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мΦ LƴǘǊƻŘǳŎǝƻƴ  

During the last two centuries, numerous marine vertebrate 

fossils have been recorded in temporary excavations near the 

city of Antwerp (northern Belgium, Fig. 1) (e.g. Van Beneden, 

1865; Le Hon, 1871; Abel, 1901, 1902, 1905; Leriche, 1926; 

Misonne, 1958). In this region, the LowerïMiddle Miocene 

Berchem Formation lies at a shallow depth below the surface, 

making these fossiliferous glauconitic sandy sediments 

frequently accessible for stratigraphical and palaeontological 

research (De Meuter et al., 1976; Louwye et al., 2010; 

Hoedemakers & Dufraing, 2018; Everaert et al., 2020). In 

particular, the early Langhian to middle Serravallian Antwerpen 

Member (Berchem Formation) yields many vertebrate remains 

(Lambert, 2005a; Louwye et al., 2010, 2020; Collareta & 

Bosselaers, 2022). Most of these are encountered in the lower 

part of this member, in and around a phosphatic horizon 

representing a maximum flooding surface (Everaert et al., 2020; 

Deckers & Everaert, 2022; Deckers et al., 2025). Unfortunately, 

the stratigraphic origin of most findings of the 19th and early 

20th centuries was poorly documented. Hence, new temporary 

outcrops are still of interest, not only to collect additional fossils 

but also to better contextualize historical finds. 

In 2023, a large temporary outcrop could be sampled along 

the Plantin en Moretuslei in the centre of Antwerp. This section 

not only complements our knowledge of the regional geology, 

but it also adds one rare vertebrate fossil from the base of the 

Antwerpen Member. A well-preserved cranium representing a 

young dolphin from the family Kentriodontidae (Odontoceti) 

was encountered. Kentriodontidae s.l. were a diversified family 

of small to large-sized, extinct dolphins with a global 

distribution, flourishing during the Miocene (e.g. Muizon, 

1988b; Dawson, 1996; Bianucci, 2001; Kaz§r, 2005; Kimura & 

Hasegawa, 2019; Godfrey & Lambert, 2023). Insights in their 

phylogeny are rapidly evolving (Lambert et al., 2017; Peredo et 

al., 2018; Guo & Kohno, 2021, 2023), further taxonomic 

adjustments are therefore expected. While most kentriodontid 

findings in Belgium and the Netherlands consist of loose teeth, 

periotics, and tympanic bullae (Louwye et al., 2010; Everaert et 

al., 2019; Schouten, 2021), with only a few exceptions (e.g. 

du Bus, 1872; Abel, 1905), the new cranium allows detailed 

comparison with amongst others Kentriodon pernix, from the 

late Early to Middle Miocene of the Atlantic Coastal Plain, 

USA. In addition, unique anatomical features observed on this 

specimen are tentatively interpreted as resulting from abnormal 

cranial development. 

нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ ƳŜǘƘƻŘǎ 

нΦмΦ Lƴǎǝǘǳǝƻƴŀƭ ŀōōǊŜǾƛŀǝƻƴǎ 

RBINS, Royal Belgian Institute of Natural Sciences, Brussels, 

Belgium; USNM, National Museum of Natural History, 

Smithsonian Institution, Washington, D.C., USA. 

нΦнΦ Cƻǎǎƛƭ ƳŀǘŜǊƛŀƭ 

The studied cetacean fossil was encountered in the base of the 

Antwerpen Member of the Berchem Formation (Fig. 2) by JVB 

on May 8th, 2023, in a fragmentary state. All fragments were 

collected, dried, and impregnated with polyvinyl acetate glue 

(PVA) diluted in acetone. This is a reversible conservation 

technique. Subsequently, the treated fragments were 

reassembled by MB with PVA glue. The specimen has been 

deposited in the vertebrate palaeontology collection of the Royal 

Belgian Institute of Natural Sciences with the collection number 

RBINS M.2340.  

For the description of the cranium RBINS M.2340, the 

anatomical nomenclature follows Mead & Fordyce (2009). This 

specimen was compared to other ókentriodontidsô s.l. using the 

available literature, pictures from previous visits to other 

collections, various casts (including a cast of the cranium of 

Kentriodon pernix USNM 10670), and the type specimen of 

Acrodelphis scheynensis IRSNB M.372. 

Additionally, bulk sampling on a 5 mm mesh yielded 13 

elasmobranch species. Approximately 1.5 m3 of the base of the 

Antwerpen Member (Unit 2) was sieved. Only a mesh size of 

5 mm was used due to time constraints and the absence of water 

at the construction site. While this strategy was applied multiple 

times in the past and allows comparison with older literature, it 

implies a sampling bias towards taxa characterized by larger 

Figure 1. Map of the Antwerp area in northern Belgium (left) and location of the study area in Antwerp (right). Dotted line for southern border of the 

Lower Miocene after Louwye et al. (2010); black line for country borders. The temporary outcrop Delhaize Plantin, where the kentriodontid specimen 

RBINS M.2340 was discovered, is indicated in red. Older outcrops are Antwerpen Kievitstraat (A.K.; De Meuter et al., 1976), Argenta and 

Tweelingenstraat (AR and TW; Everaert et al., 2020).  
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fossil remains. The studied elasmobranch remains are housed in 

the private collection of JVB, as no new species were found 

compared to published records from other outcrops.  

оΦ DŜƻƭƻƎƛŎŀƭ ŀƴŘ ǇŀƭŀŜƻƴǘƻƭƻƎƛŎŀƭ ǎŜǩƴƎ  

оΦмΦ [ƻŎŀƭƛǘȅ  

Between April and May 2023, a large construction pit was 

excavated for a new underground car park in Antwerp (northern 

Belgium). The temporary outcrop, hereafter referred to as 

ñDelhaize Plantinò, was located between the Plantin en 

Moretuslei and the Magdalenastraat (WGS84-coordinates 

51.2099, 4.4275; Fig. 1). Nine sediment samples are stored at 

the Belgian Geological Survey (RBINS, BGS 028E0933) and 

the Geotheek (DOV TO-20230501) of the Flemish Department 

of Environment.  

оΦнΦ [ƛǘƘƻƭƻƎƛŎŀƭ ŀƴŘ ǇŀƭŀŜƻƴǘƻƭƻƎƛŎŀƭ ŘŜǎŎǊƛǇǝƻƴ 

From bottom (-1.7 m) to top (+5.3 m TAW) (TAW = Tweede 

Algemene Waterpassing (Belgian Ordnance Datum)), the 

following units are observed (Figs 2ï3): 

Unit 1: About 190 cm of fine to medium-fine, relatively 

well-sorted grey sand with a very high glauconite content. There 

is nearly no admixture of clay or silt. The sand contains no trace 

of macrofossils. No sedimentary structures were observed. The 

sand is bioturbated and contains numerous polychaete traces 

with cross-sections of only a few millimetres, presumably 

Figure 2. Lithology and lithostratigraphy of the temporary outcrop Delhaize Plantin in Antwerp (northern Belgium). The kentriodontid specimen 

RBINS M.2340 was recovered from the base of Unit 2 (Antwerpen Member, Berchem Formation). Abbreviations: Antw. Memb. = Antwerpen 

Member; TAW = Tweede Algemene Waterpassing (Belgian Ordnance Datum).  

https://www.dov.vlaanderen.be/data/boring/2024-213510
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belonging to Macaronichnus. Occasional crustacean burrows 

belonging to Ophiomorpha also occur. In the upper 20 cm of 

this unit, scattered whitish, often circular patches occur with a 

diameter <3 cm. These are sandstone cross-sections of lithified 

burrows of O. nodosa. Samples: A (-1.7 m TAW), B (-0.3 m 

TAW), C (+0.1 m TAW).  

Unit 2: Up to 55 cm thick interval of fine, dark green to 

blackish sand with a silty admixture and a very high glauconite 

content. The thickness of this unit is variable due to the erosive 

contact with the overlying deposits. A clear colour difference 

can be observed compared to the underlying grey sand. 

Dispersed shells occur, in addition to a laterally continuous shell 

bed (dominated by Glycymeris obovata baldii) about 20 cm 

above the base. Locally, the shell bed converges with the base. 

Most shells are loose valves with convex-up orientation, 

although double-valved specimens are also present. Besides 

molluscs, shark teeth and remains of marine mammals occur 

scattered along with some rounded brown-grey concretions. 

Sometimes, the shell bed splits into two thin ñsub-layersò. 

Together with the base of this unit, the shell bed often follows a 

slightly undulating course (simple load casts). Samples: D 

(+0.35 m TAW), E (+0.5 m TAW), F (+0.55 m TAW).  

Unit 3: Over 1 metre with grey to light brown/yellowish 

sand with irregular sorting. The lower part is locally greyish due 

to the high content of reworked glauconite. The structure of this 

unit is highly variable and consists of several successive lenses 

(20ï40 cm thick) full of reworked shells and broken shell grit, 

pebbles, rounded concretions and bone remains (marine 

Neogene and terrestrial Quaternary). Most of the shells are 

reworked from Miocene (Glycymeris obovata baldii) and 

Figure 3. Sampled section of the temporary outcrop Delhaize Plantin, northern wall along the Plantin en Moretuslei, Antwerp (northern Belgium). 

A. Unit 1 (Kiel Member, Berchem Formation), Unit 2 (Antwerpen Member, Berchem Formation, where the kentriodontid specimen RBINS M.2340 

was found), and Units 3ï4 (Quaternary deposits). Scale bar = 1 m. B. Detail of the boundary between the middleïlate Burdigalian Kiel Member and 

the lower Langhian Antwerpen Member. Some vague white spots can be observed in the top of the Kiel Member, representing cross-section of 

lithified Ophiomorpha burrows. C. Detail of Quaternary unit 3. Subtle cross-bedding can be observed between the lenses with reworked Neogene 

shell debris. D. Other detail of the Quaternary unit 3, with high contents of reworked glauconite and fine climbing ripple lamination in the base. 

Photographs taken on May 8, 2023.  
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Pliocene deposits (e.g. Angulus benedeni benedeni, Talochlamys 

harmeri, Ostrea edulis, Digitariopsis obliquata, Astarte 

incerta). The orientation of the shells is usually very chaotic, 

both convex-up and convex-down valves occur. The shell lenses 

are usually located at the base of gullies, with the deepest parts 

of the gully showing the highest concentration of shell 

fragments in the thickest part of the layer, thinning towards the 

edges. The gullies often cut deep into the top of the underlying 

unit 2, with the latter sometimes being completely removed. 

Compared to the sand fraction, the volume occupied by shells is 

very high in the lenses. In between the shell lenses, sand with 

very fine shell debris deposited in laminations, sometimes 

visible with subtle cross-bedding, is present. Locally, the base of 

this unit is not formed by shell gravel, but sometimes by a thin 

strip of sand with subtle climbing ripple lamination. Samples: 

K1 (+0.75 m TAW), K2 (+0.9 m TAW), F (+1.1 m TAW). 

Unit 4: About 150 cm, very similar to underlying unit, 

although lenses with shell remains are scarce and only weakly 

developed.  

Unit 5: About 200 cm of very heterogenous sediment, 

oxidized at the base. Towards the top strongly disturbed by 

anthropogenic activity. 

оΦоΦ [ƛǘƘƻǎǘǊŀǝƎǊŀǇƘȅΣ ŀƎŜ ŀƴŘ ǇŀƭŀŜƻŜƴǾƛǊƻƴƳŜƴǘ  

Given the very high glauconite content (up to 50%) of the fine 

to medium-fine grained sand of units 1 and 2, these can be 

attributed to the Berchem Formation (De Meuter & Laga, 1976; 

Louwye & Deckers, 2023). Due to its grey colour, the near 

absence of clay and silt, abundant bioturbation and the lack of 

shells, unit 1 is characteristic of the Kiel Member (De Meuter & 

Laga, 1976; Everaert et al., 2020; Louwye et al., 2023a). The 

overlying unit 2 can be assigned to the Antwerpen Member, 

given its higher silt content and the abundant presence of 

Glycymeris shells, both dispersed and concentrated in beds (De 

Meuter et al., 1976; Louwye et al., 2023b). The boundary 

between both members is similar to nearby sections (Louwye et 

al., 2010; Hoedemakers & Dufraing, 2018; Everaert et al., 2020, 

2024).  

Based on dinoflagellate cyst biostratigraphy, the Kiel 

Member is of middle to late Burdigalian age (zone M4 of 

Munsterman & Brinkhuis, 2004 and the E. insigne and C. 

aubryae zones of DybkjÞr & Piasecki, 2010; see Louwye et al., 

2020 and Deckers et al., 2025). The overlying lower part of the 

Antwerpen Member represents an early Langhian age (zone M5 

of Munsterman & Brinkhuis, 2004 and the L. truncatum zone of 

DybkjÞr & Piasecki, 2010; see Louwye et al., 2020 and Deckers 

et al., 2025). Compared to the underlying Kiel Member, the 

lower Antwerpen Member reflects a calmer, presumably deeper 

marine environment in which also the silt fraction (16%, 

Deckers et al., 2023) could settle, below the fair-weather wave 

base. It was deposited in open neritic conditions during a 

eustatic sea-level high in the Mid-Miocene Climatic Optimum 

(Louwye et al., 2010; Deckers et al., 2023). 

Units 3ï4 belong to the Quaternary, which can be very 

variable in this region. The lenses with chaotic shell debris and 

pebbles are interpreted as channel lag deposits. These are 

residual concentrations accumulating as discontinuous lenses in 

deeper parts of channels, present in fluviatile deposits but also 

in gullies and creeks of intertidal flats (Reineck & Singh, 1975). 

As the typical clay laminae were not observed, fluvial deposits 

may be more likely, accumulating large quantities of Neogene 

shells when the underlying Neogene deposits were eroded. 

Alternatively, these lenses may represent periglacial deposits, 

where on the denudation surface, gullies of meltwater locally 

cut into the substrate and filled it with reworked material of 

local origin. The outcrops are however not large enough to be 

conclusive about this (R. Houthuys, pers. comm., 2024). The 

precise age of these deposits remains to be determined. 

However, terrestrial and fluviatile molluscs in similar strata near 

Kruibeke (5 km SW of Antwerp) indicated a Late Pleistocene 

age (Roosen in Cromb® et al., 2022). 

оΦпΦ 9ƭŀǎƳƻōǊŀƴŎƘ ŀǎǎŜƳōƭŀƎŜ   

The base of the Antwerpen Member yielded elasmobranch 

remains, consistent with observations from other localities such 

as Posthofbrug (Louwye et al., 2010) and the Antwerpse 

Hypotheekkas in Berchem (De Ceuster, 1987). At the temporary 

outcrop Delhaize Plantin, remains of 13 species were collected 

(12 selachians, 1 batoid) (Table 1). These species are well 

known from the Berchem Formation (e.g. Leriche, 1926; De 

Ceuster, 1987; Everaert et al., 2019) and many other Lowerï

Middle Miocene strata in the southern North Sea Basin 

(Reinecke et al., 2011; Bor et al., 2012).  

Everaert et al. (2019) discussed the elasmobranchs of the 

middle Burdigalian óCordiopsis horizonô in the Kiel Member at 

the Post X site in Berchem. Hence, two faunal lists are available 

based on the sampling method, with counts >5 mm and >1 mm, 

aiding in comparison. Earlier, De Ceuster (1987) provided a 

faunal overview of several layers of the Berchem Formation at 

the Antwerpse Hypotheekkas site in Berchem. Similar to the 

outcrop Delhaize Plantin, his ólayer 2ô constitutes the base of the 

Antwerpen Member.  

While small, benthic species (Rajidae, Dasyatidae, Squatina 

sp.), may represent ca 80% of the fauna (all teeth >1 mm) 

(Everaert et al., 2019), smaller species are lacking in the 

Delhaize Plantin section due to sampling bias. In the fraction >5 

mm, benthopelagic species dominate. The elasmobranch 

assemblages at the three locations exhibit similar distributions, 

with Notorynchus, Carcharias, Isurus, Carcharhinus, and 

Araloselachus dominating (>70% of teeth >5 mm). Smaller 

populations of Galeocerdo, Carcharoides, Keasius and 

Aetobatus are consistently present in the three assemblages. 

Minor differences between the three faunas occur. Rare taxa in 

one outcrop are also scarce or even absent in the other outcrops, 

i.e. Alopias, Otodus, Hemipristis, and Isurus retroflexus.  

Strikingly, the Delhaize Plantin elasmobranch assemblage 

of the basal Antwerpen Member did not yield any Carcharodon 

hastalis, while Isurus oxyrinchus dominates. This shift in 

dominance from I. oxyrinchus to C. hastalis between the Lower 

to Middle Miocene is well described in previous studies (De 

Ceuster, 1987; Everaert et al., 2019, 2020). Higher up in the 

Antwerpen Member, the autochthonous fauna is dominated by 

C. hastalis. The similarity in faunal composition and the pristine 

preservation of the elasmobranch teeth suggests a tranquil 

reworking of fossils from the Kiel Member into the base of the 

Antwerpen Member, in contrast to other transgressive contacts 

(e.g. Lutetian Lede and Zanclean Kattendijk formations). This 

was also observed in the Tweelingenstraat outcrop, 

approximately 570 m east of the outcrop Delhaize Plantin, 

where the Antwerpen Member eroded the Cordiopsis horizon of 

the Kiel Member (Everaert et al., 2020). Also at this locality, the 

base of the Antwerpen Member yielded several elements 

reworked from the underlying deposits, including many I. 

oxyrinchus and brown-grey phosphatic concretions. These 

observations highlight the variability in palaeontological and 

lithological content at the contact between both members. 
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пΦ {ȅǎǘŜƳŀǝŎ ǇŀƭŀŜƻƴǘƻƭƻƎȅ 

Order Cetacea Brisson, 1762 

Unranked clade Neoceti Fordyce & Muizon, 2001 

Suborder Odontoceti Flower, 1867 

Infraorder Delphinida Muizon, 1984 

Family Kentriodontidae Slijper, 1936 (sensu Godfrey & 

Lambert, 2023) 

Genus Kentriodon Kellogg, 1927 

 

Kentriodon cf. Kentriodon pernix Kellog, 1927 

(Figs 4ï6) 

 

Referred specimen. RBINS M.2340, a partial cranium with three 

maxillary teeth in situ.  

 

Locality, horizon and age. Temporary outcrop Delhaize Plantin, 

Antwerp, Belgium (Fig. 1). Base of the Antwerpen Member 

(Berchem Formation). Middle Miocene, early Langhian. See 

details in Section 3. 

 

Description. This well-preserved small cranium (Figs 4ï6; 

Table 2) lacks most of the premaxillae (including the tip of the 

rostrum), most of the occipital region, and the whole 

basicranium (including the ear bones). The delicate bones, the 

pointed rostrum, and the open sutures between maxillae and 

premaxillae all point to a relatively young individual, probably a 

juvenile (see Perrin, 1975). However, the strong wear observed 

in the three preserved maxillary teeth gives a conflicting signal 

(see below). 

Though most of the premaxillae is lost, the suture marks on 

the maxillae indicate a laterally convex lateral margin of the 

premaxilla before the antorbital notch, followed posteriorly by a 

slight constriction and a slightly convex lateral margin in the 

facial region (Fig. 4). Based on the preserved fragments and the 

underlying sulci in the maxilla, the right premaxillary foramen 

was either at the level of the antorbital notch or slightly 

posterior. The posterior tip of the ascending process of the left 

premaxilla displays a broad oblique contact with the 

corresponding nasal and is distant (14 mm) from the exposure of 

the frontal on the vertex. In ventral view, the premaxillae are 

broadly exposed anterior to the vomer in the vomerine trough; 

they are wider than the maxillae along the preserved anterior 

section of the rostrum, suggesting that the premaxillae were 

originally longer than the maxillae (Fig. 6). 

In the anterior part of the rostrum the maxillae were 

originally nearly completely hidden by the premaxillae in dorsal 

view. Their dorsal exposure widens moderately towards the 

rostral base, where a well-defined maxillary flange has a 

markedly convex and dorsoventrally thickened lateral margin 

(Fig. 5). The antorbital notch is V-shaped, drawing an angle of 

about 60Á on the better-preserved left side. On this side, a small 

(diameter 3 mm) dorsal infraorbital foramen is located along the 

maxilla-premaxilla suture just anterior to the level of the 

antorbital notch; a larger (4.5 mm) foramen is located 

posterolaterally to the first one, at the level of the preorbital 

process; and a similarly sized (3 mm) third foramen is located 

posterior to the level of the postorbital process, 8 mm lateral to 

the maxilla-premaxilla suture (Fig. 4). On the right side, a 

slightly smaller (2.5 mm) foramen is located anterior to the level 

 ¢Ƙƛǎ ǎǘǳŘȅ 5Ŝ /ŜǳǎǘŜǊ όмфутύ 9ǾŜǊŀŜǊǘ Ŝǘ ŀƭΦ όнлмфύ 

  !ƴǘǿŜǊǇŜƴ aŜƳōŜǊ όōŀǎŜύ !ƴǘǿŜǊǇŜƴ aŜƳōŜǊ όōŀǎŜύ YƛŜƭ aŜƳōŜǊ ό/ƻǊŘƛƻǇǎƛǎ ƘȊύ 

 b Ґ моу b Ґ мун b Ґ нлсм 

bƻǘƻǊȅƴŎƘǳǎ ǇǊƛƳƛƎŜƴƛǳǎ ό!ƎŀǎǎƛȊΣ муорύ ноΦф҈ нрΦу҈ ноΦт҈ 

YŜŀǎƛǳǎ ǊƘŜƴŀƴǳǎ 

wŜƛƴŜŎƪŜΣ ±ƻƴ 5ŜǊ IƻŎƘǘ ϧ 5ǳŦǊŀƛƴƎΣ нлмр 
оΦс҈ нΦт҈ лΦл҈ 

DŀƭŜƻŎŜǊŘƻ ŀŘǳƴŎǳǎ !ƎŀǎǎƛȊΣ мупо оΦс҈ сΦл҈ сΦс҈ 

/ŀǊŎƘŀǊƘƛƴǳǎ ǇǊƛǎŎǳǎ ό!ƎŀǎǎƛȊΣ мупоύ млΦф҈ фΦф҈ мсΦо҈ 

LǎǳǊǳǎ ǊŜǘǊƻƅŜȄǳǎ ό!ƎŀǎǎƛȊΣ мупоύ лΦт҈ лΦл҈ лΦр҈ 

LǎǳǊǳǎ ƻȄȅǊƛƴŎƘǳǎ wŀŬƴŜǎǉǳŜΣ мумл млΦм҈ моΦн҈ млΦс҈ 

/ŀǊŎƘŀǊƻƛŘŜǎ ŎŀǩŎǳǎ όtƘƛƭƛǇǇƛΣ мупсύ нΦн҈ мΦс҈ нΦс҈ 

/ŀǊŎƘŀǊƛŀǎ ƎǳǎǘǊƻǿŜƴǎƛǎ ό²ƛƴƪƭŜǊΣ мутрύ омΦф҈ мрΦп҈ нмΦп҈ 

/ŀǊŎƘŀǊƛŀǎ ǘŀǳǊǳǎ όwŀŬƴŜǎǉǳŜΣ мумлύ лΦт҈ пΦф҈ нΦр҈ 

!ǊŀƭƻǎŜƭŀŎƘǳǎ ǾƻǊŀȄ ό[Ŝ IƻƴΣ мутмύ уΦт҈ млΦп҈ ммΦт҈ 

{ǉǳŀǝƴŀ ǎǇΦ мΦп҈ уΦн҈ лΦл҈ 

!ƭƻǇƛŀǎ ŜȄƛƎǳŀ όtǊƻōǎǘΣ мутфύ лΦт҈ лΦл҈ лΦм҈ 

!Ŝǘƻōŀǘǳǎ ŀǊŎǳŀǘǳǎ ό!ƎŀǎǎƛȊΣ мупоύ мΦп҈ мΦс҈ мΦр҈ 

 млл҈             млл҈ϝΣ ϝϝϝ                  фтΦр҈ ϝϝΣ ϝϝϝ 

Table 1. Elasmobranch remains from the base of the Antwerpen Member in the temporary outcrop Delhaize Plantin (collection JVB), compared with 

published records from both the Antwerpen (De Ceuster, 1987) and Kiel members (Everaert et al., 2019). The comparison is made solely based on the 

species recorded from the temporary outcrop Delhaize Plantin. * Only these species are counted from the data of De Ceuster (1987), as teeth from 

both small and large fractions (unequal samples) were not separated in this study. ** In contrast, Everaert et al. (2019) provided a fractional 

representation, not including a granular species count. In the latter study, teeth of Squatina sp. were not included in the fraction >5 mm. *** Some 

very rare species from both studies (e.g. Hemipristis serra, Otodus megalodon), not recorded at Delhaize Plantin, are not included in this comparison.  
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of the antorbital notch; at least one, partly preserved larger 

foramen is located 18 mm posteriorly; and a third posterior 

foramen (2 mm) is located at the same level as on the left side. 

The dorsal surface of the left maxilla is slightly thickened in the 

antorbital region, whereas the maxilla most likely did not cover 

this region on the right side, leaving part of the lacrimal and a 

broad part of the preorbital process of the frontal dorsally 

exposed. On this side, the lateral maxilla-frontal suture nearly 

reaches medially the level of the maxilla-premaxilla suture, 

exposing an even broader part of the frontal (16.5 mm), before 

turning posterolaterally and reaching the lateral margin of the 

roof of the temporal fossa just behind the postorbital process. 

The medial projection of the lateral maxilla-frontal suture is not 

as extensive on the left side. The anterior outline of the bony 

nares is U-shaped and the slight elevation of the medial edge of 

each maxilla just anterior to the nares suggests that the maxilla 

was originally dorsally exposed medial to the premaxilla. 

Posterior to the nasal, the maxilla projects posteromedially, 

giving to the posterior part of the vertex a transversely pinched 

aspect, though with moderately elevated medial margins of the 

maxillae. In ventral view, a pair of small (diameter 1ï1.5 mm) 

palatal foramina pierces the maxillae just lateral to the ventral 

exposure of the vomer (Fig. 6). On the better-preserved right 

side, 11 small alveoli for single-rooted maxillary teeth are 

counted on a length of 56.5 mm. The anterior alveoli have a 

transverse diameter of 2.5 mm and interalveolar spaces of 3 

mm, whereas the posteriormost alveoli are slightly larger (3ï

3.5 mm) and more closely spaced (1.2ï1.5 mm). The last 

alveolus is 12 mm anterior to the level of the antorbital notch. 

The whole palatal region is broad, lacking any well-defined 

Figure 4. Partial cranium of Kentriodon cf. Kentriodon pernix RBINS M.2340, lower Langhian of Antwerp (Belgium), in dorsal view (A) and detail 

of the vertex region in dorsal view (B). C. Cranium of Kentriodon pernix USNM 10670, Burdigalian of Maryland (USA) in dorsal view, based on 3D 

model downloaded from Phenome10k. Stippled lines for suture lines interpreted based on preserved suture marks. Scale bar for A and C = 100 mm, 

for B = 20 mm.  
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Figure 5. Partial cranium of Kentriodon cf. Kentriodon pernix RBINS M.2340, lower Langhian of Antwerp (Belgium), in right lateral (A) and left 

lateral (B) view. C. Cranium of Kentriodon pernix USNM 10670, Burdigalian of Maryland (USA), in right lateral view, based on 3D model 

downloaded from Phenome10k. Stippled lines for suture lines. Scale bar = 100 mm.  

Figure 6. Partial cranium of Kentriodon cf. Kentriodon pernix RBINS M.2340, lower Langhian of Antwerp (Belgium), in ventral view (A) with detail 

of two in situ maxillary teeth in ventromedial view (B, C). Stippled lines for suture lines interpreted based on preserved suture marks. Scale bar for 

A = 100 mm.  
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