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ABSTRACT

Mozambique has become a focal point for numerous new discoveries
of dicynodont remains, contributing significantly to our knowledge on the
anatomy and phylogeny of Dicynodontia of the Late Permian. Here we
present a new dicynodont skull from the Metangula Graben in Northern
Mozambique, collected in 2019, which has been subjected to synchrotron
scanning and segmentation for anatomical description and future phyloge-
netic analyses.

Keywords: Dicynodont, Metangula Graben, Permian, Synchrotron, Mo-
zambique.
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1. INTRODUCTION

In the Late Permian, dicynodonts were mostly herbivores that dominat-
ed the terrestrial ecosystems and subsequently survived the End-Permian
Mass Extintion (Macungo et al., 2023). A growing number of dicynodont
findings in the Mozambique Karoo Basin have turned the Metangula Graben
an important location to understand dicynodonts in recent years (e.g., Kam-
merer et al., 2022, Aratjo et al., 2020). These recent studies have provided
new information on the anatomy of the brain and other soft-tissues reveled
by non-destructive techniques such as synchrotron radiation and segmen-
tation. Here we present and describe a preliminarily study of a new dicy-
nodont skull from the Metangula Graben, a fossil-rich geological formation
of the Karoo Supergroup in Northern Mozambique, collected by PaleoMoz
Project in 2019.

2. LOCALITY

Mozambique holds record of dicynodont remains from the Lopingian
(254-251 Ma) mudstones and sandstones of the Metangula Graben, located
in the Niassa Province, northwest of the country (Macungo et al., 2020). The
Metangula Graben is the southwestern-most tip of a large graben system
that extends northwards to Tanzania (Verniers et al., 1989).

3. GEOLOGICAL CONTEXT

The fossil skull under study was collected in the K5 Formation of the
Middle Karoo Units. The fossiliferous strata are in the Lago District, Niassa
Province (Macungo et al., 2020). The K5 Formation can be subdivided into
three members because of their distinct lithological differences (i.e., K5a to
K5c¢ Mb, sensu Verniers et al., 1989). The lower Member K5a is made up
of reddish and fine-grained siltstones and sandstones with frequent carbo-
naceous levels. The middle member K5b consists mainly of red mudstones
with several levels yielding reptilian bones. The upper Member K5c also
hosts a vast number of reptile bones and consists primarily of sandstones
and siltstones with occasional clay-mudstones and conglomerates (Araujo et
al., 2022, Verniers et al., 1989).

4. MATERIALS AND METHODS

The skull is encased within a hematite concretion (Fig. 1). It was syn-
chrotron-scanned to prevent potential damage during mechanical prepara-
tion, thus providing a non-destructive procedure to understand the anatomy
of the bones within the concretion. This is due to the delicate nature of the
specimen and dense matrix consisting of an iron-oxide concretion.
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The sampled fossil skull was scanned at the European Synchrotron and
Radiation Facility, Grenoble, France on the beamline BM18 (Duhamel et
al., 2025a), a new large field micro-tomography beamline at the ESRF (Taf-
foreau et al., 2021). The beamline setup was for propagation phase-contrast
synchrotron X-ray micro-computed tomography with a filtered white beam,
with the voxel size and energy optimized on the skull diameter and density
to achieve the optimal resolution for complete skull imaging. Furthermore,
the fossil was imaged with a ‘tetra-acquisition’ setup; whereby the centre
of rotation was shifted twice to create four overlapping radiograph images
to increase the size of the final reconstructed images (Carlson et al., 2011).
PPM2019-105R was imaged on BM18 at an isotropic voxel size of 23.08 pm
at 148.8 keV (Cau et al., 2017)

For the segmentation and image processing, we used the software Dra-
gonfly (version 2022.2 Build 1409). The resulting three-dimensional model
was segmented manually and colors were assigned to highlight different
structures and volumes. Window Leveling was used to adjust the contrast,
toggling Opacity was used for visualization of the matrix and fossil, Range to
isolate the material for coloring, ROI where all layers were created and seg-
mented, and utilizing the 2D Painter with Multi Slice interaction for efficient
segmentation. This setting enables painting on multiple slice layers simul-
taneously with Multi Slice and correcting final parts with abrupt transitions
using Single Slice.

5. PRELIMINARY ANATOMICAL RESULTS

Through the imaging techniques we were able to visualize and present
the anatomical features of the skull hidden in the dense matrix (Fig. 2A and
2B).
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Figure 2. PPM2019-105R segmented specimen. A-right lateral view, B-left lateral view. Anatom-
ical abbreviations: ec-ectopterygoid, fc-frontal crust, fr-frontal, ju-jugal, la-lacrimal, mx-maxilla,
na-nasal, pf-prefrontal, pm-premaxilla, spt-septomaxilla.

PPM2019-105R comprises the anterior part of the skull. The premaxilla
forms the most anterior part of the skull. It can only be seen in right lateral
view and it contacts with the nasal posteriorly and the maxilla ventrally.
On the anterodorsal margin of the left side the premaxilla contacts with
the septomaxilla, following half of the nasal curvature inside of the nasal
cavity only seen in right lateral view. The premaxilla contacts medially the
lacrimal and the jugal at its posterior end. Both sides of the maxillae are
preserved, although the left maxilla is sagittally sectioned. A major contact
of the maxilla is with the nasal, only seen on the right side of the speci-
men. The nasal meets the premaxilla on the anterior side followed by the
lacrimal and prefrontal medially and frontal on the dorsal side. The lacrimal
contacts the maxilla ventrally, and the prefrontal and nasal dorsally. Along
with prefrontal, the lacrimal can be viewed anteriorly and ventrally relative
to the skull to form the orbit. The prefrontal forms the medial part of the
orbit and contacts with the lacrimal anteriorly, with nasal dorsally, medially
and posteriorly along with the frontal also posteriorly. The frontal meets the
prefrontal anteriorly, the nasal dorsally posteriorly to also participate on the
posterodorsal border of the orbit. Only the anterior process of the jugal is
preserved and forms one of the lateral extremities of the skull and the ante-
rior floor of the orbit. The jugal contacts the posterior process of the maxilla
anteriorly. The ectopterygoid can be viewed in the right lateral view due to
the way the skull was fractured and contacts the maxilla laterally.

6. CONCLUSION

This method offers significant benefits, including a comprehensive un-
derstanding of anatomy at scales from microscopic to mesoscale, and facil-
itates non-destructive analysis of fossils. It allows for detailed observation
of bone structure and fossilization processes, distinguishing between adult
and juvenile specimens based on specific markers. PPM2019-105R is an
anterior skull of a dicynodont with several internal bones preserved and
clear sutures in some sections of the skull. Further analysis will reveal the
taxonomic affinities of the specimen.
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