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The gastropod fauna of the Upper Cretaceous Aruma Formation in central Saudi Arabia comprises fifteen
species belonging to fifteen genera, fourteen families, and five clades. The species are not abundant at any
individual stratigraphic level but are equally and irregularly scattered in the formation. The studied spe-
cies come mainly from the Hajajah Member of Upper Cretaceous Aruma Formation in central Saudi Ara-
bia. Calliomphalus orientalis (Douvillé, 1916); Coelobolma corbarica Cossmann, 1918; Turritella (Torquesia)
figarii Quaas, 1902; Neoptyxis olisiponensis (Sharpe, 1850) and Otostoma (Otostoma) divaricatum (d’Orbi-
gny, 1847) are recorded from the Upper Cretaceous of central Arabia for the first time. The identified spe-
cies have a close affinity to the Tethyan fauna known from other parts in Asia, Africa and Europe.
Herbivores and predators are the dominant trophic groups which may indicate shallow marine lagoonal
and relatively open marine environment.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

The Aruma Formation has got its name due to its occurrence in
the Al ‘Aramah plateau, a broad upland surface related to the east-
ernmost of the Najd escarpments (Powers et al., 1966). Rocks of the
Aruma Formation crop out from Wadi ad Dawasir in southern
Saudi Arabia to beyond the Iraq–Saudi Arabia borders, a distance
of more than 1600 km. Width of the Aruma outcrop band is some-
what erratic, but from a regional point of view it persistently
increases from south to north. About 20 km wide at Wadi ad Dawa-
sir, the formation is spread out over nearly 200 km where it passes
into Iraq.

The Aruma Formation diconformably overlies continental silic-
iclastic sediments of the Cenomanian Wasia Formation (Steineke
et al., 1958). The upper boundary is taken at the change from yel-
low–brown dolomitic shale below to gray crystalline Lockhartia-
bearing dolomite of the Umm er Radhuma Formation (Steineke
and Bramkamp, 1952) above. The first formal references to the
Aruma Formation appeared in Steineke and Bramkamp (1952).
The type locality was described by Steineke et al. (1958). Later,
many studies have been carried out on the Upper Cretaceous stra-
tigraphy and faunal distribution of the Aruma Formation such as
algae and rudists (e.g., El Asa’ad, 1977, 1983a,b; Okla, 1991,
1992, 1994, 1995).

Since El Asa’ad (1977) carried out a taxonomic study on the
Upper Cretaceous gastropods of central Saudi Arabia, nothing has
been done on the taxonomy of this fauna. In this work an up-to-
date taxonomic analysis and a revision is carried out on the Upper
Cretaceous (Maastrichtian) gastropods of the Hajajah Member
(Aruma Formation) from some exposed sections in Riyadh, Central
Saudi Arabia.

The aims of the present study are (1) to describe and iden-
tify the gastropod fossil content of the Hajajah Member of the
Upper Cretaceous Aruma Formation in Central Saudi Arabia
and (2) to study the paleogeographic distribution of the iden-
tified taxa.
2. Materials and methods

275 Gastropod specimens were collected during two field trips
from the Hajajah Member of the Aruma Formation at Khashm
Bowaibiyat, Khashm Tawqi and Khashm Khanasir areas, Northeast
Riyadh (Fig. 1). Most of the materials are preserved as internal
molds or steinkerns, in rare specimens the remnants of the original
skeleton can be preserved although highly calcitized.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jafrearsci.2014.11.015&domain=pdf
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The specimens were prepared mechanically, cleaned carefully,
and photographed. They are compared with other gastropods from
neighboring countries especially the United Arab Emirates and
Egypt where much works have been carried out on the Upper Cre-
taceous gastropods.

The taxonomic study carried out in this work follows the classi-
fication done by Bouchet and Rocroi (2005). Moreover the termi-
nologies of the different parts of gastropod shell morphology that
are used here follow Cox (1960). The specimens representing each
species were measured and the mean value was used in this work,
this is carried out for the different shell parameters as shell height,
shell width, height of body whorl, apertural height and apertural
width.

The materials are deposited in the Museum of the Geology
Department, Faculty of Science, King Saud University under num-
bers MGD-FSc-KSU-1:15. Abbreviations used in the work are: HS:
height of shell, WS: width of shell, HL: height of body whorl, HA:
height of aperture, WA: width of aperture. All measurements are
given in millimeters.
3. Stratigraphic setting

In the type locality, the Aruma Formation attains 140 m thick
and is composed of limestone, shale and dolomite (Powers,
1968). Previously, the formation was divided into four lithological
units that were grouped into two members namely, the Atj and
Fig. 1. Location map of
Lina members. Later, the formation was subdivided into three
members (El Asa’ad, 1984; Vaslet et al., 1988; Skelton and El
Asa’ad, 1992). These members are, in ascending order, The Khana-
sir Member, the Hajajah Member and the Lina Member (Fig. 2).

The Khanasir Member is the lowermost member (up to �65 m),
it comprises shale at the base followed by slightly dolomitized,
burrow and nodular limestone and capped with about 12 m of
local rudist biostrome (Fig. 3A). It diconformably overlies the con-
tinental Cenomanian siliciclastics of the Wasia Formation with a
sharp contact and is overlain by the Hajajah Member with very
low angle unconformity. This member ranges in age from Conia-
cian at its base to Campanian at its uppermost few meters (El-
Asa’ad, 1983a,b).

This Hajajah Member diconformably overlies the Khanasir
Member. It comprises shale and marl at the base followed by lime-
stone (up to �75 m). The lower shale and marl rocks contain abun-
dant scleractinian corals (solitary and colonial), stromatoporoids,
gastropods (Figs. 3D–F, 4, and 5) and few bivalves. Corals are pre-
dominantly domal, platy and rarely branching. The limestone bed
in the upper part includes abundant benthic larger foraminifera
[including Omphalocuclus macroporous (Lamarck) and Quenquelo-
culina sp.] and dasycladacian algae (Griphoporella sp.).

The Hajajah Member is located below the level of the lower-
most definitely Maastrichtian Foraminifera and above the level of
the uppermost definitely Campanian Foraminifera. Skelton and El
Asa’ad (1992) assigned the Hajajah Member to the Late Campanian
according to the ammonites Manambolites amardi Collignon and
the studied areas.



Fig. 2. Composite section of the Aruma Formation in the studied areas.
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Roman, Libycoseras chargense Blanckenhorn and pachydiscus (P.)
launayi (De Grossouvre) in the calcareous part of the member.

The Hajajah limestone Member passes gradationally upwards
into the Lina Shale Member (over 40 m) which consists of shales
and marly nodular limestones, and rich in nautioloids, burrowing
bivalves and gastropods. Ammonites and foraminifera from this
member suggest a late Maastrichtian age (El Asa’ad, 1983b).
4. Results and discussion

4.1. Taxonomy

Class Gastropoda Cuvier, 1797
Clade Vetigastropoda Salvini-Plawen, 1980
Superfamily Trochoidea Rafinesque, 1815
Family Trochidae Rafinesque, 1815
Subfamily Trochinae Rafinesque, 1815
Genus Calliomphalus Cossmann, 1888
Calliomphalus orientalis (Douvillé, 1916)
(Fig. 4A and B)
1916 Metriomphalus orientalis Douvillé: 145, pl. 18, fig. 31.
1991 Metriomphalus orientalis Douvillé – Aboul Ela et al.: pl. 2,
fig. 1.
1992 Calliomphalus (Calliomphalus) orientalis (Douvillé) – Abdel-
Gawad and Gameil: 71, fig. 2/1.
2006 Calliomphalus (Calliomphalus) orientalis (Douvillé) – El Qot:
93, pl. 19, fig. 1.
2008 Calliomphalus (Calliomphalus) orientalis (Douvillé) –
Mekawy and Abu Zied: 317, pl. 4, fig. 3.
2011 Calliomphalus? orientalis (Douvillé) – Ayoub-Hannaa and
Fürsich: 118, fig. 3.



Fig. 3. Field photographs of the Aruma Formation. (A) The Khanasir Member diconformably overlies siliciclastics of Wasia Formation. (B) General view of the Hajajah
Member. (C) Close up view of the Hajajah Member with colonial and solitary corals and other invertebrates. (D) General view of the Lina Member.
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Material: 20 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 15, WS: 20, HL: 11, HA: 13, WA: 13.
Remarks: The shell is trochoid with a conical spire consisting of

two whorls. The suture is depressed and the body whorl occupies
more than two-thirds of shell height. The aperture is small and cir-
cular. Ornamentation is in the form of tuberculated spiral lines. The
spiral lines and the tubercles vary in number and generally
increase with increasing the size of the whorl. Umbilicus is narrow
and deep.

Calliomphalus dichotomous (Alth, 1850) differs from the present
species in having more convex whorls and no tubercles, C. bio-
mstrofenesis (Griepenkerl, 1889) also differs in having more spiral
cords (see Abdel-Gawad and Gameil, 1992).

Distribution: Albian–Cenomanian of Egypt.
Superfamily Turbinoidea Rafinesque, 1815
Family: Turbinidae Rafinesque, 1815
Genus Coelobolma Cossmann, 1918
?Coelobolma corbarica Cossmann, 1918
(Fig. 4C and D)
1918 Coelobolma corbarica Cossmann: 150, pl. 5, figs. 4 and 5.
1985 Coelobolma corbarica Cossmann – Kollmann: 93, fig. 3e–i.
1993 Coelobolma corbarica Cossmann – Metwally: 336, pl. 1, fig.
3a, b.

Material: 10 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 20, WS: 16, HL: 16, HA: 14, WA: 10.
Remarks: The present species has a turbiniform shell with a

depressed spire and an obtuse spiral angle (93�). The suture is
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Fig. 4. (A) and (B) Apertural and top views of Calliomphalus orientalis (Douvillé). (C) and (D) Apertural and abapertural views of Coelobolma corbarica Cossmann. (E) Apertural
view of Turritella (Torquesia) figarii Quaas. (F) and (G) Apertural and abapertural views of Cerithium buddha Noetling. (H) and (I) Apertural and abapertural views of Pyrazus
valeriae (de Verneuil and de Lorière). (J) and (K) Apertural and abapertural views of Aporrhais sp. Scale bar = 1 cm.
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depressed and the body whorl constitutes more than two thirds of
shell height. The base is slightly convex. The studied specimens are
attributed to Coelobolma corbarica Cossmann although the bad
preservation of specimens renders the identification more or less
doubtful.

Distribution: Upper Santonian of France and Maastrichtian of the
Oman Mountains.

Clade Caenogastropoda Cox, 1960
Superfamily Cerithioidea Fleming, 1822
Family: Turritellidae Clark, 1851
Genus: Turritella Lamarck, 1799
Turritella (Torquesia) figarii Quaas, 1902
(Fig. 4E)
1902 Turritella (Zaria) figarii n. sp. Quaas: 255, pl. 26, figs.
15–16.
1963 Turritella (Torquesia) figarii Quaas – Abbass: 32, pl. 2, figs.
1–2.

Material: 30 Specimens from the Hajajah Member (Aruma
Formation), central Saudi Arabia.

Measurement: HS: 17, WS: 8, HA: 8, WA: 5.
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Description: Molds small, tightly coiled and turreted with a long
spire. Spiral angle is narrow (15�). The whorls are convex and orna-
mented with four spiral lines. Spiral lines are thin and smooth. The
interspaces between thick spiral lines are depressed and contain 1–
2 thinner intercalatory spiral threads. The suture is depressed and
the aperture is small and ovoid.

Remarks: The present species closely resembles Turritella (Tor-
quesia) figarii Quaas, 1902 from the Campanian–Maastrichtian of
the Egyptian Western Desert in having convex whorls and with
four spiral lines and 1–2 faint spiral threads in-between.

Distribution: Campanian–Maastrichtian of Egypt.

Family Cerithiidae Fleming, 1822
Genus Cerithium Bruguie’re, 1789
?Cerithium buddha Noetling, 1897
(Fig. 4F and G)
1897 Cerithium buddhan. sp. nov. Noetling: 60, pl. 15, fig. 4–5.
1993 Cerithium buddha Noetling – Metwally: 339, pl. 2, fig. 4.

Material: 35 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 52, WS: 18, HL: 13, HA: 13, WA: 10.
Remarks: The species is characterized by longitudinal spire with

strongly rounded whorls and narrow spiral angle (19�). Noetling,
1897 first identified this species from the Upper Cretaceous (Maas-
trichtian) of Baluchistan (Pakistan) as having longitudinal spiny
ribs crossed by fine spirals cords in the well preserved specimens.
This ornamentation could not be observed in the Saudi specimens
due to absence of original shell material.

Distribution: Maastrichtian of Baluchistan and the United Arab
Emirates. Maastrichtian of Saudi Arabia.

Family Batillariidae Thiele, 1929
(=Pyrazidae Hacobjan, 1972 = Tiaracerithiinae Bouniol, 1981)
Genus Pyrazus Montfort, 1810
Pyrazus valeriae (de Verneuil and Lorière, 1868)
(Fig. 4H and I)
1868 Cerithium Valeriae sp. nov. de Verneuil and de Lorière: 11,
pl. 2, fig. 1.
1916 Pyrazus Valeriae de Verneuil and de Lorière – Douvillé:
136, pl. 18, figs. 6–8.
?1927 Cerithium (?Pyrazus) magnicostatum Conrad –
Blanckenhorn: 161, pl. 8 (4), fig. 75.
?1927 Cerithium (Pyrazus) zumoffeni sp. nov. Blanckenhorn: 160,
pl. 8, fig. 73.
1992 Pyrazus valeriae (de Verneuil and de Lorière) – Abdel-
Gawad and Gameil: 74, fig. 2/11, 2/11–12.
1986 Pyrazus (Echinobathra) valeriae (de Verneuil and de Lor-
ière) – Buitrón: 25, figs. 14, 15.
1995 Pyrazus (Echinobathra) valeriae (de Verneuil and de Lor-
ière) – Sánchez and Tinajero: 162, pl. 1, Figs. 7–9.
2004 Pyrazus valeriae (de Verneuil and de Lorière) – Abdel-
Gawad et al.: pl. 5, fig. 1.
2006 Pyrazus (Pyrazus) valeriae (de Verneuil and de Lorière) – El
Qot: 97, pl. 19, Figs. 9–11.
2007 Pyrazus (Pyrazus) valeriae (de Verneuil and de Lorière) –
Mekawy: 158, pl. 1, fig. 7.
2008 Pyrazus (Pyrazus) valeriae (de Verneuil and de Lorière) –
Mekawy and Abu Zied: 322, pl. 4, fig. 14.
2011 Pyrazus valeriae (de Verneuil and de Lorière): Ayoub-Han-
naa and Fürsich, 120, fig. 5.

Material: 7 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 60, WS: 15, HL: 15, HA: 16, WA: 12.
Description: The present specimens have an acute spire with
spiral angle about 12�. The spire consists of 5 whorls that consti-
tute about 75% of the total height of shell. Ornament consisting
of about 8–10 axial ribs, the spiral ribs are thin and weak. The
suture is impressed and the aperture is ovate in outline.

Remarks: The present species differs from Pyrazus (Echinoba-
thra) magharensis Abbass (1963) which has more axial (11–15)
and spiral ribs (20–25). P. themedensis (Abbass, 1963) has deeper
sutures with fewer spiral ribs (six).

Distribution: Early Cretaceous of Spain, Albian–Turonian of
Egypt. Maastrichtian of Saudi Arabia.

Superfamily Stromboidea Rafinesque, 1815
Family Aporrhaidae Gray, 1850
Subfamily Aporrhainae Gray, 1850
Genus Aporrhais Da Costa, 1778
?Aporrhais sp.
(Fig. 4J and K)

Material: 18 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 30, WS: 15, HL: 27, HA: 10, WA: 9
Description: The collected specimens are badly preserved and

only one or two spire whorls are preserved. The spiral angle is nar-
row (26�). The surface is ornamented with thick axial ribs, the ribs
are smooth and curved. The interspaces between ribs are shallow
and wide, they are twice the width of the axial ribs. The suture is
impressed and the aperture is suboval.

Remarks: The bad preservation especially the wing-shaped
aperture outer lip with two finger-like extensions makes generic
and specific identification doubtful.

Family Colombellinidae Fischer, 1884
(=Columbellariidae Zittel, 1895 = Zitteliidae, Schilder, 1936)
Genus Pterodonta d’Orbigny, 1842
Pterodonta deffisi Thomas and Peron, 1889
(Fig. 5A and B)
1889 Pterodonta Deffisi Thomas and Peron in Peron: 1889: 83,
pl. 20, figs. 17, 18.
1916 Pterodonta Deffisi Thomas and Peron – Greco: 158 (100),
pl. 19 (11), figs. 6–9.
1934 Pterodonta deffisi Thomas and Peron – Blanckenhorn: 272.
1961 Pterodonta deffisi Thomas and Peron – Faris and Abbass:
55, pl. 2, fig. 12.
1963 Pterodonta deffisi Thomas and Peron – Fawzi: 98, pl. 7, fig.
7.
1963 Pterodonta gigantica Abbass: 83, pl. 7, figs. 1–2, 3, non figs.
4–5, 7.
1977 Pterodonta deffisi Thomas and Peron – El Asa’ad, 273, pl.
16, fig. 1.
1992 Pterodonta deffisi Thomas and Peron – Abdel Gawad and
Gameil: 80, fig. 3: 14–16.
1993 Pterodonta deffisi Thomas and Peron – Metwally, 341, pl. 2,
fig. 8a, b.
2006 Pterodonta deffisi Thomas and Peron – El Qot: 105, pl. 21,
Figs. 9 and 10.
2011 Pterodonta? cf. deffisi Thomas and Peron – Ayoub-Hannaa
and Fürsich: 136, fig. 13B

Material: 23 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 80, WS: 50, HL: 70, HA: 60, WA: 43.
Description: The shell is fusiform with a conical spire consisting

of 2–3 slightly convex whorls. The body whorl is inflated and its
size is double the spire whorls. The spiral angle is acute (30�),



134 M. Gameil, A.S. El-Sorogy / Journal of African Earth Sciences 103 (2015) 128–139
the sutures are impressed, the aperture is ovate to elongate in out-
line with a a curved outer lip.

Remarks: The present species can be distinguished from Ptero-
donta ovata which has narrow and flat whorls. Due to the similarity
in shell shape and apertural outline Abdel-Gawad and Gameil
(1992) and El Qot (2006) considered Pterodonta gigantic Abbass
(p. 7, figs. 1–3) as varieties of Pterodonta deffisi Thomas and Peron.

Distribution: Cenomanian–Turonian of Tunisia, Egypt, Syria,
United Arab Emirates, Saudi Arabia and Portugal.

Family Ampullinidae Cossmann, 1919
Genus Pseudamaura Fischer, 1885
A B

D

E

G

Fig. 5. (A) and (B) Apertural and abapertural views of Pterodonta deffisi Thomas and P
(d’Orbigny). (E) and (F) Apertural and abapertural views of Tylostoma pallaryi Peron. (G
bar = 1 cm.
Pseudamaura subbulbiformis (d’Orbigny, 1850)
(Fig. 5C and D)
2005 Pseudamaura subbulbiformis (d’Orbigny), Kollmann, 63, pl.
8, figs. 12–15.

Material: 6 Specimens from the Hajajah Member (Aruma
Formation).

Measurements: HS: 30, WS: 16, HL: 24, HA: 17, WA: 5.
Description: Medium sized, moderately high-spired, the spire

consists of three whorls with slightly convex sides. The body whorl
is large and egg-shaped, accounting nearly half of total height. The
spiral angle is narrow (30�). The sutures are impressed and canali-
C

F

H

eron. (C) and (D) Apertural and abapertural views of Pseudamaura subbulbiformis
) and (H) Apertural and abapertural views of Neoptyxis olisiponensis (Sharpe). Scale
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culated. The aperture is ovate, a small umbilicus (a small slit, occa-
sionally lacking).

Remarks: The studied specimens agree in the morphological
characters of the shell with those characteristic of genus
Pseudamaura.

Distribution: Turonian of France.

Family Tylostomatidae Stoliczka, 1868
Genus Tylostoma Sharpe, 1849
Tylostoma pallaryi (Peron and Fourtau, 1904)
(Fig. 5E and F)
1904 Pseudomelania Pallaryi sp. nov. – Peron and Fourtau in
Fourtau: 270, pl. 1, fig. 22.
1916 Tylostoma pallaryi Peron and Forteau – Greco: 151, pl. 18,
fig. 2–4.
1963 Tylostoma pallaryi Peron and Forteau – Fawzi: 91, pl. 7, fig. 1,
1a.
1974 Tylostoma (Tylostoma) pallaryi (Peron and Fourtau) –
Albanesi and Busson: 310, pl. 24, fig. 6.
1977 Tylostoma pallaryi Peron and Forteau – El Asa’ad: 281, pl.
17, fig. 1.
1985 Tylostoma cf. pallaryi (Peron and Fourtau) – Dominik: pl.
15, fig. 7.
1993 Tylostoma pallaryi Peron and Forteau – Metwally: 345, pl.
4, fig. 3a, b.
2001 Tylostoma pallaryi (Peron and Fourtau) – Zakhera: pl. 3, fig. 9.
2002 Tylostoma pallaryi (Peron and Fourtau) – Zakhera: 320, fig.
2/12–14.
2004b Tylostoma pallaryi (Peron and Fourtau) – Abdel-Gawad
et al.: pl. 5, fig. 13.
2006 Tylostoma (Tylostoma) pallaryi (Peron and Fourtau) – El
Qot: 109, pl. 22, fig. 10.
2007 Tylostoma (Tylostoma) pallaryi (Peron and Fourtau) –
Mekawy: 167, pl. 3, fig. 5.
2011 Tylostoma (Tylostoma) pallaryi (Peron and Fourtau) –
Ayoub-Hannaa and Fürsich: 138, fig. 14D, E.

Material: 26 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 38, WS: 26, HL: 28, HA: 20, WA: 16.
Description: The present species is characterized by globular

medium-sized shell, the spire is short and acute with spiral angle
about 70�. The spire constitutes about one-third of shell height,
the body whorl is short and about half of total height of the shell.
The suture is slightly deep.

Remarks: The present species is distinguished from Tylostoma
athleticum Greco (1916) described from the Cenomanian of the
United Arab Emirates (Metwally, 1993) and Egypt (Greco, 1916)
in having an inflated body whorl and a broad aperture.

The species shows some similarities to T. globosum (Sharpe,
1849) described from the Cenomanian of Egypt (Greco, 1916) but
the later has a more globular shell. T. cossoni Thomas and Péron
(1889), described by Greco (1916) from the Cretaceous of Egypt
differs also in having a moderately high spire.

Distribution: Cenomanian of the United Arab Emirates, Cenoma-
nian – Turonian of Egypt and Maastrichtian of Saudi Arabia.

Clade Neogastropoda Wenz, 1938
Superfamily Nerineoidea Zittel, 1873
Family Nerineidae Zittel, 1873
(=Triptyxisidae Pchelintsev, 1965 = Fibuloptygmatididae
Hacobjan, 1973)
Genus Neoptyxis Pchelintsev, 1934
Neoptyxis olisiponensis (Sharpe, 1850)
(Fig. 5G and H)
1850 Ptygmatis olisiponensis sp. nov. Sharpe: 114, pl. 13, fig. 3.
1902 Nerinea (Ptygmatis) olisiponensis (Sharpe) – Choffat: 118,
pl. 5, figs. 20–23.
1916 Nerinea (Ptygmatis) olisiponensis Sharpe – Greco: 145 (87),
pl. 17 (9), figs. 14, 15.
1939 Nerinea olisiponensis Sharpe – Delpey: 196, pl. 11, figs. 1–4.
1952 Nerinea olisiponensis (Sharpe) – Awad: 28, pl. 1, fig. 6.
1982 Neoptyxis olisiponensis (Sharpe) – Accordi et al.: 776, fig.
12a.
1987 Neoptyxis olisiponensis (Sharpe) – Kollmann: 45, pl. 2, figs.
26, 27.
1992 Nerinea olisiponensis (Sharpe) – Abdel-Gawad and Gameil:
76, fig. 2/15–18; fig. 3/1–2.
1993 Multiptyxis olisiponensis (Sharpe) – Sirna and Mastroianni:
pl. 2, fig. 3; pl. 3, fig. 1.
1995 Multiptyxis olisiponensis (Sharpe) – Sirna: pl. 2, fig. 1; pl. 3,
fig. 1.
2006 Nerinea olisiponensis (Sharpe) – El Qot: 98, pl. 20, fig. 1.
2007 Nerinea olisiponensis (Sharpe) – Mekawy: 158, pl. 1, Figs. 9
and 10.
2011 Neoptyxis olisiponensis (Sharpe) – Ayoub-Hannaa and
Fürsich: 144, fig. 18.

Material: 39 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 46, WS: 13, HL: 8, HA: 9, WA: 10.
Description: Specimens are turreted in shape with a high spire,

spiral angle is acute (17�), the sutures are prominent and the
whorls are flat. The aperture is small and ovate, the base is flat.
The surface is ornamented with fine spiral threads.

Remarks: N. olisiponensis (Sharpe) resembles N. requieniana
d’Orbigny, 1842 in having nearly flat whorls and shallow sutures
but differs in having a larger number of whorls. Internal sections
of both species shows that N. requieniana differs in lacking a deep
sickle-shaped parietal fold with slight principal columellar fold
(Ayoub-Hannaa and Fürsich, 2011).

Distribution: Cenomanian–Turonian of Portugal, Lebanon, Italy,
and Egypt. Upper Cenomanian of Austria, Syria and Italy (Accordi
et al., 1982).

Clade Cephalaspida Fischer, 1883.
Superfamily Philinoidea Gray, 1850
Family Cylichnidae Adams and Adams, 1854
(=Scaphandridae Sars, 1878 = Tornatinidae Fischer,
1883 = Acteocinidae Dall, 1913 = Triclidae Winckworth, 1932)
Genus Cylichna Lovén, 1846
Cylichna costata (Stewart, 1850)
(Fig. 6A and B)
1850 Cypraea costata Stewart, 32: pl. 39, fig.10.
1977 Cypraea costacensis Stewart – El Asa’ad: 178, pl. 17, fig. 6.
1993 Cypraea costacensis Stewart – Metwally: 343, pl. 3, fig. 5.

Material: 4 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 30, WS: 22, HL: 22, HA: 30, WA: 9.
Description: The shell is small and cypriform. The spiral angle is

obtuse (105�). The body whorl overlaps all earlier whorls. The
aperture is narrow and elongate with a curved outer lip.

Remarks: The specific name used by Stewart as costacensis does
not follow the code of Zoological nomenclature as the first half of
the name refers to costa which is a type of ornamentation not a
place, so the suffix ‘‘ensis’’ should be replaced by ‘‘tata’’ and hence
the full specific name becomes costata. Ayoub-Hannaa and Fürsich
(2011) described some similar badly preserved steinkerns from the
Upper Cenomanian of Egypt and identified them as Cylichna? sp.
The Cypraeidae apparently have not changed much since their first
appearance in the Cenomanian (Anderson, 1958).
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Fig. 6. (A) and (B) Apertural and abapertural views of Cylichna costata (Stewart). (C) and (D) Apertural and abapertural views of Sycostoma pervinquiri (Boelenev). (E) and (F)
Apertural and abapertural views of Rostellinda pergaensis Boelenev. (G) and (H) Apertural and abapertural views of Gyrodes (Gyrodes) cenomenensis Abbass. (I) and (J) Top and
abapertural views of Otostoma (Otostoma) divaricatum (d’Orbigny). Scale bar = 1 cm.
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Distribution: Maastrichtian of the United Arab Emirates
(Simsima Formation) and Saudi Arabia (Aruma Formation).

Clade Neogastropoda Wenz, 1938
Superfamily: Buccinoidea Rafinesque, 1815
Family: Melongenidae Gill, 1871
Genus Sycostoma Cox, 1931
Sycostoma pervinquiri (Boelenev, 1941)
(Fig. 6C and D)
1977 Sycostoma pervinquiri (Boelenev) – El Asa’ad: 248, pl. 18,
fig. 10.
1993 Sycostoma pervinquiri (Boelenev) – Metwally: 346, pl. 4, fig. 4.
Material: 3 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 25, WS: 15, HL: 23, HA: 21, WA: 9.
Description: The shell is small and cypriform. The spiral angle is

obtuse (105�). The spire is convolute and the body whorl is elon-
gate and overlaps all earlier whorls. The aperture is narrow and
elongate.

Remarks: The studied specimens agree in the morphological
characters with those described by El Asa’ad (1977) and
Metwally (1993).

Distribution: Cenomanian of the United Arab Emirates and Saudi
Arabia.



Table 1
Relationship between trophic modes and taxonomic levels of the identified
gastropods.

Family Trophic modes No. of
genera

No. of
species

No. of
specimens

Trochidae Herbivores 1 1 20
Turbinidae Herbivores 1 1 10
Turritellidae Suspension

feeders
1 1 30

Cerithiidae Herbivores 1 1 35
Batillariidae Deposit

feeders
1 1 7

Aporrhaidae Deposit
feeders

1 1 18

Colombellinidae Predators 2 1 29
Tylostomatidae Herbivores 1 1 26
Nerineidae Herbivores 1 1 39
Cylichnidae Predators 1 1 4
Melongenidae Predators 1 1 3
Volutidae Predators 1 1 32
Naticidae Predators 1 1 21
Neritidae Herbivores 1 1 1
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Fig. 7. Trophic modes of the identified gastropods.
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Superfamily Muricoidea Rafinesque, 1815
Family Volutidae Rafinesque, 1815
Genus Rostellinda Dall, 1907
Rostellinda pergaensis Boelenev, 1941
(Fig. 6E and F)
1977 Rostellinda pergaensis Boelenev – El Asa’ad: 288, pl. 19, fig.
1.
1993 Rostellinda pergaensis Boelenev – Metwally: 347, pl. 4, fig.
6a,b.

Material: 32 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 36, WS: 20, HL: 22, HA: 28, WA: 7.
Description: The shell is medium and biconical. The spire is low

spire consisting of two to three whorls with the body whorls occu-
pying more than two thirds of shell height. The spiral angle is acute
(45�). The suture is impressed. The aperture is narrow and elongate
with a curved outer lip.

Remarks: The Saudi specimens are strongly similar to those
described by Metwally, 1993 from the Maastrichtian of the United
Arab Emirates but they have small dimensions compared with the
large specimens of the United Arab Emirates.

Distribution: Maastrichtian of the United Arab Emirates and
Saudi Arabia.

Superfamily Naticoidea Guilding, 1834
Family Naticidae Guilding, 1834
Genus Gyrodes Conrad, 1860
Gyrodes (Gyrodes) cenomenensis Abbass, 1963
(Fig. 6G and H)
1963 Gyrodes (Gyrodes) cenomenensis Abbass: 89, pl. 4, fig. 15.
1993 Gyrodes (Gyrodes) cenomenensis Abbass – Metwally: 344,
pl. 4, fig. 1.

Material: 21 Specimens from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 20, WS: 22, HL: 13, HA: 12, WA: 15.
Description: The shell is small and subglobose. The spira is low

and consists of four whorls, spiral angle is obtuse (120�). The body
whorl is inflated and constitutes about two thirds of shell height.
The aperture is small and subround with a curved outer lip.

Remarks: The present species is common in the Cenomanian
deposits of Egypt, in the gulf countries it is recorded from the
Maastrichtian of both the United Arab Emirates (Metwally, 1993)
and Saudi Arabia (present work).

Distribution: Cenomanian of Egypt and Maastrichtian of the Uni-
ted Arab Emirates and Saudi Arabia.

Superfamily Neritoidea Rafinesque, 1815
Family Neritidae Rafinesque, 1815
Genus Otostoma D’Archiac, 1859
Otostoma (Otostoma) aff. divaricatum (d’Orbigny, 1847)
(Fig. 6I and J)
1974 Otostoma (Otostoma) divaricatum (d’Orbigny) – Albanesi
and Busson: 291, pl. 21, Figs. 1 and 2.
1992 Otostoma (Otostoma) divaricatum (d’Orbigny) – Abdel
Gawad and Gameil: 72, Fig. 2: 9.

Material: One specimen from the Hajajah Member (Aruma For-
mation), central Saudi Arabia.

Measurements: HS: 5, WS: 22, HA: 4, WA: 4.
Description: The shell is very small, and with a low spire. The

whorls are rapidly expanding, the body whorl is more than two
thirds of shell size. The spiral angle is obtuse (135�), the suture is
impressed. The ornamentations are very weak and may consist of
fine spiral threads. The aperture is small and subrounded.
Remarks: Due to poor preservation of the studied specimens
they are doubtfully attributed to Otostoma varicatum based on
the general shape of the shell. It has a great similarity to the Egyp-
tian specimens although the later has clearer spiral ornamenting
threads.

Distribution: Maastrichtian of Algeria and Tunisia, Turonian–
Maastrichtian of India and Madagascar, Cenomanian of Egypt.
4.2. Paleoecologic remarks

The lithological sequence of the Hajajah Member consists of
shales and marls at the base followed by limestones. These rocks
contain abundant fossils belonging to corals, stromatoporoids
and mollusks (gastropods and bivalves). Gastropods in the studied
area display different trophic structures, six families are herbivo-
rous, feeding mainly on algae. These families include Trochidae,
Turbinidae, Cerithiidae, Neritidae, Nerineidae and Tylostomatidae.
Five families belong to predators, including Colombellinidae, Cylic-
hnidae, Volutidae, Naticidae and Melongenidae. Two families
belong to deposit feeders which are Batillariidae and Aporrhaidae.
One family includes suspension feeders which is family Turritelli-
dae (Table 1).

It is clear that herbivorous gastropods are the most common in
the area and this indicates the presence of algae and/or sea grasses
among their biotope (Abdel-Gawad, 1986). Okla (1995) identified a
new species of dasycladacian algae from the studied section,
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named Salpingoporella arumaensis Okla. He interpreted this algal
flora as an indication for the dominance of a shallow marine lagoo-
nal depositional environment. Generally, the dominance of gastro-
pods, most of them probably herbivores and deposit feeders
suggests the presence of widespread algal films or plant debris,
or both (Fürsich and Kirkland, 1986). Predators are also abundant
like herbivores whereas suspension feeding gastropods are the
least abundant (Fig. 7). The studied gastropods as well as the asso-
ciated fauna of corals, bivalves (including rudists) suggest a shal-
low marine environment.
5. Conclusions

1. Fifteen gastropod species have been identified and illustrated
from the Upper Cretaceous Hahajah Member of the Aruma For-
mation in central Saudi Arabia. Calliomphalus orientalis (Douv-
illé), Coelobolma corbarica Cossmann, Turritella (Torquesia)
figarii Quaas, Neoptyxis olisiponensis (Sharpe) and Otostoma
(Otostoma) divaricatum (d’Orbigny) are believed to be recorded
for the first time from the Cretaceous rocks of central Saudi
Arabia.

2. The identified species were previously recorded from the Creta-
ceous rocks of Oman Mountains, United Arab Emirates, Leba-
non, Syria, India, Egypt, Algeria, Tunisia, Madagascar, Portugal,
Italy, Austria, Spain and France.

3. The studied gastropods are dominated by herbivorous feeders
and predators which together with the associated scleractinian
corals, rudists, algae and stromatoporoids, suggest a shallow
marine lagoonal and relatively open marine environment.
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