Rivista Italiana di Paleontologia e Stratigrafia

MIN (Research in Paleontology and Stratigraphy)
vol. 132(2): 269-293. July 2026

DOI: https://doi.org/10.54103/2039-4942/30524

REFINED STRATIGRAPHICAL AND BIOCHRONOLOGICAL FRAMEWORK OF
PALEOGENE SUCCESSIONS IN THE NORTHWEST ARABIAN PLATE

MOHAMMED H. ALJAHDALI', IBRAHIM M. GHANDOUR'*>, MAHMOUD FARIS?,
RASHAD A. BANTAN', MAZEN M. ALSADDAH', KHALID M. ALRIZQI', BRIDGET WADE’
& RAMADAN M. EL-KAHAWY*

"Department of Marine Geology, Faculty of Marine Sciences, King Abdulaziz University, Jeddah, 21589, Saudi Arabia.

E-mail: maljahdli@kau.edu.sa; ighandour@kau.edu.sa; rbantan@kau.edu.sa; kaltizqI0002@stu.kau.edu.sa; malsaddah0003@stu.kau.edu.sa
*Geology Department, Faculty of Science, Tanta University, Tanta, 31527, Egypt.

E-mail: mhmfaris@yahoo.com; ibrahim.ghandour@science.tanta.edu.cg

‘Department of Earth Sciences, University College London, Gower Street, London, WCIE 6BT, UK. E-mail: b.wade@ucl.ac.uk
*Geology Department, Faculty of Science, Cairo University, Cairo 13615, Egypt. E-mail: relkahawy@cu.edu.eg

*Corresponding author.

Associate Editor: Silvia Gardin.

To cite this article: Aljahdali M.H., Ghandour I.M., Faris M., Bantan R.A., Mazen M. Alsaddah M.M., Alrizqi K.M., Wade B. & El-Kahawy
R.M. (2026) - Refined stratigraphical and biochronological framework of Paleogene successions in the northwest Arabian Plate. Rivista Italiana
di Paleontologia e Stratigrafia, vol. 132(2): 269-293.

Key words: Rashrashiyah Formation; Sirhan-Turayf Basin; Eocene-Oligocene; Arabian Plate; Calcareous nannofossils; Differential subsidence.

Abstract. This study updates the lithostratigraphic and chronostratigraphic framework of the marine carbonate-do-
minated Paleogene strata of northwestern Saudi Arabia within the Sirthan—Turayf Basin by integrating detailed field observa-
tions and high-resolution calcareous nannofossil biostratigraphy. Previous studies assigned these strata to the Middle-Upper
Eocene Rashrashiyah Formation but lacked precise chronostratigraphic constraints. New biostratigraphic and lithostrati-
graphic data from three measured sections (Rash1-Rash3) reveal that these strata comprise two distinct formations: the
Middle—Upper Eocene Rashrashiyah Formation and the newly defined Lower Oligocene Qurayyat Formation, separated
by a prominent erosional disconformity at the Eocene—Oligocene boundary (EOB). The revised framework highlights the
role of local tectonics, including block faulting and differential subsidence, in preserving the Oligocene strata. Calcareous
nannofossil assemblages suggest that the Rashrashiyah Formation corresponds to Zones NP17-NP20, while the Qurayyat
Formation is assigned to Zone NP21, collectively spanning the Bartonian—Rupelian interval. The documentation of marine
Oligocene strata in NW Saudi Arabia for the first time, with erosional disconformity at the base, challenges previous in-
terpretations of continuous sedimentation across the Eocene-Oligocene transition. The findings suggest that depositional
architecture and stratal distribution in the study area are significantly controlled by regional tectonics and global sea-level
fluctuations. The proposed lithostratigraphic scheme and chronostratigraphic constraints improve regional correlations
across the Arabian Plate.

INTRODUCTION scientific significance. These deposits constitute
major hydrocarbon source and reservoir rocks in

The Arabian Plate hosts extensive Paleogene  the northeastern sector of the plate (Beydoun 1993;
carbonate deposits of considerable economic and ~ Alsharhan & Nairn 1997; Kamali et al. 2006; Bot-
denave & Hegre 2010; Lawa & Ghafur 2015; Sa-
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phosphorite accumulations in Saudi Arabia, notably
in the Hazm Al-Jalamid and Umm Wu’al areas of
the Sirhan—Turayf region (Al-Hobaib et al. 2013;
Galmed et al. 2020; Zhang et al. 2021; Ahmed et
al. 2022). Beyond their economic value, Paleogene
deposits are of global and regional scientific inte-
rest, as they record critical paleoenvironmental and
climatic changes associated with the progressive
closure of the Neo-Tethys Ocean during the Late
Eocene—Oligocene (Harzhauser et al. 2002; Lawver
& Gahagan 2003; Al-Hobaib et al. 2013; Galmed et
al. 2020; Messaoud et al. 2020; Zhang et al. 2021;
Ahmed et al. 2022). Furthermore, they contain
diverse marine vertebrate assemblages (Zalmout
2023).

The stratigraphy of the Paleogene succession
in the Arabian Plate is complex and strongly in-
fluenced by eustatic sea-level changes and regional
tectonics. The Ha’ill Arch divides the Arabian Plate
into two basins: the Arabian Basin (Arabian Gulf
facies) to the east and the Sirhan-Turayf Basin (Me-
diterranean facies) to the west. While comprehen-
sive lithostratigraphic schemes and chronostrati-
graphic interpretations are available for the main
Arabian Basin (Beydoun 1988; Alsharhan & Nairn
1997; Christian 1997; Sharland et al. 2001), equiva-
lent data for the Sirhan-Turayf Basin remain scarce.
In northwestern Saudi Arabia, little work has been
done, and the exact nature of the Paleogene strati-
graphy is poorly understood. The Paleogene strati-
graphy of Sirhan-Turayf Basin has been previously
established relying primarily on field observations
and lithology (Meissner et al. 1989), neglecting mi-
crofossil content and lateral facies variations.

Geological mapping by the Saudi Geological
Survey (SGS) indicates that the oldest exposed de-
posits in Qa’a Al-Rashrashiyah, east of Al-Qurayyat,
belong to the Middle-Upper Eocene Rashrashiyah
Formation that is unconformably overlain by the
Miocene Sirhan Formation (Meissner et al. 1989).
The deposits of the Rashrashiyah Formation are
exceptionally rich in well-preserved Upper Eocene
planktonic foraminifera and calcareous nannofos-
sils (Aljahdali et al. 2020; Wade et al. 2021).

New stratigraphic findings of equivalent Pa-
leogene strata in Jordan (Farouk et al. 2013; Farouk
et al. 2015)3D and Iraq (Al-Banna et al. 2010; Al-
Rubai & Al-Mutwali 2020) raise questions regarding
the stratigraphy and age of the exposed Paleogene
strata in NW Saudi Arabia. Misinterpretations and
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the absence of reliable biostratigraphic markers in
earlier work of Meissner et al. (1989) necessitate a
revision and update of these stratigraphic subdivi-
sions. Preliminary findings indicate that previous
stratigraphic assignments are inaccurate, undersco-
ring the need for a comprehensive reassessment
of the ages and contact relationships of Paleogene
units within the Sirhan—Turayf Basin.

This study aims to revise and update the li-
thostratigraphic framework and the age of the Pa-
leogene strata in the NW Saudi Arabia using cal-
careous nannofossil records. The results will be
correlated with the corresponding strata across the
Arabian Plate to establish a more robust regional
stratigraphic framework.

GEOLOGIC SETTING

The Arabian Plate is bordered to the northwest
by the Dead Sea transform, to the northeast by the
Taurus-Zagros crush zone, to the southeast by the
Indian Ocean passive/transform margin, and to the
southwest by the Red Sea rift margin (Berberian &
King 1981; Beydoun 1991; Aldaajani et al. 2021).
The rock successions of the Arabian Plate show
five complex phases of tectonic evolution, starting
with Precambrian accretion and culminating in an
active margin setting from the Late Mesozoic to
present (Sharland et al. 2001).

During the Paleogene, the Arabian Plate was
located along the southern margin of the Neo-
Tethys Ocean. This ocean separated the Arabian
Plate from the Furasian Plate to the north (Der-
court 1993). The Arabian Plate was a part of a bro-
ad shallow-marine carbonate platform with conti-
nuous transgression until the early Middle Eocene
(Martin-Martin et al. 2021), followed by significant
uplift and regression during the Late Eocene, resul-
ting in a major unconformity between Eocene and
Oligocene strata (Whittle et al. 1995), This hiatus
reflects the Afro-Arabian—Furasian collision, clo-
sure of the Neo-Tethys, and a global sea-level fall
of approximately 70 m (Alsharhan & Nairn 1995;
Sharland et al. 2001; Allen et al. 2004; Guiraud et al.
2005; Haq & Al-Qahtani 2005; Al-Husseini 2008;
Allen & Armstrong 2008). The Eocene and Oligo-
cene deposits correspond to the Arabian Plate Me-
gasequences AP10 and AP11 (Sharland et al. 2001),
separated by a regional unconformity at ~34 Ma.
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Fig. 1 - a) Schematic geological map
of the Arabian Plate show-
ing the main tectonic ele-
ments of the Arabian Plate
(after Sharland et al., 2001).
b and ¢) Google maps show
the locations of the area of
study and the investigated
sections (Rashl-Rash3), re-
spectively. Note: The red
polygon in Figure 1c repre-
sents the proposed type sec-
tion (Rash3) for the Qurayy-
at Formation.

Paleocene-Eocene (AP10) &
Oligocene-Recent (AP11)

Late Precambrian-Late
Carboniferous (AP1-AP4)
. Basement Terranes

. Cenozoic volcanics
Late Carboniferous-Late
Cretaceous (AP5-AP9)

Immﬂm Precambrian suture zones

)( Fold anticlinal trend

Reverse fault

/ Normal fault

% Strike-slip fault

Regional
structural axis

1km " \
E37.39°

E37.33° E37.37°

E37.35°

Two main tectonic domains (Powers et al.
1966) separated by the north-west trending, dou-
bly plunging Ha’il Arch fold complex (Fig, 1a) were
recognized in northern Saudi Arabia. The two do-
mains are the eastern or the Arabian Basin (Arabian
Gulf facies affinity) and the complex Sirhan-Turayf
Basin (Mediterranean Sea facies affinity) that exten-
ds into Iraq and Jordan (Powers et al. 1966; El-Kha-
yal 1974). The sedimentary facies and depositional
setting varied widely in the two domains. In the
Arabian Basin, fine-grained siliciclastics dominate
the fore-deep basin in the northeast plate margin

in the Zagros and northern United Arab Emirates,
whereas shallow marine carbonates filled the basin
margin (Sadooni & Alsharhan 2019; Nikfard 2023).
The Sirhan-Turayf Basin lies on the western flank
of the Hail Arch and forms a homocline dipping
gently westward towards the Wadi As-Sirhan graben
complex (Meissner et al. 1989). Paleogene deposits
in the Sirhan-Turayf basin are exclusively deep to
shallow marine carbonates (Powers et al. 1960).
The study area is located in the NW sector of
the Arabian Plate (Fig. 1b). It is a part of the Tu-
rayf and An Nabk quadrangles in the north-central
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part of the Sirhan-Turayf Basin, near the Al-Ha-
dithah borderline with Jordan (Fig. 1b and c). It is
situated approximately 16 kilometers from Qa’Al
Rashrashiyah, north of An-Nabk, west of Turayf,
between latitudes N 31.41° and N 31.47° and lon-
gitudes E 37.29° and E 37.39°. The stratigraphic
section of the Sirthan-Turayf Basin comprises pho-
sphatic carbonates of the Turayf Group (Late Cre-
taceous-Middle Eocene) that is subdivided strati-
graphically into the Jalamid, Mira, and Umm Wu’al
formations (Meissner et al. 1987). The sediments
of the Turayf Group are overlain by the Middle-
Upper Eocene Rashrashiyah Formation (Meissner
et al. 1989). The stratigraphic relationship between
the Turayf Group and the overlying Rashrashiyah
Formation remains uncertain. The Rashrashiyah
Formation displays a lithological similarity with
the Jirani Member (upper Umm Wu’al Forma-
tion), suggesting a possible lateral facies transition;
however, lacking more definitive data and a clear
field relationship, the Rashrashiyah is placed stra-
tigraphically above the Jirani Member (Meissner et
al. 1989).

The Rashrashiyah Formation consists of
white to grey and yellow, thick-and thin-bedded
matls, clayey limestones, and chalky limestone de-
posited in an interior basin. It is unconformably
overlain by the siliciclastic-dominated Miocene
Sirhan Formation (Meissner et al. 1989). The age
of the Rashrashiyah Formation remains poorly
constrained. Meissner et al. (1989) assigned the
Rashrashiyah Formation to the Middle and Late
Eocene and reported no definitive Oligocene stra-
ta in the region. Recently, Aljahdali et al. (2020) and
Wade et al. (2021) assigned the uppermost part of
the Rashrashiyah Formation to the Late Eocene
based on calcareous nannofossils and planktonic
foraminifera, respectively. Additionally, Abu-Zied
et al. (2025), based on planktonic foraminiferal
biostratigraphy of four stratigraphic sections in the
Rashrashiyah area, were assigned a Middle Eocene-
Early Oligocene age documenting continuous sedi-
mentation across the Eocene/Oligocene boundary
(EOB).

In contrast to the substantial body of cal-
careous nannofossil research conducted in the
Tethyan realm, particularly in Iran (Senemari &
Jalili 2021; Senemari & Mahanipour 2023) and Tu-
nisia (Messaoud et al. 2020; Messaoud et al. 2023),
studies focusing on Eocene—Oligocene nannofos-
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sil biostratigraphy within the Arabian Plate remain
comparatively limited (Farouk et al. 2015; Aljahdali
et al. 2020). This scarcity highlights the importance
of the present study in refining regional biostra-
tigraphic frameworks and improving correlations
across the southern Tethyan margin during a cri-
tical interval of global paleoceanographic and cli-
matic changes.

MATERIALS AND METHODS

The lithostratigraphic framework of the Pa-
leogene deposits in the Rashrashiyah area was revi-
sed through an integrated traditional fieldwork and
calcareous nannofossil biostratigraphy. The study
area comprises two sectors, northern and southern
(Fig. 1c). The work includes three stratigraphic sec-
tions: Rash1 and Rash2 from the northern sector,
and Rash3 from the southern sector (Fig. 1c). All
sections were systematically measured, described,
and sampled. Rash1 and Rash2 were collected from
the footwall and hanging wall of a fault trending
N45°W, respectively. Sampling intervals ranged
from 0.4 to 1 m, depending on lithological chan-
ges, with particular attention paid to bed contacts,
lithological variations, and discontinuity surfaces.
slides
analysis were prepared following standard proce-
dures (Perch-Nielsen 1985, Bown & Young 1998,
Aljahdali et al. 2019). Freshly cut sediment frag-
ments were placed on coverslips, smeared with a
rounded toothpick after adding a drop of distilled
water, and dried on a low-temperature hotplate.
Coverslips were then mounted on glass slides using
Norland Optical Adhesive No. 61 and cured under
UV light for five minutes (Aljahdali et al. 2019).
Microscopic analysis was conducted using a BEL
polarizing microscope with a 100X objective lens

Smear for calcareous nannofossil

(1000x magnification). Digital images of nanno-
fossil specimens were captured using a Nikon ca-
mera mounted on a Nikon microscope at the Cen-
tral Laboratory, Geology Department, Faculty of
Science, Cairo University, Egypt.

Taxonomic identification followed Perch-
Nielsen (1985), Aubry (1984, 1990, 1999), and the
Nannotax3 online database (https://www.mikrotax.
org/Nannotax3/). Biostratigraphic zonation sche-
mes of Martini (1971), Okada and Bukry (1980),
and Agnini et al. (2014) are adopted here. Quanti-
tative analysis was achieved by counting at least 300
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specimens per sample. Calcareous nannofossil events
assigned the studied sections to Zones NP17-NP21,
corresponding to the Bartonian—Rupelian interval.
The identified assemblages, generally well-preserved
and abundant, include numerous stratigraphic mar-
ker species, facilitating precise zonation. Bioevents
were defined by the lowest and highest occurrences
(LO and HO, respectively) of key index species. The
most common nannofossil species are shown in Fi-
gures 2-5. Furthermore, the list of identified calca-
reous nannofossil taxa of the present study is provi-
ded in Appendix 1.

Calcareous nannofossil preservation was eva-
luated qualitatively during microscopic examination
following standard criteria based on dissolution,
overgrowth, fragmentation, and etching intensity.
Specimens were classified into three preservation
categories: good (G), where coccolith structures are
clearly preserved with minimal dissolution or over-
growth; moderate (M), where partial dissolution
or secondary calcite overgrowth affects structural
details, but taxa remain identifiable; and poor (P),
where strong dissolution, breakage, or recrystalliza-
tion significantly obscures diagnostic features.

Relative abundance data were calculated from
quantitative counts (300 specimens) of identified
taxa and expressed as percentages of the total as-
semblage per sample. Data processing and graphi-
cal representations (see Appendices 2-4) were pro-
duced using OriginPro (Originllab Corporation)
and R statistical software (R Core Team, 2025), re-
spectively.

REesuLTs

Lithostratigraphy

The present study revises and re-evaluates the
stratigraphic framework of the fully marine, carbo-
nate-dominated Paleogene strata that are exposed
in the northern Qa’a Al-Rashrashiyah, east of Al-
Qurayyat, northern Saudi Arabia. The strata were
formerly defined as the Rashrashiyah Formation of
a Middle-Late Eocene age (Meissner et al. 1989) and
the knowledge of its lithologic composition and
stratigraphic extent persisted until recently (Aljah-
dali et al. 2020, Wade et al. 2021, Allam et al. 2025,
Korin et al. 2025). Based on field observations and
calcareous nannofossil data, Paleogene deposits in
this region are subdivided herein into two distin-

ct formations of different ages and lithology: the
Middle—Upper Eocene Rashrashiyah Formation,
unconformably overlain by the Lower Oligocene
Qurayyat Formation.

In the northern sector, two measured sections
(Rashl and Rash2), located approximately 1.2 km
apart (Fig. 1c), are separated by a normal fault tren-
ding N45°W. The Rash2 section lies on the hanging
wall, whereas the Rash1 section lies in the footwall.
The typical Rashrashiyah Formation is best expo-
sed at Rash1 (Fig. 6a-d), where it attains a thickness
of approximately 52 m and forms a prominent
cliff of light grey to white, massive, thick-bedded
marl, chalk, and chalky limestone (Fig. 6a). The ba-
sal contact is unexposed, while the upper contact
is marked by a subaerial unconformity separating
it from the overlying siliciclastic-dominated Sirhan
Formation (Fig. 6a, d), tentatively assigned a Mio-
cene age. At Rash2 and Rash3, the upper member
of the Rashrashiyah Formation is truncated by an
erosional disconformity characterized by Glossifun-
gites ichnofacies, which defines the contact with the
overlying Qurayyat Formation.

Although macrofossils are absent, trace
fossils occur at several stratigraphic levels. The
Rashrashiyah Formation is informally subdivided
into three members based on lithological characteri-
stics. The lower and middle members are defined at
Rash1, whereas the upper member occupies the up-
per part of Rashl and the basal portions of Rash2
and Rash3 (Fig. 6a, ¢). The lower member consists
mainly of soft matl to chalk beds, 3 and 6 m thick;
each ends with a distinctive grey-coloured horizons
(30-50 cm thick) densely burrowed by branches
of Thalassinoides trace fossils (Fig. 6b). The second
grey horizon (Fig, 6a) marks the boundary with the
middle member, which consists of thick-bedded
chalky limestone containing grey to greenish-grey
barite nodules of variable size and shape (Fig. 6¢).
The upper member is composed of white, thick-
bedded limestone, locally argillaceous and sparsely
burrowed by vertical burrows. The upper member
of the Rashrashiyah Formation in Rashl is time
equivalent to that at the base of sections Rash2 and
Rash3.

The newly introduced Qurayyat Forma-
tion differs substantially from the underlying
Rashrashiyah Formation and deserves to be treated
differently from the rest of the succession. The pre-
sent study raised the carbonate rocks overlying the
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Fig. 2 - Photomicrographs for calcareous nannofossil taxa retrieved from the investigated sections of the Rashrasheyia area, the bar scale is
equivalent to Sum, 1. Sphenolithus punicens, Sample Rash3-1, Zone NP19/20, 2-4. Sphenolithus moriformis, Sample Rash1-3, NP17 Zone,
5-6. Furcatolithus obtusus, Sample Rash1-13, Zone NP17, 7. Sphenolithus psendoradians, Sample Rash1-26, Zone NP17, 8-12. Reticulofenestra
bisecta, Sample Rash2-4, Zone NP19/20, 13-14. Reticulofenestra reticnlata, Sample Rash2-6, Zone NP19/20, 15-16. Reticulofenestra lockers,

Sample Rash1-11, Zone NP17, 17-18. Reticulofenestra erbae, Sample Rash1-7, Zone NP17, 19-20. Reticulofenestra umbilicns, Sample Rash3-
11, Zone NP19/20, 21-22. Reticulofenestra hillae, Sample Rash1-6 Zone NP17, 23. Micrantholithus astrum, Sample Rash1-11, Zone NP17,

24-25. Coccolithus pelagicns, Sample Rash2-6 Zone NP19/20.

regional unconformity that defines the top of the
upper Rashrashiyah member at sections Rash2 and
Rash3 as a new formation; named as the Qurayyat
Formation based on some field observations: 1) the
lithology of the Qurayyat Formation differs sub-
stantially from the underlying Rashrashiyah Forma-

tion and the overlying siliciclastic-dominated Sirhan
Formation (Figs. 6e-f and 7a-c); ii) the unconfor-
mable contact with the underlying and overlying
formations can be walked laterally for several hun-
dreds of meters; iif) the Qurayyat Formation is thick
enough (15 m to 26 m); and iv) the formation is
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Fig. 3 - Photomicrographs for calcareous nannofossil taxa retrieved from the investigated sections of the Rashrasheyia area, 1-2. Cocco-
lithus formosus, Sample Rash1-6, Zone NP17, 3-4. Coccolithus eopelagicus, Sample Rash1-9, Zone NP17, 5. Reticulofenestra stavensis, Sample
Rash1-2, Zone NP17, 6-8. Cyclicargolithus floridanus, Sample Rash3-1, Zone NP19/20, 9. Cyclicargolithus luminis, Sample Rash2-13, Zone
NP19/20, 10-11. Reticulofenestra isabellae, Sample Rash1-73, Zone NP18, 12-14. Lanternithus minutus, Sample Rash2-4, Zone NP19/20,
15-17. Zygrhablithus bijugatus, Sample Rash3-1, Zone NP19/20, 18-19. Campylosphaera dela, Sample Rash-5, Zone NP17, 20. Pontosphaera
dnocava, Sample Rash1-1, Zone NP17, 21. Pontosphaera exilis, Sample Rash1-3, Zone NP17, 22-24. Pontosphaera pectinata, Sample Rash1-5,
Zone NP17, 25-26. Pontosphaera multipora, Sample Rash1-2, Zone NP17, 27-28. Pontosphaera alta, Sample Rash1-2, NP17 Zone, 29. Pon-
tosphaera wilsonii, Sample Rash1-1, Zone NP17. 30. Coronocyclus nitescens, Sample Rash1-25, Zone NP17.
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mappable across the area of study. Accordingly,
the description of the Qurayyat Formation type
sections follows the International Commission on
Stratigraphy (ICS) guidelines (Murphy & Salvador
1999).

The southern cliff near the Quarry Region
east of the Qurayyat City (Lat. 31° 25.022’ N and
long. 37° 21.148’ E) exhibits the most complete and
representative succession of the Qurayyat Forma-
tion and is proposed as the type locality. In the type
section (Rash3), the Qurayyat Formation attains a
thickness of about 26 m. The formation consists at
the base of 0.8 to 1 m thick grey, massive, and den-
sely bioturbated fossiliferous limestone with an irre-
gular erosional base mantled with reworked mollu-
scan shells (Fig. 3b-d). Itis characterized by a marker
bed that extends for several hundred meters along
strike. The maker bed is overlain by a sharp-based,
white to light grey, thick-bedded massive limestone
(about 4 m thick) containing yellowish brown nodu-
les and bioturbated by vertical burrows at the top.
This portion of the unit is overlain by two matl-
limestone cycles, 3.5 and 4.5 m thick, respectively.
Each cycle starts at the base with relatively thick
marl (about 2.5 m thick) and ends with thick massi-
ve white limestone bioturbated by vertical burrows
at the top (Fig. 7e, f). The upper 10 m of the Qu-
rayyat Formation consists of thick-bedded, white,
hard, coarse-grained limestone, locally fossiliferous
with echinoid shell fragments and burrowed by
Thalassinotdes trace fossils. The limestone at the top
becomes sandy and contains disseminated chert no-
dules. An unconformable contact defined by thick
basal conglomerate separates the Qurayyat Forma-
tion below from the Sirhan Formation above.

Calcareous nannofossils biostratigraphy

The strata of the Rashrashiyah Formation
contain moderately to well-preserved calcareous
nannofossil assemblages, allowing reliable identifi-
cation of key biostratigraphic marker species. It is
noteworthy that calcareous nannofossil preserva-
tion varies throughout the studied succession and
reflects changes in depositional conditions. The
Middle to Upper Eocene interval is characterized
by generally well-preserved assemblages, with coc-
coliths showing clear morphological features and
limited evidence of dissolution or overgrowth, in-
dicating favorable pelagic carbonate sedimentation
under relatively stable marine conditions. In con-
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trast, the Oligocene interval exhibits predominantly
moderate to poor preservation, marked by partial
dissolution and fragmentation. This decline in pre-
servation quality coincides with increased detrital
input, suggesting enhanced terrigenous influx and
dilution of carbonate sediments, which likely in-
fluenced both preservation potential and assembla-
ge composition. Accordingly, the zonal assignment
was difficult for the sediments of the Qurayyat For-
mation because of scarcity and poor preservation.

A total of 85 calcareous nannofossil species
belonging to 26 genera were identified in the stu-
died succession, indicating a relatively diverse as-
semblage across the investigated interval. Biostra-
tigraphic events and the distribution patterns of
the most significant species discussed below cover
the interval from the Middle Eocene Zone NP17
to the Early Oligocene Zone NP21. These findings
are also compared with results from other localities
(Fig. 8), supporting the reliability of the established
zonation and facilitating regional stratigraphic com-
parison.

Discoaster saipanensis Zone (NP17)

The Bartonian Discoaster saipanensis Zone
NP17 is the oldest recognized biozone in the stu-
dy area. It is identified from the lower and middle
members of the Rashrashiyah Formation in samples
spanning from Rash1-1 to Rash1-69, encompassing
approximately 33.5 m thick (Fig. 9). The recognition
of the top Zone NP17 is primarily constrained by
the lowest occurrence (LO) of Chiasmolithus oama-
ruensis (Martini 1971), which coincides with the base
of Subzone CP15a in the zonal scheme of Oka-
da and Bukry (1980), and CNE15-CNE17, as well
as the lower part of Zone CNE18 of Agnini et al.
(2014). This interval is characterized by a highly di-
verse and abundant nannofossil assemblage, inclu-
ding Ch. grandss, F. obtusus, Campylosphaera dela, Pon-
tosphaera wilsonii, Helicosphaera clarissima, Sphenolithus
psendoradians, Reticulofenestra  daviesiz, Neochiastogygus
tenansa, Coccolithus  biparteoperculatus, Micrantholithus
astrum, Calcidiscus bicircus, Pontosphaera latoculata, and
Pontosphaera pectinata (see Appendix 2).

In the present study, Ch. oamarnensis is recot-
ded as rarely occurring. However, the occurrence of
Chiasmolithus grandis and the absence of Chiasmoli-
thus solitus assign this interval to Zone NP17. Con-
sequently, the top of this zone is locally delineated
and approximated based on the highest occurrence
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Fig. 4 - Photomicrographs for calcareous nannofossil taxa retrieved from the investigated sections of the Rashrasheyia area, 1. Neococcolithes
dnbins, Sample Rash1-2, Zone NP17, 2-3. Neococcolithes minntus, Sample Rash1-56, Zone NP17, 4-5. Markalins inversus, Sample Rash1-3,
Zone NP17, 6. Unbilicosphaera protoannnins, Sample Rash1-1, Zone NP17, 7. Umbilicosphaera bramletter, Sample Rash1-8, Zone NP17,
8. Umbilicosphaera jordanii, Sample Rash1-9, Zone NP17, 9-10. Helicosphaera bramlettei, Sample Rash1-10, Zone NP17, 11. Helicosphaera
euphratis, Sample Rash1-4, NP17 Zone, 12-13. Helicosphaera clarissima, Sample Rash3-4, Zone NP19/20, 14. Helicosphaera reticulata,
Sample Rash1-4, Zone NP17, 15-17. Isthmolithus recurvus, 15-16 planar view, 17- side view, Sample Rash2-8, Zone NP19/20, 18-20.
Chiasmolithus grandis, Sample Rash1-63, Zone NP17, 21-22. Chiasmolithus grandis, Sample Rash1-2, Zone NP17.
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Fig. 5 - Photomicrographs for calcareous nannofossil taxa retrieved from the investigated sections of the Rashrasheyia area, 1. Chiasmolithus
oamarnensis, Sample Rash1-81, Zone NP19/20. 2-3. Blackites spinosus, Sample Rash2-13, Zone NP19/20. 4-5. Blackites stilus, Sample
Rash2-7, Zone NP19/20, 6. Blackites tenuis, Sample Rash3-11, Zone NP19/20, 7. Braarudosphaera bigelowii, Sample Rash2-3, Zone
NP19/20. 8. Syracosphaera tanzanensis, Sample Rash2-3, Zone NP19/20, 9-11. Discoaster tanii, Sample Rash2-8, Zone NP19/20, 12-
15. Discoaster nodifer, Sample Rash2-4, Zone NP19/20, 16-19. Discoaster binodosus, Sample Rash1-11, Zone NP17, 20-22. Discoaster
barbadiensis, Sample Rash1-8, Zone NP17. 23-24. Discoaster saipanensis, Sample Rash3-3, Zone NP19/20, 25. Discoaster deflandrei,
Sample Rash1-3, Zone NP17.
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(HO) of Ch. grandis (Ghandour et al. 2023, Mes-
saoud et al. 2023) and further constrained by the
common occurrence of Reticulofenestra erbae (Agni-
ni et al. 2014). Furthermore, the co-occurrence of
the Furcatolithus obtusus and Reticulofenestra bisecta in
the investigated samples supports correlation with
Zone CNE15 (Agnini et al. 2014). Similarly, in the
Arabian Plate, the nominated nannofossil zone has
been recorded from eastern Jordan with ~ 4 m thick
(Farouk et al. 2015) based on the lowest occurrence
of Ch. oamaruensis, whereas, to the west of this study
in Jordan, the NP17 Zone was not recorded (Fa-
rouk et al. 2013). On the other hand, in the Zagros
Basin of Iran, Senemari (2021) reported the NP17
Zone based on the acme occurrence of R. erbae, and
attaining ~15 m.

Chiasmolithus oamaruensis Zone (NP18)

The base of this zone defines the Bartonian/
Priabonian boundary (Bukry 1975). In the present
study, the base of Zone NP18 is established by the
concurrent bioevents marked by the LO of Chia-
smolithus oamaruensis and the HO of Chuasmolithus
grandis, whereas the top is defined by the LO of
Lsthmolithus recurvus. This zone was recorded exclusi-
vely from section Rash1, where it attains a thickness
of approximately 5 m (Fig. 9). The interval is cha-
racterized by a moderately to highly abundant and
diverse nannofossil assemblage, including Rezzculo-
fenestra erbae, R. isabellae, R. hillae, Markalius inversus,
and Syracosphaera tanzanensis (see Appendix 2).

The base of this zone coincides with the
Subzone CP15a zonal boundary in the zonation of
Okada and Bukry (1980). This zone is equivalent
to the middle part of the Zone CNE18 (Agnini et
al. 2014). Noteworthy that both Chiasmolithus and
Isthmolithus are generally rare to absent in low lati-
tudes, making Zone NP18 difficult to distinguish in
these regions. Conversely, they are more common
in mid- to high-latitudes, where the identification of
this zone is straightforward (Perch-Nielsen 1985).
Aubry (1984) documented their scarcity in tropi-
cal-subtropical assemblages and noted their greater
abundance at higher latitudes. Similarly, Agnini et
al. (2014) emphasized that events involving Chia-
smolithus and Isthmolithus are challenging to detect
in low-latitude sections due to their rarity. Howe-
ver, Farouk et al. (2015) recorded a 22 m thick layer
of massive limestones alternating upward to chalk
with nodular chert in parts, encompassing the Zone

NP18 in northern Jordan, based on the LO of L
recurvus, and was absent from the southeastern bot-
der between Jordan and Saudi Arabia (Farouk et al.
2013). Additionally, Senemari (2021) documented
30 m thick marly-dominated beds covering the no-
minated zone in the Zagros Basin of Iran, using the
LO of L recurvus.

Isthmolithus  recurvus/Sphenolithus  pseudora-
dians (Zone NP19/NP20)

The LO of Isthmolithus recurvus marks the base
of both CP15b (Okada & Bukry 1980) and zones
NP19/20 (Martini 1970). The combined zone is
equivalent to the upper part of Zone CNE18, and
zones CNE19-CNE20 as defined by Agnini et al.
(2014). Although Martini (1971) originally designa-
ted the LO of Sphenolithus psendoradians as the base
of Zone NP20, subsequent studies (Perch-Nielsen
1985, Dunkley Jones et al. 2008, Bergen et al. 2017)
demonstrated that S. psexdoradians is long-ranging
(extending down into NP15-NP16), morphologi-
cally similar to S. radians, and often rare or absent
in many stratigraphic sections. Consequently, NP19
and NP20 cannot be clearly separated, and many
researchers combine them or use alternative mar-
kers such as the LO/LCO of L recurvus or Disco-
aster saipanensis HOs for regional correlation. The-
refore, the interval below the HO of D. saipanensis,
which defines the Top of Zone NP20/CP15b and
consequently the base of Zone NP21 and Subzo-
ne CP16a, can be treated as the NP19/NP20 com-
bined zone, equivalent to Subzone CP15b. In the
present work, I recurvus was identified in the inve-
stigated successions, allowing recognition of the lo-
wer boundary of Zone NP19. However, the base
of Zone NP20 could not be defined based on the
LO of §. pseudoradians because this species first ap-
pears in Zone NP17 within the investigated sedi-
ment samples. The combined Zone NP19/NP20
is recorded in the three sections studied. Scarce
specimens of Isthmolithus recurvus (plane views) first
occur in sample Rash1-79 and persist up to Rash1-
84, representing an interval approximately 4 m thick
(Fig. 9). Accordingly, the interval between samples
Rash1-79 and Rash1-84 is assigned to the Isthmolithus
recurvus Zone (NP19/20). In section Rash2, the lo-
wer part up to the unconformable contact between
the Rashrashiyah and Qurayyat formations yielded
NP19/20 assemblages, spanning samples Rash2-1
to Rash2-22 and attaining a thickness of 10.8 m (see
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Fig. 6 - Field photographs showing lithostratigraphic framework of Paleogene deposits and their diagnostic features in Rash1l and Rash2
sections. a) Informal subdivision of the Rashrashiyah Formation. Black arrows point to the densely burrowed interval within the
lower member. b) Thalassinoides trace fossils within the lower member of the Rashrashiyah Formation. c) Barite nodules with different
forms and sizes (green arrows) in the middle member of the Rashrashiyah Formation. d) Unconformable contact between the Up-
per Eocene Rashrashiyah Formation and the Miocene Sirhan Formation. e) Lithostratigraphic subdivision of section Rash2 and the
diagnostic lithological features of the upper member of the Rashrashiyah Formation. f) The sharp erosional discontinuity between the
Rashrashiyah and Qurayyat formations, white arrows show burrowing of Glossifungites ichnofacies at the unconformity surface.

Appendix 3). In section Rash3, the Zone NP19/20  semblage is dominated by Late Eocene taxa, inclu-
Zone was identified in samples Rash3-1 through  ding L recurvus, Discoaster saipanensis, D. barbadiensis,
Rash3-22, encompassing an approximately 11 m- D, faniz, D. nodifer, Blackites tenuis, S. psendoradians, Bla-
thick interval (see Appendix 4). Within this zone,  ckites perlongus, Helicosphaera euphratis, Umbilicosphaera
calcareous nannofossil assemblages are abundant,  jordanii, U. bramletter, and U. protoannulus (see Appen-
diverse, and well-preserved. The characteristic as-  dices 2-4).
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Fig. 7 - Field photographs showing lithostratigraphic framework (a) of Paleogene deposits and their diagnostic features in Rash3. b and ¢)
the sharp erosional disconformity between the Rashrashiyah and Qurayyat formations showing Thalassinoides trace fossils defining the
unconformity d) Transgressive lag with abundant molluscan shells and shell fragments (blue arrows) immediately above the unconfor-
mity surface. e and f) calcareous mudstone to hard limestone cycles in the lower part of the Qurayyat Formation. The top of limestone

is burrowed by vertical burrows (green arrows).

The nominated zone (NP19/20) has not
been recorded from the surrounding region to the
investigated area, particularly Jordan (Farouk et al.
2013; Farouk et al. 2015):D. However, both NP19
and NP20 have been documented in the Zagros Ba-
sin of Iran and discriminated and differentiated ba-

sed on the §. pseudoradians (Senemari 2021), whereas
Senemari and Jalil (2021) combined the two zones
NP19/20 due to the absence of the S. pseudoradians.

Ericsonia subdisticha Zone (NP21)
The Ericsonia subdisticha Zone (NP21) is de-
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boundary.

fined as an interval from the HO of Discoaster sai-
panensis to the HO of  Coccolithus formosus (Marti-
ni 1971). It corresponds to the upper portion of
subzones CP16a and CP16b subzones (Okada &
Bukry 1980) and is equivalent to zones CNE21/
CNO1 of Agnini et al. (2014). This zone was recor-
ded from sections Rash2 and Rash3, encompassing
13 m and 23 m thick limestones with sandy limesto-
ne interbedded by shale beds in the Rash 2 section,
respectively (see Appendices 3-4). It is noteworthy
that both the base and the top of this zone coincide
with unconformable contacts, specifically between
the upper member of the Rashrashiyah Formation
and the Qurayyat Formation at the base, and betwe-
en the Qurayyat Formation and the Sirhan Forma-
tion at the top. The most significant nannofossil
taxa within Zone NP21 include Coccolithus pelagicus,
C. formosus, Cyclicargolithus floridanus, R. bisectus, R.
dictyoda, R. umbilicus, Sphenolithus moriformis and Clan-
sicoccus subdistichus.

In the present study, the stratigraphic fra-
mework of this interval strongly suggests the pre-
sence of a depositional hiatus at its base. This is
supported by the recognition of an unconforma-
ble contact, together with biostratigraphic evidence
derived from calcareous nannofossils. Notably, the
absence of the characteristic acme of Clausicoccus
subdisticus, and consequently the lack of a substantial
portion of Zone CNO1—whose base approximates

the onset of the Oligocene—indicates that part of
the earliest Oligocene record is missing. The com-
bined stratigraphic and micropaleontological evi-
dence therefore points to a significant stratigraphic
discontinuity separating the Rashrashiyah and Qu-
rayyat formations. Furthermore, this zone corre-
sponds to a low-diversity, low-abundance interval
attributed to elevated sediment supply, as evidenced
by the poor preservation of nannofossil assembla-
ges. The top of this interval is delineated at the HO
of D. saipanensis. It is noteworthy that the extinction
of the tropical warm-water nannofossil D. saipanen-
sis defines the base of the nannofossil Zone NP21
(Martini 1971) and Zone CNE21 (Agnini et al.
2014), representing the earliest documented biotic
response to the Late Eocene cooling event. On the
Geological Timescale 2012 (GTS2012; Gradstein et
al. 2012), the extinction of D. saipanensis is dated at
34.44 Ma, preceding the EOB is dated at 33.9 Ma.
Notably, a thick layer of limestones and sandsto-
nes encompassing the Zone NP21 was recorded in
eastern Jordan, as described by Farouk et al. (2013,
2015). They reported a shallowing-up of facies
dominated by nummulites, echinoids, and bivalve
shells along this zone. Furthermore, in the Zagros
Basin, Fast Tethys, Senemari and Jalili (2021) placed
the base of Zone NP21 at the extinction of D. sai-
panensis in the Bid-Zard section southwest of Izeh
(Senemari & Mahanipour 2023).
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Fig. 9 - Vertical distribution patterns for the marker and dominant calcareous nannofossil retrieved from the investigated Rash1 succession.
Note: the shaded grey band marks the Bartonian/Ptiabonian boundary.

Vertical distribution patterns of calcareous
nannofossil assemblages

The Middle—Upper Eocene successions of
the Rash1—Rash3 sections display systematic varia-
tions in calcareous nannofossil relative abundan-
ces that provide robust constraints on assemblage
evolution and zonal interpretation under generally
good preservation conditions (Figs. 9-11). In Rash1
(Fig. 9), reticulofenestrids dominate the assembla-
ge, with R. erbae showing a pronounced acme in the
upper part of Zone NP17 (~12%), followed by a
gradual decline upward, marking a significant eco-
logical turnover. R. bisecta and R. umbilicus constitute
persistent background taxa (mean values; 3%, and
3.8%, respectively), the former exhibiting episo-
dic proliferation phases and the latter maintaining
consistently moderate abundances throughout the
interval. R. reticulata and R. hillae occur steadily at
low to moderate frequencies (mean values; 2%, and
1.2%, respectively), reflecting fluctuating paleoen-
vironmental conditions rather than discrete acme
events. Discoaster taxa (D. tanii, D. nodifer, D. barba-
diensis, and D. saipanensis) remain subordinate and

show an overall upward decline, consistent with
late Eocene cooling trends. The rare but distinct
appearances of Ch. grandis and Ch. oamaruensis fur-
ther pinpoint the Middle—Late Eocene transition.
The first consistent occurrence and subsequent in-
crease of Isthmolithus recurvus mark a decisive assem-
blage turnover at the top of NP18 and the base of
the NP19/20 interval, providing a reliable biostra-
tigraphic datum.

In Rash2 and Rash3 (Figs. 10-11), assembla-
ges remain dominated by reticulofenestrids and pla-
colith taxa, particulatly R. wmbilicus, R. bisecta, and
Coccolithus species, whereas Discoaster representatives
occur only sporadically and in minor proportions.
Rash2 exhibits pronounced relative abundance fluc-
tuations in R. erbae, including a distinct peak phase
prior to the end of the upper Rashrashyiah For-
mation, alongside a steady upward increase in R.
umbilicus. Coccolithus pelagicus and C. formosus display
relatively stable but high abundances (mean values;
10.2%, and 9.1%, respectively) prior to their disap-
pearance toward the upper Oligocene interval. In
Rash3, R. bisecta (mean value; 14.8%) becomes the
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Fig. 10 - Vertical distribution patterns for the marker and dominant calcareous nannofossil retrieved from the investigated Rash2 succession.
Note: the shaded grey band matks the Priabonian/Rupelian transition.

dominant taxon, accompanied by moderate contri-
butions from R. wmbilicus (mean value; 2%) and con-
tinuous occurrences of Coccolithus taxa (mean value;
26.2%), whereas R. hillae, R. reticulata, and R. Zsabel-
lae remain subordinate. Discoaster species persist at
low frequencies, and Isthmolithus recurvus occurs spo-
radically with declining upward abundances. The
consistent preservation quality across all sections
indicates that these quantitative abundance patterns
primarily reflect primary ecological and biostrati-
graphic signals rather than diagenetic overprinting,
thereby supporting the reliability of the inferred
Middle—Upper Eocene to Lower Oligocene strati-
graphic framework.

DiscussioN

Based on newly acquired calcareous nanno-
fossil biostratigraphic data, detailed field investiga-
tion, and a critical review of published literature,
this study proposes a revised stratigraphic scheme
for the Paleogene succession in NW Saudi Arabia.

The proposed scheme differs significantly from the
original stratigraphic interpretation by Meissner et
al. (1989). The study of Meissner et al. (1989) la-
cked precise chronostratigraphic markers and did
not adequately consider the role of local tectonics
in controlling spatial and temporal stratal deposi-
tion and distribution.

Recent studies conducted in Jordan (Farouk
et al. 2013; Farouk et al. 2015) and northwestern
and southwestern Iraq (Al-Rubai & Al-Mutwali
2020; Al-Mutwali & Al-Rubai 2021) indicated that
the Paleogene stratigraphic succession in these
regions exhibits remarkable similarities to those
observed in the Rashrashiyah area. This correlation
suggests that these areas were part of a broadly in-
terconnected carbonate platform, albeit with locali-
zed variations in depositional environments.

In contrast to the earlier interpretation, sedi-
ments previously assigned to the Rashrashiyah For-
mation of Middle—Late Eocene age (Meissner et al.
1989) are herein subdivided into two distinct for-
mations: the Middle-Upper Eocene Rashrashiyah
Formation, unconformably overlain by the Lower
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Oligocene Qurayyat Formation. Furthermore, the
Rashrashiyah Formation is informally divided into
three members—Ilower, middle, and upper—based
on lithological and biostratigraphic criteria.

Significant lateral facies and age variations are
observed in the northern sector of the study area,
particularly in sections Rash1 and Rash2. At section
Rashl, the three members of the Rashrashiyah For-
mation (Middle—Upper Eocene) are well exposed
and unconformably underlie the siliciclastic-domi-
nated Sirhan Formation. Conversely, section Rash2
begins with the upper member (Upper Eocene) of
the Rashrashiyah Formation, which is unconfor-
mably overlain by the Qurayyat Formation and, in
turn, by the Sirhan Formation. The preservation of
the Qurayyat Formation at Rash2 and its absence at
Rashl is interpreted as a consequence of block faul-
ting and differential subsidence across bounding
faults. The Rash1 locality, situated on the footwall
block, experienced uplift and erosion, leading to the
removal or non-deposition of the uppermost Eo-
cene and Oligocene strata. In contrast, Rash2 lies
within the downthrown hanging-wall block, which
underwent greater subsidence, thereby preserving
an incomplete succession of upper Eocene and lo-
wer Oligocene strata.

Calcareous nannofossil bioevents and
biostratigraphic implications

The LO of Reticulofenestra isabellae is consisten-
tly documented in the latest Eocene (Priabonian) of
the Tethys realm at approximately 36.13 Ma (Agnini
et al. 2014). This datum lies within Zone NP19/20
(Martini 1971), CP15 (Okada & Bukry 1980), and
CNE18-CNE20 (Agnini et al. 2014), defining the
base of CNEI19. Regional Neo-Tethyan records,
including the Pabdeh Formation (Iran), corrobora-
te its Priabonian occurrence despite local diachro-
neity (Senemari 2021), while assemblages from the
Arabian Plate likewise report its presence in Upper
Eocene successions (Aljahdali et al., 2020). In the
present study, the LO of R. isabellae is employed as
an auxiliary biohorizon together with Reficulofenestra
erbae and Chiasmolithus grandis to constrain the onset
of Upper Eocene sedimentation.

The stratigraphic significance of R. erbae is
further supported by its acme event near the Bar-
tonian—Priabonian boundary (~37.46 Ma; Pilike et
al. 2000), a phenomenon widely recognized across
Tethyan and Indian Ocean sections (Agnini et al.

2011; Fornaciari et al. 2010; Fioroni et al. 2015; Mes-
saoude et al. 2023) and calibrated using associated
bioevents such as the HO of Ch. grandis and L.O of
Ch. oamaruensis (Agnini et al. 2021). The HO of Ch.
grandis, which approximates the top of Zone NP17,
has historically been used as a zonal biohorizon
(Martini 1971; Bukry 1973; Okada & Bukry 1980;
Backman 1986), and is treated cautiously due to do-
cumented diachroneity and preservation bias (Aub-
ry 1995; Fornaciari et al. 2007; Agnini et al. 2014).
Nevertheless, in the present study, the highest oc-
currence of Ch. grandis is at the top of Zone NP17,
supported by the topmost common occurrence of
the primary marker species R. erbae used to detect
the top of CNE17 (Agnini et al. 2014). Additional
bioevents further refine the Upper Eocene—Lower
Oligocene framework. The LO of Chiasmolithus oa-
maruensis, which defines the base of Zone NP18
and CP15a (Martini 1971; Okada & Bukry 1980),
although its rarity in low-latitude settings is well do-
cumented (Wei & Wise 1989; Bown & Dunkley Jo-
nes 2012), whereas its HO (~33.7 Ma) represents a
globally calibrated marker for the top of NP19/20
(Backman 1986; Aubry 1995; Gradstein et al. 2020).
The LO of Isthmolithus recurvus indicates proximi-
ty to the NP18-NP19/20 transition and Subzone
CP15b (Fornaciari et al. 2010; Agnini et al. 2011),
which is consistent with observations from Egypt
and Iran (Strougo et al. 2013; Abu Shama 2022; Se-
nemari 2021).

The stratigraphic range of Reficulofenestra hil-
lae (NP17-NP22) provides an additional constraint
across the Eocene—Oligocene transition, with its
HO dated to ~32.02-32.92 Ma (Bown & Dunkley
Jones 2012; Arreguin-Rodriguez et al. 2021) and re-
gionally documented within the Rashrashiyah For-
mation. Finally, the HO of Discoaster saipanensis, a
widely recognized datum approximating the NP20/
NP21 boundary (Martini 1971; Okada & Bukry
1980), occurs near ~34.4 Ma within Chron C13r
and is consistently reported across low- to mid-lati-
tude Tethyan successions despite minor diachronei-
ty (Berggren et al. 1995; Persico & Villa 2004; Villa
et al. 2008; Fornaciari et al. 2010; Agnini et al. 2014,
Messaoud et al. 2020). In the present study, this
extinction marks the uppermost NP19/20 and de-
lineates the transition to Zone NP21, reflecting the
decline of warm-water discoasters associated with
the paleoceanographic reorganization preceding the
Eocene—Oligocene transition.
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Fig. 11 - Vertical distribution patterns for the marker and dominant calcareous nannofossil retrieved from the type section (Rash3). Note: the

shaded grey band marks the Priabonian/Rupelian transition.

Stage Boundaries

Bartonian/ Priabonian boundary

The Bartonian/Priabonian boundary is mat-
ked by a coherent suite of calcareous nannofossil
events that provides one of the most reliable means
of correlating Middle and Upper Eocene marine se-
quences. The transition is positioned near the upper
part of NP17, where several well-defined bioevents
converge. Among these, the acme of Reticulofenestra
erbae represents the most distinctive and geographi-
cally widespread signal, repeatedly documented
in Tethyan, Atlantic, and Indo-Pacific successions
(Agnini et al. 2014, Agnini et al. 2017). Closely as-
sociated with this horizon is the highest consistent
occurrence of Chasmolithus grandis, whose disappea-
rance constitutes a second, globally traceable marker
tied to the latest Bartonian NP17 upper biohorizon
(Agnini et al. 2021). These events are accompanied
by a broader assemblage shift, marked by the decli-
ne of large reticulofenestrids and the rise of smal-
ler, more oligotrophic taxa, reflecting the onset of
a long-term Late Eocene cooling trajectory (Agnini
et al. 2014; Cotton et al. 2017). The Bartonian—Pria-
bonian transition in the Tethyan and peri-Tethyan
regions represents one of the most laterally tracea-
ble intervals in Cenozoic stratigraphy, owing to its

prosperous and relatively stable nannofossil record.
Across the southern Tethys, from North Africa
through the Levant to the Arabian Plate, this interval
is marked by a series of biostratigraphic events that
remain broadly synchronous despite differences in
sedimentation rate, facies, and platform—basin posi-
tion (Perch-Nielsen 1985; Aubry 1990; Agnini et al.
2014). In northern Saudi Arabia, where the present
study is located, our placement of the Bartonian/
Priabonian boundary at the acme occurrence of Re-
ticulofenestra erbae and its confirmation by the highest
consistent occurrence (HCO) of Chiasmolithus gran-
dis accords well with the regional pattern documen-
ted across adjacent Tethyan margins.

In Jordan, the Bartonian/Priabonian transi-
tion has been delineated using integrated calcareous
nannofossil and planktonic foraminiferal biostrati-
graphy (Farouk et al. 2015). However, the transition
could not be precisely defined using nannofossil
markers alone; instead, it was constrained by the
appearance of large muricate foraminiferal taxa. Al-
though Farouk et al. (2015) identified the top of
Zone NP17 based on the LO of Ch. omaruensis, they
positioned the boundary above this level due to the
diachronous nature of Ch. omaruensis. Motreover,
while the Bartonian/Priabonian boundary is reco-
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gnized in eastern Jordan, it is absent in the Wadi El-
Ghadaf area west of Qa’ Faydat ad Dahikiya (Fa-
rouk et al. 2013). In the Tunisian successions, the
Bartonian/Priabonian transition has been placed at
the top of the Zone CNEI16, equivalent to the up-
per part of NP17 (Messaoud et al. 2023). They deli-
neated the boundary using the common occurrence
of R. erbae (Agnini et al. 2014). In Iran, the Zagros
Basin records the boundary in more heterogeneous
facies, yet the same key nannofossil events persist.
Studies from the Jahrum, and Pabdeh formations
anchor the Bartonian/Priabonian transition at the
acme occurrence of the R. erbae (Senemari 2021).
Within the Arabian Plate, particulatly northeastern
Saudi Arabia, Korin et al. (2025) demonstrated that
the Bartonian/Priabonian boundary is consistently
marked by the disappearance of Ch. grandis at the
zonal NP17/NP18 boundary. The present study
fits cleanly within this regional mosaic, where our
identification of the Bartonian/Priabonian bounda-
ry at the Reticulofenestra erbae acme corresponds to
a widely reported Tethyan episode of increased
abundance of large reticulofenestrids near the top
of NP18 Zone. The highest consistent occurrence
of Chiasmolithus grandis provides a robust seconda-
ry marker that aligns precisely with definitions used
in Saudi Arabia and Egypt (Abu Shama 2022). The
stability of these events across diverse depositional
settings reinforces the reliability of nannofossil bio-
stratigraphy for cross-regional correlation and con-
firms that the northern Arabian Plate preserves a
canonical expression of the Bartonian/Priabonian
transition.

Priabonian/ Rupelian stage

Within the global framework, the Priabonian/
Rupelian boundary, marking the EOB, is defined by
a significant reorganization of calcareous nanno-
fossil communities, prominently expressed through
the terminal decline of several Discoaster taxa and
the emergence of cold-water—adapted taxa (Agnini
et al. 2000). In open-ocean settings, the highest oc-
currence of Discoaster saipanensis represents a robust
biomarker located immediately below the EOB co-
oling pulse and the global extinction of many warm-
water discoasters (Persico & Villa 2004; Agnini et
al. 2014). This event is widely used to approximate
the Priabonian/Rupelian boundary within the up-
per part of the NP21 Zone (Martini 1971; Perch-
Nielsen 1985), particularly in regions influenced by

Tethyan circulation. Across the Tethyan and peri-
Tethyan realms, the disappearance of D. saipanensis
is closely associated with a significant reduction in
Discoaster diversity and the absence, condensation,
or extreme thinning of the uppermost Priabonian
interval immediately preceding the boundary (Agni-
ni et al. 2014).

In the North African Tethyan margin, inclu-
ding Tunisia and Egypt, the Priabonian—Rupelian
boundary is similarly constrained by the HO of D.
saipanensis along with the disappearance of other
warm-water discoasters such as D. barbadiensis and
D. tanii (Bown & Jones 2012). Tunisian successions
(e.g., Souar/El-Rahma and other SW Neo-Tethys
sections) show a marked reduction in discoasters
abundance in upper Priabonian strata, followed by
assemblages dominated by reticulofenestrids and
smaller placolith taxa (Agnini et al. 2014; Messaoud
et al. 2020; Messaoud et al. 2023). Many North Afri-
can sections also show evidence of a stratigraphic
condensation or hiatus across the EOB, commonly
attributed to sea-level fall and regional tectonic til-
ting (Strougo et al. 2013). Likewise, the uppermost
Eocene successions in Iran, particularly the Zagros
Basin, record the terminal decline of Discoaster sai-
panensis at or just below a pronounced lithological
shift and widespread hiatus (Senemari & Jalili 2021).
These sediments are frequently bioturbated, rich in
echinoid and bivalve debris, and lack both the C.
subdistichus acme and early Rupelian small-placolith
bloom, reinforcing the interpretation of a missing
earliest Oligocene interval. Across the Arabian Pla-
te the Priabonian—Rupelian interval is commonly
marked by a regionally extensive sequence bounda-
ry (base AP11, ~34 Ma) and local hiatuses or con-
densed sections, features attributed to late Eocene
tectonic reorganization of the plate margin and
the eustatic sea-level fall associated with Antarctic
glaciation (Sharland et al. 2001; Haq & Al-Qahtani
2005; Miller et al. 2005). This pattern is evident in
northern Saudi Arabia, where the investigated sec-
tions exhibit a well-defined HO of D. sazpanensis,
marking the uppermost part of the Priabonian.
Above this event, sedimentological observations,
including large-scale bioturbation structures, perva-
sive burrow networks, and accumulations of bival-
ves and echinoids, indicate a condensed or distut-
bed depositional regime consistent with erosion or
nondeposition across the EOB. The absence of the
characteristic Clausicoccus subdistichus acme in our stu-
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dy further supports the interpretation that the latest
Priabonian and earliest Rupelian intervals are par-
tially or wholly missing,

Eocene/Oligocene Boundary (EOB) in
the Arabian Plate

A comprehensive literature review reveals that
continuous, chronostratigraphically well-calibrated
stratigraphic sections spanning the Eocene-Oligo-
cene are absent across the Arabian Plate. Marine
Oligocene strata in the eastern sector of the Ara-
bian Plate are either poorly documented or entirely
missing. They have not previously been described
in northwestern Saudi Arabia. Recently, Abu-Zied
et al. (2025) revised the Paleogene succession in the
Rashrashiyah area using planktonic foraminifera and
proposed uninterrupted sedimentation across the
Eocene/Oligocene boundary (EOB). They placed
the EOB at the HO of the planktonic foraminifera
Hantkenina, which occurs several meters below the
unconformity separating the Rashrashiyah and Qu-
rayyat formations. The present study challenges this
assumption. Calcareous nannofossil data, combined
with regional stratigraphic data, indicate the presen-
ce of a major unconformity of variable magnitudes
at the EOB throughout the Arabian Plate (Fig. 12).
This unconformity equates to the AP10/AP11 se-
quence boundary of Sharland et al. (2001) and the
Zagros Major Hiatus of Lawa and Ghafur (2015)
dated to approximately 34 Ma. In the Rashrashiyah
area, the EOB is marked by a sharp erosional di-
sconformity separating the Rashrashiyah Formation
below from the Qurayyat Formation above (Fig. 12).
This disconformity, documented in sections Rash?2
and Rash3, exhibits Glossifungites ichnofacies and
coincides with the extinction of D. sajpanensis and
D. barbadiensis. The hiatus likely encompasses the
upper part of the Isthmolithus recurvus Zone and Sphe-
nolithus pseudoradians Zone (NP19/NP20 combined)
and the basal to middle portions of Zone NP21.
This interpretation is based on both stratigraphic
and biostratigraphic evidence. Stratigraphically, the
interval coincides with an unconformable contact
marking a significant depositional break. Biostra-
tigraphically, several diagnostic taxa and bioevents
expected within these zones are absent, most nota-
bly the acme of C subdistichus, which characterizes a
substantial basal part of Zone CNOT1 and approxi-
mates the base of the Oligocene. Consequently, the
absence of the marker species defining the lower
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and middle NP21 intervals suggests that the sedi-
ments corresponding to this time span are missing
rather than the result of inhospitable environmental
conditions.

Across the Arabian Plate, incomplete strati-
graphic sections across the EOB are common (Fig;
12). In Jordan, the lower Oligocene Tayba Forma-
tion and its equivalent rest unconformably on Middle
Eocene strata, with gaps of 2.1-6.8 Myr (Farouk et
al. 2013, Farouk et al. 2015). Similar unconformi-
ty occurs in Iraq, where the Palani Formation un-
conformably overlies the Jaddala Formation in the
Sinjar area with a gap of 9-10.5 Myr (Al-Banna et
al. 2010; Al-Rubai & Al-Mutwali 2020; Al-Mutwali
& Al-Rubai 2021). In Kurdistan, upper Eocene to
lower Miocene deposits are entirely absent, where
the Middle Miocene Fatha Formation rests uncon-
formably above the Middle Eocene Pila Spi Forma-
tion (Lawa & Ghafur 2015). Comparable hiatuses
are documented in the main Arabian Basin, the
Dammam Dome, Qatar, Kuwait, and Jabal Hafit,
UAE (Cherif et al. 1992; Whittle et al. 1996; Weijer-
mars 1999; Al-Saad 2005; Boukhary et al. 2005). In
the Dammam Dome, the Lower Eocene Dammam
Formation is unconformably overlain by the Lower
Miocene Dam/Hadruk Formation with a time gap
of approximately 22 Myr (Weijermars 1999). The
supra-Dammam unconformity marks a sequence
boundary between Tectonomegasequences AP10
and AP11 (Sharland et al. 2001; Al-Husseini 2008).
The Dammam Formation is recorded with a redu-
ced thickness or completely eroded from the crest
of the dome at Gebel Umm Er-Rus, juxtaposing
the Lower Miocene Dam Formation unconforma-
bly above the Rus Formation (Weijermars 1999).

Calcareous nannofossils provide a robust
basis for high-resolution dating for the Paleogene
strata in the Rashrashiyah area. In this study, the
extinction of D. sazpanensis and D. barbadiensis coinci-
des with the erosional disconformity separating the
Rashrashiyah and overlying Qurayyat formations.
Furthermore, the acme of the Clausicoccus subdisti-
¢hus could not be precisely identified, suggesting
that portions of the upper Eocene and lower Oli-
gocene records are missing, and confirming an in-
terruption in sedimentation. Globally, the GSSP for
the Rupelian Stage (Lower Oligocene) is defined at
Massignano, Italy, with the extinction of Hantkenina
(Premoli Silva & Jenkins 1993; Bergen et al. 2017).
The extinction of H. alabamensis is the primary mar-
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Fig. 12 - Cortelation of the stratigraphic framework of Paleogene deposits and the Eocene/Oligocene unconformity of different magnitudes
across the Arabian Plate. 1) Present study, 2) Main Arabian Basin (Sharland et al. 2001; Weijermars 1999), 3) SE Jordan, Qa’ Faydat ad
Adahkiya (Farouk et al. 2015), 4) NW and E Jordan (Farouk et al. 2013), 5) Sinjar basin, NW Iraq (Al-Mutwali & Al-Rubai 2021), 6) Za-
gros Fold Belt, Kurdistand (Lawa & Ghafur 2015), 7) Kuwait (Sharland et al. 2001; Weijermars 1999), 8) Qatar (Al-Saad 2005), 9) UAE,
(Alsharhan & Nairn 1997; Sadooni & Alsharhan 2019 ), and TMS: Tectono-megasequence of Arabian Plate (Sharland et al. 2001).

ker for worldwide correlation of the EOB. Notably,
D. barbadiensis and D. saipanensis disappear eatrlier, at
~34.77 Ma and ~34.44 Ma, respectively. This indi-
cates that the extinction of D. sajpanensis predates
34.4 Ma. In northeastern Tunisia, the acme of Clau-
sicocens subdistichus coincides with the extinction of
hantkeninids, a level that defines the EOB (Messa-
oud et al. 2020).

The disappearance of Hantkenina in the study
of Abu-Zied et al. (2025) may reflect ecological fac-
tors, rendering it an unreliable marker for the EOB
in this region. Farouk et al. (2015) recorded Hantke-
nina alabamensis in a single sample from the upper-
most part of the Wadi Shallala Formation immedia-
tely below the E/O unconformable contact, with
D. barbadiensis extinct at the unconformable contact
and immediately above the extinction level of H.
alabamensis, whereas D. saipenensis disappeared 2 m
below the extinction level of H. alabamensis.

CONCLUSIONS

The carbonate-dominated Paleogene depo-
sits in the Rashrashiyah area, NW Saudi Arabia,
are reinterpreted as two formations separated by
a regional unconformity. These formations are the
Middle-Upper Eocene Rashrashiyah Formation
and the newly introduced Lower Oligocene Qu-
rayyat Formation. The spatial distribution of the

two formations reflects tectonic control, with block
faulting and differential subsidence influencing the
stratigraphic preservation of the Qurayyat Forma-
tion sediments. The Qurayyat Formation records
marine Oligocene deposits for the first time in NW
Saudi Arabia. Based on calcareous nannofossil bio-
stratigraphy, the studied deposits are assigned to zo-
nes NP17-NP21, spanning the Bartonian—Rupelian
interval. The unconformable contact between the
two formations is defined by the coincidence with
the extinction of Discoaster saipanensis and Discoaster
barbadiensis, which contrasts with earlier interpre-
tations of continuous Eocene sedimentation. The
updated stratigraphic framework is consistent with
regional trends across the Arabian Plate, where the
Eocene-Oligocene transition is associated with a
major unconformity of varying magnitude, related
to tectonic uplift and eustatic sea-level fall.
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