
verificar medidas da capa/lombada. Lombada: 23mm / Badanas: 150mm

A presente obra reúne um conjunto de contribuições apresentadas no I Congresso 
Internacional de Geociências na CPLP, que decorreu de 14 a 16 de maio de 2012 no 
Auditório da Reitoria da Universidade de Coimbra. São aqui apresentados trabalhos 
desenvolvidos por várias equipas afiliadas a distintas instituições da CPLP, que 
refletem percursos investigativos inovadores, em que se procura descrever objetos e 
interpretar processos, a diferentes escalas, que ocorrem ou ocorreram no interior ou à 
superfície da Terra. Os resultados obtidos traduzem uma construção de conhecimento 
de cariz substantivo, que contribui para o enriquecimento quer das áreas tradicionais 
que alicerçam as Geociências, quer de áreas emergentes, cujos limites de análise se 
expandem para outros planetas.
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A NEW ANOMODONT TAXON FROM THE MOZAMBICAN
KAROO (NIASSA PROVINCE, LATE PERMIAN)

UM NOVO TÁXONE DO KAROO MOÇAMBICANO 
(PROVÍNCIA DO NIASSA, PÉRMICO SUPERIOR)

R. Araújo1,2,*, R. Castanhinha2,3,* e L. C. Junior4,*

Abstract –The Metangula Graben (Mozambique), after nearly half a century of scarce 
collecting, is now providing new dicynodont specimens that will increase knowledge of Karoo 
basins outside South Africa. Based on a complete ilium we report the initial results from our 
expedition with a new dicynodont taxon occurrence for the Mozambican Karoo: aff. Diictodon. 
We also relocate the fossil site with precise geographic information. Allocation to aff. Diictodon 
is based upon the reduced development of the preacetabular process, modest development of the 
supracetabular buttress, and presence of a robust neck. Morphological dissimilarities and the 
variation of the ilia within Diictodon does not allow us further taxonomic refinement. This 
specimen was recovered from the analogous South African Tropidostoma Zone and, represents the 
first African Diictodon feliceps outside South Africa and Zambia, reinforcing the cosmopolitan 
nature of this taxon.

Keywords – aff. Diictodon; Tatarian; Mozambique; Niassa

Resumo –O Graben de Metangula (Moçambique), após quase meio século de recolhas 
escassas, fornece agora novos espécimes de Therapsida que aumentam o conhecimento 
das bacias do Karoo. Baseado num ílio completo, relatamos os resultados iniciais de uma 
expedição prévia com uma nova ocorrência de um táxone de Anomodontia para o Karoo 
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Moçambique: aff. Diictodon. Também relocalizámos a jazida de fósseis e fornecemos in-
formações geográficas precisas. A atribuição aff. Diictodon baseia-se em: desenvolvimento 
reduzido do processo pré-acetabular, desenvolvimento modesto do processo supracetabu-
lar, e presença de uma constrição robusta. Dissimilaridades morfológicas e variação dos 
ílios nos Diictodon não nos permitem um maior refinamento taxonómico. Este espécime 
foi colhido nos estratos análogos à Zona de Tropidostoma Sul-Africana, e representa o 
primeiro Diictodon fora da África do Sul e Zâmbia, reforçando o carácter cosmopolita 
deste táxone.

Palavras-chave – aff. Diictodon; Tatariano; Moçambique; Niassa

1 – Introduction

In July 2009 a preliminary expedition to the Metangula Graben (Niassa Province) 
was successful; the expedition not only rediscovered important fossil sites but have 
also shown that all sites pinpointed are very productive and are far from being well 
studied. 

This is a preliminary account that provides new insights in the largely unexplored 
basin of the Mozambique Karoo, apparently bearing a wider taxonomic diversity than 
previously thought (Fig. 1). The faunal list from the Mozambican Karoo is far from being 
complete and future systematical sampling is required, accompanying the efforts being 
currently made in adjacent Karoo basins (SIDOR et al. 2010a; SIDOR et al. 2010b). The 
main purposes of this paper are to relocate the fossil locality that was vaguely indicated 
in the literature and identify the taxonomic affinities of an ilium recovered in 2009 from 
this basin. 

Discoveries, regarding synapsids in the Metangula Graben, began when M. Domingos 
Rocha, who was part of a geological mapping project, led by A. Borges (Geological and 
Mines Services) and collected the first synapsid remains from Mozambique in 1949. This 
early mapping in search of coal and other natural resources provided a basis for unders-
tanding the geology of the region and a preliminary glance of the vertebrate fossils found 
there. The 1949 and 1954 fossil collections were sent to S. H. Haughton in South Africa, 
who wrote a preliminary note on the material and briefly referred to it in a broader article 
(HAUGHTON, 1963). This collection, now deposited in the Bernard Price Institute, was 
partially studied by LATIMER et al. (1995), who identified tooth replacement patterns in 
Endothiodon sp. The 1961 collection was studied by ANTUNES (1975), who described 
skull elements of Endothiodon and an unidentified gorgonopsian. BORGES et al. (1953), 
characterized the geological sequence of the lower portion of the basin as the “Lunho 
Series,” which was later correlated with the South African Tropidostoma Assemblage Zone 
(TEIXEIRA & GONÇALVES, 1959; ANTUNES, 1975); late Permian (sensu RUBIDGE 
et al., 1995). 

A second wave of geological exploration was done by the Direcção Nacional de 
Geologia, led by J. Verniers from 1977 to 1980. The four year project resulted in a detailed 
knowledge of the stratigraphy and economical potential of the basin (VERNIERS et al., 
1989), however without any significant insights on the vertebrate paleontology. 
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Fig. 1 – Maps showing the location of the findings. A – The Karoo basins in Southern Africa (modified 
from CATUNEANU et al., 2005). B – Map showing Niassa Province (Mozambique) with the Karoo 
outcrops highlighted with colors. C – Location of the ilium ML1612 (red star, 12º 31’ S, 34º 57’ E). 

Jrlp, Jurassic (Lupilichi Formation); JrTe, Jurassic (Tende formation); TrMe Triassic (Mecondéce 
Formation); TrFb Triassic (Fabuè Formation); PeB Permian (Beaufort Group, Cádzi formation); 

PeE Permian (Ecca Group, Matinde/Moatize Formation). Scale bars B and C equal to 10 km. 

2 – Geology and location

The fossiliferous unit is located near Tulo, a small village extending along Metangula-
-Cóbue road. Tulo is located in the Lago District, Province of Niassa. The location referred 
by ANTUNES (1975) and VERNIERS et al. (1989) may be misleading, because the most 
productive sites occur on the north margin of the Tulo River and not between Lunho 
and Lundo rivers. The Karoo in Mozambique belongs, in a broad scale, to the Eastern 
Rift Basins group (CATUNEANU et al., 2005), which were unaffected by compressio-
nal f lexural tectonics as the South African Karoo basin was. The Karoo outcrops in a 
graben that extends NE-SW which is enclosed in a Precambrian basement. The layer is 
equivalent to L10 from the BORGES et al. (1953) “Lunho series” and equivalent to K6 
division from VERNIERS et al. (1989). The fossil bed is composed of a grey mudstone 
with abundant septaria-like calcareous concretions (VERNIERS et al., 1989). The K6 
division is underlain by reddish to grey siltstone (K5), and overlaid by coarse sandstone 
intercalated by a siltstone layer (Mount Lilonga Formation). Although the K6 division in 
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the Metangula Graben does not continue towards Tanzania, most of the so called Upper 
Karoo does, namely KSc and KSe (VERNIERS et al., 1989). Indeed the fossiliferous 
“Chiweta Beds” from Malawi as well as the Usili Formation from Tanzania are corre-
latable to the K6 division from Mozambique (CATUNEANU et al., 2005). According 
to ANTUNES (1975) the fossiliferous layer can be correlated to the Endothiodon Zone, 
which is according to the recent nomenclature equivalent to the Tropidostoma Zone by 
RUBIDGE (1995). 

3 – Systematic paleontology

THERAPSIDA (BROOM, 1905)
DICYNODONTIA (OWEN, 1859)
aff. Diictodon (OWEN, 1876)

4 – Description

The ilium is nearly complete, only the periosteum around the dorsal edge is missing. 
In medial view, there is a crack that transverses the anterior and posterior edges from 
one side to the other of the neck. The lateral surface is concave whereas the medial one 
is f lat. The ilium is longer than high which is indicative of the wide iliac blade, even 
taking into consideration the pre–and postacetabular processes. The medial side of the 
ilium is completely f lat but the medial side tapers dorsally from the bulky acetabular 
region to the constantly thick iliac blade. The medial side bears four facets for the sa-
cral ribs, which are evident by dorsoventrally-oriented depressions marked by striations 
along the same direction. The dorsal edge is slightly notched, differing substantially 
from the more extreme condition in Lystrosaurus. The dorsal edge is a smooth curve 
dorsally that descends abruptly until the postacetabular process. The slightly thickened 
anterior edge has a much wider curve than the posterior edge, which altogether forms 
the iliac neck. The iliac neck has a constriction index (IN/IB) of 0.74. Interestingly (see 
discussion), the posterior edge forms an obtuse angle. The postacetabular process is 
reduced forming only a small projection that nearly makes a right angle. The preaceta-
bular process (IA) is larger than the postacetabular process (IP). It is hard to determine 
the areas of origin of the iliofibularis and iliotibialis due to lack of preservation of the 
periosteum. 

More ventrally, the rounded supracetabular buttress is excavated posteriorly by the 
postacetabular notch that is not particularly deep in ML1612 (Fig. 2) (table 1). In fact, 
in ventral view the lateral slope of the supracetabular buttress and the iliofemuralis ori-
gination surface form an obtuse angle, contrary to the condition seen in Lystrosaurus. 
The acetabulum is deeply excavated; however the ilium seems only to participate with 
the more dorsal region to form the acetabulofemural articulation. Most of the acetabu-
lum is located on the anterior side of the ventral part of the ilium. In ventral view the 
facets for the ischium and pubis are distinct by a kink in the ventral border. The f lat 
facet for the ischium is larger (3.0x1.5cm) than the slightly convex facet for the pubis 
(1.8x0.9cm). 
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Fig. 2 – Left ilium (ML1612) in different views: A-Lateral; B-Medial; C-Anterior; D-Posterior; 
E-Ventral; F-Dorsal. Ac-Acetabulum; Ap-Anterior process; Pp-Posterior process. Scale bar 1 cm.

5 – Measurements

Table 1 – Standardized measurements from RAY & CHINSAMY (1990). Measurements in centimeters.

ML1612

Preacetabular iliac process (IA) 2.2

Anteroposterior length of ilium (IL) 5.8

Postacetabular iliac process (IP) 1.2

Width of iliac base (IB) 4.3

Width of iliac neck (IN) 3.2

Iliac height (IH) 6.8

IA/IL 0.38

IP/IL 0.21

IL/IH 0.85
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6 – Identification and comparison

Our comparison will be based essentially with tatarian dicynodonts but, when neces-
sary, other taxa will also be analyzed. 

The ilium can be differentiated from Cistecephalus on the basis of a more acute angle 
on the posterior border of the neck, as well as on the number of sacral vertebrae facets, 
only three in this species (CLUVER, 1978). However, the iliac blade, especially the ante-
rior portion, shows some resemblances with BPI4086, in what concerns the development 
of the preacetabular process and the angles between the dorsal and anterior margins, but 
the abovementioned differences exclude a Cistecephalus ascription. Tropidostoma (SAM-
PK-K9960 in SURKOV et al. 2005) does not have a postacetabular process excluding 
a potential ascription of ML1612 to this genus. The preacetabular process of Robertia 
(KING 1981) is slightly short relative to the total length of the iliac blade compared to 
ML1612 (RAY & CHINSAMY, 1990), whereas Rhinocynodon (SURKOV, 1998) bears 
the opposite condition. Furthermore, the neck of Robertiais is narrower relative to the 
total length of the iliac blade – 25% from fig. 10 in KING (1981) vs. 44% in ML 1612. 
Lystrosaurus postacetabular notch is considerably deeper and the supracetabular buttress 
even detaches from the ilium body (SURKOV et al., 2005); such condition is absent in 
ML1612. Considering the morphological description above, ML1612 closely resembles 
Diictodon feliceps, namely on the following aspects: reduced development of the preac-
etabular process to the total length of the ilium (RAY & CHINSAMY, 1990), modest 
development of the supracetabular buttress, presence of a robust neck. Nevertheless, by 
analyzing the published data (DEFAUW, 1986; RAY & CHINSAMY, 1990), all these 
features are still widely variable from specimen to specimen within the species Diictodon 
feliceps. Thus, only based on ilia, no true autapomorphies can be used to unambiguously 
ascribe ML1612 to this species.

Expectedly, ilia are hardly informative in phylogeny reconstruction among basal Ano-
modontia (e.g. ANGIELCZYK & KURKIN, 2003; FRÖBISCH, 2007). In this case it 
makes apomorphy-based taxonomic identification particularly difficult. ANGIELCZYK 
(2007) uses the length of the iliac processes relative to the total length of ilium as char-
acters to reconstruct the phylogeny of dicynodonts. The following characters are either 
derived from direct comparison of specimens or resulting from unused characters derived 
from the literature.

The fact that ML1612 presents four facets in the medial side corresponding to the 
ribs from four sacral vertebrae is important to the identification, since this trait was only 
confirmed until now in Kingoria, Endothiodon and Diictiodon (ANGIELCZYK & KURKIN, 
2003). Notably, as dissimilar features in Diictodon and Pristerodon, the posterior border 
forming the neck forms a much more acute angle in comparison with ML1612. Diictodon 
and Pristerodon are very alike in overall shape and dimensions: the postacetabular length 
and anteroposterior length of the ilium ratio in ML1612 (0.21) is in the range of Diictodon 
feliceps (0.12-0.34) and is close to Pristerodon (0.20). But, interestingly, ML1612 differs 
significantly in one aspect from all other dicynodon species: the ilium is longer than high 
(RAY & CHINSAMY, 1990). This difference may be due to the later ontogenetic stage 
of ML1612, since this individual is considerably longer (5.8cm) than the longest Diict-
odon feliceps ilium already described (SAM-PK-K6716a measuring 4.8cm long, RAY & 
CHINSAMY, 1990). However, ML1612 very apparent difference from Pristerodon lies on 
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the construction of the acetabular region. Whereas Pristerodon the supracetabular region 
forms a well defined notch, in Diictodon feliceps and ML1612 the supracetabular buttress 
is modestly developed with a sinuous contour of the dorsal edge of the acetabulum.

The fact that the tatarian Diictodon feliceps is penecontemporaraneous to the strata in 
Mozambique, namely K6 division, is merely indicative that ML1612 can be ascribed to 
Diictodon feliceps. In the other hand, the morphological analysis above mentioned, forces 
us to go no further than aff. Diictodon. 

The presence of aff. Diictodon in Mozambique adds a new spot on the map on 
an entirely different basin, reinforcing the view that this genus may be cosmopolitan 
(ANGIELCZYK & SULLIVAN, 2008). This genus has only been reported for Zambia 
(ANGIELCZYK & SULLIVAN, 2003), South Africa and China (SUN, 1973).
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