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A B S T R A C T

The Cretaceous (likely Aptian-Cenomanian) Kem Kem beds of Morocco are famous for their fossil-richness,
including theropods, and several sauropod body fossils, such as Rebbachisaurus garasbae, as well as isolated
sauropod teeth. Deposits from this particular age, however, stretch across Algeria and Tunisia, with possibly
contemporaneous fossiliferous beds also being known from Egypt and Niger. Although the sediments of North
Africa have yielded more complete sauropod specimens in recent years dated to either Cenomanian or
Campanian-Maastrichtian, in general, these sites are not well-known. A recent study on isolated sauropod teeth
from Morocco and Algeria revealed that a diverse sauropod fauna existed, and, moreover, evidence has been
found of sauropod migration from Africa to Europe in the Cretaceous. In order to provide a better overview of
the sauropod presence in the Albian-Cenomanian of North Africa, an overview of all sauropod material known
from this time is necessary. Therefore, several previous reports on sauropod fossils and teeth from the Kem Kem
and the ‘Continental Intercalaire’ of North Africa are here reviewed and summarized.

1. Introduction

The Cenomanian ‘Continental Intercalaire’ of Morocco (Kem Kem
beds), Algeria, Tunisia, Libya, Niger, and Egypt are probably most fa-
mous for the presence of theropod dinosaurs such as Spinosaurus,
Carcharodontosaurus, and crocodyliforms; however, historically, also
sauropod body fossils (e.g. Aegyptosaurus, Rebbachisaurus, Stromer
(1932); Lavocat (1954)), are noted. Moreover, in recent decades, sev-
eral more sauropod remains have been (re)described (e.g. Ibrahim
et al., 2014). The carnivorous vertebrate fauna seems to be over-
represented, especially in the Kem Kem beds of Morocco (see Läng
et al., 2013). Herbivorous fauna, however; is present as well. Studies of
sauropod material from this region recognize rebbachisaurids (Lavocat,
1954; Lapparent, 1960; Russell, 1996; Fanti et al., 2013; Mannion and
Barrett, 2013; Wilson and Allain, 2015; Holwerda et al., 2018) as well
as several titanosauriform remains, and also a possible titanosaurian
(Broin et al., 1971; Kellner and Mader, 1997; Mannion and Barrett,
2013; Lamanna and Hasegawa, 2014; Ibrahim et al., 2016). However,
most evidence of large dinosaurs, especially sauropods, exists only as
isolated fragments and teeth (Holwerda et al., 2018). Isolated elements
do contribute to the overall picture of biodiversity, and can even show
relative abundance of groups in a given region. Many isolated frag-
ments have been reported ever since Lapparent (1960) and Gorce

(1960) wrote a comprehensive study of the Continental Intercalaire.
Therefore, this paper focuses on reviewing these sauropod elements in
order to give an overview of the sauropod diversity in the region during
the Aptian-Albian-Cenomanian.

1.1. Institutional abbreviations

LINHM; Long Island Natural History Museum, Long Island, NY, USA
(defunct).

MNN; Musée National du Niger, Niamey, Republic of Niger.
NMC; National Museum of Canada, Ottawa, Ontario, Canada (now

CMN; Canadian Museum of Nature).
UT-TEN; University Al Fateh, Tripoli, Libya.
Vb; Institut für Paläontologie, Free University Berlin, Berlin,

Germany (now IPFUB).

1.2. Geological setting

This paper uses previous literature on the Kem Kem and
‘Continental Intercalaire’ sauropod fauna from the Albian-Cenomanian
of North Africa.

The Kem Kem beds lie in the south-east of Morocco. They form an
escarpment around the eastern end of the Anti-Atlas (Wellnhofer and
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Buffetaut, 1999; Cavin and Forey, 2004) and along the east at the Al-
gerian border, ending in the southeast of Morocco (Ibrahim et al.,
2016). The Kem Kem is traditionally considered to be Cenomanian, as it
has been found to match ammonites from the Lower Cenomanian of
Bahariya, Egypt (Le Loeuff et al., 2012). However, the age probably
spans over the Albian–Cenomanian (Underwood and Ward, 2018),
which is closer to the age given to the Cretaceous ‘Continental Inter-
calaire’ of Algeria (Lefranc and Guiraud, 1990; Le Loeuff et al., 2012;
Läng et al., 2013; Benyoucef et al., 2015; Meister et al., 2017) and to the
fossil-rich Cretaceous ‘Continental Intercalaire’ beds of Tunisia (Fanti
et al., 2016) as well as to the ‘Continental Intercalaire’ of Niger (Sereno
and Wilson, 2005; Rauhut and López-Arbarello, 2009; Le Loeuff et al.,
2012), and Libya (Le Loeuff et al., 2012). The unit named ‘Continental
Intercalaire’, however, as mentioned, consists of several localities
spread over the northern margins of the African craton, not all of which
are easily dated (Le Loeuff et al., 2012), and is therefore somewhat
problematic as a geological term; however, many authors still refer to it
as a common name (similar to the Kem Kem being applied to the entire
depositional range in southeastern Morocco, whereas the ‘true’ Kem
Kem only applies to one specific area; Underwood and Ward (2018)).
While more well-known beds such as the Kem Kem of Morocco and the
Bahariya of Egypt can be dated by marine invertebrates and palyno-
morphs, other deposits not closely linked to the opening of the Central
Atlantic Ocean are harder to pinpoint to an exact age (Rauhut and
López-Arbarello, 2009; Le Loeuff et al., 2012). However, in the recent
decade or so, more and more specific datings have been made, giving an
age of (Aptian)-Cenomanian for the Kem Kem (Morocco and Algeria),
Wadi Milk Formation (Sudan) and Bahariya (Egypt), a broadly Early
Cretaceous age for fossil bearing deposits of Niger (but see Rauhut and
López-Arbarello, 2009), Aptian for Tunisia, and Hauterivian-Barremian
for the Libyan Cabao Formation (Le Loeuff et al., 2012).

The ‘Continental Intercalaire’ of Algeria, Tunisia, Libya and Niger is
less studied than the Kem Kem beds of Morocco, and most occurrences
of herbivores are restricted to isolated remains.

2. Results

2.1. Morocco and Algeria

Several sauropod remains have been described from Morocco. De
Lapparent (1960) and Lavocat (1954) already mention sauropod bones
from Morocco and Algeria. Russell (1996) described more sauropod
bones from around Erfoud and Taouz, Morocco. Amongst these were
remains ascribed to Rebbachisaurus garasbae, the latter taxon being
formally (re)described by Wilson and Allain (2015). The holotype of
Rebbachisaurus (Lavocat, 1954) contains dorsal and sacral centra and
neural arches, as well as a right humerus, scapula and ischium. Asso-
ciated material consists of a posterior dorsal centrum and a partial
neural arch, described by Russell in 1996. Russell also added some
isolated teeth to this taxon; however, this has been rejected by Wilson
and Allain (2015), since these isolated teeth cannot be safely assigned
to Rebbachisaurus due to their unclear provenance. Russell (1996) de-
scribes these two sets of teeth, one of which (two teeth) are assigned to
Rebbachisaurus, these being described as being pencil-shaped, lingually
curved, and having chisel-shaped, oblique wear facets, something in-
deed seen in rebbachisaurids such as Nigersaurus (Sereno et al., 2007).
The other set of teeth described by Russell (1996) as Sauropoda indet.,
are described as having acutely tapering apices, and lacking oblique
wear facets, and showing faint longitudinal grooves. The teeth are not
figured in the paper, therefore assignment to any group can only be
speculated upon; however, the titanosauriform morphotype of
Holwerda et al. (2018), does match this morphological description.

Another tooth described by Kellner and Mader (1997, tooth LINHM
003) shows a similar SI and CI (see Table 1) to the teeth described as
non-rebbachisaurid by Russell (1996). This tooth slightly curves to the
lingual side, and shows sinusoidal, V-shaped striations at the base

(Fig. 1). A similar peculiar enamel wrinkling pattern is seen in two teeth
from the Kem Kem beds of Morocco and Algeria, described in Holwerda
et al. (2018) as being possibly derived from rebbachisaurids. A bra-
chiosaurid was also reported from Rouis El Djir, Algeria, by Lapparent
(1960), and by Taquet (2010); however, this has more recently been
found to be Jurassic, and the material belongs to a non-neosauropodan
eusauropod, Chebsaurus (Läng and Mahammed, 2010; Mahammed
et al., 2005). Rebbachisaurids, together with titanosauriforms, have
been confirmed from postcranial elements as well by Mannion and
Barrett (2013), who assigned a caudal vertebra to Rebbachisauridae,
and diagnosed a partial dorsal vertebra as belonging to a somphos-
pondylian titanosauriform. Furthermore, postcranial titanosauriform
material from the Kem Kem beds of Morocco, consisting of an anterior
dorsal vertebra and a right ischium was described by Lamanna and
Hasegawa (2014) Finally, Ibrahim et al. (2016) found evidence for the
presence of lithostrotian titanosaurs in Morocco from caudal vertebrae,
which differed from the Aegyptosaurus caudal figured by Stromer
(1932). Furthermore, the caudal vertebra showed characters uniting it
to those of lithostrotian South African titanosaurs Rukwatitan and Ma-
lawisaurus (Jacobs et al., 1993; Gorscak et al., 2014), adding to the
roster of sauropod presence in the ‘Middle’ Cretaceous of Morocco,
rebbachisaurids, basal titanosauriforms, and more derived titanosauri-
form sauropods such as somphospondylians, and lithostrotian titano-
saurs.

2.2. Tunisia

An isolated sauropod tooth has been described by Bouaziz et al.
(1988, tooth unnumbered) from the Aptian Chenini Member of the Aïn
el Guettar Formation, Tunisia. This tooth is broken, and is described as
being cylindrical, but slightly compressed, and displaying irregular
linear striations. The tooth does show a chisel-shape, which could place
it within Rebbachisauridae (Fig. 1), which is also alluded to by Russell
(1996). Rebbachisaurids are confirmed from Tunisia in recent pub-
lications by Fanti et al. (2013, 2015), who described the rebbachisaurid
Tataouinea hannibalis, which displays extreme vertebral pneumatiza-
tion. No other sauropod group is confirmed from Tunisia; however,
another report by Fanti et al. (2012) showed a different type of isolated
sauropod teeth from the Oum ed Diab Member of the Aïn el Guettar
Formation, one of which shows a D-shaped cross section (Fig. 1). These
teeth are described as having a convex labial and concave lingual sur-
face, and subparallel mesial and distal ridges, which do not expand or
taper towards the apex. The teeth show fine longitudinal wrinkling.
Fanti et al. (2012) refer these teeth to Rebbachisauridae, however, D-
shaped teeth from Morocco and Algeria have been assigned to Titano-
sauriformes indet. by Holwerda et al. (2018). Moreover, possible neo-
sauropodan, or even titanosauriform, D-shaped teeth are known from
the Jurassic of Argentina (Carballido et al., 2017), as well as in tita-
nosaurs (García and Cerda, 2010a; 2010b; Mannion, 2011).

2.3. Libya

Thus far, no postcranial sauropod material has been described from
the ‘Continental Intercalaire’ of Libya. However, Le Loeuff et al. (2010,
tooth UT-TEN 15) described a large spatulate isolated sauropod tooth
from the Cabao Formation in Northwest Libya (Fig. 1). The tooth is
described as being camarasaurid. The tooth shows low SI and CI
(Table 1), finely reticulate to sinusoidal wrinkling, prominent lingual
and labial grooves, possible pseudodenticles, and a prominent lingual
buttress. The first two features are more indicative of a basal non-
neosauropodan eusauropod or camarasaurid origin (Holwerda et al.,
2015; Wiersma and Sander, 2016; Carballido et al., 2017); however,
pseudodenticles and a lingual buttress are found in titanosauriforms,
including african titanosauriform taxa Giraffatitan and Malawisaurus
(Janensch, 1935; Gomani, 2005; Bonaparte et al., 2006; Barrett et al.,
2016; Mannion et al., 2017; Holwerda et al., 2018). It is still possible,
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therefore, that this tooth belongs to a titanosauriform sauropod. How-
ever, given the slightly older age (compared to the other ‘Continental
Intercalaire’ deposits described in this paper) of Hauterivian-Barremian,
it is also possible the tooth belonged to a more basal non-titanosauri-
form sauropod such as Camarasauromorpha or even a non-neosaur-
opodan eusauropod.

2.4. Niger

The Early Cretaceous (Barremian-Aptian) Gadoufaoua beds, El Rhaz
Formation, from Niger, have yielded the rebbachisaurid Nigersaurus,
which is known from cranial and postcranial axial material (Taquet,
1976; Sereno et al., 2007; Le Loeuff et al., 2010, 2012; Wilson and

Table 1
*Slenderness Index and **Compression Index (SI, and CI, sensu Díez Díaz et al., 2013; Upchurch, 1998) of isolated teeth elements.

Type Nr Max height Max mesio-distal width Max labio-lingual width SI* CI** Country Ref

Nigersaurus MNN GDF 512 25 4 – 6,3 – Niger Sereno et al. (2007)
Nigersaurus MNN GDF 512 20 3 – 6,7 – Niger Sereno et al. (2007)
Titanosauriformes indet. LINHM 003 53 12 9 4,4 0,75 Morocco Kellner and Mader (1997)
Rebbachisauridae indet. Fig 2 J1-J2 25 14 11 1,8 0,7857 Tunisia Bouaziz et al. (1988)
Rebbachisauridae indet. Fig 14 N–S 39 11 8 3,5 0,7273 Tunisia Fanti et al. (2012)
Rebbachisauridae indet. NMC 41809 41 11 9 3,7 0,8182 Morocco Russell (1996)
Rebbachisauridae indet. NMC 41811 48 14 9 3,4 0,6429 Morocco Russell (1996)
Rebbachisaurus NMC 41810 35 13 9 2,7 0,6923 Morocco Russell (1996)
Rebbachisaurus NMC 41812 35 13 9 2,7 0,6923 Morocco Russell (1996)
Titanosauria indet. Vb-721 25,8 10 – 2,6 – Sudan Rauhut (1999)
Titanosauria indet. Vb- 907 22,5 8,3 – 2,7 – Sudan Rauhut (1999)
Titanosauria indet. Vb-901 21,7 7,5 – 2,9 – Sudan Rauhut (1999)
Titanosauriformes indet. UT-TEN 15 74 34 21,5 2,2 0,6324 Libya Le Loeuff et al. (2010)
Titanosauria indet. Vb-911 9,2 2,4 – 3,8 – Sudan Rauhut (1999)
Titanosauria indet. Vb-907/1 15,4 3,5 – 4,4 – Sudan Rauhut (1999)
Titanosauria indet. Vb-605 17,2 7,7 5,8 2,2 0,7532 Sudan Buffetaut et al. (1990)

1 cm

Morocco

Tunisia

Libya

Sudan

Niger

MNN GDF 512

UT-TEN15

LINHM 003

Vb-721Vb- 907Vb-901 Vb-911 Vb-907/1Vb-721

Tunisia

Fig. 1. Line drawings of isolated tooth specimens. Scalebar = 1 cm.
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Allain, 2015). The dentition of Nigersaurus is characterized by showing
no apical tapering (Fig. 1), and showing one high angled and one low
angled wear facet (Sereno et al., 2007, MNN GDF 512), a feature seen in
other isolated teeth from Morocco and Algeria (Holwerda et al., 2018)
and in the aforementioned isolated tooth described by Kellner and
Mader (1997). Sereno et al. (2004) also mention undescribed re-
bbachisaurid and titanosaurian sauropod remains from Niger.

2.5. Sudan

The Aptian-Cenomanian Wadi Milk Formation of Sudan has yielded
several postcranial elements, as well as isolated teeth. Rauhut (1999)
described an anterior and middle caudal, as well as a distal end of a
right tibia and the proximal end of a left fibula, as an indeterminate
dicraeosaurid. However, Mannion and Barrett (2013) disputed this
claim, and placed the material as a somphospondylan titanosaur.
Rauhut (1999) also described a dorsal vertebra, as well as anterior, mid
and posterior caudal vertebrae, together with isolated appendicular
elements (distal end of fibula, proximal end of a radius, metacarpals),
assigning them to Titanosauridae indet., which was later amended by
Mannion and Barrett (2013) to also be somphospondylian titano-
saurian. Finally, Rauhut described some isolated teeth, both from ju-
venile and adult titanosaurs, numbered Vb-901, 907, 911, 907/1, and
Vb-721. These adult teeth (Fig. 1) indeed resemble the slight pear-
shaped teeth from the Kem Kem of Morocco and Algeria, described by
Holwerda et al. (2018), which are tentatively placed therein as either
non-titanosaurian titanosauriforms or titanosaurs. The slight labial
curvature, apical tapering and apical to slightly triangular mesial and
distal wear facets are seen in the Tanzanian titanosaurian taxon
Mnyamawamtuka (Gorscak and O'Connor, 2019). Furthermore, the
mostly smooth enamel of the Sudan isolated tooth specimens matches
that of the titanosaurians Huabeisaurus, Alamosaurus and Atsingano-
saurus (Kues et al., 1980; D'Emic et al., 2013; Díez Díaz et al., 2013).
The presence of apical carinae is similar to that of several teeth from the
titanosauriform/titanosaurian morphotype from Holwerda et al.
(2018), and to that of Atsinganosaurus. A very similar tooth to this type
has also been described from Sudan by Buffetaut et al. (1990, tooth Vb-
605), see Fig. 1.

The juvenile teeth from this isolated Sudan type are interestingly
morphologically similar to the adult teeth; however, there is no in-
formation on the expression of enamel wrinkling on these.

2.6. Egypt

The Bahariya Formation of West Egypt corresponds largely to the
Cenomanian Kem Kem beds of Morocco (Le Loeuff et al., 2012). Two
sauropods from the Bahariya Fm are known thus far; Aegyptosaurus
baharijensis and Paralititan stromeri (Stromer, 1932; Smith et al., 2001).
The material of Aegyptosaurus, consisting of appendicular and axial
elements, was largely destroyed in April 1944 when the palaeontolo-
gical repository in Munich was bombed. Paralititan consists of caudal
vertebrae, pectoral girdle and forelimb elements (Smith et al., 2001).
Isolated teeth are mentioned, but not figured, for these sauropods.

3. Discussion

3.1. Diversity

The Early Cretaceous ‘Continental Intercalaire’ of North Africa has
so far yielded sauropod remains indicating the presence of re-
bbachisaurids and several taxa of titanosauriforms, including basal
forms, somphospondyloians and lithostrotian titanosaurs (Fig. 2).
Moreover, one tooth from Libya hints at either a camarasauromorph or
even a basal eusauropodan presence (Le Loeuff et al., 2010). Interest-
ingly, one late surviving diplodocid is known from the Early Cretaceous
of Neuquen, Argentina, South America (Gallina et al., 2014). It is

possible a similar late surviving non-titanosauriform neosauropod
lineage existed in Africa; however, more postcranial material would be
needed to confirm this. Besides this one peculiar find, and despite
mostly fragmentary sauropod body fossil elements being present, a
relatively representative assemblage for the ‘Middle’ Cretaceous is
found.

3.2. Palaeobiogeography

The Moroccan and Libyan rebbachisaurids are shown to be closely
affiliated to European taxa, e.g. Demandasaurus, and Histriasaurus
(Torcida Fernández-Baldor et al., 2011) and also to Nigersaurus from
Niger. Moreover, rebbachisaurids have been found as far north as the
UK (Mannion, 2009). It is therefore safe to assume this group displayed
a mobility across the carbonate platforms in what is now the Medi-
terranean (Dalla Vecchia, 2002; Csiki-Sava et al., 2015), see Fig. 2.
Moreover, rebbachisaurid remains from Argentina show affinities with
the North African sample (Calvo and Salgado, 1995), hinting at an
exchange of species before the break-up of the two continents.

Titanosauriform sauropods from Brazil and Argentina have been
linked in previous studies to those from North Africa (Kellner et al.,
2006; Zaher et al., 2011; França et al., 2016).

Titanosaur remains from Southern Europe (Spain and France) have
been linked to those of Morocco and Algeria (Díez Díaz et al., 2012;
2013, 2014). Moreover, titanosaurian remains from Italy have been
linked to North Africa (Dal Sasso et al., 2016). Finally, South American
titanosaurs have been found to be similar to the North African ones
(Bonaparte et al., 2006).

Migratory routes during the ‘Middle’ Cretaceous between especially
Africa and Europe are tentatively and indirectly suggested by the
sauropod fauna of North Africa (Pereda Suberbiola et al., 2003;
Gheerbrant and Rage, 2006; Upchurch, 2008; Canudo et al., 2009;
Torcida Fernández-Baldor et al., 2011; Holwerda et al., 2018; Sallam
et al., 2018; Mannion et al., 2019). Migration is further supported by
several isolated sauropod elements from North Africa being similar to
South African titanosaurs, as well as South African titanosaurs showing
a north-south mobility for Early Cretaceous sauropods throughout
Middle Gondwana and West Laurasia.

4. Conclusions

All published North African ‘Middle’ Cretaceous sauropod material
is reviewed. The presence of rebbachisaurids, non-titanosaurian tita-
nosauriforms, and titanosaurs in the ‘Middle’ Cretaceous of North Africa
has been confirmed, based on a review of published sauropod material.
A possible non-neosauropodan eusauropod or camarasauromorph pre-
sence is hinted at. Non-titanosaurian titanosauriform elements are
comparable to South American taxa, whilst titanosaurian remains are
linked to Southern European taxa. This further supports previously
proposed migratory routes and mobility for the rich mid-Cretaceous
sauropod assemblage from North Africa.
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