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Abstract: Some undescribed suoid specimens from early and middle Miocene deposits at Moghara, Egypt, and Gebel Zelten,
Libya, are of interest for biochronology. The fossils comprise maxillae and mandibles with incomplete dentitions, which are
described and illustrated in detail. Three species of suids and one sanithere occur at Moghara. A huge edentulous suid mandible
was collected at Gebel Zelten in 1997 during the Spanish-Libyan Palaeontology Expedition. In January, 2020, additional
sanithere fossils were collected from Moghara by a team from Cairo University and the Muséum National d’Histoire Naturelle,
Paris. A suid mandible with four teeth collected from Moghara in 1994, and now curated at the Cairo Geological Museum,
confirms the presence of the species Libycochoerus massai at the site, previously represented by an isolated upper molar and two
canines. A talus previously thought to be from Moghara is now known to have been collected at Wadi Natrun (late Miocene) and
thus probably represents a tetraconodont rather than a kubanochoere. The age of the Moghara deposits is estimated to span the
period ca. 19.5–16.5 Ma (late early Miocene, Faunal Sets PII–PIIIa) and the Zelten sequence is most likely to span the period
ca. 17–14.5 Ma (late early Miocene to basal middle Miocene, Faunal Sets PIIIa–PIIIb).
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Introduction
Fossil Suoidea from the early Miocene deposits at
Moghara, Egypt, were described by Pickford et al. (2010) who
used them to estimate the age of the sedimentary succession.
The main conclusion of that paper was that the Moghara
deposits span the period ca. 17.8 to 16.4 Ma. The second
conclusion was that some of the deposits at Moghara span
the same time period as part of the sequence at Gebel Zelten,
Libya (Arambourg 1961, 1963). These conclusions were
based on records at Moghara of the sanithere Diamantohyus
africanus, and three species of suids – Nguruwe kijivium,
cf. Libycochoerus jeanneli, and Libycochoerus massai.
Gebel Zelten has yielded the same species of sanithere, but
the suids from the sedimentary sequence comprise the large
kubanochoeres Libycochoerus massai and Kubwachoerus
khinzikebirus (Pickford 2006, Pickford and Tsujikawa 2019)
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which suggest that at Zelten there are some deposits that are
younger than the youngest strata at Moghara.
The previous record of Libycochoerus massai from
Moghara was based on three teeth – an isolated upper
third molar curated at Cairo University (CUWM 132, field
number WM Dec-06-09), two canine fragments and a talus
(Pickford et al. 2010), the last specimen now known to have
been collected at Wadi Natrun (late Miocene). In the Cairo
Geological Museum (CGM) there is another suid specimen
collected from Moghara in 1994, consisting of a mandible
with four teeth (p/4–m/3) which confirms the presence of
this species at the site.
Undescribed suoids from Moghara are herein added to
the material described by Pickford et al. (2010) and a huge
edentulous mandible from Gebel Zelten is described in
detail, previous mention of the fossil only recording the
dimensions of the canine and the m/2 (Pickford 2006).
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Material and methods
The new suoid fossils from Moghara described herein
were collected by the authors during field survey of Moghara
during January, 2020, and are curated at Cairo University
Geology Department under the abbreviation CUWM. The
mandible from Gebel Zelten was collected in 1997 during
the Spanish-Libyan Palaeontology Expedition and is curated
at Benghazi University (ATH 6C 1) (Pickford 2006).
Images were captured with a Sony Cybershot Camera,
and were treated using Photoshop Elements15 to remove
unwanted background, increase contrast and to convert
them to black-and-white. Scales were added manually.
Measurements of teeth follow the method outlined by van
der Made (1996). Upper teeth are abbreviated in capital
letters (I – incisor, C – canine, P – premolar, M – molar) and
lower teeth are in lower case (i, c, p, m, and d – deciduous
premolar). The meristic position is above the forward
slash (/) for upper teeth, (M1/, P4/ etc.) and below it for
lower teeth (m/1, p/4 etc.), the forward slash representing
the occlusal plane.
Abbreviations
BSPG

Bayerische Staatssammlung für Paläontolgie und
Geologie, Munich, Germany
BU
Bristol University, Bristol, United Kingdom
CGM
Cairo Geological Museum, Cairo, Egypt
CUWM Cairo University Wadi Moghara collection,
Geology Department, Cairo University, Giza,
Egypt
DPC
Duke Primate Centre, Durham, North Carolina,
USA
MNHN Muséum national d’Histoire naturelle, Paris,
France
NAP
Napak locality, Uganda
NHMUK Natural History Museum, London, United
Kingdom
UM
Uganda Museum, Kampala, Uganda
WUSC WUS corresponds to localities along the Gebel
Zelten scarp (Harris 1973) and C probably refers
to unit C

Geological setting
The Moghara area (also known in the literature as
Moghra or incorrectly as Wadi Moghara) is located in the
northern Western Desert, south of El Alamein, Egypt. The
exposed lower Miocene Moghara Formation consists of
a thickness of about 400 m of siliciclastic sediments (Abdel
Gawad 2011, Abdel Gawad et al. 2012, Hassan et al. 2012,
Hassan 2013).
The Moghara Formation is best exposed in the
northeastern escarpment of the Qattara Depression and it dips
northward at a few degrees. Hassan et al. (2012) depicted the
Moghara Formation as a sandy estuarine complex containing
a succession of stratigraphic units that signify repeated
transgressive to regressive shoreline movements across the
early Miocene coastal landscape. The palaeoenvironment of
Moghara has been indicated to be a series of estuarine units
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stacked in a net transgressive stratigraphy (tide dominated
estuary environment) (Abdel Gawad 2011, Hassan 2013).
Vertebrate fossils have been described from four
stratigraphic horizons located on the basal surface of units
II, VI, VIII, and X, and the fossil horizons are known as
F1, F2, F3, and F4, respectively (Abdel Gawad et al. 2010,
Abdel Gawad 2011, Abdel Gawad et al. 2012). Each horizon
represents an erosional lag surface comprised of mud clasts
associated with coprolites and silicified wood.
The 87Sr/86Sr analyses revealed that the Moghara sequence
ranges in age from 21 Ma near the base of the section to around
17 Ma at its top. Most of the specimens from the CUWM
collection were collected from the lower to middle part of the
section, ranging in age from 19.6 to 18.2 Ma, however, a few
specimens were collected from deposits approaching 17 Ma
(Hassan 2013, Morlo et al. 2019, Georgialis et al. 2020).
The presence of fossil vertebrates at Moghara has been
known since the late 19th Century (Jennings-Bramley 1897,
Andrews 1899, 1900, Blanckenhorn 1900, 1901, Fourtau
1918, 1920, Abdel Gawad 2011; see also Georgialis et al.
2020). The Moghara fauna includes a high diversity and
abundance of early Miocene mammals, reptiles, birds and
fishes. It is characterised by excellent preservation of the
fossils.

Systematic palaeontology
Order Artiodactyla Owen, 1848
Superfamily Suoidea Gray, 1821
Family Sanitheriidae Simpson, 1945
Genus Diamantohyus Stromer, 1922
Type species. Diamantohyus africanus Stromer, 1922.
Diamantohyus africanus Stromer, 1922
H o l o t y p e : BSPG 1926 X, right maxilla with
P3/, M1/–M2/, currently lost (Gertrud Rößner, personal
communication 2009). Figured in Stromer (1926: pl. 40,
fig. 17); also figured in Pickford (1984: fig. 1).
D i a g n o s i s . Differs from species of Sanitherium in
having less molarized premolars, and in having anterior and
postero-lingual cusps less developed; P4/ with two main
cusps and two subsidiary ones; metastylid prominent on
unworn specimens; m/1–m/3 ca. 40 mm long (range 37.5 to
42.5 mm) (after Pickford 1984). Smaller than Diamantohyus
nadirus (Wilkinson, 1976).
T y p e l o c a l i t y a n d a g e . Langental, Namibia,
early Miocene.
N e w m a t e r i a l . CUWM 239, left m/3; CUWM 261,
right mandible fragment with damaged m/2–m/3; CUWM
360, right mandible fragment and associated m/3.
D e s c r i p t i o n . CUWM 40 (palate), CUWM 57 (m/3),
CUWM 59 (M2/), CUWM 63 (left juvenile mandible),
CUWM 106 (left adult mandible), CUWM 121 (mandible
with m/3) and CUWM 134 (m/1) have already been described
(Tab. 1) (Pickford et al. 2010). They are re-illustrated in
stereo for convenience (Text-figs 1–6) and measurements
are provided in Table 2.

Table 1. Old and new catalogue numbers of Diamantohyus africanus from Moghara, Egypt.
Old catalogue number

New catalogue number

Specimen

WM 05-50

CUWM 40

Palate with both cheek tooth rows

WM 05-48 (DEC06-025)

CUWM 57

Right m/3

WM 05-21

CUWM 59

Right M2/

WM 06-14

CUWM 63

Left mandible d/4–m/2

WM 06-49

CUWM 106

Left mandible, p/4–m/3

WM 06-55

CUWM 121

Right mandible, m/3

WM DEC06-11

CUWM 134

Right m/1

97-697

CGM 12612

Right mandible, m/2–m/3

CUWM 239 is a left m/3 in light wear (Text-fig. 7). Part
of the protoconid is missing and there is a crack across the
metaconid, but otherwise the specimen is well preserved.
It has a small anterior accessory cusplet and larger median
and posterior accessory cusplets. The talonid is comprised
of a single cuspid which is in line with the protoconid and
hypoconid and it has lingual and buccal precristids. The
buccal cingulum is well developed and beaded.
Mandible CUWM 261 (Text-fig. 8) is a right mandible
preserved from the symphysis to the m/3 but the premolars
and first molar are missing and m/2–m/3 are damaged. The
rear of the symphysis is beneath the p/3 and the mental
foramen is in the lower third of the body of the mandible
beneath the front of m/1. The body is deep beneath the m/3
but shallows markedly anteriorly.
CUWM 360 comprises an edentulous mandible fragment
with the roots of m/1 and m/2 and the anterior alveoli of m/3,
as well as an isolated m/3 missing part of the anterior lophid,
found close by (Text-fig. 9). The m/3 is unworn and shows
well the beaded buccal cingulum.

Family Suidae Gray, 1821
Subfamily Kubanochoerinae Gabunia, 1958
Genus Nguruwe Pickford, 1986
T y p e s p e c i e s . Hyotherium kijivium Wilkinson, 1976.
D i a g n o s i s . A small genus of Kubanochoerinae in
which the I1/ is labio-lingually compressed, not meeting
interproximally; P4/ with two main cusps and complete
cingulum; molars with thick enamel, inflated main cusps,
closed lingual notches; simple talon(id) in M3/ and m/3;
occlusal outline of m/3 symmetrical; p/3 with wide distal
lingual cingular cusp or platform; p/4 with ‘Innenhügel’
almost completely suppressed; d/4 labio-lingually inflated;
lower canine scrofic; upper canine with dorsal cement cover
(from Pickford 1986).
Nguruwe kijivium (Wilkinson, 1976)
H o l o t y p e . UM NAP I’64, left maxilla fragment with
M1/–M3/ (Wilkinson 1976: pl. 2, fig. g).

5 cm

Text-fig. 1. CUWM 40, palate of Diamantohyus africanus from Moghara, Egypt, stereo occlusal view.
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a

b1

b2

5 mm

b3

Text-fig. 2. Diamantohyus africanus from Moghara, Egypt. a: CUWM 59, right upper molar, stereo occlusal view; b: CUWM 57,
right m/3, b1 – stereo occlusal views, b2 – buccal view, b3 – lingual view.

D i a g n o s i s . As for the genus; length m/1–m/3
ca. 43 mm, M1/–M3/ ca. 42 mm (from Pickford and
Tsujikawa 2019). Larger than Nguruwe namibensis (Pickford
1986).
T y p e l o c a l i t y a n d a g e . Napak I, Uganda, early
Miocene (East African Faunal Set I), ca. 19–20 Ma.
D e s c r i p t i o n . The m/3 of Nguruwe kijivium from
Moghara (CUWM 68) was described by Pickford et al.
(2010) under the field number WM DEC06−10. It is reillustrated in stereo for convenience (Text-fig. 10).
D i s c u s s i o n . No new fossils of Nguruwe kijivium
have been found at Moghara. This species is known to
span the period ca. 20 Ma (Napak, Uganda – Pickford and
Tsujikawa 2019) to ca. 17.5 Ma (Arrisdrift, Namibia –
Pickford 1995).
Genus Libycochoerus Arambourg, 1961
T y p e s p e c i e s . Libycochoerus massai Arambourg,
1961.
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Libycochoerus massai Arambourg, 1961
H o l o t y p e . Left mandible with p/2–m/3, No. 1961-5-8
MNHN Paris.
D i a g n o s i s . Large kubanochoere, about 10–20 %
smaller than Kubanochoerus robustus; upper molar series
about 100 mm long (Pickford 1986). Libycochoerus massai
(M1/–M3/ ca. 100 mm long) is much larger than Kenyasus
anchidens (M1/–M3/ ca. 70 mm long) and Libycochoerus
jeanneli (M1/–M3/ ca. 73 mm long) (Pickford and Tsujikawa
2019).
T y p e l o c a l i t y a n d a g e . Gebel Zelten, Libya,
terminal early Miocene to basal middle Miocene.
M a t e r i a l f r o m M o g h a r a . CGM 94-138, right
mandible fragment containing p/4–m/3 (Tab. 3); CUWM
132 (field number WM DEC06-09) partial right M3/; DPC
17744 canine and DPC 14565 canine are provisionally
referred to this species.
R e m a r k s . A right talus (CGM 30791), previously
thought to have been collected at Moghara, is in fact from

a

5 mm

b

c

Text-fig. 3. CUWM 134, right lower molar of Diamantohyus africanus from Moghara, Egypt. a: stereo occlusal view; b: lingual
view; c: buccal view.

5 cm

a

b

c

Text-fig. 4. CUWM 106, left mandible with p/4–m/3 of Diamantohyus africanus from Moghara, Egypt. a: buccal view; b: stereo
occlusal views; c: lingual view.

Wadi Natrun, a late Miocene site, and is thus more likely
to belong to Sivachoerus syrticus Leonardi, 1954, than to
Libycochoerus massai.

D e s c r i p t i o n . The mandible CGM 94-138 is poorly
preserved, but retains four teeth (Text-fig. 11). The p/4 is
missing a small section at the mesial end, but is otherwise
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5 mm

a

b

c

Text-fig. 5. CUWM 63, left mandible with d/4–m/2 of Diamantohyus africanus from Moghara, Egypt. a: buccal view; b: stereo
occlusal views; c: lingual view.

a

b

5 mm

c

Text-fig. 6. CUWM 121, right mandible with m/3 of Diamantohyus africanus from Moghara, Egypt. a: lingual view; b: stereo
occlusal views; c: buccal view.

a

5 mm

b

c

Text-fig. 7. CUWM 239, left m/3 of Diamantohyus africanus from Moghara, Egypt. a: buccal view; b: stereo occlusal views;
c: lingual view.

in good condition. The protoconid is tall and is positioned
above the gap between the two roots. The metaconid is
closely applied to the protoconid but is small, as is usually
the case in kubanochoeres, its presence being shown by a
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shallow sulcus on the mesial aspect of the main cusp. The
posterior accessory cusplet is about half the height of the
main cusp, and distally it has crests that descend either side
to the distal cingulum.

a

5 cm

b

c

Text-fig. 8. CUWM 261, right mandible with damaged m/2–m/3 of Diamantohyus africanus from Moghara, Egypt. a: lingual view;
b: stereo occlusal views; c: buccal view.

The m/1 has four main cusps arranged in two pairs,
plus a weak anterior accessory cusplet and strong median
and posterior accessory cusplets. The furchen in the main
cusps are shallow. There is a cingular remnant at the buccal
end of the median transverse valley. The m/2 is of similar
construction to the m/1. It is missing the lingual part of the
metaconid. The m/3 has lost the enamel of the mesial lophid,
but the second lophid and the talonid are well preserved. The
furchen are shallow and the talonid complex is separated
from the second lophid by the posterior accessory cusplet.
The talonid is comprised of a single, centrally positioned
main cusp which has beaded crests leading anteriorly on its
lingual and buccal sides which terminate at the distal base of
the hypoconid and entoconid respectively.
The upper third molar from Moghara (Text-fig. 12) was
described previously by Pickford et al. (2010) so it is not
necessary to repeat it. However, stereo images are provided
for clarification.
The p/4, m/1, and m/2 in the mandible from Moghara
are somewhat smaller than any of the specimens from Gebel
Zelten, but the m/3 and M3/ plot within the lower part of the
range of variation of the Libyan sample (Text-fig. 13). The
mandible and the isolated M3/ are therefore interpreted to
belong to a small individual of the species Libycochoerus
massai rather than to a hitherto unidentified species. In
particular the length dimensions of the anterior teeth had to
be estimated due to their damaged condition.
Genus Kubwachoerus Pickford et Tsujikawa, 2019
T y p e s p e c i e s . Bunolistriodon khinzikebirus Wil1976.

kinson,

G e n u s d i a g n o s i s . Large to gigantic kubanochoerine suids with marked buccal and lingual flare in the
upper and lower molars, relatively weak furrowing in the
molar enamel, relatively short, but massive, tightly curved
upper male canines which are much narrower in their

radicular part than in the emergent part, verrucosic lower
canines.
N o t e . In a recent revision of the subfamily
Kubanochoerinae, Pickford and Tsujikawa (2019) defined a
new genus, Kubwachoerus, on the basis of its generally large
dimensions and the broader molars that it possesses when
compared with those of Kubanochoerus and Libycochoerus.
Kubwachoerus khinzikebirus (Wilkinson, 1976)
H o l o t y p e . BU 6416-82 a–e, right p/2–p/4, fragment
of m/2, complete m/3 (cast in NHMUK M 32995).
P a r a t y p e . BU 6242-92, cast of right maxilla containing
P1/–M3/ (original fossil is curated at Bristol University).
D i a g n o s i s . Very large kubanochoere about 10 to
20 % larger than Kubanochoerus robustus; M1/–M3/ ca.
135 mm long, m/1–m/3 ca. 142 mm long (from Pickford and
Tsujikawa 2019). Smaller than Kubwachoerus nyakachensis
Pickford et Tsujikawa, 2019, and larger than Kubwachoerus
marymuunguae (van der Made, 1996).
T y p e l o c a l i t y a n d a g e . Gebel Zelten, Libya,
basal middle Miocene, ca. 16 Ma.
D i s t r i b u t i o n . Libya (Gebel Zelten), Kenya
(Maboko, Majiwa, Kipsaraman, Cheparawa), Turkey
(Inönü), possibly Saudi Arabia (As Sarrar, Tayma), possibly
Uganda (Napak XXXII).
D e s c r i p t i o n . The mandible from Gebel Zelten
(ATH 6C 1) is important even though it retains no tooth
crowns, because it is undistorted and preserves both bodies
and the symphysis, lacking only the dentition and the upper
parts of the ascending rami (Text-figs 14–15).
The symphysis is relatively narrow, not splayed out
as in Listriodontinae, and the lower canine alveoli show
a verrucosic section. The canines are steeply inserted in the
jaw with only slight lateral splay. The incisor alveoli are
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a

5 mm

b

c

Text-fig. 9. CUWM 360, right mandible fragment and associated m/3 of Diamantohyus africanus from Moghara, Egypt. a: stereo
occlusal views; b: buccal view; c: lingual view.

Table 2. Measurements (in mm) of newly discovered teeth of
Diamantohyus africanus from Moghara, Egypt (e – estimated
measurement).
Catalogue no. Tooth Mesio-distal length Bucco-lingual breadth
CUWM 261

m/2 rt

9.0

—

CUWM 261

m/3 rt

17.8

8.5

CUWM 360

m/3 rt

19e

9.9

CUWM 239

m/3 lt

17.6

8.4

close together and the i/3 is close to the canine. There is a
short diastema between the lower canine and the p/1, and a
second one between the p/1 and p/2, the rest of the cheek teeth
being in contact with one another. The root of the ascending
ramus sweeps upwards at the rear of the m/3. The body of
the mandible is shallow, unlike the uniformly deeper jaws
that occur in Listriodontinae (Pickford and Tsujikawa 2019).
The masseteric fossa is vast, its antero-posterior length almost
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5 mm
Text-fig. 10. CUWM 68, left m/3 of Nguruwe kijivium from
Moghara, Egypt.

equalling the distance between the p/2 and the m/3. The angle
of the jaw is slightly behind the level of the rear of m/3 and
the ventral margin descends gently distally before curving
upwards and backwards and then upwards and forwards
towards the condyles which are missing in this specimen.
There are two moderately large mental foramina beneath
the front of the p/2 at about half the height of the ramus,
and there are small foramina beneath the p/3 and the p/4.

5 cm

b

a

c

Text-fig. 11. CGM 94-138, right mandible fragment containing p/4–m/3 of Libycochoerus massai from Moghara, Egypt. a: lingual
view; b: stereo occlusal view; c: buccal view.

5 mm

a

b

Text-fig. 12. CUWM 132, right M3/ of Libycochoerus massai from Moghara, Egypt. a: stereo occlusal views; b: lingual view.

Table 3. Measurements (in mm) of teeth of Libycochoerus massai from Moghara, Egypt (+ the measurement provided is a minimum
because the tooth is damaged).
Catalogue no.

Tooth

Mesio-distal length

Bucco-lingual breadth

CGM 94-138

p/4 rt

21.0+

19.4

CGM 94-138

m/1 rt

21.8+

18.7

CGM 94-138

m/2 rt

25.7+

20.9+

CGM 94-138

m/3 rt

44.0

26.0

CUWM 132 (WM Dec-06-09)

M3/ rt

33.4

26.0
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Text-fig. 13. Bivariate plots of teeth of Libycochoerus massai from Gebel Zelten (circles) and Moghara (+ sign).

The rear of the symphysis is beneath the middle of the
p/3. In ventral view, the symphysis shows two prominent
foramina beneath the alveoli of i/2, and smaller ones beneath
the alveoli of i/3.
Measurements of the teeth have been estimated from
the roots or the alveoli (Tab. 4). Pickford (2006) provided
measurements of the lower canine and the m/2 which were
taken by D. Soria.
The snout (WUSC 4C 33) has already been described
by Pickford (2006). It is re-illustrated herein (Text-fig. 16),
because the previous images were obtained from a video
which resulted in rather low resolution figures. The small
dimensions of the upper canine alveoli indicate that this
individual was probably a female.

Discussion
The previous record of suoids from Moghara indicated
correlation to the late early Miocene (Pickford et al. 2010).
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The taxa recognised at the site were Diamantohyus africanus,
Nguruwe kijivium, Libycochoerus sp. (size of L. anchidens
and L. jeanneli) and Libycochoerus massai (Text-fig. 17).
Diamantohyus africanus is relatively common at the site
(16+ specimens), but suid fossils are rare, Nguruwe kijivium
being represented by only three specimens, Libycochoerus
anchidens or L. jeanneli by one specimen, and Libycochoerus
massai by three isolated teeth, two of which are canines.
Thus a mandible with four teeth of the last named species is
a significant addition to the sample.
The suoids from Gebel Zelten, Libya, include two of the
species recorded from Moghara (Diamantohyus africanus
and Libycochoerus massai) but in addition Gebel Zelten has
yielded several fossils of a much larger suid, Kubwachoerus
khinzikebirus which, up to now, has not been recorded from
Moghara. On this basis it is inferred that some of the strata
at Moghara could have accumulated at the same time as
some of the deposits at Gebel Zelten, but that sediments
continued to be deposited at the latter site after deposition at

a

c
5 cm

b

Text-fig. 14. ACH 6C 1, mandible of Kubwachoerus khinzikebirus from Gebel Zelten, Libya. a: oblique anterior view to show
alveolus of right lower canine; b: oblique ventral view of symphysis; c: anterior view to show incisor and canine alveoli.

c

d
a

b
50 cm

Text-fig. 15. ACH 6C 1, mandible of Kubwachoerus khinzikebirus from Gebel Zelten, Libya. a: occlusal view; b: ventral view;
c: right lateral view; d: left lateral view.

Moghara had ceased. Thus, whereas the Moghara succession
is estimated to span the period from ca. 19.5 to 16.5 Ma
(closest to Faunal Set PII and PIIIa), the succession at Gebel
Zelten is inferred to extend upwards in time to ca. 15 Ma or
perhaps even younger (14.5 Ma) (Faunal Sets PIIIa–PIIIb)
(Pickford 2001, Pickford and Tsujikawa 2019).
The fossil micromammals from Gebel Zelten indicate
the presence of sediments of middle Miocene age (Wessels
et al. 2003). These authors estimated that the base of the
succession at Gebel Zelten was about 19.5 Ma, but this was
based on the presence of Kenyalagomys and Prokanisamys
and on the supposed age of Rusinga at 19 Ma (it’s age is ca.

17.8 Ma; Drake et al. 1988). The latter genus has not been
recorded from the early Miocene of Africa, and the former
is known to extend its range upwards into Faunal Set P III.
Thus the lowermost strata at Gebel Zelten are likely to be
appreciably younger than 19.5 Ma. Herein the base of the
succession is estimated to be about 17 Ma.

Conclusions
In January, 2020, several specimens of the sanithere
Diamantohyus africanus were collected from Moghara,
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Text-fig. 16. WUSC 4C 33, snout of Kubwachoerus khinzikebirus from Gebel Zelten, Libya. a: palatal view; b: anterior view;
c: left lateral view.

Egypt, confirming the relative abundance of this species at
the site, in contrast to the rarity of Suidae, of which none were
found in 2020. In the Cairo Geological Museum, there is an
undescribed partial mandible of a large suid from Moghara,
collected in 1994. This mandible retains four teeth and is
interpreted to belong to the species Libycochoerus massai, a
genus and species first described from Gebel Zelten, Libya
(Arambourg 1961). The fossil represents a small individual
of the species. This material confirms the presence of the
taxon at Moghara, previously inferred to be present on the
basis of an isolated M3/, two canine fragments and a talus.
The last specimen (talus) is transferred to Sivachoerus,
because it is now known to have been collected from Wadi
Natrun, Egypt (late Miocene) and not from Moghara.
The suoids from Moghara comprise three species of suid
(Nguruwe kijivium, Libycochoerus massai, Kubwachoerus
khinzikebirus) and one sanithere (Diamantohyus africanus), an
assemblage that is typical of late early Miocene and basal middle
Miocene times. On the basis of the suoid fauna, the Moghara
sedimentary succession is estimated to span the period ca. 19.5
to 16.5 Ma, whereas the sequence at Gebel Zelten, Libya, is
estimated to extend from ca. 17 Ma to ca. 14.5 Ma.
A huge suid mandible from Gebel Zelten, Libya, adds
useful information about the morphology of this bone,
indicating that it differs in important ways from the lower
jaws of Listriodontinae which have deeper mandibular bodies
and more splayed out symphyseal areas in which the lower
canines are oriented almost horizontally. It is inferred that
Kubanochoerinae originated in Africa from a Palaeochoerinae,
whereas Listriodontinae evolved independently in Europe,
but also from Palaeochoerinae (Pickford et al. 2020).
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Table 4. Measurements (in mm) of the mandible of Kubwachoerus
khinzikebirus (ATH 6C 1) from Gebel Zelten, Libya. In brackets
are measurements taken by Soria (in Pickford 2006).
Measurement

mm

Labial length lower canine

38.8 (39.0)

Distal breadth lower canine

34.0 (32.6)

Length of diastema between c/1 and p/1

9.7

Length p/1

22.6

Length of diastema between p/1 and p/2

20.5

Length p/2

30.2

Length p/3

32.1

Length p/4

34.9

Length m/1

32.8

Length m/2

44.1 (46.6)

Length m/3

68.5

Length m/1–m/3

137.8

Distance between lateral margins of the i/3 alveoli

68.3

Length of symphysis in sagittal plane

170

Total length of mandible

495.2

Depth of body beneath p/4

66.7

Depth of body beneath front of m/3

75.3
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