to 130-
180 um in upper Chattian specimens (Fig. 20, Ta-
ble 3). Notably, a marked increase is observed
between specimens from biozones SB 22B and
23, with P values rising from < 85 pm in the up-
permost Rupelian specimens to 2120 pym in the
lowermost Chattian specimens. These observa-
tions suggest that proloculus diameter in N. bur-
digalensis may provide a useful criterion for iden-
tifying the Rupelian/Chattian boundary (Fig. 20).

SAAKYAN-GEZALYAN (1957; see also AKOPIAN,
1974) reported a rich assemblage of "Rotalia"
from the late Eocene and Oligocene of Armenia,
including "R. lithothamnica", in which two sub-
species (varieties) were distinguished: the late
Eocene "R. lithothamnica lithothamnica" and the
Oligocene "R. lithothamnica schoragbjurensis". He
also erected several new species, such as the late
Eocene "Rotalia denseornata", similar to "R. litho-
thamnica" but with a rough ornamentation. These
forms, described solely from external morpholo-
gy, are likely attributable to Neorotalia and may
represent ecophenotypes of N. burdigalensis. The
description by ULiGH (1886) was based on Eocene
material from the Polish Carpathians and also in-
cluded the new species "Heterostegina carpatica",
now accepted as Spiroclypeus carpaticus, which
characterises SB 20, late Priabonian (LEss &
Ozcan, 2008). PoIGNANT (1998) noted that R. bur-
digalensis is more common in the Oligocene than
in the Miocene. However, according to SzCZECHURA
and PozARYSKA (1974, p. 65), the lineage may ex-
tend back to the Paleocene, with small forms that
"easily fall into the limits of variability of Rotalia
lithothamnica" and "seem to be morphologically
transitional between typical representatives of R.
lithothamnica UHLIG and their presumable ances-
tors, Pararotalia tuberculifera (Reuss, 1862)".
Many reports of these forms are based solely on
external morphology. Examination of internal
characters, such as the canal system and prolocu-
lus diameter, would provide additional criteria to
confirm the generic assignment, better charac-
terise species, and potentially reveal biostrati-
graphic value within this group.

Table 3: Measurements of the equatorial diameter of
protoconch (P) in Neorotalia burdigalensis (ORBIGNY)
along the composite stratigraphic section of Ibi-La Font
Roja. (See plot in Fig. 20).

Section Sample meter in the composed section P (ym)

FR-96 395 180.7
FR-95  392.4 159.6
FR-95  392.4 150.8
o |372 146.8
372 147.5
FR-84 348 155.1
FR-7  336.3 138
R 328 144.4
sy | 328 142.2
328 163.3
328 154
FR-6 320 179
FR-74  302.5 130
FR-4 296 177
FR-70  290.5 133.7
FR-65 265 154
Ibi-10 238 128.3
Ibi-20 236 119.8
Ibi-9 236 126
SA-63 188 103.7
SA-63 188 108
SA-58 156 79.6
MN-22b 114 73.8
Ibi MN-9  84.5 72.7
Ibi-127 80 82.3
MN-2 71 58.8
1bi-104 | 2 60
12 44.3
ibi-102 | ° 465
6 52.4
Ibi-101b 5 53.5

Subclass Rotaliana MIKHALEVICH, 1980
Order Rotaliida LANKESTER, 1885

Superfamily Calcarinoidea
SCHWAGER, 1876

Family Calcarinidae ORBIGNY, 1826
Subfamily Pararotaliinae RE1ss, 1963
Genus Risananeiza BOUKHARY et al., 2008

Type species: Rijsananeiza pustulosa Bou-
KHARY et al., 2008

Risananeiza is a marker for the upper Chat-
tian, SB 23 (see BOUKHARY et al., 2008; BENEDETTI
& BRrIGUGLIO, 2012, and FeRRANDEZ-CANADELL &
Bover-ARNAL, 2017, for further descriptions of the
genus). It has been reported from Egypt (Bou-
KHARY et al., 2008), Italy (REnz, 1936; Bassi et al.,
2007; BeNeDETTI & BRIGUGLIO, 2012; BRANDANO et
al., 2009; MaRrINO et al., 2022), Turkey (SANCAY et
al., 2006; Isik, 2010; Isik & Hakyemez, 2011;
SIREL & Isik, 2011; Gebpik, 2020), southern and
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Figure 20: Plot of megalospheric proloculus diameter (P) in Neorotalia burdigalensis (ORBIGNY) along about 400 m of
the composite stratigraphic successions of Ibi and Font Roja. A) Note the steady and progressive increase (R? = 0.9)
in P, from the upper Eocene to the upper Chattian, without a noticeable shift between the basal Chattian of the Ibi
section and the early Chattian of the La Font Roja section. B) The diameter of the proloculus could possibly be used
to identify the Rupelian/Chattian (SB 22A/22B) boundary (red line of P = 95 uym) and the lower/upper Chattian (SB
22B/23) boundary (orange line of P = 115 pm). Measurements were made on thin section specimens; see data in
Table 3. Illustrated specimens from samples Ibi-102, Priabonian (bottom), and FR-4, upper Chattian (above).

south-eastern Spain (DipoN et al., 1961; FERRAN-
DEZ-CANADELL & BOVER-ARNAL, 2017; BoLivAR FERI-
CHE, 2022; GRANERO et al., 2022), and Iran (Ra-
HAGHI, 1980; DANESHIAN & HOSSEINZADEH, 2010;
MAGHFOURI MOGHADAM et al., 2014; SaDR, 2017;
HoLAKOUEE et al., 2018; SARFI & YAzDI-MOGHADAM,
2024), and often assigned to other genera such as
Neorotalia, Pararotalia, Rotalia, or Bozorgniella.
The report of R. crassaparies and R. pustulosa
from Kurdistan (north-eastern Iraq) by GHAFOR
and AHMAD (2019) requires confirmation. The fig-
ured specimen (GHAFOR & AHMAD, 2019, Fig. 7g)
appears to be a peneroplid, whereas the speci-
mens reported as Miogypsinoides sp. in GHAFOR
and AxumAD (2021, PI. 2, figs. f-g) are likely Risa-
naneiza.

Two species of Risananeiza are currently
recognised: R. pustulosa, the type species (Bou-
KHARY et al., 2008), and R. crassaparies (BENEDETTI
& BRIGUGLIO, 2012). They are primarily distin-
guished based on the diameter of the megalo-
spheric proloculus and the size of the test, includ-
ing micro- and megalospheric forms. The ranges
of P values for the two species largely overlap.
The diameter of the proloculus was defined as 90-
225 pm for R. crassaparies (N = 12, mean = 159
pm, holotype = 173 pm; BENEDETTI & BRIGUGLIO,
2012), and 150-250 pm for R. pustulosa (Bou-
KHARY et al., 2008). The later was extended to
140-286 pm after Isik (2010) and FERRANDEZ-
CANADELL and BoVER-ARNAL (2017). The overlap-
ping range of P is therefore 140-225 pm. Similar-
ly, the ranges of the megalospheric test diame-
ters overlap, with R. crassaparies measuring

1.10-1.81 mm (BenepeTTlI & BRIGUGLIO 2012),
which falls within the range of 0.925-2.9 mm doc-
umented for R. pustulosa (BoukHARY et al., 2008).

All previous studies of the genus reported only
one of the two species, both considered to be late
Chattian (SB 23) in age. Based on a revision of
the microfacies from which the two species have
been reported, BENEDETTI et al. (2025) concluded
that they possibly represent two different eco-
morphotypes: R. pustulosa, inhabiting the inner-
most to uppermost middle ramp, and R. cras-
saparies the high-energy zones of the inner and
middle ramp.

Together, the two Prebetic sections studied
here recorded a long succession of upper Chattian
age, with the lower boundary (SB 22B/23) and 12
m of the basal upper Chattian outcrop exposed at
the Ibi section, and a continuous 250 m-thick
succession at the FR section. Most samples in this
succession bear Risananeiza tests, which allows
the examination of biometrical and morphological
trends. A steady increase in P values is observed
throughout the succession (Fig. 20). Specimens
from the Ibi section and the lower part of the FR
section fall within the variability of R. crassapa-
ries. In the remaining specimens, from the middle
and upper parts of the FR section, the minimum P
values correspond well with those diagnostic for
R. pustulosa, whereas the maximum values
greatly exceed both the 250 pym maximum re-
ported in the original description and the 286 pm
maximum reported from the Prebetic in a previous
work (FERRANDEZ-CANADELL & BOVER-ARNAL, 2017),
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with two specimens reaching proloculus diameters
of 318 and 320 um (Fig. 150, Q; Table 4).

The data (Fig. 20) indicate a gradual increase
in test and proloculus size of Risananeiza through-
out the upper Chattian, with the early stages cor-
responding to R. crassaparies and the middle-up-
per stages to R. pustulosa. In other words, the
two species defined so far actually correspond to
different, partial intervals of an anagenetic species
(in the original sense, i.e., a species evolving
gradually, not in the sense commonly used in is-
land biogeography studies, see EMERSON & PATINO,
2018a, 2018b). The biometrical boundaries used
to define the two species are, therefore, contin-
gent, reflecting only the partial interval of gradual
evolution recorded in each study. Although a third
species could be defined for specimens with maxi-
mum P values between 250 and 320 um, this is
not considered necessary or useful. Instead, the
diagnosis of the genus and of R. pustulosa is
emended to include these larger specimens.

Table 4: Measurements of the equatorial diameter of
protoconch (P) in Risananeiza from the Ibi and La Font
Roja sections. (See plot in Fig. 21).

Section Sample meter in section P (um) Mean
FR-17 237 200 -
FR-23 234 218 =
FR-20 225 203 -
FR-15 223 _1,32; g; e, 240, 25 R
FR-106 182 198 -
FR-13 178 237 =
FR-105 176.5 251, 24, 248, 352, 750 2146
FR-104 172.5 156 =
FR-103 167 226, 253, 259 246.0
FR-101 163.5 184, 238 211.0

FR FR-12  162.5 192 -
FR-98 149.8 266 =
FR-96 145 200 -
FR-87 106.5 178 =
FR-72 44 167, 195 181.0
FR-71  42.6 139 =
FR-70  40.5 128 -
FR-69 39 181 =
FR-67 33 174 -
FR-66 26 152 =
FR-65 15 162 -
FR-62 5.5 181 -
Ibi-15 241.5 84 -

181 AA-3 238 153 -
Ibi-9 236 133 -

Genus Risananeiza
BOUKHARY et al., 2008, emended

Type species: Rijsananeiza pustulosa Bou-
KHARY et al., 2008

Emended diagnosis: Test lenticular, planispi-
ral to very low trochospiral, wall calcareous hya-
line, with numerous large piles on both sides and
heavily granulated lateral surfaces. Dimorphism is
pronounced. Chambers higher than wide; sutures
strongly incised. Aperture interiomarginal, trian-
gular in shape (Pl. 1, fig. 11 in BOUKHARY et al.,

2008). Canal system consisting of intraseptal
canals with marginal sutural canals at the lateral
walls of the interlocular space, spiral interlocular
canals, and axial funnels between the piles in
both dorsal and ventral sides; cover plate in the
chamber of last whorl (BENEDETTI & BRIGUGLIO,
2012; Isik, 2010; SIReL & Isik, 2011). Megalo-
spheric proloculus of paraboloid shape, elongated
along axial direction, subcircular in equatorial sec-
tion and elliptical in axial section, with an elonga-
tion index (axial diameter/equatorial diameter) of
around 1.2.

Remarks: The genus Risananeiza was estab-
lished by BoukHARY et al. (2008) and placed in the
Superfamily Rotaliaceae (a synonym of Rotal-
ioidea). It was later assigned to the family Rotali-
idae (BENEDETTI & BRIGUGLIO, 2012) and subse-
quently to the Ornatorotaliidae (BENEDETTI, 2015;
BENEDETTI et al., 2025), and within the subfamilies
Cuvillierininae (BENeDETTI, 2015) and Pararotali-
inae (HAYWARD et al., 2021, in BENEDETTI et al.,
2025). According to BENEDETTI et al. (2025) the
family Ornatorotaliidae, including Risananeiza, Or-
natorotalia, and Granorotalia, should be main-
tained, differing from Pararotaliinae by the pres-
ence of open dorsal canals.

The two known species, R. pustulosa and R.
crassaparies, are actually chronosubspecies, each
corresponding to a contingent, biometrically de-
fined, partial range within a continuous gradual
(anagenetic) increase throughout the late Chat-
tian. They could be formally treated as sub-
species, R. pustulosa pustulosa and R. pustulosa
crassaparies, as is done for other anagenetic
species, such as in orthophragminae (LEss, 1987)
or Heterostegina (Here, 1978; Less et al., 2008).
A third, stratigraphically higher and larger sub-
species could also be defined for specimens with
maximum P values > 250 uym. However, such a
classification would introduce unnecessary termi-
nological complexity, and, given the limited oc-
currences of these forms, could be difficult to ap-
ply to specimens outside the Prebetic domain. For
these reasons, the two species are maintained, with
the understanding that they correspond to arbi-
trarily defined evolutionary stages of an anage-
netic series. The diagnosis of R. pustulosa is
emended below to include the specimens from
the FR section with large proloculi exceeding the
range given in previous works (BOUKHARY et al., 2008;
FERRANDEZ-CARNADELL & BOVER-ARNAL, 2017), where-
as the diagnosis of R. crassaparies is retained as
originally established (BENEDETTI & BRIGUGLIO, 2012).
The two species are thus redefined as follows:

e Risananeiza crassaparies: P between 90 and
225 uym

e Risananeiza pustulosa: P between 150 and
320 um

Other features, such as the test size and shape
of megalospheric and microspheric forms, do not
appear to be useful for characterizing or differen-
tiating the two species. The maximum diameter of
the microspheric form observed in R. crassaparies
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Figure 21: Plot of megalospheric proloculus diameter in upper Chattian Risananeiza along ~300 m of the strati-
graphic sections of Ibi (uppermost part) and La Font Roja. The biometrical limits of the two known species of Risana-
neiza are shown at the bottom of the figure: 90-225 um for R. crassaparies (BENEDETTI & BRIGUGLIO, 2012), and 150-
250 pm for R. pustulosa (BOUKHARY et al., 2008). A steady increase in proloculus diameter is observed from the basal
upper Chattian (basal SB 23) to the upper Chattian (upper SB 23), excluding the uppermost Chattian. Specimens
from the lower interval fall within the range of R. crassaparies BENEDETTI & BRIGUGLIO, whereas those from the upper
part correspond to R. pustulosa BOUKHARY et al.. Measurements were made on thin section specimens; see data in

Table 4.

is 3.82 mm (BENEDETTI & BRIGUGLIO, 2012), smaller
than the average diameter of that in R. pustulosa
of about 5.375 mm (BOukHARY et al., 2008). In
the material from the Prebetic, the largest ob-
served test, including a few microspheric forms of
R. pustulosa, measured 3.67 mm (Fig. 15R). Test
shape, including thickness/diameter ratio, protru-
sion of piles and pustules, and axial shape of cham-
bers, are highly variable, and no significant differ-
ences were observed between the two species.

According to data from the Ibi and FR sections
and data from the literature, it can be concluded
that R. crassaparies occurs in the lower part of SB
23, whereas R. pustulosa (with a P range extend-
ed up to 320 pm) occurs in the upper part (Fig.
21). The biometrics of Risananeiza, thus, allow
subdivision of the upper Chattian into two bio-
zones, SB 23A and SB 23B (see below).

Risananeiza crassaparies

BENEDETTI & BRIGUGLIO, 2012
(Fig. 15A-])

2010 Risananeiza postulosa BOUKHARY, Kuss & ABDEL-
RAOUF; ISIK, p. 74-76, PI. 7, figs. 1-16; PI. 8, figs.
1-20.

2012 Risananeiza crassaparies n. sp.; BENEDETTI &
BRrIGUGLIO, Figs. 3 a-g, 4 a-e, Pl. 1, figs. 1-13; PI.
2, figs. 1-15.

2017 Rotalia sp.; SADR, Pl. 6, fig. 6.

2020 Risananeiza crassaparies BENEDETTI & BRIGUGLIO,
2012; GepIK, p. 393, Fig. 9 A-G.

2023c Risananeiza postulosa BOUKHARY, Kuss & ABDEL-
RAOUF (partim.); YAzDI-MOGHADAM et al., Fig. 11
F-H.

2024 Risananeiza pustulosa BOUKHARY, Kuss & ABDEL-
RAOUF; SARFI & YAzZDI-MOGHADAM, Fig. 7 I-J.
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Type material: Holotype (MPUR NS161.1; Fig
3 a-g), and 38 paratypes (9 microspheric and 29
megalospheric specimens, MPUR NS161.2-38;
Fig. 4 a-e, Pl. 1, figs. 1-13), deposited in the mi-
cropaleontological collection of the Museo di Pale-
ontologia, Dipartimento di Scienze della Terra,
Universita di Roma 'La Sapienza' (BENEDETTI & BRI-
GUGLIO, 2012).

Diagnosis: A small species of Risananeiza
with P values between 90 and 225 um. Micro-
spheric test up to 3.82 mm in diameter (BENEDETTI &
BRIGUGLIO, 2012). Megalospheric test up to 2.38 mm.

Remarks: BENEDETTI and BRIGuGLIO (2012) re-
ported the largest megalospheric test diameter as
1.81 mm. However, a few megalospheric speci-
mens from the FR section (samples FR-68 to FR-
75) exceeded 2 mm in diameter, with the largest
specimen reaching 2.38 mm. The specimens re-
ported as "R. postulosa" by Isik (2010) show P
values of 140-220 um, which fall within the 90-
225 pm range of R. crassaparies.

The megalospheric specimens assigned to R.
pustulosa figured in YAzDI-MOGHADAM (2023c, Fig.
11F-H; the first two reproduced in SARFI & YAzDI-
MoGHADAM, 2024, Fig. 7I1-]) exhibit test diameters
of c. 1.52, 1.98, and 1.46 mm, with proloculus di-
ameters of 162, 184, and 145 pm, respectively.
Based on their relatively small test sizes and the
associated miogypsinid species (M. complanata
and M. formosensis), which are characteristic of
the lower part of SB 23 (see below), these speci-
mens most likely correspond to R. crassaparies.
An axial section of Risananeiza crassaparies (with
P about 120 ym) from the top of the Castro Lime-
stone (Salento, southern Italy) was illustrated as
"Neorotalia" in PomaR et al. (2014, Fig. 2c bottom
left).

Risananeiza pustulosa

BOUKHARY et al., 2008, emended
(Fig. 15K-S)
1980 Rotalia viennoti GREIG; RAHAGHI, Pl. 8, figs. 1(?), 2.
2008 Risananeiza pustulosa n. sp.; BOUKHARY, Kuss &
ABDELRAOUF, p. 184-186, PI. 1, figs. 1-18.
2011 Risananeiza pustulosa BOUKHARY, Kuss & ABDEL-
RAOUF; SIREL & ISIK, p. 40-42, PI. 3, figs. 1-15; PI.
4, figs. 1-19.

2017 Risananeiza pustulosa BOUKHARY, Kuss & ABDEL-
RAOUF; FERRANDEZ-CANADELL & BOVER-ARNAL, p.
102, Figs. 3], 14A-N.

2017 Neorotalia viennoti (GREIG, 1935); LE CozE in HAY-
WARD et al., WoRMS Photogallery, album 772,
pics 119136, 119137.

2023c Risananeiza postulosa BOUKHARY, Kuss & ABDEL-
RAOUF (partim.); YAzZDI-MOGHADAM et al., Fig. 111.

Type material: Holotype (PI. 1, fig. 8) and 40

paratypes (3 microspheric and 47 megalospheric

specimens) in 47 thin sections plus 37 additional

thin sections deposited at the Geochronology

group of the University of Bremen (Germany) and

at the stratigraphy group of Ain Shams University

Cairo, Egypt (BOUKHARY et al., 2008).

Emended diagnosis: A large species of Risa-
naneiza with P values between 150 and 320 um.
Microspheric test initially low trochospiral chang-
ing to very low trochospiral or planispiral, up to
5.37 mm in diameter (BoukHARY et al., 2008).
Megalospheric test very low trochospiral to
planispiral, up to 3 mm in diameter.

Remarks: In the original description by
BoukHARY et al. (2008), the protoconch size of R.
pustulosa was set between 150 and 225 pm.
Specimens with larger proloculus diameters, up to
286 um, were reported by FERRANDEZ-CANADELL and
BovER-ARNAL (2017). The specimens from the FR
section described here show even larger proto-
conch diameters, reaching up to 320 pm (Fig.
150, Q; Table 4), whereas still maintaining mini-
mum P values above 150 pm. The largest micro-
spheric specimen observed in this section mea-
sures 3.67 mm.

The specimens from Iran identified as "Rotalia
viennoti" by RAHAGHI (1980, PI. 8, figs. 1-2) show
P values (measured from the photographs) of c.
166 and 276 pm, which correspond to R.
pustulosa. The specimen with a smaller proloculus
could also belong to R. crassaparies; RaAHAGI did
not provide the precise stratigraphical position of
the specimens. He reported the species as being
associated either with Spiroclypeus or "Miogypsi-
noides complanatus" (RAHAGHI, 1980, p. 19 and p.
42, respectively). The specimen illustrated in SAbrR
(2017, PI. 6, fig. 6) from the Chattian of Central
Iran (Qom Formation) clearly belongs to Risana-
neiza, most likely R. crassaparies (P=140 pm,
measured from the photograph). As noted above,
the specimens reported by Isik (2010) as "R.
postulosa", as well as those illustrated as R.
pustulosa by SARFI and YAzDI-MOGHADAM (2024)
and by YAazpi-MoGHADAM et al. (2023c, Fig. 11F-H),
are likely R. crassaparies. However, the megalo-
spheric specimen in Fig. 11I in YAzDI-MOGHADAM
(2023c) has a proloculus diameter of c. 264 um,
which is consistent with R. pustulosa.

7. Discussion

Biostratigraphy

Larger Foraminifera are a useful tool in Paleo-
gene biostratigraphy. Their high abundance and
taxonomic diversity during this period, particular-
ly from the late Paleocene to the middle Eocene,
enabled the development of a precise biozonation
for sedimentary rocks, initially based on Alveolina
and Nummulites species (HOTTINGER et al., 1964;
ScHAuB, 1981). Additional groups were incorporat-
ed later, such as orthophragmines (Less, 1987).
The synthesis of these biozonations, complement-
ed by other genera, calibrated with planktic fo-
raminiferal and calcareous nannoplankton bio-
zones, as well as with magnetostratigraphy, re-
sulted in the Shallow Benthic (SB) biozonation for
the Paleocene-Eocene interval (SERrRA-KIEL et al.,
1998a, 1998b) and the Oligocene (CaHuzAC &
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POIGNANT, 1997, 1998). The SB biozonation has
since been continually refined (see PApAzzONI et
al., 2017; PIGNATTI and Papazzoni, 2017). Howev-
er, whereas the SB biozones (often referred to as
"SBZ") provide high temporal resolution for the
Thanetian-Bartonian interval, those defined for
the upper Paleogene are less precise due to the
progressive decline in larger foraminiferal diversi-
ty (e.g., HOTTINGER, 1998; BOUDAGHER-FADEL,
2018). Some stratigraphic boundaries, such as
the middle-upper Priabonian (SB 19-20), are
biostratigraphically defined by very few species.
Furthermore, key stage boundaries, including the
Bartonian-Priabonian and Rupelian-Chattian, are
difficult to identify based solely on larger forami-
niferal assemblages and are currently placed be-
tween sub-biozones SB 18A/18B and SB
22A/22B, respectively. The results of this study
increase the number of known taxa in Priabonian
and Oligocene assemblages of the Western Tethys
and contribute to a more accurate characteriza-
tion of the Oligocene biozones SB 21-23, as well
as improved correlations between palaeobio-
provinces.

The Priabonian-Oligocene larger foraminiferal
assemblages from the Prebetic include several
species not known from other parts of the West-
ern Tethys. Among the porcellaneous forms, a
rich assemblage was previously reported from the
lower Rupelian (FERRANDEz-CANADELL, 2024), in-
cluding two new species, Spirolinella emmae and
Peneroplis peramplus, which have so far been de-
scribed only from the Prebetic, and are interpret-
ed as endemic to the region. We report for the
first time the occurrence of Neorhipidionina cf.
spiralis in the Priabonian; Pfendericonus globulus
in the Rupelian; Idalina pignatti in the Rupelian-
lower Chattian; and Austrotrillina howchini and
Archaias sp. in the upper Chattian of the western-
most Tethys. The latter is rather scarce and could
not be identified to species level. Among the hya-
line species, the miogypsinids are assigned to the
genera Miogypsinella and Postmiogypsinella. The
co-occurrence of the two known species of Risa-
naneiza, R. crassaparies and R. pustulosa, within
the same section is documented for the first time,
enabling a revision and reinterpretation of the
genus. Among the nummulitids, the presence of
N. vascus and N. kecskemetii in the upper Chat-
tian (SB 23) of the Prebetic, previously reported
by FERRANDEZ-CANADELL and BOVER-ARNAL (2017), is
confirmed. The oldest documented occurrence of
Elphidium crispum, previously placed in the Burdi-
galian (SB 25) of Central Iran, is here reassigned
to the upper Chattian (SB 23) in the Ibi section.
The lepidocyclinids (Nephrolepidina and Eulepi-
dina), widely used in Oligocene biostratigraphy,
could not be studied in detail owing to the lack of
loose specimens required for statistically mean-
ingful biometric analyses. Nonetheless, a few
species could be tentatively identified (Nephrole-
pidina cf. morgani, Eulepidina cf. formosoides).

The revision of the foraminiferal assemblages
from the Ibi and FR sections allowed us to revise
the age of the stratigraphic succession. MARTIN-
MARTIN et al. (2025) and MicLAus et al. (2025) in-
terpreted the uppermost Eocene layers of the Ibi
section as Lutetian in age (SB 13 or 14). In fact,
these layers correspond to the Priabonian, as pre-
viously interpreted by GeeL (2000). HONTzscH et
al. (2013) interpreted the Ibi section as spanning
from the middle Eocene to the middle Oligocene,
whereas Geel initially dated the uppermost lime-
stones as Burdigalian (GEeeL, 1995) and later reas-
signed them to the middle Oligocene (GEEL,
2000). Here, we demonstrate that the upper part
of the Ibi section encompasses the entire Ru-
pelian, the lower Chattian, and part of the upper
Chattian. A summary and discussion of the updat-
ed foraminiferal assemblages is provided below.

Upper Eocene (Priabonian)

The upper Eocene (Priabonian) is recognised
by the occurrence of Nummulites fabianii, which,
in the Western Tethys (Mediterranean Region and
Turkey), indicates a Priabonian to early Rupelian
age, SB 19-21 (e.g., Ozcan et al., 2010a, 2010b,
2019; Less et al., 2011), and by Borelis vonder-
schmitti, which is restricted to the Priabonian.
Previous reports of B. vonderschmitti from the
upper Bartonian were based on its association
with Nummulites species then considered Bartoni-
an (SB 18 in SERRA-KIEL et al., 1998a), such as N.
biedai (e.g., Bassi & LORIGA BRoGLIO, 1999), but
these taxa are now interpreted as lowermost Pri-
abonian, SB 18B-C (e.g., YUCEL et al., 2020, and
references therein). These two species, N. fabianii
and B. vonderschmitti, occur together with other
Eocene taxa which, although characteristic com-
ponents of Priabonian assemblages, have longer
biostratigraphic ranges extending back to the Bar-
tonian. These include Nummulites cf. incrassatus,
Orbitolites cf. cotentinensis, Neorhipidionina cf.
spiralis, Acervulina linearis, Asterigerina rotula,
Fabiania cassis, Chapmanina gassinensis, Gyroidi-
nella magna, Schlosserina asterites, Silvestriella
tetraedra, Neorotalia burdigalensis, and Rotorbi-
nella cf. epardi (e.g., HOTTINGER et al., 1964; HoT-
TINGER, 1974; DROBNE et al., 1985; Bassl & LORIGA
BROGLIO, 1999; SIReL, 2003; Ozcan et al., 2010a;
Less & Ozcan, 2012; SireL, 2015; SERRA-KIEL et
al., 2016; AkBAR-BASKALAYEH et al., 2020; SIREL et
al., 2020a; FERRANDEZ-CANADELL et al., 2023b; Za-
KREVSKAYA, 2023).

We found no reliable criteria to discriminate
between SB 19 and 20, which are currently based
mainly on species and subspecies of Heteroste-
gina (Less et al., 2008, 2011), Spiroclypeus (LESs
& Ozcan, 2008; ZAKREVSKAYA et al., 2020), and
Virgasterocyclina (FERRANDEZ-CANADELL et al., 2023b).

According to the regional study by GeeL (1995,
2000), uplift following the deposition of the upper
Eocene carbonates produced angular unconformi-
ties, erosional surfaces, and localised karstifica-
tion. Geel identified eight sedimentary cycles (E1
to E8) in the Eocene series of the region, includ-
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ing the Ibi section. He interpreted the upper cy-
cles, E6 to E8, as upper Eocene (post-extinction
of Alveolina and Assilina), with the last cycle (E8),
a very thin unit, representing "an abortive one of
fossiliferous limestones on top of a hardground"
(GEEL, 2000, p. 222). We did not identify the
hardground reported by GeeL (2000). The upper-
most Eocene in the Ibi section is considerably re-
worked, indicating a stratigraphic discontinuity.
Given our limited data, the SB biozone cannot be
discriminated with confidence, and it is likely that
part of the Priabonian record was removed by
erosion. However, based on both our observations
and the interpretations of GEeL (2000), the major
stratigraphic gap proposed by MARTIN-MARTIN et al.
(2025) and MicLAus et al. (2025), spanning the
early Lutetian to the Rupelian, would be restricted
to only a portion of the Priabonian.

Lower Rupelian

The lower Rupelian (SB 21) is currently char-
acterised by the occurrence of Nummulites (N.
fichteli, N. vascus) in the absence of lepidocyclin-
ids. In the Prebetic, SB 21 is marked by a small
number of hyaline species (N. fichtelli, N. vascus,
Halkyardia minima, Neorotalia burdigalensis) and
a rich assemblage of porcellaneous species, some
of which (Praebullalveolina minuta, P. oligocenica,
Austrotrillina paucialveolata) are restricted to this
biozone (BARBIN et al., 1997; SIReL et al., 2013).
The porcellaneous assemblage closely matches
that of the Central Tethys (Turkey, Oman, Iraq,
Iran), except for Spirolinella emmae and Penero-
plis peramplus, which are regarded as endemic to
the Prebetic (FERRANDEZ-CANADELL, 2024). Penero-
plis flabelliformis occurs in SB 21-22 in Turkey
(SIREL et al., 2013; SIReL, 2015). The presence of
Peneroplis evolutus and P. thomasi in the lower
Rupelian has been reported from Turkey and Iran
(YAazpi-MoGgHADAM, 2011; Sirer, 2015; Yazpi-
MoGHADAM et al., 2023a), with a biostratigraphic
range extending into the lower Burdigalian (SB
25; Yazp1-MoGHADAM et al., 2021, 2023b, 2025).

Two species, Idalina pignattii and Pfenderico-
nus globulus, are reported here for the first time
from the Western Tethys. The earliest occurrence
of Schlumbergerina alveoliniformis, previously
placed in the late Chattian (SB 23; FERRANDEZ-
CANADELL & BoVER-ARNAL, 2017), is revised down-
ward to the lower Rupelian (SB 21; sample Ibi-
120, Ibi section). Austrotrillina paucialveolata is a
characteristic species of SB 21 in the Prebetic.

Upper Rupelian-lower Chattian

The first occurrence of Nephrolepidina and
Eulepidina is considered to mark the base of SB
22A, upper Rupelian (CAHuzAC & POIGNANT, 1997,
1998). In the Ibi section, the first occurrence of
both genera (Nephrolepidina sp., Eulepidina cf.
formosoides) coincides with the FO of Amphiste-
gina bohdanowiczi, Borelis inflata, Borelis sp. 1,
Sorites, and with the replacement of Austrotrillina
paucialveolata by A. striata (Fig. 5). The Ru-
pelian/Chattian boundary corresponds to a major

sea-level fall (TA/TB supercycle boundary of HaQ
et al., 1987, 1988; Chl Megacycle in GRADSTEIN et
al., 2020) associated with the Oligocene Glacial
Maximum (SiMAeys, 2004). The boundary has
been formally defined based on planktic Forami-
nifera and calcareous nannofossils (Coccioni et
al., 2018), but it is still not clearly resolved using
larger foraminiferal biostratigraphy (SB 22A/22B).
In the sections studied, it is expressed by a
change in depositional environment, reflected in a
shift from dominance of porcellaneous forms to
hyaline forms. This shift complicates recognition
of the boundary because apparent biostratigraph-
ic events (first or last occurrences) may, instead,
reflect local environmental changes. The difficulty
of distinguishing the Rupelian/Chattian boundary
(SB 22A/22B) based on larger Foraminifera has
been noted by other authors (e.g., SIReL et al.,
2013). Indeed, several studies of Oligocene larger
Foraminifera have reported no clear differences
between the associations of SB 22A and 22B
(e.g., SIREL et al., 2013; Gebpik, 2015; SERRA-KIEL
et al., 2016). Different criteria have been pro-
posed to characterise SB 22B in different basins,
such as the first occurrence of Miogypsinoides
(Less et al., 2018) or of Eulepidina dilatata and
Nummulites kecskemetii (PARENTE & LEess, 2019).
In the assemblage studied, dominated by porcel-
laneous forms, with hyaline taxa scarce and mio-
gypsinids absent, these criteria cannot be applied,
making recognition of the boundary particularly
challenging. We tentatively place the boundary at
a change within the porcellaneous association,
marked by the near-simultaneous last occur-
rences of several species (Praerhapydionina deli-
cata, Coscinospira spp., Peneroplis spp., Penar-
chaias glynnjonesi, and Sivasina egribucakensis),
while other taxa persist (Borelis spp., Sorites sp.,
Idalina pignatti, Austrotrillina striata). This
change, however, may also reflect palaeoenviron-
mental change, because several of the taxa that
disappear in the Ibi section are known from
younger intervals elsewhere. For example,
Peneroplis flabelliformis occurs at the lower Chat-
tian (SB 22B; SireL, 2015), and Sivasina
egribucakensis is reported from the lower Chat-
tian (SIReL et al., 2013; SireL, 2015) and even
from the Lower Miocene (YAzDI-MOGHADAM et al.,
2023b; also documented as "Dendritina rangi" in
AMIRSHAHKARAMI et al., 2010). The last occurrence
of Penarchaias glynnjonesi is placed either in SB
21 (e.g., SIREL, 2015; YaAzDI-MOGHADAM et al.,
2018) or SB 22A (SErRRA-KIEL et al., 2016). Hort-
TINGER (2007) did not specify the upper biostrati-
graphic range of this species. In the Prebetic (Ibi
section), the last occurrence of P. glyjonnesi coin-
cides with those of Praerhapydionina delicata and
several other porcellaneous species, including
Coscinospira elongata, C. sivasensis, and Spiroli-
nella emmae. The latter is more likely endemic to
the Prebetic, whereas C. elongata and C. siva-
sensis are restricted to SB 21 in Turkey (SIREL et
al., 2013; SireL, 2015).

280



On the other hand, the last occurrence of P.
delicata at the Rupelian/Chattian (SB 22A/22B)
boundary was previously reported in the Prebetic
by FALCES-DELGADO and GIANETTI (2023), in Iran by
YAzDI-MOGHADAM et al. (2018), in Oman and
Yemen by SERrRA-KIEL et al. (2016), and in Indone-
sia and south-east Asia by RENEMA (2002, 2007).
Also, in Malta, the last occurrence of Praerhapy-
dionina precedes the FO of Miogypsinoides com-
planatus (FELix, 1973), and in Jamaica the genus
is restricted to the lower Oligocene (ROBINSON &
WRIGHT, 1993). The alleged early Oligocene age of
the foraminiferal association containing P. delicata
from Bahamas (FiscHER et al., 2015) is debatable
and is here reinterpreted as Rupelian. Therefore,
in the absence of miogypsinids, the most reliable
criterion for identifying the Rupelian/Chattian
boundary appears to be the last occurrence of
Praerhapydionina delicata.

Our biometric analysis of Neorotalia burdiga-
lensis (Fig. 20) provides an additional criterion for
recognizing this boundary. Upper Rupelian speci-
mens show P values < 90 um, whereas lower
Chattian specimens yield values > 100 pm. This
threshold in proloculus diameter, situated around
95 um, should be verified in other sections, but it
may offer a straightforward means of identifying
the Rupelian/Chattian boundary.

The FO in the Ibi section of Planolinderina in
SB 22B aligns with the observations of FREUDEN-
THAL (1969) and AkBAR-BASKALAYEH et al. (2020)
from the Oligocene of Crete and the Qom Forma-
tion in, Iran respectively. In our samples, Plano-
linderina occurs in the uppermost part of SB 22B
and in the lower half of SB 23. In eastern Turkey
(Keleresdere Section), Ozcan et al. (2010a) re-
ported P. escornebovensis in the late Chattian (SB
23).

Similarly, the FO of Heterostegina assilinoides
in SB 22B is consistent with the findings of
BENEDETTI et al. (2018) and Ozcan et al. (2010a).
Ozcan et al. (2009a) reported a population (Hete-
rostegina aff. 1 assilinoides) exhibiting ancestral
characteristics compared to typical H. assilinoides
from the basal Chattian (lower part of SB 22B) in
south-west Turkey. The basal SB 22B would also
be characterised by the exclusive presence of
Nummulites bormidiensis and transitional popula-
tions between E. formosoides and E. dilatata
(Hap1 et al., 2023; Ozcan et al., 2009a, 2010a),
although the transition between these two
Eulepidina species was likely diachronous, occur-
ring earlier in the Central Tethys (AKBAR-BASKA-
LAYEH et al., 2020; YAzDi-MOGHADAM et al., 2025).
In the Prebetic (Ibi section), we did not observe
any reticulate Nummulites or ancestral forms of
Heterostegina in the lower part of SB 22B; typical
H. assilinoides firsts appears in the middle-lower
part of SB 22 (Fig. 5).

In the Central Tethys (Oman, Iran) and the
Indo-Pacific, the range of both N. vascus and N.
fichteli is limited to the Rupelian (SB 21-22A;
EHRENBERG et al., 2007; ReNEMA, 2007; LAURSEN et

al., 2009; BucHeM et al., 2010; YAzDI-MOGHADAM,
2011; AMIRSHAHKARAMI, 2013; MAGHFOURI MOGHADAM
et al., 2014; SERRA-KIEL et al., 2016; MATSUMARU,
2017; Yazpi-MoGHADAM et al., 2018, 2023a; Ak-
BAR-BASKALAYEH et al., 2020; MoHAMMADI, 2023,
2024), as confirmed by age calibration using Sr-
isotope stratigraphy (EHRENBERG et al., 2007;
LAURSEN et al., 2009; BucHeM et al., 2010). On the
other hand, the biostratigraphic range of these
two species in Turkey and the Mediterranean re-
gion is mainly interpreted as Rupelian-lower Chat-
tian (SB 21-22B; DROOGER & LAAGLAND, 1986; LESs,
1991; CaHuzAac & POIGNANT, 1997, 1998; BALDI et
al., 1999; SireL, 2003, 2015, 2020a; BassI et al.,
2007; Gebpik, 2008, 2014, 2015; BrAGA & Bassi,
2011; SIReL et al., 2013; Zoeram et al., 2013,
2015; Gebpik & KARADENIzLI, 2021). The last occur-
rence of N. fichteli has been reported in the late
Rupelian (SB 22A) of Greece (WIELANDT-SCHUSTER,
2004) and offshore southern Iran (YAzDI-
MOGHADAM et al., 2025), or in the lowermost Chat-
tian in Anatolia (GeEpik & KARADENIZLI, 2021) and
the Aquitaine Basin (SzTRAKOS & STEURBAUT, 2017).
According to Habpr et al. (2023), Less et al.
(2018), and Ozcan et al. (2009a, 2010a), the last
representatives of the N. fichteli lineage in the SB
22B of Iran, western India, and Turkey corre-
spond to N. bormidiensis. Nummulites vascus has
also been reported from SB 23 in Turkey (IsSIK,
2010; Isik & HakYEMEZ, 2011; SIReL & Isik, 2011).
In the Prebetic, the last occurrence of N. fichteli is
at the base of SB 22A (Ibi section), whereas N.
vascus occurs from SB 21 to late SB 23.

Idalina pignattii was known only from the Ru-
pelian (SB 21-22A) of Oman and Socotra (SERRA-
KiEL et al., 2016), the one reported from the Ru-
pelian of NE Irag (KArRIM & HAMA, 2019, Fig. 15c)
is actually a Schlumbergerina. In the Prebetic, the
range of Idalina pignattii extends from the early
Rupelian SB 21 to the early Chattian, SB 22B.

Sorites has traditionally been considered to
range from the Miocene to the Recent (e.g., COLE,
1965, 1969; ADpAMS, 1967; LOEBLICH & TAPPAN,
1987b; RENEMA, 2002, 2007). However, several
studies document its presence in Oligocene rocks
from Australia (CHAPRONIERE, 1981), Japan (Oga-
sawara Islands; MATSUMARU, 1996), north-eastern
Iraq (as "Archaias kirkukensis" in AL-QAYIM et al.,
2016, Fig. 11a, d, f; as "Archaias asmaricus" in
KARIM et al., 2012, Fig. 12i; as Sorites sp. 1, Pl. 3,
fig. 9, and S. orbiculus? in HEnsON, 1950), Syria
(Henson, 1950, PI. 3, fig. 8), Malta (as "Archaias
kirkukensis" in BRANDANO et al., 2009, Fig. 4A),
southern Italy (PomMArR et al., 2014, Fig. 2c; as
"Orbitolites" in ZurrarRDI-COMERCI, 1930, PI. 5, fig.
6), France (BouDAGHER-FADEL, 2008, PI. 6.10, fig.
6), and south-eastern Spain (FERRANDEz-CANADELL
& BovVvER-ARNAL, 2017; GrRANERO et al., 2020,
2022). Other reports of Oligocene Sorites are
doubtful, such as those from the Rupelian-Chat-
tian of Iran, which likely represent peneroplids
(see Fig. 6e in SHABAFROOZ et al., 2015), or from
the Chattian of southern Pakistan (see Fig. 6F in
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MARIANI et al., 2025). Remarkably, Sorites is ab-
sent from the Rupelian of Oman and Yemen (SER-
RA-KIEL et al., 2016) and has never been reported
from the extensively studied Oligocene of Turkey
and Iran. The earliest confirmed occurrences of
Sorites in the Tethys are in the Rupelian of north-
eastern Iraq (HensoN, 1950; AL-QAviM et al.,
2016). Chattian occurrences extend from the Pre-
betic to Iraq and Japan in the late Chattian (MaAT-
SUMARU, 1996). In France, the Oligocene occur-
rence of Sorites is limited to the reference by
BouDHAGER-FADEL (2008, PI. 6.10, fig. 6; 2018, PI.
6.12, fig. 6), who did not specify the age, locality,
or associated Foraminifera. Sorites was not in-
cluded in the definition of the Oligocene-Miocene
Shallow Benthic Zones (CAHuzAC & POIGNANT,
1997, 1998) and was not reported by SzTRAKOS
and STEURBAUT (2017) in their exhaustive revision
of foraminiferal biostratigraphy in the Aquitaine
Basin (southern France). Its first appearance in
the Oligocene across the Tethys, from the west-
ernmost Tethys to the Pacific, makes Sorites a
valuable biostratigraphic marker that should be
incorporated into the definition of the SB biozona-
tion. In the Mediterranean region, its FO corre-
sponds to SB 22A.

Upper Chattian

In the Prebetic, the upper Chattian (SB 23) is
marked by the FO of Risananeiza (R.
crassaparies), Amphistegina mammilla, Spiro-
clypeus margaritatus, Cycloclypeus mediter-
raneus, Elphidium crispum, Archaias sp., and Mio-
gypsinella (M. complanata, M. formosensis). Oth-
er characteristic species of this biozone include
Risananeiza pustulosa, Miogypsinella borodi-
nensis, M. akcadagensis, Postmiogypsinella inter-
media, and Planolinderina sp. Additionally, based
on data from the eastern Prebetic (FERRANDEZ-
CANADELL & BOVER-ARNAL, 2017), Eulepidina dilata-
ta, E. elephantina, and Victoriella conoidea also
occur in this interval. HakYEMEZz et al. (2016)
placed Miogypsinella complanata, M. borodi-
nensis, and Postmiogypsinella intermedia in SBZ
23, which is correlated with planktic zone 06
(BERGGREN & PEARSON, 2005). This zone is charac-
terised by the presence of "Globigerina cipero-
ensis" and "Globigerinoides primordius" (= Cipe-
roella ciperoensis and Trilobatus primordius, SPEz-
ZAFERRI et al., 2015; OLsson et al., 2018), along
with the absence of Paragloborotalia opima. Mio-
gypsinella (= Miogypsinoides auct.) complanata is
the most common and indicative species for the
late Chattian in the western basins of the Tethys
(e.g., HAKYEMEZ et al., 2016), and its FO defines
SB 23 (CaHuzAC & POIGNANT, 1997). According to
SIREL and GEeDIK (2011), the last occurrences of M.
borodinensis and M. akcadagensis defines the up-
per boundary of SB 23.

In the Ibi section, however, the lower bound-
ary of SB 23 is characterised by the FO of Risana-
neiza pustulosa, Amphistegina mammilla, and
Cycloclypeus mediterraneus (Fig. 5). The FO of

miogypsinids (Miogypsinella complanata, M. for-
mosensis) seems to occur slightly higher, in the
lowermost part of the FR section (Fig. 6). It re-
mains to be determined whether this lag reflects
palaeoenvironmental factors or represents distinct
biostratigraphic ranges. If the latter is the case,
the lower boundary of SB 23 could be redefined
by the FO of Risananeiza, a genus exclusive of
this zone.

The FO of Amphistegina mammilla and Elphi-
dium crispum should be also considered for defin-
ing SB 23 in the Western Tethys. This is consis-
tent with the inclusion of Amphistegina sp. and
Elphidium sp. as characteristic taxa of SB 23 in
Malatya Basin (SIREL & GEDIK, 2011) and with the
FO of E. crispum at the base of the upper Chat-
tian in the Aquitaine Basin (SzTRAKOS & STEURBAUT,
2017). The occurrence of A. mammilla in the up-
per Chattian of the Prebetic, as well as in Turkey,
Palestine, and Iran, was discussed by FERRANDEZ-
CANADELL and BOVER-ARNAL (2017). Further evi-
dence comes from Iran (SADR, 2017; HaBIBI &
BovER-ARNAL, 2018), Egypt (Kuss & BOUKHARY,
2008, Pl. 2, fig. 6), Greece (WIELANDT-SCHUSTER,
2004), and the Aquitaine Basin in southern France
(SzTRAKOS & STEURBAUT, 2017).

Our biometric study of Neorotalia burdigalensis
(Fig. 20, Table 3) draws a potential new criterion:
specimens with P values > 115 pym may indicate
the onset of the late Chattian. This threshold,
however, is based on limited data and requires
further confirmation.

Subdivision of Shallow Benthic zone 23

Based on the new data from the upper Chat-
tian, two distinct associations can be recognised,
primarily defined by miogypsinids (Miogypsinella
and Postmiogypsinella) and the two species of Ri-
sananeiza. Accordingly, SB 23 in the Prebetic can
be subdivided into two biozones, characterised as
follows (Fig. 22):

Subzone SB 23A: Characterised by Risana-
neiza crassaparies (P < 225 pym) and Miogypsi-
nella species with X values (number of spiral
chambers) > 14 (M. complanata, M. formo-
sensis). Available data (Ozcan et al., 2010a; FEr-
RANDEZ-CANADELL & BOVER-ARNAL, 2017) suggest
that Eulepidina elephantina may be exclusive to
this sub-biozone. The lower boundary of SB 23 is
currently defined by the FO of miogypsinids
(CaHuzAC & POIGNANT, 1997). As discussed above,
in the Ibi section, the FO of Risananeiza pustu-
losa, Amphistegina mammilla, and Cycloclypeus
mediterraneus predates the FO of miogypsinids
(M. complanata/M. formosensis) in the lowermost
part of the FR section. Another potential indicator,
which requires confirmation, is the occurrence of
Neorotalia burdigalensis with P > 115 um.

Subzone SB 23B: Characterised by Risana-
neiza pustulosa, Postmiogypsinella intermedia,
and Miogypsinella species with X values < 14 (M.
borodinensis, M. akcadagensis).
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Figure 22: Biostratigraphic markers for the upper Chatian in the Prebetic Range and subdivision of Shallow Benthic
biozone 23 into two sub-biozones, 23A and 23B, based on the stratigraphic distribution of Risananeiza and mio-

gypsinid species.

Based on data from the Benitatxell Range
(FERRANDEZ-CANADELL & BOVER-ARNAL, 2017), the
late Chattian assemblage of SB 23 in the Prebetic
also includes Nummulites vascus, N. kecskemetii,
Operculina complanata, Heterostegina assilinoi-
des, Spiroclypeus margaritatus, Cycloclypeus
mediterraneus, Neorotalia burdigalensis, Victo-
riella conoidea, Carpenteria sp., Biarritzina sp.,
Elphidium crispum, Amphistegina mammilla, A.
bohdanowiczi, Asterigerina sp., Nephrolepidina
sp., E. dilatata, E. raulini, Planorbulina bronni-
manni, Planolinderina sp., Sphaerogypsina sp.,
Austrotrillina striata, Sorites sp., Archaias sp.,
Peneroplis thomasi, P. flabelliformis, and Schlum-
bergerina alveoliniformis. Additional potential cri-
teria, which require confirmation, include the oc-
currence of Neorotalia burdigalensis with P values
> 130 (Fig. 20) and the FO of Austrotrillina how-
chini (with regular bifurcation of alveoli, Fig.
14D). Ozcan et al. (2010a) suggested that in
eastern Turkey, Eulepidina dilatata was replaced
in the lower part of SB 23 by immigrant E. ana-
tolica and E. elephantina. In the shallow facies of
the Ibi and FR sections, Eulepidina is very rare,
and the large E. elephantina is absent. However,
in the Benitatxell Range, E. dilatata is found to-

gether with E. elephantina, while E. anatolica is
absent (FERRANDEZ-CANADELL & BOVER-ARNAL, 2017).
Based on these data, we tentatively restrict E.
elephantina to SB 23A in the Prebetic (Fig. 22).

The subdivision of SB 23 proposed here is in
agreement with the biostratigraphic data from the
Aquitaine Basin reported by SzTrRAKOS and STEUR-
BAUT (2017). They set the FO of "Amphistegina
hauerina" (= A. mammilla, see RO6GL and BRAND-
STATTER, 1993) at the base of the upper Chattian
and distinguish two assemblages of Miogypsi-
noides, with the FO of four species (M. banta-
mensis, M. dehaartii, M. lateralis, and M. maure-
tanicus) in the middle part of the upper Chattian.
Despite the differences in taxonomic interpreta-
tion, they recognised a change in the assemblage
of miogypsinid species in the middle of SB 23 that
likely corresponds to the subdivision proposed
here.

According to the original description by
BENEDETTI and BRiGuGLIO (2012), Risananeiza cras-
saparies is associated with "Miogypsinoides"
formosensis, Nephrolepidina morgani, Eulepidina
dilatata, Operculina complanata, Spiroclypeus
margaritatus, Heterostegina assilinoides, and
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Nummulites kecskemetii, which, based on the mio-
gypsinid species, corresponds to the association
characteristic of SB 23A. Gebik (2020) reported
the occurrence of R. crassaparies in the Rupelian-
lower Chattian of Turkey. She interpreted as Ru-
pelian-lower Chattian the association of R.
crassaparies, Archaias kirkukensis, Austrotrillina
asmariensis, Nephrolepidina sp., N. praemar-
ginata, Nummulites cf. vascus, H. assilinoides, B.
pygmaea, Neoplanorbulinella malatyaensis, N.
matsumarui, and Neorotalia burdigalensis as "up-
per Chattian SBZ 23" the association of Miogypsi-
nella borodinensis, M. akcadagensis, M. cf. com-
planata, Postmiogypsinella intermedia, and
Nephrolepidina morgani. These two assemblages
could both be of upper Chattian age and may be
interpreted as SB 23A and 23B, respectively.
SARFI and YAzDI-MOGHADAM (2024) reported an up-
per Chattian foraminiferal assemblage with Mio-
gypsinoides complanatus, M. formosensis, Spiro-
clypeus margaritatus, Operculina complanata, and
Risananeiza pustulosa from the Qom Formation in
Central Iran (Dobaradar section). As stated
above, measurements of their two figured mega-
lospheric specimens (Fig. 7I-] in SARFI & YAzDI-
MoGHADAM, 2024) show test and proloculus diame-
ters within the common range for the two
species. Based on both their relatively small test
size and the associated miogypsinid species,
these specimens are most likely R. crassaparies,
and the assemblage corresponds to SB 23A. YAz-
DI-MOGHADAM et al. (2023c) and SArRrI and YAzDI-
MoGHADAM (2024) reported further Risananeiza
occurrences from the upper Chattian of the Qom
Formation in Central Iran. Based on measure-
ments of their figured specimens, both, R. cras-
saparies and R. pustulosa, occur in their strati-
graphic series. Furthermore, according to the
sample locations, R. crassaparies is replaced by
R. pustulosa, providing a sequence that records
the anagenetic evolution of this monospecific
genus and its potential use to distinguish the low-
er and upper parts of SB 23. Further occurrences
of the two Risananeiza species in Iran are found
in the sections described by RAHAGHI (1980),
where Risananeiza (reported as "Rotalia vien-
noti") is associated either with "Miogypsinoides
complanatus" or with Spiroclypeus.

Comparison with the literature shows that the
FO of Spiroclypeus margaritatus in SB 23 agrees
with Ozcan et al. (2009b), who noted that Spiro-
clypeus is unknown from Rupelian and lower
Chattian deposits and extended its range to the
lower Aquitanian. According to Ozcan et al.
(2010a), Heterostegina assilinoides is replaced by
Spiroclypeus margaritatus in SB 23. The reported
"Spiroclypeus carpathicus" from the Rupelian of
Oman (SErRrRA-KIEL et al., 2016) is probably an
Heterostegina, as no lateral compartments are
visible (see Fig. 48.1-5 in SERRA-KIEL et al., 2016).
ALLAHKARAMPOUR et al. (2020) reported the first oc-
currence of Spiroclypeus as simultaneous with
that of Miogypsinoides in the basal Chattian of the

Asmari Formation (Zagros Basin, Iran), calibrated
using Sr-isotope stratigraphy.

The reference sections for SB 23A and SB 23B
sub-biozones are the Ibi and La Font Roja sec-
tions described here, which report, for the first
time, the occurrence of the two species of Risana-
neiza in the same locality, as discrete stages of
the same anagenetic species. The stratigraphical
replacement of R. crassaparies by R. pustulosa is ac-
companied by a replacement in miogypsinid species.

Other sections in the Prebetic Domain: The
sections of the Benitatxell Range and Rebaldi, in
the Prebetic of the eastern part of Alacant prov-
ince (FERRANDEZ-CANADELL & BOVER-ARNAL, 2017).
Our observations in other sections under study
show that this subdivision of SB 23 would be of
use for the Prebetic. To date, there are no sec-
tions in the Oligocene of the External Prebetic
with data on nannofossils or magnetostratigra-
phy, nor with correlatable studies on planktic Fo-
raminifera.

In other areas, a revision of the systematics of
Risananeiza (often reported under other genera,
Neorotalia, Pararotalia etc.) and miogypsinids (of-
ten reported as Miogypsinoides) should be per-
formed to check if these sub-biozones are recog-
nized. Possible sections in which the sub-biozones
might be identified are:

e Aquitaine basin (southern France): A simi-
lar replacement of miogypsinids at the
middle part of the upper Chattian was ob-
served by SzTrRAKOS and STEURBAUT (2017)
in sections of the western Aquitaine basin,
although they did not include detailed as-
sociations for each of the sections studied.

e Turkey: The Edilme section, complemented
by the Karamadara section, both in the
Malatya Basin reported by Gebik (2020)
record a similar faunal distribution, with R.
crassaparies in the lower part and P. inter-
media, M. borodinensis, and M. akcada-
gensis in the upper part. Although inter-
preted as lower and upper Chattian, re-
spectively by Gepik (2020) they could cor-
respond to SB 23A and 23B.

e Central Iran: Based on measurements of
the figured specimens in SARFI and YAzDI-
MoGHADAM (2024), both, R. crassaparies
and R. pustulosa, occur in the upper Chat-
tian of the Dobaradar section (Qom Fm.,
Central Iran). A biometrical revision of Ri-
sananeiza specimens in this section could
compare the correlation of the replace-
ment of Risananeiza species with that of
miogypsinids and hence would be useful to
check the use of these new sub-biozones
in Central Iran and the possible correlation
with the Prebetic. Further occurrences of
the two Risananeiza species (reported as
"Rotalia viennoti") in Iran are found in the
sections described by RaAHAGHI (1980) as
"Aquitanian" of the same Qom Formation:
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Section No. 1 S. of Daghan and Section
No. 3 W, Kahak, in Qom-Kashan area.
Oligocene species in the Miocene of the
External Betics
A recent paper by BoLIVAR-FERICHE et al. (2025)
claims that in the Sierra de Marmolance (External
Zones of the Betic Cordillera, Granada province),
several species currently considered as Oligocene,
such as Eulepidina dilatata, E. formosoides,
Nephrolepidina praemarginata, Nummulites fich-
teli, N. vascus, N. kecskemetii, Neorotalia "vien-
noti" (= N. burdigalensis), and Risananeiza cras-
saparies, extend to the Middle Miocene, up to the
Serravallian. The age assignment is based on
planktic Foraminifera contained in the marls that
underlie and laterally grade into the limestones
hosting the larger Foraminifera. BoLIVAR-FERICHE et
al. (2025) interpreted the larger foraminiferal as-
semblages as autochthonous-parautochthonous,
arguing that they lack sedimentary structures
"characteristic of coarse-grained sediment gravity
flows", and noting both the preservation state of
foraminiferal tests and the absence of mixing up
of species from different facies.

Their interpretation strongly contradicts the
biostratigraphic ranges documented for these
species elsewhere in the Tethys. All the taxa
mentioned above are widespread in other parts of
the Tethys, and in all cases they are restricted to
the Oligocene. As discussed previously, although
in the Prebetic Nummulites vascus and N.
kecskemetii occur up to the upper Chattian, their
highest occurrences in the wider Tethys are in the
upper Rupelian or the lower Chattian, and that of
N. fichteli is even earlier, in the upper Rupelian.
Neorotalia burdigalensis is considered to become
extinct at the end of the Oligocene or in the basal
Aquitanian (e.g., CaHuzac & POIGNANT, 1993). In
the Western and Central Tethys, Heterostegina
assilinoides is limited to the lower Chattian and is
replaced in the upper Chattian by Spiroclypeus
margaritatus (Ozcan et al., 2010a). The latter
species occurs in the upper Chattian and only lo-
cally into the lower Aquitanian (central Turkey;
Ozcan et al., 2009b). Risananeiza is likewise
known only from the upper Chattian in the West-
ern and Central Tethys. The proloculus diameters
reported for Risananeiza from the Sierra de Mar-
molance (70 to 95 pm; BoLIVAR-FERICHE et al.,
2025) correspond to R. crassaparies and fall at
the very base of the variability of the genus. They
are comparable to the values observed in the low-
ermost upper Chattian of the Prebetic, whereas in
higher stratigraphic beds the diameters increase
progressively (Fig. 21). In addition to larger Fo-
raminifera, the coralline alga Subterraniphyllum
thomasii provides further evidence, as it is also
limited to the Oligocene (Bassi & NEBELsICK, 2000;
Basst et al., 2000; Basso et al., 2019).

The assemblages reported by BoLIVAR-FERICHE
et al. (2025) consist mainly of Oligocene larger
Foraminifera, with only one species, Nephrolepi-
dina tournoueri, being attributable to the Miocene

(Aquitanian-Burdigalian). Notably, the Mar-
molance assemblages lack species that are char-
acteristic of the Lower and Middle Miocene, such
as Miogypsina spp. or Borelis melo. The Miocene
record of the Prebetic is rich in Heterostegina and
Amphistegina, with the latter represented by
large species such as A. mammilla and A. lessonii.
However, in BoOLIVAR-FERICHE et al. (2025) Am-
phistegina is neither determined at species level
nor illustrated. The specimen of Heterostegina fig-
ured by BoLIvArR-FERICHE et al. (2025, Fig. 10h)
shows a small megalospheric embryo, a charac-
teristic feature of Miocene species. In contrast,
the Oligocene species H. assilinoides possesses a
megalosheric proloculus that is three to four
times larger.

The assemblages from the Sierra de Mar-
molance reported by BoLivAR-FERICHE et al. (2025)
include species with different biostratigraphical
ranges: Rupelian-lower Chattian (N. fichteli, N.
praemarginata), upper Chattian-lower Aquitanian
(Risananeiza, Spiroclypeus), and Aquitanian-Bur-
digalian (N. tournoueri). However, species of dif-
ferent ages are found in the same layers (e.g., N.
fichteli with E. formosoides and N. tournoueri),
strongly suggesting reworking. The geological
context in the External Betics during the Middle
Miocene was synorogenic (e.g., VERA, 2000), with
olistostromes and debrites documented in the
nearby Castril area during the Langhian and Ser-
ravallian. In the Sierra Marmolance, calcareous
breccias with erosive bases and debris-flow de-
posits, dated to the Serravallian-Tortonian, were
formed by the deposition of eroded material from
nearby uplifts onto a shallow carbonate platform
(LupiANI MORENO et al., 2006). This suggest a con-
text in which reworking of Oligocene materials
would not be unexpected. The apparent absence
of mixing between species from different facies
could result from the slow, steady erosion of suc-
cessive layers.

Although explaining such discrete reworking
may be challenging, we favor this interpretation
because it is more parsimonious than the unlikely
scenario of local survival during the Serravallian
of numerous species that went extinct at the end
of the Oligocene elsewhere in the Tethys, particu-
larly given the absence of typical Miocene species.

Chronostratigraphy and sedimentary
evolution

The two sedimentary successions studied de-
veloped within the same carbonate platform sys-
tem (Fig. 1B), consistent with GeeL (2000), al-
though they differ in age (Figs. 3, 5-6). Previous
studies in the Ibi section dated the uppermost
part of the succession underlying the Miocene de-
posits as Burdigalian (GeeL, 1995), early Chattian
(GEEL, 2000) or Rupelian (HONTzScH et al., 2013).
Our biostratigraphic data indicate that the upper-
most part of the Ibi section, directly below the
unconformity, is of upper Chattian age. The pre-
served upper Chattian record in Ibi is 12 m thick,
whereas the upper Chattian record in the FR is at
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least 250 m thick (Fig. 3). In Ibi, the upper Chat-
tian platform carbonates capped by an erosional
surface (Figs. 3A, 4E-F), are overlain by Miocene
siliciclastic-influenced deposits. This erosional sur-
face is characterised by widespread bioerosional
features (Fig. 4F), indicating that it acted as a
hard substrate during a transgressive event, most
likely following a phase of subaerial exposure and
erosion. Accordingly, this irregular surface is in-
terpreted as a subaerial unconformity that, during
a Miocene transgression, developed into a rock-
ground (sensu FURsICH, 1979). This suggests that
the FR represents a more distal depositional envi-
ronment, whereas the Ibi section reflects a more
proximal platform setting, which was subjected to
significant erosion under subaerial exposure con-
ditions. This interpretation is supported by
palaeontological evidence: the Rupelian to Chat-
tian strata in Ibi contain abundant porcellaneous
Foraminifera and corals (Fig. 3A), indicative of a
proximal, shallow-marine environment (e.g., HoT-
TINGER, 1997; BUCHEM et al., 2010), also indicated
by the presence of hook-shaped rhodophytes that
suggests the development of seagrass meadows
(see e.g., SoLA et al., 2013). In contrast, the FR
section is dominated by hyaline Foraminifera, typ-
ical of more distal and slightly deeper marine set-
tings (e.g., HOTTINGER, 1997). Consistent with this
interpretation, sixteen beds bearing Microcodium
have been identified in the Ibi section (Figs. 3A,
4D; see also GEEL, 1995). Microcodium is a micro-
problematica typically associated with continental
and pedogenic environments, and its occurrence
in a carbonate platform succession is commonly
interpreted as an indicator of subaerial exposure
(e.g., Kaeanov et al., 2008). According to GEEL
(2000), in Ibi Microcodium would occur on top of
fans forming islands in the back-reef zone. In
contrast, only two reworked Microcodium frag-
ments were identified in two beds at the FR (Figs.
3B, 5E), most likely transported from proximal
areas into this more distal depositional environ-
ment. Furthermore, the FR succession exhibits a
higher siliciclastic input (Fig. 3B), reflecting
greater detrital influence, whereas the Ibi succes-
sion is more carbonate-dominated (Fig. 3A), sug-
gesting deposition in a relatively protected setting
with limited coarse siliciclastic influx. Neverthe-
less, the lower part of the upper Chattian succes-
sion at the FR also recorded a major regression,
which led to subaerial exposure, meteoric dissolu-
tion, and the formation of a brecciated horizon
(Figs. 3B, 5A-B). However, it remains uncertain
whether this breccia horizon is genetically related
to the subaerial unconformity capping lower-
upper Chattian platform carbonates at Ibi (Figs.
3A, 4E-F).

Despite the differences in sedimentary facies,
both successions display an overall aggradational
stacking pattern, indicating comparable long-term
trends in accommodation and carbonate produc-
tion during the Rupelian and Chattian stages.
Given that the more proximal sectors of the car-
bonate platform system, particularly at Ibi, culmi-

nated in subaerial exposure and erosion, the
aggradational architecture observed in both suc-
cessions is most consistent with deposition during
a highstand stage of relative sea level. The inner
parts of a highstand platform are typically stacked
in an aggrading pattern and are prone to subaeri-
al exposure even during minor, lower-order rela-
tive sea-level falls, whereas the platform margin
tends to prograde outward (e.g., EBERLI & GINS-
BURG, 1989; EBERLI et al., 2004).

This scenario within the External Prebetic Unit
of the Betic Cordillera is consistent with observa-
tions from the Rebaldi-Benitatxell Range area
(see BOVER-ARNAL et al., 2017), located approxi-
mately 60 km east of Ibi and La Font Roja, within
the Internal Prebetic Zone. There, Chattian proxi-
mal platform carbonates overlying a Cretaceous
substrate were subaerially exposed and eroded at
the Rebaldi locality. The top of these preserved
Chattian carbonates also contain Microcodium and
evolve basinward into a more distal, slightly
deeper, and more continuous Rupelian-Chattian
succession, giving rise to the Benitatxell Range.
The platform carbonates from both Rebaldi and
the Benitatxell Range mainly developed during a
highstand normal regression. The occurrence of
Chattian platform carbonates directly overlying
Cretaceous palaeotopographic highs in parts of
the Prebetic Zone also suggests deposition during
a highstand stage of relative sea level.

According to the eustatic transgressive-regres-
sive megacycles proposed by SrenErR et al. in
GRADSTEIN et al. (2020), the Priabonian was char-
acterised by a major cycle (Prl), which ended
with a major regression near the Priabonian/Ru-
pelian boundary. The Rupelian was also marked
by a transgressive-regressive cycle (Rul), which
ended in the upper part of the stage. The late Ru-
pelian experienced a pronounced transgressive
event, followed by a long-term, progressive re-
gression that extended through most of the Chat-
tian Stage, culminating in a maximum regression
near the Chattian/Aquitanian boundary (Chl
cycle; see GRADSTEIN et al., 2020). In the study
area, the sedimentary expression of these major
transgressive-regressive cycles is not evident, be-
cause the succession is characterised by an over-
all aggrading stacking pattern. This masking of
the eustatic signal may be attributed to active
tectonic subsidence in the area, related to the
opening of the Valéncia Trough (e.g., Roca & DE-
SEGAULX, 1992; GEEL, 1995; GEEL et al., 1999), and
a high carbonate production rate, which filled the
available accommodation during the Priabonian-
Chattian interval. Nevertheless, MARTIN-MARTIN et
al. (2020), based on data from other sections
from the Internal Prebetic Zone, mainly interpret-
ed the development of the Oligocene-Aquitanian
succession as being controlled by eustasy.

The Cenozoic succession from the Internal Pre-
betic Domain (the studied successions are located
in the External Prebetic Unit) is interpreted as a
syn-contractional tectonostratigraphic sequence
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and includes two regional unconformities, mainly
corresponding to upper Priabonian-lower Rupelian
and Aquitanian-Burdigalian gaps (e.g., MARTIN-
MARTIN et al., 2018, 2020). A notable example is
the major unconformity identified in El Carxe and
La Pila ranges, south-west of the study area
(Murcia province), which is associated with an
erosional gap spanning part of the Bartonian, Pri-
abonian, and Rupelian. This gap has been linked
to an intraplate contractional episode affecting
the Iberian Peninsula (MARTIN-MARTIN et al., 2018,
2020). MicLAus et al. (2025) and MARTIN-MARTIN et
al. (2025) interpreted the uppermost Eocene lay-
ers of the Ibi section as Lutetian (SB 13-14) in
age. Here we show that the upper part of the Eo-
cene in the Ibi section is of Priabonian age, thus
reducing their major stratigraphic gap spanning
the early Lutetian to Rupelian to just the upper
part of the Priabonian.

The studied area is of particular significance,
as it preserves a rather continuous stratigraphic
record extending from the lower Eocene to Pri-
abonian and from the lowermost Rupelian to the
upper Chattian within the External Prebetic Zone
of Alacant, an interval that appears to be less
continuous in the internal areas of the Prebetic
Zone (e.g., MARTIN-MARTIN et al., 2018, 2020). The
subaerial unconformity overlain by Miocene de-
posits observed at Ibi (Figs. 3A, 4E-F) could also
correspond to the regional Lower Miocene uncon-
formity documented in the Internal Prebetic Unit.
This unconformity has been associated with the
contractional deformation event that gave rise to
the External Betics fold-and-thrust belt (e.g.,
GEEL, 1995; MARTIN-MARTIN et al., 2020).

Therefore, the new biostratigraphic results
have implications for the tectonostratigraphic
evolution of the Prebetic, because they help delin-
eate the age and geographic extent of the tecton-
ic phases that shaped the Prebetic shallow marine
stratigraphic record. A review of regional
tectonostratigraphic events is beyond the scope of
this article.

Larger Foraminifera
palaeobiogeography

The new data from the studied sections, to-
gether with a systematic review and critical as-
sessment of data in the literature, allow a re-eval-
uation of the evolution, phylogeny, and palaeo-
biogeography of certain taxa during the late Eo-
cene and the Oligocene.

Neorhipidionina

The genus Neorhipidionina is known from the
Bartonian-Priabonian of the Central Tethys: Iraq
(HensoN, 1948), Iran (HOTTINGER, 2007; NAFARIEH
et al., 2019; CHANGAEI et al., 2022), Oman and
Socotra (ROBINET et al., 2013; SerrRA-KIEL et al.,
2016), and the western offshore of India (CoTTON
et al., 2019). According to HOTTINGER (2007), it is
also present in the material from Somalia in Az-
ZAROLI (1950) and from the offshore Tunisia in
BoNNEFOUS and BismutH (1982). Its occurrence in

evolution and

the Priabonian of the Prebetic (Ibi section, Figs. 5,
12E1-E2) extends the palaeobiogeographical
range of the genus to the westernmost Tethys.

Pfendericonus

The available data suggest that Pfendericonus
originated in the Thanetian with small, simple
forms (P. mindanaoensis; MATSUMARU, 2017),
which evolved into larger, more complex forms in
the early-middle Eocene (P. makarskae; SOEsT,
1942; HOTTINGER & DROBNE, 1980; VECcHIO & HOT-
TINGER, 2007; KAYGILl, 2016) and the earliest Pri-
abonian (P. aff. makarskae in SERRA-KIEL et al.,
2016, with P = 215-360 um) and then experi-
enced a reduction in size and complexity in the
late Priabonian and Rupelian (P. globulus; SIREL &
DEVECILER in SIREL et al., 2020a). This trend is
similar to that observed in Austrotrillina across
the Eocene/Oligocene boundary (see below). Al-
though the definition of P. globulus includes both
Priabonian and Rupelian specimens, it is mainly
based on the former, and both the holotype and
the type locality are of Priabonian age. A compar-
ative study of Eocene and Oligocene specimens
may reveal sufficient differences to distinguish
two species. In the Ibi section, the proloculus di-
ameter of Rupelian Pfendericonus appears smaller
than those reported in the species diagnosis of P.
globulus (SIREL & DEVECILER, 2020). The scarcity of
data, derived from random thin sections, prevents
a consistent differentiation between Priabonian
and Oligocene specimens.

Pfendericonus globulus has previously been re-
ported from the Priabonian and Rupelian of east-
ern Turkey (SIREL, 1997; SIREL et al., 2020a). Its
occurrence in the lower Rupelian of the Ibi section
extends its palaeobiogeographical range by c.
2,500 km to the westernmost Neothethys. The re-
ported occurrence in the lower Chattian of south-
eastern Iran (as "valvulinid sp." in HaBiBI, 2016a)
needs confirmation.

Idalina pignattii

Idalina pignattii was previously known only
from the Rupelian (SB 21-22A) of Oman and So-
cotra Island (SErRrRA-KIEL et al., 2016). Its occur-
rence in the Prebetic extends both its stratigraph-
ic range to early Chattian (SB 22B) and its
palaeobiogeographic distribution from the Central
Tethys to the westernmost Tethys, nearly 6,000
km westwards. The Rupelian "Idalina laminata"
reported by EscanDeLL and CoLom (1962) likely
corresponds to I. pignattii. A possible additional
occurrence, which requires confirmation, is from
the late Chattian-Aquitanian of Cephalonia,
Greece (see Fig. 4L15 in Accorpi et al., 2014).
The 1. pignatti reported from the Rupelian of
north-east Iraq (Fig. 15c in KarRiM & HamA, 2019)
is likely a Schlumbergerina.

Austrotrillina

Austrotrillina paucialveolata is easily distin-
guished from other Oligocene-Miocene species by
its irregular and rudimentary exoskeleton, re-
stricted to the peripheral chambers. In the Pre-
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betic (Ibi section), A. paucialveolata occurs in the
lower Rupelian (SB 21) and is replaced in the late
Rupelian by A. striata, which has a regular ex-
oskeleton (asmariensis or striata morphotypes)
that develops earlier in ontogeny. Therefore, A.
paucialveolata and A. striata are distinguished
both by their morphostructure and by their differ-
ent biostratigraphic ranges, and the former
should not be considered a synonym of the latter
as stated by Bassi et al. (2021a). Austrotrillina
paucialveolata is very similar to A. eocaenica,
from which it differs by a smaller test, smaller
megalospheric proloculus, and a thinner basal
layer (HOTTINGER, 2007; SERRA-KIEL et al., 2016).
According to HoTTINGER (2007), followed by Bou-
DAGHER-FADEL (2018), the larger test and prolocu-
lus, together with the "more differentiated ex-
oskeleton" in A. eocaenica, rule out a direct an-
cestral phylogenetic relationship with A.
paucialveolata. However, following the environ-
mental crisis at the Eocene/Oligocene boundary
that led to the extinction of several major groups
of larger Foraminifera, a general reduction in test
and proloculus size in surviving miliolid species
would not be unexpected. Such a reduction is ob-
served in other larger Foraminifera that survived
extinction events (e.g., in Orbitolites above the
Bartonian/Priabonian boundary; see HOTTINGER et
al., 1964). A second example is found in Pfenderi-
conus, as discussed above. Further support for a
phylogenetic relationship between A. paucialveo-
lata and A. eocaenica comes from the size of their
microspheric forms. According to SERRA-KIEL et al.
(2016), the microspheric form of A. eocaenica is
large, reaching up to 2.8 mm, while no micro-
spheric forms of Oligocene A. paucialveolata were
observed. In our study, we identified microspheric
specimens of A. paucialveolata in samples from
the Ibi section. Two specimens from sample Ibi-
121 (at 55 m) are particularly large, reaching 2.2
and 3 mm in length (Fig. 13A-B). Although the
megalospheric forms of A. paucialveolata are
smaller than those of A. eocaenica, the unusually
large microspheric forms suggest that this trait
could be a retained feature from the ancestral
species, A. eocaenica.

The earliest occurrences of A. paucialveolata
are reported from the lower Rupelian of Iraq
(GrRiMsDALE, 1952), Iran (AbAMms, 1968; HaBIBI,
2016b), Oman and Socotra (GALLARDO et al.,
2001; SerrRA-KIEL et al., 2016), eastern Turkey
(SIREL, 2015), Somalia (SiLvesTrI, 1937), Malta
and Gozo (FeLix, 1973), and the Prebetic (this
study). It has also been reported, although not
shown in a figure, from the lower Rupelian of Pri-
abonia, in northern Italy (BARBIN et al., 1997),
and from the Rupelian (SB21-22A) of Zakynthos
Island in Greece (D1 CArRLO et al., 2010). AbAms
(1968) documented the co-occurrence of A.
paucialveolata and A. asmariensis in Iraq. In the
Ibi section, A. asmariensis replaces A. paucialveo-
lata, without transitional forms, at the SB 21/22
boundary, suggesting immigration rather than in-
situ evolution. This pattern indicates that A. pau-

cialveolata likely originated in the Central Tethys,
somewhere between eastern Turkey, Oman, and
Iran. Transitional forms between A. paucialveolata
and A. asmariensis appear much later, during the
Burdigalian, in south-western Australia (HaiG et
al., 2020). The derivation of A. paucialveolata
from A. eocaenica in the Central Tethys is consis-
tent with the biogeographic distribution of the lat-
ter, which includes Iran (HOTTINGER, 2007; NA-
FARIEH et al., 2019; RAHAGHI, 1980, reported as A.
paucialveolata), Oman and Socotra (GALLARDO et
al., 2001; SErRrRA-KIEL et al., 2016), eastern Turkey
(AvsAR, 1991; BooTH et al., 2013; SIReL, 2015, p.
39), offshore Tunisia (BONNEFOUS & BISMUTH,
1982), and possibly western Pakistan (BUKHARI et
al., 2016).

Austrotrillina paucialveolata gave rise to A.
striata in the late Rupelian in the Central-Western
Tethys, and subsequently spread across the
Tethys, reaching Japan by the latest Rupelian-
earliest Chattian (MATSUMARU, 1996, updated bios-
tratigraphy according to WADE et al., 2018).

As pointed out by Apams (1968, p. 93): "There
can be no doubt that A. howchini evolved from A.
striata". Transitional forms between A. striata
(asmariensis/striata/brunni morphotypes) and A.
howchini have been reported from the Rupelian-
lower Chattian (SB 21-22) of Turkey as "A.
asmariensis" (Gepik, 2014, PI. 4, fig. 1; 2015), or
as "Austrotrillina sp." (in KavéiL, 2016, Pl. 19, fig.
8); from the upper Chattian or the uppermost
Chattian-lower Aquitanian of Iran, as "A. how-
chini" (AMIRSHAHKARAMI, 2013, Pl. 6, fig. 9; TAHERI
et al., 2017, Fig. 12.8); from the Lower Miocene
(upper Te) of India, Indonesia, and Papua New
Guinea (AbpAMs, 1968; ApAmMs & BELFORD, 1973;
BINNEKAMP, 1973; BELFORD, 1984; LUNT & ALLAN,
2004; HaiGc et al., 2020); and from the Middle
Miocene (upper Tf) of Christmas Island (as "A.
howchini" in AbAMs & BELFORD, 1974, PI. 3, fig. 7)
and western Australia (CHAPRONIERE, 1984; RIERA,
2019). Apams (1968) considered that transitional
forms between A. striata and A. howchini occur in
the upper Te, with true A. howchini mainly in the
lower Tf. Considering the different correlations
and chronostratigraphic interpretations of the Let-
ter stages (e.g., CHAPRONIERE, 1981; BOUDHAGER-
FADEL & BANNER, 1999; LuNT & ALLAN, 2004; RENE-
MA, 2007; MAaTsuMARU, 2011), the transition from
A. striata to A. howchini in the Indo-Pacific can be
roughly placed in the Middle Miocene. However,
this transition seems to be diachronic in this area,
becoming younger toward the east. Abams (1968,
p. 88) dated the Indonesian transitional speci-
mens to the "Zone N8 of BANNER & BLow (1965)",
which corresponds to the upper Burdigalian-lower
Langhian (HosH1 et al., 2019; GRADSTEIN et al.,
2020). Transitional specimens from western Aus-
tralia were dated to the Langhian (CHAPRONIERE,
1984) and the Langhian-early Serravallian (RIERA
et al., 2019). On the other hand, A. howchini
does not replace A. striata. Both species occur to-
gether, although the former becomes progres-
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sively more abundant, to the point that its rela-
tive abundance (A. striata/A. howchini abundance
ratio) has been proposed as a biostratigraphic in-
dicator for the Aquitanian-Burdigalian of Indone-
sia (Novak, 2014).

This draws a diachronic origin of transitional
forms between A. striata and A. howchini, begin-
ning in the Rupelian-early Chattian in Turkey, fol-
lowed by occurrences westwards (Prebetic) and
eastwards (Iran) during the late Chattian, and ex-
tending into the Indo-Pacific in the Early Miocene,
with the younger forms in the Middle Miocene of
western Australia, where "real A. howchini were
not recorded" (RIERA, 2019, p. 330). This west-
ward migratory trend was already observed by
CrResPIN (1952) in the Miocene of Australia.
CResPIN (1952) noted differences in the biostrati-
graphic range of A. howchini between Indonesia
(Java, Borneo) and Australia, as well as a general
trend toward younger occurrences and lower
abundance, also documented in other genera (Ne-
phrolepidina, Cycloclypeus, Miogypsina, Flosculi-
nella) from the north-west (Carnavon Basin)
through south-central Australia (Adelaide Basin)
to the south-west (Victoria). According to CRESPIN
(1952), this south-western occurrence marks the
most easterly extension of typical Indo-Pacific as-
semblages.

According to Bassi et al. (2021a), Austrotrillina
howchini originated in the Burdigalian in western
India and has not been recorded in the Mediter-
ranean and Middle East regions. However, Austro-
trillina with simple bifurcated alveoli occurs in the
Rupelian-lower Chattian of eastern Turkey (GEDIK,
2014, 2015; KAYGIL, 2016), in the upper Chattian
of the Prebetic (this paper) and the Asmari For-
mation of the Zagros Basin, eastern Iran (AMIR-
SHAHKARAMI, 2013). Occurrences of A. howchini
elsewhere are of Lower or Middle Miocene age
(Kenya, Tanzania, India, Indonesia, Philippines),
with the easternmost records in the Middle-Upper
Miocene of south-eastern Australia (BouDAGHER-
FADEL, 2018). The occurrence of morphotypes of
A. howchini with additional levels of alveolar bi-
furcation is poorly documented, but their origin
also seems diachronic. Austrotrillina howchini with
alveoli exhibiting two to three bifurcation levels
was illustrated by BouDHAGER-FADEL (2018, PI. 7.1,
fig. 1) from the Pata Limestone of Australia, of
Middle-Late Miocene age (GALLAGHER & GOURLEY,
2007). Specimens showing alveoli with three suc-
cessive bifurcations in BassI et al. (2021a, Fig. 7)
are from Kalimantan (Indonesia), of middle-late
Langhian and Serravallian age, the latter (and
younger) showing a more regular and densely
packed alveolar pattern.

Summing up the above data, we conclude that
A. paucialveolata originated from A. eocaenica in
the Central Tethys (Turkey, Oman, Iran) during
the earliest Rupelian, from where it migrated
westwards, reaching the westernmost Tethys
(Prebetic), and possibly also eastwards to Pak-
istan (KHAN, 1967). Austrotrillina paucialveolata

evolved diachronically into A. striata and then into
A. howchini. The different geographical and bios-
tratigraphic ranges of the morphotypes (asma-
riensis / striata / brunni) can be explained by the
combination of migration evens and diachronic
parallel evolution.

Peneroplis

Peneroplis evolutus, P. thomasi, and P. flabel-
liformis have been considered species of the Cen-
tral Tethys region, occurring in Iran, Iraq, and
Turkey (e.g., HeENsON, 1950; AbAMS & BOURGEOIS,
1967; RaDoICI¢, 1981; YazDI-MOGHADAM, 2011;
AMIRSHAHKARAMI, 2013; ZoeraMm et al., 2015; Ho-
SEINZADEH et al., 2015; Hasiel, 2016a, 2016b;
YAzDI-MOGHADAM et al., 2021, 2023a). According to
SERRA-KIEL et al. (2016), Peneroplis thomasi is ab-
sent in Oman (Dhofar and Socotra), where the
genus is instead represented by P. flabelliformis,
P. cf. evolutus, and other smaller species. The
westernmost occurrences of P. thomasi and P.
evolutus reported in the literature are unfigured
records from the Oligocene of Malta (FeLix, 1973),
northern Italy (BARBIN & BIGNOT, 1986; BARBIN et
al., 1997), and southern Italy (SARTORIO & VEN-
TURINI, 1988, p. 167). Subsequent studies of the
Attard Formation in Malta (BrRANDANO et al., 2009;
GaTT, 2022; and references therein) did not
recognise these larger Peneroplis species. The
presence of P. flabelliformis, P. evolutus, and P.
thomasi in the Prebetic extends their palaeobio-
geographical distribution to the westernmost
Tethys. The presence of two additional Peneropli-
dae, Peneroplis peramplus and Spirolinella em-
mae, is particularly noteworthy, as it suggests
that the Prebetic functioned as a sub-bioprovince,
hosting both immigrant and endemic species.

Sorites

The systematics of Sorites (Soritidae) remain
difficult to resolve. No consensus has been
reached regarding the definition of either fossil or
recent species (see CoLe, 1965; CrapoN de Ca-
PRONA d'ERSU & BENIER, 1985; LOEBLICH & TAPPAN,
1987a; GUDMUNDSSON, 1994; HOTTINGER, 2001).
Molecular studies of different species and their
symbiotic algae (HoLzmANN et al., 2001; PocHON et
al., 2001; GARcia-CueTos et al., 2005; MERKADO et
al., 2013) have revealed substantial genetic di-
vergence both between geographic regions and
among habitats. MerkaDO et al. (2013) concluded
that Sorites is polyphyletic, and PocHoN and PAw-
Lowski (2006) argued that the considerable cryp-
tic diversity in recent Sorites prevents reliable
species identification based solely on morphologi-
cal features, which are largely shaped by ecologi-
cal conditions. In this context, characterizing the
species from the Prebetic Oligocene is unlikely to
provide significant insight into the systematics of
the genus, other than extending the issue to the
Oligocene.

There is multiple evidence for the presence of
Sorites in rocks of Oligocene age (Table 5). How-
ever, the palaeobiogeographical distribution of
Sorites in the Oligocene Tethys is discontinuous.
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While Sorites is abundant in upper Rupelian and
Chattian beds in the Prebetic, its occurrence in
the Oligocene of France is limited to a reference
by BoUDAGHER-FADEL (2008), who did not specify
the age, locality, or faunal association. Sorites
was not included in the definition of the Oligo-
cene-Miocene Shallow Benthic zones by CaHuzAc
and POIGNANT (1997, 1998), nor was it reported
by SzTrAKOS and STEURBAUT (2017) in their ex-
haustive revision of the foraminiferal biostratigra-
phy of the Aquitaine Basin (southern France). In
the Central Tethys, evidence of Oligocene Sorites
from Syria and northern Irag (Henson, 1950; AL-
QAviM et al., 2016), but it is absent in the Ru-
pelian of Oman and Yemen (SERrRA-KIEL et al.,
2016) and has never been reported from the ex-
tensively studied Oligocene of Turkey and Iran.
Beyond the Tethys, Sorites occurs in the upper
Oligocene of the Indo-Pacific, including south-
eastern Japan, eastern Australia and western
Papua. This discontinuous distribution is puzzling
and suggests a polyphyletic origin, consistent with

the conclusions of MerkaADO et al. (2013) based on
molecular phylogenetic analyses of soritids and
their algal symbionts.

The abundance of Sorites in the Oligocene of
the Prebetic, compared with its minor occurrences
in Italy, France and Malta suggests a possible ori-
gin in the westernmost Tethys. The few records of
Oligocene Sorites in the Mediterranean, already
noted by Abams (1978, p. 62), are likely related to
the rarity of shallow platform facies. However,
Oligocene shallow-water carbonate facies are
well-developed in Turkey, Oman, and Iran, where
Sorites has never been reported. This distribution
(Table 5) suggests that two lineages of Sorites
originated during the Oligocene: one in the Pre-
betic, which migrated eastward as far as Iraq,
and a second in the Indo-Pacific (Japan, Australia,
Papua). The Miocene-Recent Sorites, with its cos-
mopolitan distribution including the Caribbean,
may therefore include descendants of these two
lineages.

Table 5: Oligocene occurrences of Sorites. References: 1) FERRANDEZ-CANADELL & BOVER-ARNAL (2018), this study; 2)
BOUDAGHER-FADEL (2008); 3) ZUFFARDI-COMERCI (1930); 4 DE CASTRO (1987); 5) PoMAR et al. (2014); 6) BRANDANO et
al. (2009); 7) HeENnsON (1950); 8) KaRrRIM et al. (2012); 9) AL-QAYIM et al. (2016); 10) MATSUMARU (1996); 11)

CHAPRONIERE (1984); 12) LUNT (in HESEMANN, 2017).

_Locality Referred to as Reported age Reference and figured specimens
SE Iberia Sorites sp. Late Rupelian-Chattian (1) Figs. 9a-c
S France Sorites sp. Oligocene (2) Pl. 6.10, fig. 6
Orbitolites Senonian (3) PI. 5, fig. 6
S Italy ?Sorites Oligocene (4) PI. 5, fig. 1
Sorites sp. 1 lower Chattian (5) Figs. 2c, 6B, 10A
Malta Archaias kirkukensis  upper Rupelian (6) Fig. 4b
Syria Sorites sp. 1 Upper Oligocene (7) PI. 3, fig. 8
NW Iraq Archaias asmaricus Late Oligocene (8) Fig. 12i
Archaias kirkukensis  Rupelian (9) Figs. 11a, d, f
NE Iraq Sorites sp. 1 Upper Oligocene (7) PL. 3, fig. 9
S. orbiculus? Lower Oligocene-Middle Miocene (7) only Miocene forms figured

Eastern Australia Sorites sp.

Western Papua Sorites sp.

Sorites orbiculus
Ogasawara, Japan

Archaias

The genus Archaias originated in the middle
Eocene of the Caribbean region (ROBINSON &
WRIGHT, 1993) and ranged into the lower Chattian
(SEIGLIE et al., 1977; Bassi et al., 2007; Hot-
TINGER, 2007).

In the Tethys Realm, Oligocene Archaias has
been reported mainly from the Central Tethys:
from the Bartonian-Rupelian of Oman and Socotra
(GALLARDO et al., 2001; SEeErRrRA-KIEL et al., 2016),
from the Rupelian and Chattian of central and
eastern Turkey (Turnovsky, 1955; SIrReL, 1997,
2003; SIREL et al., 2013; Gebpik, 2014, 2015;
HAKYEMEZ et al., 2016; KavéGiu, 2016; HaBIBI,
2016a, 2018; KAYGILI & Aksoy, 2019), from Iran
and Iraq (Smout & EAMES, 1958; Henson, 1950;

Late Oligocene—-Middle Miocene
Oligocene Td (? SB 22)

Late Oligocene

Amphisorus hemprichii Late Oligocene

(10) PI. 14, figs. 8-10
(11) FEU-1009899
(12) PI. 87, figs. 11-13
(12) PI. 86, figs. 6-10

HaBiBl 2016a; HaBIBI & BOVER-ARNAL, 2018; NA-
FARIEH et al., 2019; HasieI et al., 2024), and from
the Rupelian of Pakistan (KHAN, 1967). In the
Mediterranean region, Archaias has been docu-
mented from the Chattian of north-eastern Italy
(Bassi, 2007). Other reports from this region are
debatable, such as those from the upper Rupelian
of Mallorca (CoLom, 1935) or from the Chattian of
Malta by FeLix (1973, not shown in a figure) and
BrRANDANO et al. (2009, Fig. 4A, most likely a
Sorites). The reference to Archaias from the
upper Oligocene of Apulia in southern Italy by
CaHUzAC and POIGNANT (1992), based on SARTORIO
and VENTURINI (1988), is incorrect; the latter only
figures Austrotrillina, Spirolina, and peneroplids
(Peneroplis thomasi, see p. 167 in SARTORIO &
VENTURINI, 1988). The presence of Archaias in the
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FR section extends the palaeobiogeographical dis-
tribution of the genus to the westernmost Tethys.

Praebullalveolina

Praebullalveolina originated in the upper Eo-
cene (SB 19-20) with the type species P. afyonica
(SIREL & AcCAR, 1982; SERRA-KIEL et al., 1998a;
SIREL, 2015). It is represented in the lower Oligo-
cene SB 21 by two species, P. oligocenica and P.
minuta, in central and eastern Turkey (SIREL &
ACAR, 1982; SIREL, 2015). The former was report-
ed from the Rupelian (without distinguishing be-
tween SB 21 and 22B) of Dhofar (Oman) and So-
cotra (Yemen) by SERRA-KIEL et al. (2016). The
Praebullalveolina specimens reported from the
uppermost Eocene to earliest Oligocene of Pri-
abona (Italy) by BARBIN et al. (1997, Pl. figs. 1-6)
likely belong to the Eocene P. afyonica. These
specimens are associated with Praerhapydionina
delicata and A. paucialveolata; the latter (not il-
lustrated in BARBIN et al., 1997) may correspond
to A. eocaenica. The occurrence of both P.
oligocenica and P. minuta in the lower Rupelian of
the Prebetic (FERRANDEz-CANADELL, 2024; this
study) extends their known palaeobiogeographical
range to the westernmost Tethys.

Praebullalveolina differs from the Rupelian
genus Bullalveolina (REICHEL, 1937) in the number
of rows of alveoli and apertures, one or two in the
former, and two or three in the latter (HOTTINGER,
1974; SIREL & AcAr, 1982). However, Bullalveolina
has been rarely reported since REICHEL (1937)
erected the genus. Documented occurrences are
restricted to southern France, southern Spain,
central Italy, Sicily, and Crete (e.g., REICHEL,
1936; HOTTINGER, 1974, 2006; POIGNANT, 1998).
Two reports need confirmation: Bullalveolina sp.
from north-western Iran (YAzDI-MAGHADAM, 2011)
and B. boninensis from the Oligocene of Oga-
sawara Islands, Japan (MATsuMARU, 1996). The
latter was insufficiently illustrated, and no diag-
nostic characters of Bullalveolina are visible in the
published photographs.

Another species, Praebullalveolina curdica, tra-
ditionally considered a Borelis species, was re-
cently transferred to the genus Praebullalveolina
by SIREL et al. (2020b) based on the presence, in
topotypes, of several characters, such as the al-
ternate pattern of Y-shaped septula and supple-
mentary chamberlets with secondary apertures,
shared with P. afyonica, P. oligocenica, and P.
minuta. Recent studies have followed this generic
adscription to Praebullalveolina (e.g., SHARIFI et
al., 2023; Yazpi-MoGHADAM et al., 2023b). This
species appears in the late Early Miocene, howev-
er, there are no records of Praebullalveolina (nor
Bullalveolina) from the Chattian and the Aquitani-
an. The occurrence of P. aff. oligocenica in SB 23
of the eastern Prebetic (FERRANDEZ-CANADELL &
BovER-ARNAL, 2017) was based on a single speci-
men and requires confirmation.

Praebullalveolina-Bullalveolina and Borelis rep-
resent two parallel lineages that originated in the
Eocene and persisted into the Oligocene. The al-

leged origin of the Praebullalveolina-Bullalveolina
lineage from Eocene Borelis (BoUDAGHER-FADEL &
Price, 2021) is debatable, as the lineages exhibit
different characters (e.g., aligned vs. alternate
septula). HOTTINGER (1974) noted that B. bulloides
does not usually occur together with Borelis, sug-
gesting that they had a different ecological distri-
bution, the former being adapted to deeper envi-
ronments. Whereas the Borelis lineage has a con-
tinuous record from the Middle Eocene to extant
species (e.g., BassI et al., 2021b), the Praebullal-
veolina-Bullalveolina lineage is discontinuous,
with species documented from the Priabonian (P.
afyonica), Rupelian (P. minuta and P. oligocenica,
B. bulloides), and Burdigalian-Tortonian (P. cur-
dica). Additional data are required to clarify the
phylogeny, as well as the biostratigraphic and
palaeobiogeographical distribution, of this lineage.

Borelis

Oligocene Borelis includes two widely recog-
nised species, B. inflata and B. pygmaea. Al-
though B. inflata was originally defined from Bor-
neo (ADAMS, 1965), it occurs mainly in the West-
ern Tethys, including Sicily, southern Italy,
Greece, and eastern Turkey (BassI et al., 2021b).
Borelis pygmaea occurs in the Central Tethys and
the Indo-Pacific and is the only species reported
from the Oligocene of Oman and Socotra (SERRA-
KIEL et al., 2016) and Iran (SEYRAFIAN et al., 2011;
MoHAMMADI et al., 2015; MoHAMMADI, 2023). Two
additional Oligocene species have more restricted
distribution: B. merici, known only from Turkey
(SIREL & GUNDUz, 1981; Gebpik, 2017), and Borelis
sp. 1 from the Prebetic.

A main characteristic of the Prebetic Borelis is
the absence of B. pygmaea. This species has been
reported from southern Italy (De CasTro, 1987;
Bassi et al., 2021b) and south-eastern Spain
(BRAGA & Bassi, 2007). However, the latter record
is highly dubious and can be discarded, as it is
based on a single section with an oval test and no
evident axial thickening. Specimens from south-
ern Italy show some notable particularities: some
lack the characteristic axial thickening of B.
pygmaea and are probably B. inflata (B. philip-
pinensis according to BassI et al., 2021b), where-
as others display Y-shaped septula (see Pl. 4,
figs. 1, 4-5 in De CasTRO, 1987), a feature charac-
teristically absent in this species. In our samples,
B. inflata occurs alongside a second species,
Borelis sp. 1, which differs from B. inflata in hav-
ing a higher elongation index and from B.
pygmaea in having a smaller EI and poorly devel-
oped axial thickening (Fig. 17). A possible expla-
nation is that only B. inflata reached this western-
most part of the Tethys, subsequently diverging
into other morphotypes or species: those from
south-eastern Italy reported by De CasTrRO (1987)
and Borelis sp. 1 from the Prebetic. The latter is
similar, although more elongated, to specimens
assigned to B. merici from Turkey, which occur
together with B. inflata and B. pygmaea. Borelis
pygmaea occurs in the Central Tethys and the
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Indo-Pacific, and is the only species recorded in
the Oligocene of Oman and Socotra (SERRA-KIEL et
al., 2016) as well as in Iran (SEYRAFIAN et al.,
2011; MoHAMMADI et al., 2015; MoHAMMADI, 2023).

We conclude that only B. inflata reached the
westernmost part of the Tethys, where it diverged
into distinct morphotypes or species: those from
south-eastern 1Italy described by DEe CasTrO
(1987), and Borelis sp. 1 from the Prebetic. A
similar endemic divergence may have originated
B. merici in Turkey.

The systematics of Borelis remain unresolved.
Studies of Oligocene Borelis are based on random
thin sections, and the species diagnoses rely on
very limited data. The recent revision by BassI et
al. (2021b) represents a valuable attempt to clari-
fy the systematics, phylogeny, and palaeobiogeo-
graphy of the genus, but it is hampered by this
scarcity of data. Moreover, the different species of
Borelis have been defined based on different di-
agnostic characters. For example, HOTTINGER
(1974) used the number of chambers per whorl at
test diameter of 1 mm to define B. inflata, and
the number of chamberlets per 1 mm chamber
length to define B. pygmaea. These two charac-
ters are visible in different sections (equatorial
and axial, respectively), are not mutually exclu-
sive, and cannot be applied to the small species
B. pulchra, which never attains 1 mm in test di-
ameter. Both HOTTINGER (1974) and BassI et al.
(2021b) considered the presence of Y-shaped
septula as a diagnostic character. The latter au-
thor used this character to distinguish two
groups: one derived from the Eocene B. vonder-
schmitti, in which Y-shaped septula are absent
(including B. inflata, B. pulchra, and B. pygmaea),
and a second group characterised by the presence
of Y-shaped septula (including B. philippinensis,
B. melo, B. curdica, and B. schlumbergeri). The
presence of Y-shaped septula in B. philippinensis
is ambiguous: they appear only sporadically, re-
stricted to the outer whorls, and may be entirely
absent in random sections of adult specimens
(e.g., see Fig. 6A-B in BassI et al., 2021b). Fur-
thermore, B. curdica has recently been trans-
ferred to Praebullalveolina by SIReL et al. (2020b),
based on the revision of topotypes, and recent
publications follow this generic assignment (e.g.,
SHARIFI et al., 2023; Yazpi-MoGHADAM et al.,
2023b). The specimens illustrated in SIREL et al.
(2020b) show alternate septula, consistent with
those figured in the original description of "Neo-
alveolina melo curdica" (see ReicHEL, 1937, PI. 10,
fig. 7). Most reports of Borelis curdica in the liter-
ature rely on the variable presence of Y-shaped
septula and do not provide sufficiently clear sec-
tions to distinguish whether the septula are alter-
nate or aligned. Consequently, the assignment of
these specimens to either Borelis or Praebullal-
veolina remains uncertain. Some specimens at-
tributed to Borelis curdica (e.g., Bassi et al.,
2021b, Figs. 9-11) exhibit aligned septula, char-
acteristic of Borelis rather than Praebullalveolina,

and only a few Y-shaped septula. These Y-shaped
forms represent irregular septula that locally con-
verge or diverge with adjacent ones, rather than
true bifurcations forming intercalated alveoli as in
Praebullalveolina or Bullalveolina. GAaGci¢ (1984)
reported the co-occurrence of Borelis melo and B.
curdica throughout the Badenian (= uppermost
Burdigalian-middle Serravallian; HOHENEGGER et
al., 2015) of Serbia. Some of the specimens he
figured as B. curdica show aligned septula togeth-
er with Y-shaped septula, indicating that they are
true Borelis (see Pl. 2, fig. 2, in GAGI¢, 1984).
Therefore, the presence of Y-shaped septula may
represent a sporadic feature in populations of B.
melo, and three similar morphotypes (Borelis with
and without Y-shaped septa, and Praevullal-
veolina with Y-shaped septa) likely coexisted dur-
ing the Miocene.

Another character used in the systematics of
Borelis, the axial (columellar) thickening, appears
to be variable and possibly related to test elonga-
tion. Although it is generally regarded as a char-
acteristic trait of Oligocene species, especially B.
pygmaea, axial thickenings are already present in
the new Priabonian species B. dizerae and B.
sozerii, recently described by AcAarR and BoOzkurT
(2025) from the upper Priabonian of eastern Tur-
key, despite their small, subspherical to ovoid
tests.

Considering all the above, the classification
and phylogeny of Borelis proposed by Bassi et al.
(2021b) remain open to debate. The taxonomic
difficulties associated with Borelis are further
complicated by similar issues in Praebullalveolina
and Bullalveolina, because the Miocene 'curdica’
species may include both Borelis and Praebullal-
veolina species, and because the Chattian-Aqui-
tanian record of these alveolinids in the Central
and Western Tethys is incomplete. The Borelis
specimens reported here do not provide a solu-
tion; instead, they suggest plastic (ecophenotyp-
ic?) variability in test morphology, particularly in
elongation index and axial thickening. A more ro-
bust species definition based on additional char-
acters, especially those related to the initial
chambers, is needed, and this will depend on a
substantial expansion of the available quantitative
data.

The Oligocene species of Borelis probably orig-
inated from Priabonian ones. According to BAssI
et al. (2021b), Borelis inflata, B. pulchra, and B.
pygmaea show morphological affinities with B.
vonderschmitti, mainly based on the absence of
Y-shaped septula. The reported occurrence of B.
pygmaea in the Priabonian (Basst et al., 2021b, p.
17, Fig. 2), based on MATsuMARU (2011, not shown
in a figure), requires confirmation. On the other
hand, Bassi et al. (2021b) placed the origin of B.
pygmaea either in the Priabonian (Bassi et al.,
2021b, p. 17, Fig. 2) or in the Rupelian (BassI et
al., 2021b, Table 1), and did not consider the
other two species (B. globosa and B. parvula) re-
ported as Priabonian by MAaTsumArRu (2011), whom
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they regarded, instead, as Miocene species origi-
nating in the Aquitanian.

Although the two late Priabonian species re-
cently described by AcArR and BozkurT (2025) are
practically identical, it is particularly noteworthy
that this Borelis population exhibits axial thicken-
ings, a feature previously considered exclusive to
Oligocene species (characteristic of B. pygmaea).
A second character highlighted by Acar and
BozkurT (2025), the presence of Y-shaped septula
in B. laxispira, B. dizerae, and B. sozerii, is debat-
able. Nevertheless, the characters displayed by
these new species challenge the phylogenetic
scheme proposed by Bassi et al. (2021b), which
relies on the presence of Y-shaped septula, and,
instead, suggest the existence of a second late
Priabonian lineage of Borelis that may be related
to the Rupelian B. pygmaea. The morphological
variability observed among geographically distinct
populations of Borelis, in terms of elongation
index, axial thickening, and Y-shaped septula,
points toward mosaic evolution, in which different
Oligocene populations independently developed
one character or another. Species with well-de-
veloped axial thickening and elongated tests (B.
pygmaea) occur mainly in the Central Tethys and
the Indo-Pacific and represent the only form in
the Oligocene of Oman and Socotra (SERRA-KIEL et
al., 2016) as well as in Iran (SEYRAFIAN et al.,
2011; MoHAMMADI et al., 2015; MoHAMMADI, 2023).
Forms lacking axial thickening tend to have less
elongated tests and are distributed throughout
the Tethys (e.g., B. inflata, B. philippinensis, and
B. merici). Populations with intermediate charac-
ters, i.e., poorly developed axial thickening and
variable elongation indices (B. merici, Borelis sp. 1),
are found in the Mediterranean region and Turkey.

Axial thickening is a character already present
in Eocene species, which are likely monophyletic,
and is, to some extent, allometrically linked with
highly elongated tests. Therefore, it could theo-
retically appear in any Oligocene population colo-
nizing a new geographical area. This may be the
case for Borelis sp. 1, which could have arisen
from an immigrant population of B. inflata in the
westernmost Tethys. Although this hypothesis
complicates the interpretation of Borelis phyloge-
ny, and particularly its biostratigraphy, it likely
represents a more realistic explanation of the
genus's evolutionary patterns. The picture be-
comes even more complex when the other Eo-
cene-Oligocene alveolinid lineage, Praebullalveo-
lina-Bullalveolina, is considered. The recent reas-
signment of the Miocene (Burdigalian-Tortonian)
Borelis curdica to Praebullalveolina (SIREL et al.,
2020b) clarifies the distinction between forms
with and without Y-shaped septula, which would
belong to different genera. However, this reas-
signment also introduces an additional challenge,
as there are no known records of Prae-
bullalveolina or Bullalveolina from the Chattian
and Aquitanian. According to BassI et al. (2021b),
"B. curdica" originated from B. melo, which in

turn derived from westwards migrants of B.
philippinensis. This hypothesis is based on the al-
leged presence of Y-shaped septula in B. philip-
pinensis and B. melo. However, as stated above,
topotypes of "Borelis" curdica from REICHEL's local-
ity (Derge section, south-eastern Turkey) show
characters (Y-shaped septula with supplementary
chamberlets, a secondary aperture with alveoli,
and alternating septula) that are inconsistent with
the genus Borelis and instead correspond to Prae-
bullalveolina (SIReL et al., 2020b). However,
based on the available data, the sporadic pres-
ence of specimens with Y-shaped septula in popu-
lations of B. melo, co-occurring with Praebullal-
veolina cannot be ruled out.

Nummulites vascus and N. fichteli

The last occurrences of N. vascus (see above)
suggests a diachronous extinction, beginning at
the end of the Rupelian (SB 22A) in the Indo-Pa-
cific and, to some extent, in the Central Tethys
(Iran-Oman), and generally progressing west-
wards. The reported last occurrences of N. vascus
are placed in the lower Chattian (SB 22B) in east-
ern Turkey (SIREL, 2003, 2015), the Vienna Basin
(BALDI et al., 1999), and northern Italy (BrRAGA &
Bassi, 2011), and in the upper Chattian (SB 23)
in south-central Turkey (Isik, 2010; ISk & HAKYE-
MEz, 2011; SIReL & Isik, 2011). The last occur-
rence of the reticulate Nummulites (N. fichteli/"N.
intermedius"/N. bormidiensis) in the central-west-
ern Tethys has been reported in the upper Ru-
pelian (SB 22A) of offshore southern Iran (YAzDI-
MoGHADAM et al., 2025) and Greece (WIELANDT-
SCHUSTER, 2004), and in the lower Chattian (SB
22B) in western India (Less et al., 2018), Iran
(Hap1 et al., 2023), eastern and western Turkey
(SIREL, 2003; GEDIK, 2008; Ozcan et al., 2009a,
2010a; Gebpik & KARADENIzLI, 2021), the Vienna
Basin (BALDI et al., 1999), and the Aquitaine Basin
(SzTrRAKOS & STEURBAUT, 2017). In the Prebetic, the
last occurrence of N. fichteli was observed at the
base of SB 22A in the Ibi section, whereas N.
vascus persists into the uppermost part of SB 23.

Nummulites kecskemetii

Nummulites kecskemetii has been reported
from the Chattian (SB 22B-23) of Hungary (LEss,
1991, 1999; BALDI et al., 1999), southern France
(as N. bouillei in Butt, 1966; DROOGER et al.,
1971, and CaHuzACc & POIGNANT, 1997; see BALDI et
al., 1999), northern Spain (FERRANDEz-CANADELL et
al., 1999), the Prebetic (FERRANDEZ-CANADELL &
BovER-ARNAL, 2017; this study), southern Italy
(PARENTE & Less, 2019), north-western Greece
(WIELANDT-SCHUSTER et al., 2004), eastern and
south-western Turkey (Ozcan et al., 2009a,
2010a), Central Iran (AKBAR-BASKALAYEH et al.,
2020), and western India (Less et al., 2018;
SARASWATI et al., 2018). According to LEess et al.
(2018) and PARenTE and Less (2019), this species
shows no significant morphological change across
its entire stratigraphic range. Nummulites kecske-
metii has been considered an immigrant from the
Caribbean (Less, 1991; Less et al., 2018; AKBAR-
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BASKALAYEH et al., 2020), based on its unusually
small proloculus and its similarity to the American
Nummulites panamensis. Whereas this hypothesis
is difficult to confirm, it is equally difficult to dis-
miss. It is consistent with the biostratigraphic
range of these morphologically similar Caribbean
forms and forms from the Tethys.

Heterostegina

According to Less et al. (2008), no Hetero-
stegina are recorded from the Rupelian of the
Western Tethys, and the Oligocene H. assilinoides
is not related to the Bartonian-Priabonian lineages
of H. reticulata or H. gracilis. Less et al. (2018)
placed the FO of H. assilinoides in the SB 22A in
western India, whereas Ozcan et al. (2009a) re-
ported an ancestral population (Heterostegina aff.
1 assilinoides) from the basal part of SB 22B in
south-western Turkey. In the Prebetic (Ibi sec-
tion), typical H. assilinoides firsts appears in the
lower-middle part of SB 22. Taken together, these
data suggest that this Oligocene lineage of Hete-
rostegina originated in the late Rupelian in the
Central Tethys and migrated westward, reaching
western Turkey by the earliest Chattian and,
somewhat later, the westernmost Tethys in the
early Chattian.

Cycloclypeus

The postulated replacement of C. mediter-
raneus by the immigrant C. eidae in the early or
middle Chattian (LAAGLAND, 1990; CaHuzACc & Poi-
GNANT, 1997; OzcaN & Less, 2009; RENEMA, 2015)
was not observed in the studied sections, where
Cycloclypeus is scarce. All the specimens in our
samples can be attributed to C. mediterraneus
(Fig. 9F-G).

Risananeiza

A review of the literature shows that Risana-
neiza (previously reported as Neorotalia, Pararo-
talia, Rotalia, or Bozorgniella) is mainly restricted
to Spain (DiponN et al., 1961; FERRANDEZ-CANADELL
& BOVER-ARNAL, 2017; GRANERO et al., 2022; BoLi-
VAR-FERICHE et al., 2025), Italy (RENz, 1936; BAssI
et al., 2007; BRANDANO et al., 2009; BENEDETTI &
BRIGUGLIO, 2012; MARINO et al., 2022), and Egypt
(BoukHARY et al., 2008). Its presence in the Cen-
tral Tethys is restricted to eastern Turkey (SANCAY
et al., 2006; Isik, 2010; Isik & HAKYEMEZ, 2011;
SIREL & Isik, 2011; Gebpik, 2020), Iran (RAHAGHI,
1980; DANESHIAN & HOSSEINZADEH, 2010; HOLAKOUEE
et al., 2018; MAGHFOURI MOGHADAM et al., 2014;
SADR, 2017; SARFI & YAzDI-MOGHADAM, 2024), and
probably north-eastern Iraq (see PIl. 2, figs. f, h in
GHAFOR & AHMAD, 2021). Risananeiza is absent in
Oman and Socotra (SERRA-KIEL et al., 2016).

The two known species, R. pustulosa and R.
crassaparies, had not previously been found in
the same succession and have been interpreted
as different ecomorphotypes, with R. pustulosa
inhabiting the middle ramp and R. crassaparies
the high-energy zones of the inner and middle
ramp (BENEDETTI et al., 2025). Here, we show that
the smaller species, R. crassaparies, occurs in the

lower part of SB 23, associated with Miogypsinella
with X values > 14, whereas R. pustulosa, is
found in the upper part of SB 23, associated with
Miogypsinella with X values < 14 and Postmio-
gypsinella. The two species therefore represent
different stages of an anagenetic lineage spanning
the late Chattian.

Postmiogypsinella

Postmiogypsinella, represented by a single
species, P. intermedia, has been reported from
the Malatya Basin (from where it was originally
described; SIReL & Gebpik, 2011) and the Sivas
Basin in eastern Turkey (HAKYEMEz et al., 2016),
from Central Iran (YAzDI-MOGHADAM et al., 2023c),
and from the Prebetic Domain in the south-east-
ern Iberian Peninsula (FERRANDEZ-CANADELL &
BovER-ARNAL, 2017; this study). It is likely that
some reports of "Miogypsina" or "Miogypsinoides"
from this area in the literature actually corre-
spond to Postmiogypsinella (e.g., see Pl. 6, figs.
3-4 in SADR, 2017).

The proposed origin of Postmiogypsinella from
Risananeiza (Gebik, 2020) is debatable (e.g.,
BENEDETTI et al., 2025). This hypothesis is based
mainly on the supposed occurrence of R. crassa-
paries in the Rupelian (discussed above). Further-
more, according to Gepik (2020) Postmiogypsi-
nella would be the ancestor of Miogypsinella. This
scenario is unlikely, as it would require a complex
form (with lateral chambers) to evolve into a sim-
pler form (without lateral chambers), which is
also contradicted by their biostratigraphic ranges
(Fig. 22). An alternative hypothesis to explain the
structural similarities among Miogypsinella, Post-
miogypsinella, and Risananeiza, as well as the
scarce occurrence of apparent intermediate forms
(e.g., see Fig. 12A in FERRANDEZ-CANADELL & BOVER-
ARNAL, 2017), is that these genera descended
from a common ancestor, with one lineage giving
rise to Risananeiza and a second lineage giving
rise to Miogypsinella and subsequently to Post-
miogypsinella.

Eulepidina

According to AKBAR-BASKALAYEH et al. (2020)
and Yazpi-MoGHADAM et al. (2025), the transition
from Eulepidina formosoides to E. dilatata was
likely diachronous, occurring earlier in the West-
ern Tethys and later in the Central Tethys. Ozcan
et al. (2010a) suggested that in eastern Turkey,
E. dilatata was replaced in the lower part of SB 23
by immigrant E. anatolica and E. elephantina. Ac-
cording to LEMOINE and R. DouviLLE (1904) and
LAAGLAND (1990), microspheric forms of E. dilatata
have sometimes been confused with E. elephan-
tina, which CaHuzAC and POIGNANT (1997) consid-
ered a synonym of the former. WIELANDT-SCHUSTER
(2004, p. 193), who summarised the geographic
reports of E. elephantina, from the Aquitaine
Basin to the Middle East and East Africa, also rec-
ommended treating these citations with caution
because the species name has been widely ap-
plied to large lepidocyclinids, even those in ran-
dom sections. In the shallow facies of the Ibi and
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FR sections, Eulepidina is very rare, and the large
E. elephantina is absent. However, in the Beni-
tatxell Range (eastern Prebetic), E. dilatata oc-
curs together with E. elephantina, while E. ana-
tolica is absent (FERRANDEz-CANADELL & BOVER-
ARNAL, 2017).

Amphistegina mammilla

The first occurrence of Amphistegina mammilla
can be placed in the late Chattian of the Western
and Central Tethys, with records from Iran (SADR,
2017; HaeiBl & BOVER-ARNAL, 2018), Palestine
(HensoN, 1936), northern Syria(?) (HENSON,
1937), Egypt (Kuss & BoukHARY, 2008), Greece
(WIELANDT-SCHUSTER, 2004), the Aquitaine Basin in
southern France (SzTRAKOS & STEURBAUT, 2017),
and the Prebetic (FERRANDEZ-CANADELL & BOVER-
ARNAL, 2017). As noted previously (FERRANDEZz-
CANADELL & BOVER-ARNAL, 2017), this contradicts
the current hypothesis that set the origin of A.
mammilla in the Lower Miocene of the Indo-Pacific
region, from where it supposedly migrated west-
ward to the Central Paratethys (Vienna Basin) in
the Middle Miocene (e.g., ROGL & BRANDSTATTER,
1993; HARzHAUSER & PILLER, 2007). Instead, we
conclude that A. mammilla originated in the West-
ern Tethys or the western part of the Central
Tethys during the late Chattian.

Lilliput effect across the Eocene/Oligo-
cene boundary?

The large Bartonian and early Priabonian Pfen-
dericonus species (P. makarskae, P. aff. ma-
karskae of SERRA-KIEL et al., 2016) are replaced in
the late Priabonian and Rupelian by the smaller
and simpler P. globulus (SIReL, 1997; SIREL et al.,
2020a; this study). A similar reduction in size and
complexity is observed in the replacement of the
middle-upper Eocene Austrotrillina eocaenica by
the Rupelian A. paucialveolata. Comparable trends
have been documented in other larger Foraminif-
era, such as Orbitolites across the Lutetian-Barto-
nian and Bartonian-Priabonian boundaries (e.g.,
HOTTINGER et al., 1964). This reduction in size ap-
pears to correspond to the phenomenon described
as the Lilliput effect (URBANEK, 1993), which has
been observed in other foraminiferal groups as
well as in invertebrates and vertebrates following
extinctions event (e.g., KELLER & ABRAMOVICH, 2009;
SoNG et al., 2011, and references therein).

Diversity

In the Western Tethys, the marine Oligocene is
scarcely represented, particularly in shallow-water
carbonate platform facies (e.g., HOTTINGER, 1963;
SIREL, 1997; Bassi et al., 2007). This scarcity has
contributed to the general perception of low to
very low diversity of porcellaneous Foraminifera in
the Western Tethys during the late Paleogene.
Our results offer a new perspective. During Oligo-
cene times, carbonate shallow-water platforms
developed along the southern margin of the Iberi-
an Peninsula. These platforms host rich assem-
blages of porcellaneous larger Foraminifera, re-
vealing high diversity that includes species previ-
ously known only from the Central Tethys, as well

as taxa likely endemic to this region. The newly
documented occurrence of Oligocene taxa in the
Prebetic, together with the revision of several
genera (Austrotrillina, Borelis, Risananeiza), pro-
vides new insights into the patterns of origin,
evolution, diversity, and migration of larger Fo-
raminifera during the late Eocene and Oligocene.

The lower Rupelian (SB 21) assemblage of
porcellaneous Foraminifera was reported in a pre-
vious study (FERRANDEZ-CANADELL, 2024), and in-
cluded two new species, Spirolinella emmae and
Peneroplis peramplus, which are potentially en-
demic to the Prebetic realm. Two additional
species, Idalina pignattii and Pfendericonus glo-
bulus, reported for the first time from the West-
ern Tethys, are now added to this assemblage,
along with Schlumbergerina alveoliniformis, previ-
ously considered to originate in the upper Chat-
tian (SB 23; FERRANDEZ-CANADELL & BOVER-ARNAL,
2017). The complete lower Rupelian assemblage
of larger Foraminifera, thus, comprises 15 species
of porcellaneous taxa, in addition to indetermined
peneroplids, indeterminate Spiroloculinidae (Fig.
11H-K), miliolids, and ophthalmidids.

A considerable change in the foraminiferal as-
semblage in the upper Rupelian-lower Chattian
(SB 22), is marked by the disappearance of
Spirolinella emmae and Peneroplis peramplus and
the replacement of Austrotrillina paucialveolata by
A. striata, and the FO of Borelis, Sorites, Nephro-
lepidina, Eulepidina, and Amphistegina bohda-
nowiczi. Despite these changes, the overall diver-
sity of porcellaneous foraminifers in terms of
species number remains constant. The Eocene/
Oligocene boundary (SB 22A/22B) is not biostrati-
graphically evident, as it corresponds to a facies
change in which the dominant forms shift from
porcellaneous to hyaline species, potentially
masking true first and last occurrences.

The dominance of hyaline Foraminifera contin-
ued into uppermost Chattian (SB 23), the begin-
ning of which is indicated by the FO of several
taxa, including Risananeiza, Spiroclypeus, Cyclo-
clypeus, Miogypsinella, Amphistegina mammilla,
Elphidium crispum, and Victoriella conoidea. Por-
cellaneous taxa become scarce or rare, represent-
ed by Austrotrillina striata, Austrotrillina ex. in-
terc. striata-howchini, and the FO of Archaias sp.

The Oligocene assemblage of Foraminifera
thus includes 22 porcellaneous species, some pre-
viously unreported in the Western Tethys and
some endemic to this realm. Considering that cer-
tain species could not be determined (e.g., lepi-
docyclinids, victoriellids), a rough estimate of fo-
raminiferal diversity in the Ibi and the FR sections
includes more than 20 species in the Priabonian,
over 40 species in the Rupelian, and about 40 in
the Chattian. The Rupelian and Chattian assem-
blages differ in composition (as do the associa-
tions of Shallow Benthic zones 21, 22, and 23),
but they share some species, resulting in a total
amount of at least 60 different species recognised
throughout the Oligocene of the Prebetic.
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Geological context

The scarcity of upper Eocene-Oligocene shal-
low platforms with porcellaneous Foraminifera, as
well as their low diversity in the Western Tethys,
represents, to some extent, a biased record. Dur-
ing this interval, the western Mediterranean was
extensively affected by the Alpine orogeny, cou-
pled by a major sea-level rise. In the Alpine do-
main (south-eastern France, Switzerland, north-
ern Italy), the Priabonian record, limited to SB
19-20 biozones, was dominated by nummulitid
and orthophragmine facies, which were overlain
by deeper "Globigerina marls". This facies change
was diachronous, beginning in the late Eocene in
the eastern sector and in the Oligocene in the
west (FERRANDEZ-CANADELL et al., 2023b). By the
early Priabonian, the south Pyrenean foreland
basin became endorheic, and the marine record
was replaced by continental facies. In northern
Iberia (Cantabria), the Pyrenean orogeny reacti-
vated Hercynian faults, and the remnants of the
Oligocene carbonate platform is preserved within
flysch deposits, including mass flows and olis-
toliths, where Oligocene larger Foraminifera are
intermixed with Eocene and Cenomanian species
(FERRANDEZ-CANADELL et al., 1999). The Alpine do-
main extended towards the south-east with the
collision of the African, Alboran, Iberian plates.
Furthermore, carbonate platforms rich in Oligo-
cene larger Foraminifera were mainly destroyed
under this compressional context. Shallow plat-
form deposits of the Internal Betics of south-
western Spain, which also were very rich in larger
Foraminifera, are preserved only in Miocene-Plio-
cene conglomerates (FERRANDEZ-CANADELL, pers.
obs.). Taken together, this evidence suggests that
tectonics and eustasy were the main factors ex-
plaining the poor record of upper Eocene-Oligo-
cene larger Foraminifera in the Western Tethys,
both due to the scarcity of shallow platforms and
the widespread destruction of the few that did
exist. The apparently low diversity of porcella-
neous forms in the Western Tethys is therefore,
likely an artifact, as indicated by the rich Oligo-
cene porcellaneous foraminiferal fauna recorded
in the Prebetic.

8. Summary and conclusions

The poor fossil record of Oligocene larger Fo-
raminifera, particularly porcellaneous species, in
the Western Tethys has contributed to the pre-
vailing view that their diversity was low compared
to the Central Tethys. To some extent, this per-
ception is an artefact resulting from the scarcity
and underdevelopment of shallow-water carbon-
ate facies in the Mediterranean region during the
Oligocene, or of their subsequent destruction dur-
ing the Alpine orogeny, combined with the effects
of eustatic megacycles.

The Prebetic in south-eastern Iberia represents
an exception. The succession cropping out in Ibi
and La Font Roja, spanning from the lowermost

Rupelian to the upper Chattian (SB 21-23), con-
tains a remarkable diversity of larger Foraminifera
throughout the entire Oligocene. Several genera
traditionally considered restricted to the Middle
East are documented here for the first time in this
area, providing new insights into the palaeobio-
geography of the upper Eocene and Oligocene
larger Foraminifera. This study builds upon previ-
ous results from the Ibi section (FERRANDEZ-CARNA-
DELL, 2024) and from the Rebaldi-Benitatxell Range
area (FERRANDEZ-CARNADELL & BOVER-ARNAL, 2017).

The rich diversity of the Oligocene Internal
Prebetic, which includes some potential endemic
forms, challenges current hypotheses regarding
the origin and early diversification of species that
later spread across the Tethys. The continuity of
the succession throughout almost the entire Oli-
gocene enabled the study of the evolutionary his-
tory of several genera, providing new insights into
their evolutionary trends and introducing new bio-
metrical criteria for biostratigraphy. Comparison
with biostratigraphic records of similar age reveal
diachronic evolutionary patterns in different parts
of the Tethys for certain genera, such as
Austrotrillina, with implications for biostratigraph-
ic interpretation and correlation, as well as in mi-
gration pathways.

The main results of this study are summarised
below:

e Several species of larger Foraminifera are
reported for the first time in the western-
most Tethys: Neorhipidionina in the Pri-
abonian; Pfendericonus globulus in the
lower Rupelian; Idalina pignatti, Peneroplis
evolutus, P. flabelliformis, and P. thomasi
in the Rupelian-lower Chattian; and Aus-
trotrillina howchini, Elphidium cf. crispum,
and Archaias sp. in the upper Chattian.

e Pfendericonus globulus is a valid species
occurring in the Priabonian and Oligocene,
distinct from Thanetian-middle Eocene
forms. Detailed study could reveal differ-
ences between Priabonian and Rupelian
forms, which could be useful in biostratig-
raphy.

e Neorotalia burdigalensis is characteristic of
the Oligocene Tethys, but ranges from the
Eocene to the Lower Miocene, showing a
gradual increase in proloculus size. A de-
tailed biometrical study could provide a
new biostratigraphic marker for the Priabo-
nian-Chattian interval.

¢ In absence of miogypsinids, the last occur-
rence of Praerhapydionina delicata appears
to be the best criterion for identifying the
Rupelian/Chattian boundary. The FO of He-
terostegina assilinoides may also indicate
SB 22B, but a revision of Oligocene
Heterostegina is needed. A further pro-
posed criterion is the occurrence of Neoro-
talia burdigalensis with P > 90 pm.
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Four Austrotrillina species are considered
valid: A. eocaenica, A. paucialveolata, A.
striata, and A. howchini. The Rupelian A.
paucialveolata is most probably a descen-
dant of the Priabonian A. eocaenica. The
species currently considered, A. asma-
riensis, A. striata, and A. brunni, are actu-
ally morphotypes of a single A. striata. The
high variability in growth type and proto-
conch diameter prevents the use of these
characters in species diagnoses. Austro-
trillina howchini, characterised by a com-
plex exoskeleton with bifurcated alveoli
and narrow chamber lumina (and not by
the absence of flexostyle), originated di-
achronically from A. striata, with earliest
occurrences in the Chattian of the Prebetic
and the Middle East, and later occurrences
in the Middle Miocene of Australia. Previ-
ously considered an Indo-Pacific Miocene
species, A. howchini probably originated in
the late Rupelian-early Chattian of Turkey.
In the Prebetic, Borelis is represented by
two species, B. inflata and Borelis sp. 1.
The latter shows characters intermediate
between B. inflata/B. merici and B.
pygmaea. Small Borelis specimens from
the Prebetic are interpreted as juvenile
forms, and the current diagnoses and bios-
tratigraphic interpretation of B. pulchra are
questioned.

Praebullalveolina-Bullalveolina and Borelis
are two parallel lineages of alveolinids that
originated in the Eocene and extend into
the Oligocene. Praebullalveolina-Bullalveo-
lina is known from the Priabonian and the
Rupelian, whereas Borelis ranges from the
Priabonian to the Recent. The recent re-as-
sighnment of topotypes of the Miocene
species Borelis curdica to Praebullalveolina
(SIREL et al., 2020b) implies a gap in the
fossil record of the latter genus spanning
the Chattian-Aquitanian. The re-assign-
ment also calls into question the reliability
of Y-shaped septula as a diagnostic char-
acter and further complicates the interpre-
tation of phylogenetic relationships be-
tween the two lineages.

The genus Sorites seems to be polyphylet-
ic. Its abundance in the Oligocene of the
Prebetic, compared with minor occurrences
in Italy, Malta and France and its absence
in the Oligocene of Turkey, Oman, and
Iran, suggests a possible origin in the
westernmost Tethys. A second, parallel lin-
eage seems to have originated in the Indo-
Pacific (Japan, Australia, Papua). This
polyphyletic origin is consistent with
molecular phylogenetic data from recent
species.

In the Prebetic, the last occurrence of N.
fichteli was observed at the base of SB
22A in the Ibi section. In contrast, N.
vascus and N. kecskemetii persist up to

the latest SB 23. The last occurrences of
N. vascus suggest a diachronous extinc-
tion, beginning at the end of the Rupelian
(SB 22A) in the Indo-Pacific and roughly
progressing westwards.

The Western Neothethys miogypsinids
lacking lateral chamberlets, traditionally
assigned to Miogypsinoides, actually be-
long to the genus Miogypsinella. Four
species of Miogypsinella (= Miogypsinoides
auct.), which differ in the number of spiral
chambers, together with Postmiogypsinella
intermedia, occur in the Chattian of the
Prebetic.

The two known species of Risananeiza, R.
crassaparies and R. pustulosa, recently in-
terpreted as ecophenotypic forms of the
same species, actually correspond to par-
tial intervals of a continuous, anagenetic
species that spans the entire late Chattian
(SB 23).

The stratigraphic distribution of the two Ri-
sananeiza species, combined with that of
miogypsinid species, allowed us to differ-
entiate two sub-biozones within Shallow
Benthic zone 23: The lower sub-biozone,
SB 23A, is characterised by Risananeiza
crassaparies, Miogypsinella complanata, M.
formosensis, and Eulepidina elephantina.
The upper sub-biozone, SB 23B, is charac-
terised by Risananeiza pustulosa, Mio-
gypsinella borodinensis, M. akcadagensis,
and Postmiogypsinella intermedia.
Pfendericonus and Austrotrillina experi-
enced a Lilliput effect through the Eocene-
Oligocene transition, marked by a reduc-
tion in test size, proloculus size, and over-
all morphological complexity.

The evolution of larger Foraminifera
species is gradual and diachronic, as evi-
denced by morphological changes in
Austrotrillina and by the varying timing of
transitional forms and new morphotypes
across the Tethys. Diachronic evolution in
foraminiferal species or lineages must be
considered when establishing biostrati-
graphic correlations between distant re-
gions.

Amphistegina  bohdanowiczi  originated
from Asterigerina during the Rupelian and
evolved into A. mammilla in the late Chat-
tian. The presence of A. mammilla in the
earliest late Chattian in the Ibi section
challenges the current interpretation that
places its origin in the Indo-Pacific and its
migration to the Western Tethys during
the Miocene.

The studied sections reveal a remarkable
diversity of Foraminifera: more than 20
species in the Priabonian, over 40 species
in the Rupelian, and about 40 in the Chat-
tian, with a total of approximately 62
species recognised throughout the entire
Oligocene. Furthermore, the Oligocene
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Prebetic was likely a centre of origin of
several taxa, such as Austrotrillina, Sorites
or Amphistegina, which later expanded
eastwards to the Central Tethys.

As previously shown for other genera, the evo-
lution and extinction of larger Foraminifera
species in different bioprovinces are diachronic,
and polyphyletism occurs (e.g., MErkaDO et al.,
2013; ReNEMA, 2015; FeErRRANDEz-CANADELL et al.,
2023a, 2023b). Biostratigraphic correlations
across bioprovinces must therefore account for
possible diachronism in evolutionary and extinc-
tion patterns. Assigning the same species name
to populations from different bioprovinces with a
similar anagenetic development can be mislead-
ing and may lead to erroneous interpretations of
biostratigraphy, palaeobiogeography, and migra-
tion events.

Biostratigraphic correlation and the interpreta-
tion of palaeobiogeographical distribution and mi-
gration events are strongly influenced, and often
distorted, by several factors:

a) Subjective systematics, which may lead dif-
ferent authors to assign the same form to differ-
ent species, or to changes in taxonomy as knowl-
edge of the groups improves. Examples include
the varying species assignments of Austrotrillina
populations or the occurrences of the genus Risa-
naneiza prior to its formal erection in 2008, when
they were reported as other rotaliid genera.

b) Local absence or lack of depositional envi-
ronments with favourable conditions for certain
groups. For instance, the general scarcity of shal-
low facies of Priabonian and Oligocene age in the
Western Tethys.

c) Erroneous biostratigraphic interpretations of
faunal changes caused by abrupt environmental
shifts. An example is the transition from porcella-
neous-dominated to hyaline-dominated facies in
several Oligocene sections, linked to eustatic
transgressive-regressive megacycles.

d) Changes in chronostratigraphic interpreta-
tions based on new relative or numerical dating.
For example, historical revisions of the term
"Aquitanian" (e.g., EAMES, 1953; DROGGER, 1964)
or the redefinition of the Priabonian GSSP and the
Eocene/Oligocene boundary using isotopic, plank-
tic foraminiferal, and calcareous nannoplankton
events, which affect the timing of Eocene larger
foraminiferal extinctions (e.g., the extinction of
orthophragminids now placed in the lowermost
Oligocene).

e) Diachronic parallel evolution and extinction of
species, as well as polyphyletic origin of genera.

Palaeobiogeographic and diversity studies
should therefore go beyond an uncritical compila-
tion of literature citations. They must include a
review of historical changes in systematics, phy-
logeny, biostratigraphy, chronostratigraphy, and
the specific chronostratigraphic history of each lo-

cality. This study addresses some of these biases
and misinterpretations and offers a new perspec-
tive on the Oligocene of the Western Tethys. Nev-
ertheless, several questions remain unresolved,
such as the origin and possible polyphyletism of
Sorites and Amphistegina. In addition, several
forms observed in the samples could not be iden-
tified due to the low number of specimens or the
absence of loose specimens suitable for biometric
analysis on centred sections, particularly in lepi-
docyclinids. Future research should address these
limitations to refine the biostratigraphy and biodi-
versity of the Prebetic, thereby improving our un-
derstanding of the palaeobiogeography of Oligo-
cene larger Foraminifera from the Tethys.
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Appendix
List of species cited:

Acervulina linearis HANZAWA, 1947
Amphistegina bohdanowiczi BIEDA, 1936
Amphistegina hauerina ORBIGNY, 1846
Amphistegina lessonii ORBIGNY in DESHAYES, 1830
Amphistegina mammilla (FICHTEL & MoLL, 1798)
Archaias asmaricus SMoOUT & EAMES, 1958
Archaias diyarbakirensis (SIREL, 1997)

Archaias hensonii SMOUT & EAMES, 1958
Archaias kirkukensis HENSON, 1950

Archaias minimus (SIREL, 2004)

Asterigerina rotula (KAUFMANN, 1867)
Austrotrillina asmariensis ADAMS, 1968
Austrotrillina brunni MARIE, 1955

Austrotrillina eocaenica HOTTINGER, 2007
Austrotrillina howchini (SCHLUMBERGER, 1893)
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Austrotrillina paucialveolata GRIMSDALE, 1952
Austrotrillina striata TobD & PosT, 1954

Borelis boninensis MATSUMARU, 1996

Borelis dizerae ACAR & BOzKURT, 2025

Borelis inflata (ADAMS, 1965)

Borelis laxispira SIREL & DEVECILER, 2020

Borelis merici SIREL & GUNDUz, 1981

Borelis parvulus HANZAWA, 1949

Borelis peybernesi DE CASTRO in DE CASTRO & PEYBER-
NES, 1983

Borelis philippinensis HANZAWA, 1949

Borelis primitivus CoLE, 1957

Borelis pulchra (ORBIGNY, 1839)

Borelis pymaea HANZAWA, 1930

Borelis sozerii ACAR & BOzZKURT, 2025

Borelis vonderschmitti (SCHWEIGHAUSER, 1951)
Bozorgniella qumiensis RAHAGHI, 1973

Bullalveolina bulloides (ORBIGNY in GUERIN-MENEVILLE,
1832)

Chapmanina gassinensis (SILVESTRI, 1905)
Ciperoella ciperoensis (BoLLl, 1954)

Coscinospira elongata SIREL & OzGEN-ERDEM in SIREL
etal., 2013

Coscinospira sivasensis SIREL & OzGEN-ERDEM in
SIREL et al., 2013

Cycloclypeus droogeri MATTEUCCI & SCHIAVINOTTO, 1985
Cycloclypeus eidae TAN, 1930

Cycloclypeus mediterraneus MATTEUCCI & SCHIAVI-
NOTTO, 1985

Cycloclypeus pseudocarpenteri OzcaN & Less, 2010
Elazigella altineri SIREL, 1999

Elphidium crispum (LINNAEUS, 1758)
Eulepidina dilatata (MICHELOTTI, 1861)
Eulepidina formosoides (H. DOUVILLE, 1925)
Fabianina cassis (OPPENHEIM, 1896)

Gypsina mastelensis BURSCH, 1947
Gyroidinella magna Le CALVEZ, 1949
Halkyardia minima (LIEBUS, 1911)
Heterostegina assilinoides BLANCKENHORN,
emend. HENSON, 1937

Idalina laminata ESCANDELL & CoLoM, 1962
Idalina pignattii GALLARDO-GARCIA & SERRA-KIEL, 2016
Miogypsinella akcadagensis (GEDIK & SIREL, 2009)
Miogypsinella borodinensis HANzAWA, 1940
Miogypsinella complanata (SCHLUMBERGER, 1900)
Miogypsinella formosensis (YABE & HANZAWA, 1928)
Miogypsinoides bantamensis TAN, 1936
Miogypsinoides dehaartii (VLERK, 1924)
Miogypsinoides mauretanicus (BRONNIMANN, 1940)
Miogypsinoides lateralis HANzAWA, 1940
Neorhipidionina spiralis HOTTINGER, 2007
Neorhipidionina urensis (HENSON, 1948)

Neorotalia burdigalensis (ORBIGNY, 1852)

Neorotalia lithothamnica (UHLIG, 1886)

Neorothalia tethyana BOUDAGHER-FADEL & PRICE, 2013
Neorotalia viennoti (GREIG, 1935)

Nephrolepidina morgani (LEMOINE & R. DOUVILLE, 1904)
Nephrolepidina praemarginata (R. DOUVILLE, 1908)
Nephrolepidina tournoueri (LEMOINE & R. DOUVILLE, 1904)
Nummulites incrasatus (HARPE, 1883)

Nummulites fabianii (PREVER in FABIANI, 1905)
Nummulites fichteli MICHELOTTI, 1841

Nummulites kecskemetii LEss, 1991

Nummulites panamensis CUSHMAN, 1918
Nummulites vascus JoLy & LEYMERIE, 1848
Operculina complanata DEFRANCE, 1824

1890,

Orbitolites cotentinensis LEHMANN, 1961
Paragloborotalia opima (BoLLi, 1957)

Pararotalia tuberculifera (REUSS, 1862)

Penarchaias glynnjonesi (HENSON, 1950)

Peneroplis dusenburyi HENSON, 1950

Peneroplis evolutus HENSON, 1950

Peneroplis farsensis HENSON, 1950

Peneroplis flabelliformis SIREL & OzGEN-ERDEM in
SIREL et al., 2013

Peneroplis peramplus FERRANDEZ-CANADELL, 2024
Peneroplis thomasi HENSON, 1950

Pfendericonus globulus SIREL & DECEVILER in SIREL et
al., 2020

Pfendericonus makarskae (SOEST, 1942)
Pfendericonus mindanaoensis MATSUMARU, 2017
Planolinderina escornebovensis FREUDENTHAL, 1969
Planorbulina bronnimanni BIGNOT & DECROUEZ, 1982
Postmiogypsinella intermedia SIREL & GEDIK, 2011
Praebullalveolina afyonica SIREL & ACAR, 1982
Praebullalveolina curdica (REICHEL, 1937)
Praebullalveolina minuta SIREL & OzGEN-ERDEM in
SIREL et al., 2013

Praebullalveolina oligocenica SIREL & OzGEN-ERDEM
in SIREL et al., 2013

Praerhapydionina delicata HENSON, 1950
Quinqueloculina laberynthica ESCANDELL & COLOM, 1962
Risananeiza crassaparies BENEDETTI & BRIGUGLIO, 2012
Risananeiza pustulosa BOUKHARY et al., 2008

Rotalia denseornata SAAKYAN-GEZALYAN, 1957
Rotalia fungiformis SAAKYAN-GEZALYAN, 1957

Rotalia hantkeninaeformis SAAKYAN-GEZALYAN, 1957
Rotalia mexicana NUTTALL, 1928

Rotalia minima SAAKYAN-GEZALYAN, 1957

Rotalia plana SAAKYAN-GEZALYAN, 1957

Rotalia triangulicamerata SAAKYAN-GEZALYAN, 1957
Rotalia tuberculata KACHARAVA, 1969

Rotalia tuberculata KACHARAVA, 1969

Rotalina pustulosa TERQUEM, 1882

Rotorbinella epardi FERRANDEZ-CANADELL & BAUMGART-
NER-MORA, 2023

Trilobatus primordius (BLow & BANNER, 1962)
Schlosserina asterites (GUMBEL, 1870)
Schlumbergerina alveoliniformis (BRADY, 1879)
Silvestriella tetraedra (GUMBEL, 1870)

Sivasina egribucakensis SIREL & OzGEN-ERDEM in
SIREL et al., 2013

Sorites orbiculus (FORSSKAL in NIEBUHR, 1775):

HAYWARD B., LE CozE F., VACHARD D. & GRross O. (2025).-
World Foraminifera Database. Accessed through: World

Register of Marine Species at:

https://www.marine

species.org/aphia.php?p=taxdetails&id=112823 on 2025-
04-08 (last accessed 29 May 2026)

Sorites variabilis LACROIX, 1940:

HAYWARD B.W., LE Coze F., VACHARD D. & Gross O. (2025).-
World Foraminifera Database. Accessed through: World

Register of Marine Species at:

https://www.marine

species.org/aphia.php?p=taxdetails&id=490016 on 2025-
04-08 (last accessed 29 May 2026)

Sphaerogypsina globulus (REUsS, 1848)
Spiroclypeus blanckenhorni HENSON, 1937
Spiroclypeus carpaticus (UHLIG, 1886)
Spiroclypeus margaritatus (SCHLUMBERGER, 1902)
Spirolinella emmae FERRANDEZ-CANADELL, 2024
Subterraniphyllum thomasii ELLIOTT et al., 1957
Victoriella conoidea (RUTTEN, 1914)
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