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26 species belong to 24 genera and 16 families have been described and illustrated from the Callovian
Tuwaiq Mountain Limestone, Khashm Al-Qaddiyah, central Saudi Arabia. 10 of the identified species
belong to scleractinian corals, 7 to brachiopods, 4 to bivalves, 4 to gastropods and one to cephalopods.
Actinastraea pseudominima, Thamnasteria nicoleti, Enallocoenia crassoramosa, Collignonastraea cf. grossou-
vrei, Burmirhynchia jirbaensis, Pholadomya (Bucardiomya) somaliensis, Pseudomelania (Rhabdoconcha) raabi
and Nautilus giganteus are believed to be recorded for the first time from the Jurassic rocks of central
Arabia. The identified species have close affinity to Tethyan faunas known from parts in Asia, Africa
and Europe. They indicated shoaling of the sea floor persisted throughout the deposition of the Tuwaiq
Mountain Limestone, in water depth ranging from 20 to 30 m. The low diversity of invertebrates in
the studied section may attribute to paleoenvironmental conditions prevailed during the Callovian age
as high rate of sedimentation.

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

Studies on Jurassic invertebrates such as scleractinian corals,
bivalves and gastropods of central Saudi Arabia are very few, unlike
others such as brachiopods and cephalopods. In his study on
Callovian corals in central Saudi Arabia, El-Asa’ad (1989) stated
that, a broad shallow sea deposited very extensive bioclastic
limestones and calcarenites, rich in silicified corals and stromatop-
oroids during upper middle-upper Callovian. The upper part of
these limestones forms an extensive coral biostrome extending
for more than 1000 km in central Saudi Arabia and locally includes
bioherms.

The earliest development of a coral-bearing carbonate in central
Saudi Arabia took place during of the deposition of the upper
Tuwaiq Mountain Limestone (Late Callovian). An extensive sheet
of coral bearing, dense, pure aphanitic limestone (25–40 m thick)
caps the Tuwaiq Mountain Limestone. The main target of the pres-
ent work is to identify the Callovian marine invertebrates of the
Tuwaiq Mountain Limestone at Khashm Al-Qaddiyah area, central
Saudi Arabia (Fig. 1) and document their paleoecological aspects.
1.1. Materials and methods

Two field trips were carried out to Khashm Al-Qaddiyah area in
order to measure section and collect fossils. All fossils are stored in
the Museum of the Geology and Geophysics Department, College of
Science, King Saud University. Distribution data of the identified
fossil materials have been collected from previously published arti-
cles and mostly from the Paleobiology Database (http://paleodb.
org). Abbreviations used for measurements are: d, diameter of cali-
ces; c–c, nearest distance between calicular centers; Ns, number of
septa; L, length of bivalve and brachiopod shell; W, width of
bivalve and brachiopod shell; T, thickness of bivalve and brachio-
pod shell; SH, height of the gastropod shell; AH, aperture height;
MD, maximum diameter.

2. Geological setting and stratigraphy

The Jurassic succession in Saudi Arabia is represented by the
Shaqra Group, which is subdivided into seven formations. These
are from older to younger: Marrat, Dhruma, Tuwaiq Mountain
Limestone, Hanifa, Jubaila, Arab and Hith formations. Jurassic out-
crops in central Saudi Arabia are arranged in a convex arc hinged in
Al-Riyadh region with the horns of the arc oriented to the north-
west and to the south. The total outcrop length is in excess of
1000 km and the width nowhere exceeds 85 km. The greatest
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Fig. 1. Location map of the study area.
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outcrop width and thickness (1100 m thick) are in the Al-Riyadh
region. This represents the area closest to the open sea domain of
the Tethys which was located to the north-east of Riyadh, mostly
underling the present day Arabian Gulf (El-Asa’ad, 1989).

The lithostratigraphy of the Tuwaiq Mountain Limestone has
been described by Arkell (1952), Steineke et al. (1958), Powers
et al. (1966), Powers (1968), Vaslet et al. (1991), Le Nindre et al.
(1990), Al-Husseini (1997), Sharland et al. (2001) and Hughes
(2004, 2006). The Tuwaiq Mountain Limestone is named after Jabal
Tuwaiq, the spectacular, nearly parallel sequence of west-facing
scarps developed in the Jurassic rocks of central Arabia. It forms
the largest and most persistent of these escarpments and, as such,
constitutes the backbone of Jabal Tuwaiq.

The thickness of The Tuwaiq Mountain Limestone reaches a
maximum of between 200 and 250 m in the Darb al-Hijaz (type
locality) to Wadi Nisah (lat. 24�150N) area and thins uniformly
away from this region to the north and to the south, where it
becomes 45–60 m thick at its northern and southern extremities.
The lower Tuwaiq Mountain Limestone comprises a series of fine
grained, fairly clayey limestone intercalated with beds of brown
calarenites and white bioturbated nodular limestone. The Middle
Tuwaiq Mountain Limestone comprises a monotonous assemblage
of fine-grained or gravelly bioclastic limestones, relatively biotur-
bated and clayey, containing isolated colonies. The Upper Tuwaiq
Mountain Limestone consists of very extensive bioclastic lime-
stone and calcarenite, rich in silicified corals and stromatoporoids
which give rise to reef forms with bioherms in the middle of the
basin.

At Khashm Al-Qaddiyah section, the Tuwaiq Mountain
Limestone attains about 190 m thick of mostly shallow-marine
lagoon carbonates (Figs. 2 and 3). It is composed at the lower part
of yellowish green marls with gypsum veinlets intercalated with
thin fossiliferous limestones. The middle part of the section is a
limestone succession topped by conglomeratic limestone with
abundant silicified corals. The upper part of the section is a massive
bedded, chalky limestone intercalated with chert layers and lenses.
The upper most 25–40 m thick of coral bearing, bioturbated lime-
stone caps the Tuwaiq Mountain Limestone.
In the studied section, no Dhruma/Tuwaiq boundary is observed
as the base of the section is covered. The upper boundary of the
Tuwaiq Mountain Limestone with the overlying Hanifa Formation
is unconformable and is taken at the change from light-colored,
massive, resistant, coral-bearing aphanitic limestone below to
brown, soft, thin-bedded, non-coral-bearing and calcarenitic lime-
stone above.

3. Systematic paleontology

3.1. Corals

Class Anthozoa Ehrenberg, 1834
Subclass Zoantharia Blainville, 1830
Order Scleractinia Bourne, 1900
Suborder Astrocoeniina Vaughan and Wells, 1943
Family Actinastraeidae Alloiteau, 1952
Genus Actinastrea d’Orbigny, 1849
Type species: Astrea goldfussi d’Orbigny, 1849 [= Astrea geminata

Goldfuss, 1826].
Actinastraea pseudominima (Koby, 1897)
(Fig. 4A and B)
1897 Astrocoenia pseudominima Koby: 59, pl. 15, figs. 4, 4a.
1998 Actinastraea aff. pseudominima (Koby) – Morycowa and

Masse: 738, pl. 10, fig. 2.
2003 Actinastraea aff. pseudominima (Koby) – Baron-Szabo

et al.: 201, pl. 36, figs. 5, 6.
2007 Actinastraea pseudominima (Koby) – Pandey et al.: 9, pl. 1,

figs. 1, 2.
Material: One moderately preserved corallum.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: d = 1.5–3.5 mm, c–c = 1.7–3.2 mm, Ns = 13–24.
Description: Corallum colonial, small, encrusting, cerioid. Bud-

ding intracalicular. Calices outline subcircular to polygonal. Septa
compact, occasionally anastomosing, arranged in three cycles,
inner margins of primary septa (up to 8 septa) fused in the center.
Wall septoparathecal. Columella well developed.



Bioturbated reefal limestone with abundant sclerac�anians, 
gastropods, pelecypods, brachiopods and few cephalopods

Conglomera�c limestone with chert nodules and lenses

Massive white chlky limestone with chert lenses

Bedded marly limestone with thin shale intercala�on

Massive argillaceous limestone with corals and gastropod and 
pelecypod molds, brachiopods.

Yellowish green marl with gypsum veinlets 0

23m

Fig. 2. Lithology and faunal content of the Tuwaiq Mountain Limestone at Khashm Al-Qaddiyah section.

Fig. 3. Exposed Tuwaiq Mountain Limestone at Khashm Al-Qaddiyah, west of
Riyadh.
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Distribution: Lower Cretaceous of Iran and France.
Family Thamnastcriidae Reuss, 1864
Genus Thamnasteria Lesauvage, 1823
Type species: Thamnasteria concinna (Goldfuss, 1826)
Thamnasteria nicoleti Koby, 1897
(Fig. 4C and D)
1897 Thamnasteria nicoleti Koby: 374, pl. 103, fig. 1.
1964 Thamnasteria nicoleti Koby – Beauvais: 214, pl. 25, fig. 6,

pl. 27, fig. 3.
1993 Thamnasteria nicoleti Koby – Pandey and Fursich: 25, pl. 6,

figs. 10, 13, text-fig. 16.
Material: Two badly preserved specimens.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: d = 4–5 mm, c–c = 6–9 mm, Ns = 40–51.
Description: Corallum encrusting, thamnasterioid, corallites

small. Calices superficial, with prominent central calicular pit.
Septa thin, with tiny granulae along the sides. Septa short to long,
perforated and confluent with those of adjoining corallites. Colu-
mella trabecular. Epitheca present.

Distribution: Jurassic of France, Greece, India and Switzerland.
Family Isastreidae Alloiteau, 1952
Genus Isastrea Milne Edwards and Haime, 1851
Type species: Astrea helianthoides Goldfuss, 1826
Isastrea hemisphaerica Gregory, 1900
(Fig. 4E and F)
1900 Isastraea hemisphaerica Gregory: 127, pl. 16, figs. 2–4.
1993 Isastraea hemisphaerica Gregory – Pandey and Fursich: 18,

pl. 11, fig. 10.
2014 Isastraea hemisphaerica Gregory – El-Sorogy and Al-Kahta-

ny: figs. 4/C, D.
Material: 7 moderately preserved corolla.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
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Fig. 4. (A and B) Actinastraea pseudominima (Koby, 1897). (A) Calicular view showing a cerioid corallum and polygonal outlines of the calices. (B) Close up view of a small part
of the same colony showing compact, occasionally anastomosing septa. (C and D) Thamnasteria nicoleti Koby 1887. (C) Calicular view showing a thamnasterioid corallum with
superficial calices. (D) Close up view of the same with prominent central calicular pit, with short to long and confluent septa with those of adjoining corallites. (E and F)
Isastrea hemisphaerica Gregory, 1900. (E) Calicular view showing a cerioid corallum and polygonal outlines of the calices. (F) Close up view of the same showing anastomosing
septa at the inner edge and pseudocolumella due to reaching the first and second cycles with corallites centers. Scale bar = 1 cm.
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Dimensions: d = 3.3–6.2 mm, c–c = 4.5–7.2 mm, Ns = 40–50.
Description: Corallum massive. Corallites cerioid, polygonal in

outline. Calices distinct, moderately deep, mostly monocentric,
rarely dicentric. Septa compact, thick, covered with granules and
spinules. Septa arranged in at least four cycles, anastomosing at
the inner edges. Septa of the first and second cycles nearly reaching
the center, occasionally forming a pseudocolumella. Third and
fourth cycles extent from the corallites wall to about one third of
the corallites diameter. Septa non-confluent with those of adjacent
corallites. Wall septothecal.

Remarks: The diameters of corallites in the present specimens
agree with specimens of Pandey and Fürsich (1993) and are smal-
ler (3.3–6.2 mm) than those of Gregory (8 mm).

Distribution: Jurassic of Chile, India and Saudi Arabia.
Genus Enallocoenia D’Orbigny, 1849
Type species: Astrea crasso-ramosa Michelin, 1840
Enallocoenia crassoramosa (Michelin, 1843)
(Fig. 5A and B)
1843 Astrea crasso-ramosa Michelin: 109, pl. 25, fig. 2.
2003 Enallocoenia crassoramosa (Michelin) – Pandey and Fürs-

ich: 13, pl. 2, fig. 7.
2007 Enallocoenia crassoramosa (Michelin) – Pandey et al.: 10,

pl. 2, figs. 2/a, b, pl. 3, figs. 1/a, b, 2/a, b.
Material: Three well preserved fragments.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: d = 2.5–3.5 mm, c–c = 2.2–3.3 mm, Ns = 12–24.
Description: Corallum cerioid with a moderately large attach-

ment area. Calices small, distinct, moderately deep, polygonal in
outline. Septa compact, moderately thick, few in number, thickest
at the periphery and thinning towards the center, non-anastomo-
sing to rarely anastomosing, non-confluent, arranged in three
cycles; the larger ones (numbering 6–12) nearly reaching the cen-
ter, occasionally joined to the columella. Septa of second cycle



Fig. 5. (A and B) Enallocoenia crassoramosa (Michelin, 1843). (A) Calicular view showing a cerioid corallum with subpolygonal corallities. (B) Close-up view showing non-
anastomosing septa with occasionally bulging inner edges and septoparathecal wall. (C and D) Stylina regularis Fromentel, 1867. (C) Side view showing plocoid colony. (D)
Close-up view showing columella thickened by inner edges of first cycle of septa and costae. (E and F) Cryptocoenia wegeneri Pandey and Fürsich, 1993. (E) Calicular view
showing a plocoid corallum with circular corallites. (F) Enlarged of the same showing subconfluent septocostae and absent columella. Scale bar = 1 cm.
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shorter and those of third cycle rudimentary or very short. Lateral
surfaces ornamented with very fine granules and spinules. Dissep-
iments common. Wall thin, septoparathecal. Columella small, dis-
tinct, trabecular.

Remarks: The specimens are fragmentary. It seems that the
rare cases of anastomosing septa are early stages of intracalicular
budding. The morphological features and dimensions match with
those of Enallocoenia crassoramosa (Michelin) described by earlier
worker from the Jurassic.

Distribution: Jurassic of India and Lower Cretaceous of Iran.
Suborder Stylinina Alloiteau, 1952
Family Stylinidae D́Orbigny, 1851
Genus Stylina Lamarck, 1816
Type species: Stylina echinulata Lamarck, 1816
Stylina kachensis Gregory, 1900
(Fig. 5C and D)
1900 Stylina kachensis Gregory: 56, pl. 12, Figs. 1–17, pl.13.

Figs. 1–7.
1993 Stylina kachensis Gregory – Pandey and Fürsich: 9, pl. 1,
Figs. 3–5, text-fig. 7.

2014 Stylina kachensis Gregory – El-Sorogy and Al-Khahtany:
fig. 3/K, L.

Material: One badly preserved specimen.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: d = 1.2–3.1 mm, c–c = 1.4–3.0 mm, Ns = 12.
Description: Corallum hemispherical. Corallites plocoid,

slightly projecting beyond the corallum. Corallite wall septothecal.
Calices shallow to moderately deep and circular in plain view.
Septa well developed, primaries may or may not meet the colu-
mella, secondaries short and do not reach the columella. Vesicular
and tabular endothecal dissepiments common. Costae well devel-
oped, joining with those of the adjoining corallites. Columella sty-
liform, mostly prominent.

Remarks: The present species differs from Stylina delabechii
Milne Edwards and Haime (1851) in that, the latter is characterized
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by projecting calices, more septa and more prominent and conflu-
ent costae.

Distribution: Jurassic of Chile, India and Iran.
Genus Cryptocoenia d’Orbigny, 1847
Type species: Aslrea alveolala Goldfoss, 1826.
Cryptocoenia wegeneri Pandey and Fürsich, 1993
(Fig. 5E and F)
1900 Stylina kachensis Gregory: 58, pl. 13, fig. 6.
1993 Cryptocoenia wegeneri Pandey and Fürsich: 10, pl. 5, figs. 4,

6, 9, text fig. 8.
2014 Cryptocoenia wegeneri Pandey and Fürsich – El-Sorogy and

Al-Kahtany: figs. 4/A, B.
Material: Five badly preserved fragments.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: d = 2.5–4 mm, c–c = 3.5–4.5 mm, Ns = 6–12
Description: Corallum plocoid. Corallites circular, bounded by

septotheca and parathecal wall. Coenosteum composed of thin,
more or less horizontal exotheca. Septa few in numbers, thick,
hexamerally arranged. Tabular and vesicular endothecal dissepi-
ments present. Columella absent.

Distribution: Jurassic of India and Iran, Saudi Arabia.
Family Kobyastraeidae Roniewicz, 1970
Genus kobyastrea Roniewicz, 1970
Type species: Thamanastrea lomontiana Etallon, 1864
Kobyastraea lomontiana (Etallon, 1864)
(Fig. 6A and B)
1864 Thamanastrea lomontiana Etallon: 399, pl. 56, fig. 14.
1897 Thamanastrea lomontiana Etallon – koby: 366, pl. 98, fig. 4.
1970 Kobyastraea Lomontiana (Etallon) – Roniewicz:140, pl. 1,

figs. 1, 2, pl. 2, fig. 1, pl. 3, fig. 4.
1975 Kobyastraea Lomontiana (Etallon) – Turnšek:15, 10, fig. 3.
1985 Kobyastraea Lomontiana (Etallon) – Rosendahl, 68, pl. 2,

fig, 9.
1991 Kobyastraea Lomontiana (Etallon) – El-Asa’ad: 282, pl. 4,

fig. 1/a–c.
2011 Kobyastraea Lomontiana (Etallon) – Kiessing et al.: 206,

fig. 9/E, F.
2014 Kobyastraea Lomontiana (Etallon) – El-Sorogy and Al-Kah-

tany: figs. 6/C, D.
Material: Two moderately preserved specimens.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: d = 3.3–7.1 mm, c–c = 3.2–6.3 mm, Ns = 36.
Description: Corallum massive and thamnasterioid with shal-

low, dense calices. Extracalicular and rarely intratentacular bud-
ding. Septa confluent from one corallite center to another, 3–4
cycles. Septa of the first cycle long and reach the columella, the sec-
ond cycle shorter and thinner, the third one join the second by
their inner ends. Horizontal and large endothecal dissepiments.
The wall synapticulothecal and incomplete. Columella is small, sty-
liform and sometimes slightly flattened.

Distribution: Jurassic of Azerbaijan, Croatia, the Czech Repub-
lic, Ethiopia, Portugal, Saudi Arabia, Switzerland, Uzbekistan, Saudi
Arabia.

Suborder Microsolenina Morycowa and Roniewicz, 1995
Family Latomeandridae Alloiteau, 1952
Genus Ovalastraea d’Orbigny, 1900
Type species: Astra caryophilloides Goldfuss, 1826
Ovalastraea caryophilloides (Goldfuss, 1826)
(Fig. 6C and D)
1943 Ovalastraea caryophilloides Goldfuss–Vaughan and Wells:

120, pl. 10, fig. 17.
1964 Ovalastraea caryophilloides Goldfuss – Beauvais: 259, pl.

38, fig. 3.
1989 Ovalastraea caryophilloides Goldfuss – El-As’ad: 677, pl. 78,
figs. 4–9.

Material: Seven moderately preserved specimens.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: d = 5–14 mm, c–c = 4–12 mm, Ns = 50–60.
Description: Corallum massive, plocoid. Lower surface without

epitheca. Corallum surface moderately convex. Mono- to tricentric,
circular to subpolygonal corallites, united by costae and perithecal
dissepiments. Septa in 4–5 cycles, meet the axial region at their
inner ends. 5–20 short septa join the long ones at their inner mar-
gins. Septa bifurcate at the corallite margins and spread as exothe-
cal costae. Columella trabecular or spongy.

Distribution: Jurassic to Cretaceous of Spain. Jurassic of the
Czech Republic, France, Georgia, Germany, Poland, Portugal, the
Russian Federation and Spain.

Genus Collignonastraea Alloiteau, 1958
Type spccies: Comoserisjumarense radiata Gregory, 1900
Collignonastraea jumarensis (Gregory, 1900)
(Fig. 6E and F)
1900 Comoseris plana Gregory: 160. pl. 20, figs. 6–8.
1978 Collignonastraea jumarensis (Gregory) – Beauvais: 65, pl. 6,

fig. 4.
2003 Collignonastraea jumarensis (Gregory) – Pandey and Fürs-

ich: 39, pl. 10, figs. 5, 6, 8–13, 15, 16.
2014 Collignonastraea jumarensis (Gregory) – El-Sorogy and Al-

Kahtany: figs. 5/A, B, C.
Material: Two moderately preserved specimens.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: d = 2.4–6.8 mm, c–c = 2.2–6.0 mm.
Description: Corallum low, meandroid. Calices distinct,

bounded by synapticulotheca along the collines. Septa thin, dense,
with pointed to rounded granules along the sides. Synapticulae and
dissepiments common. Columella either not visible on the calicular
surface or with trabecular-like appearance. Primary collines radi-
ate from the central corallite. With increasing size, secondary
and tertiary collines either branch from primaries or indepen-
dently develop towards the periphery.

Distribution: Jurassic of China, India, Iran and Jordan, Saudi
Arabia.

Collignonastraea grossouvrei Beauvais, 1972
(Fig. 7A and B)
1972 Collignonastraea grossouvrei Beauvais: 48, pl. E, fig. 3.
2011 Collignonastraea cf. grossouvrei Beauvais – Kiessing et al.:

206, fig. 9/C, D.
Material: One moderately preserved corallum.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: d = 3.8–11.8 mm, c–c = 3.9–7.2 mm.
Description: Corallum meandroid, formed by intracalicular lin-

ear budding. Valleys sinuous, wide, with mostly one, rarely two
series of calice centers. Valleys divide into two towards the periph-
ery. Septa subcompact, distal margin with fine, acute to obtuse
denticles. Collines prominent, tectiform to tholiform. Septa thin
and numerous, mostly non-nastomosing.

Remarks: The morphological characters and dimensions, particu-
larly septal density match Collignonastraea grossouvrei Beauvais (1972).

Distribution: Jurassic of Ethiopia, France, and the United
Kingdom.

3.2. Brachiopods

Superfamily Rhynchonellacea Gray, 1848
Family Rhynchonellidae Gray, 1848



Fig. 6. (A and B) Kobyastraea lomontiana (Etallon, 1864). (A) Calicular surface showing massive and thamnasterioid corallum with shallow and dense calices. (B) Close up view
of the same showing confluent septa from one corallite center to other, septa of the first cycle reach the Columella. (C and D) Ovalastraea caryophilloides (Goldfuss, 1826). (C)
Calicular view showing massive, plocoid corallum with circular ovate, elongate or subpolygonal corallites. (D) Close up view of the same showing Mono- to tricentric
corallites, united by costae and perthecal dissepiments, Septa meet the axial region at their inner ends. (E and F) Collignonastraea jumarensis (Gregory 1900). (E) Calicular view
showing low, meandroid corallum with subcircular to subelliptical corallites, secondary and tertiary collines either branch from primaries or independently develop towards
the periphery. (F) Enlarged part of the same showing synapticulotheca along the collines and thin, dense septa. Scale bar = 1 cm.
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Genus Burmirhynchia Buckman, 1918
Type species: Burmirhynchia jirbaensis Muir-Wood, 1935.
Burmirhynchia jirbaensis Muir-Wood, 1935
(Fig. 7C)
1935 Burmirhynchia jirbaensis Muir-Wood: 91, pl. 8, fig. 3/a, c.
2001 Burmirhynchia jirbaensis Muir-Wood – Feldman et al.: 641,

pl. 1, figs. 1–6, text-fig. 3.
Material: Two articulated, moderately preserved specimens.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: L = 22 mm, W = 22.2 mm, T = 17 mm.
Remarks: The present species is characterized by a slightly

inflated umbo with an incurved beak. The median fold on the dor-
sal valve is more clearly defined, but the anterior margin shows a
similar, broadly trapezoidal sulcation of the ventral valve with a
broad arched or arcuate anterior commissure.
Distribution: Jurassic of Israel and Somalia.
Baeorhynchia Cooper, 1989
Type species: Baeorhynchia nucleata Cooper, 1989
Baeorhynchia nitida Cooper, 1989
(Fig. 7D)
1989 Baeorhynchia nitida Cooper: 13, pl. 1, figs. 34–51.
Material: Five articulated moderately preserved specimens.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: L = 23 mm, W = 22 mm, T = 18 mm.
Description: Shell of small size, subtriangular, Anterior margin

nearly straight to gently rounded, sides narrowly rounded, apical
angle acute. Anterior commissure strongly uniplicate. Beak short,
low, erect. Foramen small, narrow. Costae narrowly rounded,
strong, about 17–25. Ventral valve flatly convex in lateral view,
fairly strongly sulcate in anterior view. Dorsal valve gently convex



Fig. 7. (A and B) Collignonastraea grossouvrei Beauvais 1972. (A) Calicular view showing a meandroid corallum. (B) Close up view of the same showing sinuous valleys with
thin subcompact septa. (C) Burmirhynchia jirbaensis Muir-Wood, 1935. Side view. (D) Baeorhynchia nitida Cooper, 1989. Side view. (E) Apothyris aberrans Cooper, 1989. Dorsal
view. (F) Habrobrochus amygdaloideus Cooper, 1989. Side view. (G) Apatecosia inornata Cooper, 1989. Side view. (H) Bihenithyris mediocostata Cooper, 1989. Dorsal view. Scale
bar = 1 cm.
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in lateral view, strongly domed with steep sides in anterior
profile. Fold narrowly rounded, originating at midvalve with 4 or
5 costae.

Remarks: This species differs from Baeorhynchia eleganlula in
having stronger costae and narrower fold. Baeorhynchia nitida dif-
fers from B. carinata, in being larger, wider, and with stronger
costae.

Distribution: Jurassic of Saudi Arabia.
Superfamily Zeilleriacea Allan, 1940
Family Eudesiidae Muir-Wood, 1965
Apothyris Cooper, 1989
Type species: Apothyris aberrans Cooper, 1989
Apothyris aberrans Cooper, 1989
(Fig. 7E)
1989 Apothyris aberrans Cooper: 101, pl. 32, figs. 36–63.
Material: One articulated well preserved specimen.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: L = 33 mm, W = 39 mm, T = 11 mm.
Description: Shell of medium size, subrounded to oval,

inequivalve, dorsal valve less deep than ventral valve. Beak short,
wide. Lateral commissure straight, anterior commissure slightly
uniplicate. Costae strong, elevated, narrowly rounded, 12–18.
Ventral valve moderately convex in side view, broadly, fairly
strongly domed in anterior profile. Umbonal region swollen. Dorsal
valve slightly convex in side view, broadly, gently domed in
anterior profile.

Distribution: Jurassic of Saudi Arabia.
Superfamily Terebratulacea Gray, 1840
Family Terebratulidae Gray, 1840
Genus Habrobrochus Cooper, 1983
Habrobrochus amygdaloideus Cooper, 1989
(Fig. 7F)
1989 Habrobrochus amygdaloideus Cooper: 82, pl. 31, figs. 13–21.
Material: Two articulated well preserved specimens.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: L = 26 mm, W = 22 mm, T = 16 mm.
Description: Shell of small size, subelliptical, maximum width

at anterior, side view biconvex. Hing-line curved. Commissure line
simple. Beak large. Dorsal valve slightly convex in side view. Mod-
erately domed with steeply sloping sides in anterior profile. Umbo-
nal and median regions swollen.

Distribution: Jurassic of Saudi Arabia



A.S. El-Sorogy et al. / Journal of African Earth Sciences 97 (2014) 161–172 169
Apatecosia Cooper, 1983
Type species: Cererithyris nutiensis Bague, 1955
Apatecosia inornata Cooper, 1989
(Fig. 7G)
1989 Apatecosia inornata Cooper: 69, pl. 20, figs. 1–5.
2001 Apatecosia inornata Cooper – Feldman: 643, pl. 1, figs. 16–18.
Material: One articulated and one inarticulated specimens.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: L = 25 mm, W = 20 mm, T = 15.5 mm.
Description: Shell of small size, evenly biconvex, subpentago-

nal in outline. Umbo massive, beak suberect with rounded or
poorly defined beak ridges. The foramen is large and circular. Shell
surface with evenly spaced faint concentric growth lines.

Distribution: Jurassic of Israel and Saudi Arabia.
Bihenithyris Muir-Wood, 1935
Type species: Bihenithyris barrlngtoni (Muir-Wood, 1935)
Bihenithyris mediocostata Cooper, 1989
(Fig. 7H)
1989 Bihenithyris mediocostata Cooper: 76, pl. 23, figs. 9–11.
2001 Bihenithyris mediocostata Cooper – Feldman: 644, pl. 1,

figs. 19–23.
Material: One articulated well preserved specimen.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: L = 25.1 mm, Width = 20.1 mm, T = 13.0 mm.
Description: Shell of small size, pentagonal, biconvex. Dorsal

valve sometimes less acutely convex than ventral. Umbo massive,
suberect, truncated by large circular labiate foramen with distinct
mesothyrid beak ridges. Maximum width of shell approximately
just anterior to midvalve. Dorsal valve with two well developed
folds at the anterior margin.

Remarks: The present species differs from B. quadrilobata
Cooper, 1989 in its less incurved beak and more pronounced anter-
olateral extremities.

Distribution: Jurassic of Israel and Saudi Arabia.
Arapsothyris Cooper, 1989
Type species: Arapsothyris magna Cooper, 1989.
Arapsothyris magna Cooper, 1989
(Fig. 8A)
1989 Arapsothyris magna Cooper: 74, pl. 22, figs. 6–20.
Material: Two articulated badly preserved specimens.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: L = 40.1 mm, Width = 46.3 mm, T = 21.0 mm.
Description: Shell of medium size, pentagonal. Anterior nar-

rowly, gently rounded, sides narrowly rounded. Anterior commis-
sure sulciplicate. Beak subcarinate, narrow, short, erect. Foramen
small. Ventral valve strongly convex in side view, narrowly domed
with flattened, long steeply sloping sides in anterior profile. Dorsal
valve deceptively convex in side view, broadly concave in anterior
profile. Umbo narrowly sulcate. Fold developed at anterior of con-
cave valve, visible in anterior third as pair of broad costae sepa-
rated by shallow depression.

Remarks: The present species differs from Terebratula superstes
Douvillé (1916) from the Bathonian of the Sinai Peninsula, Egypt in
having a narrower, subcarinate beak, shorter and concave postero-
lateral margins, maximum width more posterior, and the dorsal
valve more deeply concave.

Distribution: Jurassic of Saudi Arabia.

3.3. Bivalves

Class Bivalvia Linné, 1758
Order Ostreoida Ferussac, 1822
Superfamily Ostreoidea Rafinesque, 1815
Family Palaeolophidae Malchus, 1990
Genus Actinostreon Bayle, 1878
Type species: Ostrea solitaria Sowerby, 1824.
Actinostreon gregareum (Sowerby, 1816)
(Fig. 8B)
1816 Ostrea gregarea Sowerby: 19, pl. 111, figs. 1, 3.
1824 Ostrea solitaria Sowerby: 105, pl. 468, fig. 1.
1933a Lopha gregarea (Sowerby) – Arkell: 183, pl. 22, figs. 5–6,

pl. 23, figs. 1–4.
1995 Actinostreon gregareum (Sowerby) – Jaitly et al.: 186,

pl. 13, fig. 13, pl. 14, figs. 1–5.
1998 Actinostreon gregareum (Sowerby) – Holzapfel: 105, pl. 6,

figs. 18, 19.
Material: Seven complete specimens.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: L = 62 mm, Width = 40 mm, T = 15.3 mm.
Description: Shell of medium size, inequivalve and of variable

shape. Shell ornamented with more than 10 rounded to sharp,
radial plicae that diverge ventrally.

Distribution: Jurassic of China, Ethiopia, France, Germany,
India, Japan, Jordan, Kenya, Madagascar, Mexico, Poland, Saudi
Arabia, Somalia, Spain, Tanzania and the United Kingdom.

Subclass Anomalodesmata Dall, 1889
Order Pholadomyoida Newell, 1965
Superfamily Pholadomyacea King, 1844
Family Pholadomyidae Gray, 1847
Genus Pholadomya Sowerby, 1823
Type species Lutraria ambigua Sowerby, 1819
Pholadomya (Bucardiomya) aubryi Douvillé, 1886
(Fig. 8C)
1980 Pholadomya (Bucardiomya) aubryi Douvillé – Hirsch: pl. 7,

figs. 12–14.
Material: Six internal moulds.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: L = 83 mm, W = 36 mm, T = 65 mm.
Remarks: Mold of small-size, strongly inflated, triangular to

trapezoidal, equivalved and strongly inequilateral. Umbons prom-
inent, recurved and prosogyrate. Anterior margin truncated and
the posterior one rounded without siphonal gapes, ventral margin
straight.

Distribution: Jurassic of Israel, Ethiopia, Saudi Arabia and
Somalia.

Pholadomya (Bucardiomya) somaliensis Cox, 1935
(Fig. 8D)
1935 Pholadomya (Bucardiomya) somaliensis Cox: 192, pl. 2,

figs. 1, 2.
1980 Pholadomya (Bucardiomya) somaliensis Cox – Hirsch: pl. 8,

figs. 1, 2.
2011 Pholadomya (Bucardiomya) somaliensis Cox – Kiessling

et al.: 210, fig. 13Q.
Material: Seven complete internal moulds.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: L = 69 mm, W = 35 mm, T = 49 mm.
Remarks: Mold of large-size, elongated to ovate. Mold orna-

mented with four strong radial ribs. The surface of ribs is uneven.
Pholadomya (Bucardiomya) somaliensis differs from Pholadomya
(Bucardiomya) lirata in having more elongated, larger and more
pronounced marginal crenulations.

Distribution: Jurassic of Somalia, Ethiopia, Egypt, Yemen and
Israel.

Genus Homomya Agassiz, 1843
Type species: Mactra gibbosa Sowerby, 1813
Homomya vezalayi (D’Archiac, 1843)



Fig. 8. (A) Arapsothyris magna Cooper, 1989. Dorsal view. (B) Actinostreon gregareum (Sowerby, 1815). Double-valved original shell. (C) Pholadomya (Bucardiomya) aubryi
(Douvillé, 1886). Internal mold of a complete shell. (D) Pholadomya (Bucardiomya) somaliensis Cox, 1935. Internal mold of a complete shell. (E) Homomya vezalayi (D’Archiac,
1843). Internal mold of a complete shell. (F) Kosmomphalus reticulatis Fischer 2001. Internal mold. (G) Pseudomelania (Rhabdoconcha) raabi Reiner, 1968. Internal mold. (H)
Bathonella scotica (Tate, 1873). Internal mold. (I) Purpuroidea perstriata Cossmann, 1925. Internal mold. (J) Nautilus giganteus D’Orbigny, 1843. A fragment of an internal mold.
Scale bar = 1 cm.
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(Fig. 8E)
1843 Mya vezalayi D’Archiac: 370, pl. 25, figs. 4–4b.
1999 Homomya vezalayi (D’Archiac) – Ahmed: 34, pl. 7, figs. 6/a, b.
Material: Four complete internal moulds.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: L = 46 mm, W = 22 mm, T = 31 mm.
Remarks: Mold large, elongated, equivalve, inequilateral,

strongly inflated, umbons rounded and slightly compressed, situ-
ated one fifth of mold length from the anterior end.

Distribution: Jurassic of Jordan.

3.4. Gastropods

Class Gastropoda Cuvier, 1797
Superfamily Bellerophontoiacea McCoy, 1852
Family Euomphalidae Knight, 1956
Genus Kosmomphalus Fischer, 2001
Kosmomphalus reticulatus Fischer, 2001
(Fig. 8F)
2001 Kosmomphalus reticulatus Fischer: 71, pl. 1, figs. 1/a–c
2004 Kosmomphalus reticulatus Fischer – Szabó and Jaitly: 21, pl. I,

figs. 6–10.
Material: Four complete internal moulds.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: SH = 16 mm, AH = 6 mm, MD = 41 mm.
Remarks: Mold of small size, planispiral. Whorl diameter

increases slowly. Whorl side appears flattened and keeled. Shell
coil evolutes, ends with dextral aperture.

Distribution: Jurassic of Saudi Arabia and India.
Superfamily Pseudomelanioiacea Fischer, 1886
Family Pseudomelaniidae Fischer, 1886
Genus Pseudomelania Pictet and Campiche, 1862
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Pseudomelania (Rhabdoconcha) raabi Reiner, 1968
(Fig. 8G)
1999 Pseudomelania (Rhabdoconcha) raabi Reiner–Abdel Gawad

and Gameil: 776, pl. 1, figs. 19–21.
1999 Pseudomelania raabi Reiner – Khalil: pl. 2, fig. 9.
2001 Pseudomelania (Rhabdoconcha) raabi Reiner–Fischer: 78,

pl. 1, fig. 15.
Material: One internal mould.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al Giddiyah.
Dimensions: SH = 52 mm, AH = 27 mm, MD = 40 mm.
Remarks: Moderately sized mold. Spire consists of four whorls.

Whorls separated by flushed suture.
Distribution: Jurassic of Egypt and Saudi Arabia.
Family Campaniloidea Douvillé, 1904
Genus Bathonella Yen, 1948
Bathonella scotica (Tate, 1873)
(Fig. 8H)
1948 Bathonella scotica (Tate) – Anderson and Cox: 115, pl. III,

figs. 13/a, b, 14.
2001 Bathonella scotica (Tate) – Fischer: 79, pl.1, figs. 18–19.
Material: Three internal moulds.
Occurrence: Callovian, middle and upper Tuwaiq Mountain

Limestone, Khashm Al-Qaddiyah.
Dimensions: SH = 51 mm, AH = 20 mm, MD = 21 mm.
Remarks: Mold of small size, fusiform in outline. The spire con-

sists of four overlapping whorls with convex outline. Sutures deep.
The body whorl is large. Aperture subcircular.

Distribution: Jurassic of Great Britain and Saudi Arabia.
Superfamily Littorinoiacea Children, 1834
Family Purpurinidae Zittel, 1895
Genus Purpuroidea Lycett, 1848
Purpuroidea perstriata Cossmann, 1925
(Fig. 8I)
1925 Purpuroidea perstriata Cossmann – Douvillé: 316, pl.VII, fig. 5.
2001 Purpuroidea perstriata Cossmann – Fischer: 86, pl.3, figs. 6/a, b.
Material: Two internal moulds.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al-Qaddiyah.
Dimensions: SH = 71 mm, AH = 46 mm, MD = 46 mm.
Remarks: Mold of conical-ovate in shape, having six whorls. Base

slightly convex in outline. Aperture semilunar. Whorls convex,
becoming concave near adapical suture. Purpuroidea perstriata is
distinct from other ones in its ovoid shape and fine ornament.

Distribution: Jurassic of Egypt and Saudi Arabia.

3.5. Cephalopods

Superfamily Stephanocerataceae Perrin Smith, 1913
Family Pachyceratidae Buckman, 1918
Genus Erymnoceras Hyatt, 1900
Nautilus giganteus D’Orbigny, 1843
(Fig. 8J)
1916 Nautilus giganteus (D’Orbigny) – Douvillé: 70, pl.VIII, fig. 7.
Material: One phragmocone.
Occurrence: Late Callovian, upper Tuwaiq Mountain Limestone,

Khashm Al Giddiyah.
Dimensions: Whorl breadth = 72 mm.
Remarks: Mold of medium size. Sutures nautilic, broad. whorl

section high, elliptical to rectangular.
Distribution: Oxfordian sediments of Sinai, Egypt.

4. Discussion and conclusions

During the Callovian, a broad shallow sea along the southern
flank of the Tethys deposited bioclastic limestones from central
Arabia eastwards to Iran and Oman, and southwards across Yemen
and Aden. Similar neritic limestones extend north through central
Iraq (Powers et al., 1966). In central Saudi Arabia, this broad shal-
low sea deposited very extensive bioclastic limestones and calcar-
enites of the Tuwaiq Mountain Limestone (upper middle-upper
Callovian), rich in silicified corals and stromatoporoids. The upper
part of these limestones forms an extensive coral biostrome
extending for more than 1000 km in central Saudi Arabia and
locally includes bioherms (El-Asa’ad, 1989).

26 benthic invertebrate species have been identified from the
Callovian Tuwaiq Mountain Limestone at Khashm Al-Qaddiyah
section. 10 of the identified taxa belong to scleractinian corals, 7
to brachiopods, 4 to bivalves, 4 to gastropods and one cephalopod.
Actinastraea pseudominima, Thamnasteria nicoleti, Enallocoenia
crassoramosa, Collignonastraea cf. grossouvrei, Burmirhynchia jirba-
ensis, Pholadomya (Bucardiomya) somaliensis, Pseudomelania (Rhab-
doconcha) raabi and Nautilus giganteus are believed to be recorded
for the first time from the Jurassic rocks of central Arabia. It is
being noted that all coral samples are highly affected by diagenetic
processes (recrystallization, dolomitization and silicification).

The identified species were previously recorded from the Juras-
sic rocks of Ethiopia, Somalia, Israel, Jordan, Egypt, the United King-
dom, France, Germany, Czech Republic, Georgia, Greece, India,
Switzerland, Poland, Portugal, the Russian Federation and Spain.
They also previously recorded from Cretaceous rocks of Bulgaria,
China, France, Spain, Georgia, Greece, Iran, Mexico, Poland, Roma-
nia, Serbia, Montenegro, Slovenia, USSR and Ukraine.

From the paleoecological point of view, the identified taxa indi-
cated that shoaling of the sea floor persisted throughout the depo-
sition of the formation. It seems that this slow subsidence of the
sea floor did not provide adequate space for the buildup of a true
reefal barrier system in central Saudi Arabia. A striking feature of
the Tuwaiq Mountain Limestone benthic fauna is that a low diver-
sity of species (26 species belong to 24 genera) persisted through-
out the development of the formation. This low diversity is the
result of interacting factors related to the paleogeographical and
the paleoecological conditions of a very shallow platform.

Inadequate (inimical) paleoenvironmental conditions have pre-
vailed during the Callovian as high rate of sedimentation, which
caused turbidity and consequently decreased light penetration.
Also the muddy facies might lead to unfavorable soft substrate
for coral colonies to grow into large sizes. The sediments of the
Tuwaiq Mountain Limestone at Khashm Al-Qaddiyah section were
laid down in low-energy of a carbonate shelf in the lower part and
grades upward into moderate-energy deposits in water ranging
from 20 to 30 m, as indicated by abundant corals.
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