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Abstract. – A theropod (Carcharodontosauridae) tooth exhibiting a
split carina is the first recorded from upper Maastrichtian Marília
Formation (Serra da Galga Member), Minas Gerais State, Brazil.
The distal split carina has a distinct Y-shape. Split carinae have been
reported elsewhere in Laurasian theropods (tyrannosaurids and allo-
saurids). • Key words: Cretaceous, Maastrichtian, Carcharodonto-
sauridae, split carinae, tooth, pathology, Peirópolis, Brazil.
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Dinosaur teeth especially theropods have strong lateral
carinae on their teeth. Split carinae have been reported in
several theropod dinosaur families, observed on isolated
teeth of predominantly North American taxa, including
allosaurs, tyrannosaurs, and the maniraptoran Dromaeo-
saurus (Erickson 1995, Fiorillo & Gangloff 2000; see
Tanke & Rothschild 2002 for literature review). The condi-
tion typically manifests as a faint to distinctive Y-shaped
split of the proximal anterior serration row (Erickson
1995). Sereno & Brusatte (2008) recently reported an iso-
lated carcharodontosaurid tooth from the Aptian-Albian
Elrhaz Formation of Niger with an anterior split carina.

Here we describe a carcharodontosaurid tooth from the
collections of the Centro de Pesquisas Paleontológicas
Llewellyn Ivor Price (CPP), Peirópolis, Uberaba, Minas
Gerais, Brazil (Fig. 1). This specimen was collected from
the late Maastrichtian Serra da Galga Member of the
Marília Formation (Dias-Brito et al. 2001) and our identifi-
cation constitutes the first report of a theropod tooth with a
split carina from South America.

Terminology. – Teeth parameter terminology follows that
of Currie et al. (1990) and Erickson (1995).

Measurement. – We used a Fowler-Sylvac caliper for mea-
suring tooth parameters.

Institutional abbreviations. – CPP, Centro de Pesquisas
Paleontologicas Llewllyn Ivor Price, Peiropolis, Uberaba,
Minas Gerais, Brasil; TMP, Royal Tyrrell Museum of Pa-
laeontology, Drumheller, Alberta, Canada.

Other abbreviations. – DSDI (Denticle Size Difference In-
dex), FABL (Fore-Aft Basal Length), TCH (Tooth Crown
Height).
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Tooth CPP 156 (Fig. 2A) is relatively small (25.59 mm),
recurved posteriorly, and broadly oval in cross-section at
its base (Fig. 2B), becoming more flattened towards
the apex of the crown. CPP 156 can be identified as thero-
pod tooth on the basis of size, shape and your denticles that
are morphologically similar to those of Theropoda. This
morphology indicates that the tooth is derived from the an-
terior region of the jaws, and perhaps is a premaxillary.

The specimen lacks a root but the preservation of the
crown is good. Both carinae present large and expanded
denticles, with posterior carina showing only the apical
part of the denticles. Unworn denticles are chisel-shaped as
in other theropods, e.g., Dromaeosauridae, Abelisauridae
and Carcharodontosauridae (Currie et al. 1990, Candeiro
2002, Candeiro et al. 2004a). Blood grooves occur
(Fig. 2C–E) between adjacent denticles extend onto the
surface of the tooth. The DSDI varies between 0.95 mm
and 1.08 mm, with a mean value of 1.03 mm.

The surface enamel of the cusp is smooth with wrin-
kled bands that are not present at the base of the denticles.
The FABL is 14.28 mm. The most prominent feature of
the cusp is a well-developed split anterior carina arising
from near the tip of the anterior tooth crown (Fig. 2C).
The normal anterior carina row medial position (shown in
Fig. 2D) extends along the entire tooth margin. The split
(extra) carina row (Fig. 2E) is shorter (24.73 mm), and the
serrations are a third smaller, but show the same morphol-
ogy as those on the anterior and posterior carina. The split
carina row arises from the 5th denticle (counting away
from the apex of the crown), splits and gently curves labi-

������������������������ !�"��#�������



ally from the main carina row forming an angle of approx-
imately 45 degrees.
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Wrinkled enamel bands are typical of the teeth of Car-
charodontosauridae, some Dromaeosaurus teeth from
Alberta, Canada (TMP 98.68.111, TMP2000.57.78,
TMP2002.60.11), some Tyrannosauridae (e.g., Alberto-
saurus sarcophagus, Tyrannosaurus), and a few other
theropods of uncertain systematic position (Candeiro 2007,
Candeiro et al. 2004a). CPP 156 shows a mosaic of featu-
res making taxonomic placement problematic; no diagnos-
tic carcharodontosaurid jaws with teeth or body fossils are
known from the assemblage that would help confirm

the identity. Carcharodontosaurids have not previously
been found from the Maastrichtian, but new information
(Candeiro 2002, Veralli & Calvo 2004, Candeiro et al.
2004a, b, Martinelli & Forasepi 2004, Apesteguía et al.
2004) indicates younger occurrences for this group. Tooth
CPP 156 differs from carcharodontosaurid teeth in the
cross-sectional shape and relative size of the denticles
(Candeiro 2002), but this may be a reflection of the anterior
position of the tooth along the dental series. It also differs
from abelisaur teeth in having less recurved crowns (Can-
deiro et al. 2004). CPP 156 shows similarities to these two
groups in having a high DSDI similar to other carcharodon-
tosaurid teeth (e.g., Giganotosaurus and Mapusaurus).
Within carcharodontosaurids, CPP 156 is more similar to
the Argentinean genus Giganotosaurus than to Carcharo-
dontosaurus from North Africa, or even to carcharodonto-
saurid teeth from the São Luis Basin (Cenomanian, Maran-
hão, Brazil; Medeiros & Schultz 2002) in that the mid to
distal denticles are chisel-shaped rather than inclined api-
cally.

Some large theropod teeth, referable to Tyrannosaurus,
Daspletosaurus, Albertosaurus, Alectrosaurus, and Allo-
saurus also exhibit split carinae (Currie et al. 1990, Erick-
son 1995, Brochu 2003). Erickson (1995) pointed out that
the occurrence of split carinae in tyrannosaurids can be at-
tributed to multigenetic derivation, meaning that the Bra-
zilian carcharodontosaurid tooth was possibly affected by
genetic derivation which produced a morphological con-
trol in the dentition that acted locally in developing on the
CPP 156. The same feature is also found in the teeth of
other Laurasian theropods (Farlow et al. 1991). To explain
the Brazilian example, we consider that Gondwanan
theropods had the same multigenetic derivation feature as
their Laurasian counterparts.

Erickson (1995) found that 114 of 993 (11.4%) of
North American tyrannosaurid teeth exhibited split
carinae. By comparison our finding is comparatively low
as there is so far only one CPP carcharodontosaurid tooth
out of 108 (0.9%) affected. This difference, however,
surely reflects the smaller size of the Brazilian sample or
might relate to other factors, such as large regional varia-
tions (Erickson 1995, table 1).

The distally-positioned split carina on CPP 156 equates
well with other similar but rare examples in North American
tyrannosaur specimens (i.e. TMP94.143.1 Daspletosaurus
premaxillary tooth). The Brazilian discovery fulfills predic-
tions rather than suggests a common character with other
theropods. For example, the split carina pathology was pre-
dicted to be present throughout the Theropoda, besides the
several tyrannosaurid taxa (Currie et al. 1990, Erickson
1995). Because a split in the carina usually affects the more
proximal region, the Albertan and Brazilian specimens
noted here with a more distal condition can be considered a
rare occurrence and perhaps no more than a variation.
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������ Map showing the Peirópolis locality, Minas Gerais, Brazil in
the Marília Formation (Bauru Group, Upper Group) area.
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