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LARGE THEROPOD TEETH FROM THE EOCENOMANIAN OF

NORTHEASTERN BRAZIL AND THE OCCURRENCE OF SPINOSAURIDAE
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ABSTRACT - Theropoda teeth can show sufficiently distinct features to be, in some cases, considered as
confident diagnostic material. In this work, 275 complete or fragmentary teeth, collected at the Laje do Coringa
site (Alcantara Formation), have been analyzed. In some of them, the typical spinosaurine morphology is
present while in others an intriguing morphology was observed: teeth combining typical features of spinosaurines
(smooth carinae with wrinkles on its base) with other characters as absolutely smooth enamel and basal cross
section gently compressed labio-lingually. These different forms typify two morphotypes; a number of other
teeth present variation that links them by a morphologic gradient. Morphotype 1 records the presence of
spinosaurine dinosaurs in the Eocenomanian of northeastern Brazil and morphotype 2 may represent a new
species of Theropoda, unknown by skeletal remains, and perhaps closely related to the spinosaurine form
recorded.
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RESUMO - Dentes de terépodes podem mostrar caracteristicas suficientemente distintas para serem, em alguns
casos, confidveis como material diagndstico. Neste trabalho, 275 dentes completos ou fragmentados, coletados
no sitio Laje do Coringa (Formagao Alcantara), foram analisados. Em alguns, a morfologia tipica de espinossaurinos
estd presente, enquanto em outros uma intrigante morfologia foi observada: dentes combinando caracteristicas
tipicas de espinossaurinos (carenas lisas com enrugamentos em sua base) com outras como esmalte absolutamente
liso e se¢@o basal levemente comprimida ldbio-lingualmente. Estas formas diferentes tipificam dois morfétipos;
vérios outros dentes apresentam variagio ligando-os por um gradiente morfolégico. O morfétipo 1 registra a
presenga de dinossauros espinossaurinos no Eocenomaniano do nordeste do Brasil e o morfétipo 2 pode
representar uma nova espécie de teropode, desconhecida por restos esqueletais, e talvez proximamente aparentada

da forma de espinossaurino registrada.

Palavras-chave: Dinossauros, Spinosauridae, Cretaceo, Cenomaniano, Formagao Alcantara.

INTRODUCTION

The Cretaceous dinosaurian faunas of South America are
best known from Argentina and southern and southeastern
Brazil (see Kellner & Campos, 2000) largely because
fossiliferous sites with dinosaur remains have rarely been
reported in the vast regions of northern South America. The
northeastern coastal Mesozoic basins of Brazil were formed
as South America separated from Africa. Bearing thick
Cretaceous sedimentary deposits, the Sao Luis Basin records
paleoenvironments on a newly formed Atlantic coast (Aranha
etal., 1990; Pedrio er al., 1993; Gées & Rossetti, 2001).

The early Cenomanian stage is well represented in the
dominantly sandy deposits of the Alcantara Formation,
Itapecuru Group (Rossetti & Truckenbrodt, 1997), which was
dated through palynological analysis (Pedrdo et al., 1993).
These deposits are wide spread across a vast area in northern
Maranhao State and, in Sdo Marcos Bay, Sdo Luis Basin, the
Alcantara Formation crops out extensively along the coast. It
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records a Cretaceous transitional environment - chiefly a tidal
estuarine system on a wave dominated tidal coast (Rossetti &
Truckenbrodt, 1997). Within most of this coastal sequence no
significant accumulation of fossil bones has been found.
However, on the Cajual island, situated in the westernmost
edge of the bay (2°28° 46,6’ S; 44° 28 23,8”W), about 25 km
distant of Sdo Luis, an important exposure has been discovered.
Laje do Coringa is a small and isolated site on a sandy beach at
Cajual island (Figure 1), where well cemented conglomeratic
layers have yielded a remarkable concentration of fossil material
(Corréa Martins, 1997) reworked from continental deposits.

Tides of more than 6 m continually undermine these hard
layers redepositing them on the beach where many slabs remain
intact but others disintegrate and release individual fossil
fragments. Much information has recently been obtained from
this fossiliferous site concerning its origin and the fauna of
fishes and terrestrial tetrapods that lived in this region of Brazil
(Vilas Boas et al., 1999; Medeiros, 2001; Medeiros & Vilas Boas,
1999; Medeiros & Schultz, 2001,2002, 2004; Holz, 2003).
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As the study of the Laje do Coringa fauna advanced along
with other sites of Itapecuru Group many authors claimed a striking
resemblance with that of the mid-Cretaceous continental Saharan
deposits (Medeiros & Vilas Boas, 1999; Dutra & Malabarba, 2001;
Medeiros & Schultz, 2001, 2002; Pereira & Medeiros, 2003; Castro
etal.,2004). Medeiros & Schultz (2002) argued that during Albian
and Eocenomanian time northern Africa and northern South
America shared the same paleoenvironmental conditions: a
dominantly arid to semi-arid landscape (see Pedrdo et al., 2003)
with large size vegetation restricted to the fluvial systems, mainly
estuaries, which supported the dinosaurian megafauna. Such
conditions would be maintained by a seasonal climate with a
short but stormy rainy season.

Thus far, the thousands of disarticulated and fragmentary
fossil materials, mainly vertebral centra and teeth, collected at
Laje do Coringa bone bed revealed titanosauromorphs and
rebbachisaurid sauropod dinosaurs, as well as theropods -
Carcharodontosaurus Stromer, 1931, Spinosaurus Stromer, 1915,
and Sigilmassasaurus Russell, 1996 (Vilas Boas et al., 1999;
Medeiros, 2001; Medeiros & Schultz, 2001; 2002; 2004; Medeiros
& Vilas Boas, 1999), and several skeletal elements that closely
resembles those studied by Lapparent (1960) in the mid-
Cretaceous Continental Intercalar of the Central Sahara, but their
taxonomic affinities remain unresolved (see Medeiros & Schultz,
2002). Along with this dinosaurian fauna a rich record of fishes
is documented in the Alcantara Formation, which includes mid-
Cretaceous north-African forms of Coelacanthid, Dipnoi,
Neopterygii, Rajiformes, and Cladistia (Cunha & Ferreira, 1980;
Dutra & Malabarba, 2001; Medeiros, 2001; Medeiros & Schultz,
2001, 2002; Pereira & Medeiros, 2003; Castro et al., 2004).
Materials referred to marine reptiles have also recorded in the
Alcantara Formation (Vilas Boas & Carvalho, 2001).

The occurrence of a spinosaurid dinosaur in Laje do
Coringa site was based on isolated teeth and associated fauna
(Medeiros & Vilas Bdas, 1999; Medeiros & Schultz, 2001,
2002), but previous occurrences in Cretaceous deposits of
northeastern Brazil include cranial material (Kellner & Campos,
1996; Martill et al., 1996).

This work focuses on an analysis of Theropoda teeth
collected at the Laje do Coringa outcrop. Although sharing
some features, they show significant variation in morphology,
and the sample includes specimens with typical spinosaurine
morphology. Alternative explanations for the occurrence are
discussed. The material described here is housed in the fossil
collection of the Universidade Federal do Maranhao (UFMA),
in Sao Luis, Brazil.

SYSTEMATICS

THEROPODA Marsh, 1881
TETANURAE Gauthier, 1986
SPINOSAUROIDEA Stromer, 1915 sensu Sereno et al., 1998
SPINOSAURIDAE Stromer, 1915 sensu Sereno et al., 1998
(Figure 2)

Material. UFMA 1.20.070, UFMA 1.20.443, UFMA 1.20.444
SL. The sample as a whole assembles 275 complete or
fragmentary teeth.

Description. UFMA 1.20.070 is a complete tooth 80 mm long
(Figures 2A1,A2); UFMA 1.20.443 is an almost complete tooth,
lacking the tip, and measures 101 mm (Figures 2E1, E2). UFMA
1.20.444 SL is a superlot of 273 complete or fragmentary teeth
selected among those collected at the Laje do Coringa site, and
includes all other specimens cited in the text but UFMA 1.20.070

44°30° W
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44°20' W
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Figure 1. Localization of Cajual island in northeastern Brazil. Black arrow indicates the position of the bone bed Laje do Coringa on a

sandy beach.
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and UFMA 1.20.443. The selection was made under the criteria
of preservation quality and clear observance of morphological
characters. All of these teeth are pointed and gently recurved.
They bear non serrated carinae that divide the crown into two
faces. Complete teeth assembled in superlot UFMA 1.20.444 SL
vary between 13 and 98 mm in length, but some fragments may
represent teeth that exceeded 100 mm. Two semi-distinct
morphotypes are present, linked by morphologic intermediates.
Atone extreme (morphotype 1, typified by UFMA 1.20.070) are
teeth with nearly straight crowns with both faces (labial and
lingual) showing longitudinal sub-facets (or flutes); rounded
basal section and unserrated carinae with no enamel wrinkles at
its base (Figures 2A 1, A2, F). Morphotype 2 (typified by UFMA
1.20.443; Figures 2E1,E2, G) include teeth almost straight to
gently curved, presenting smooth enamel with no longitudinal
sub-facets at all, basal cross section varying from rounded to
oval or even compressed labio-lingually. Some specimens
corresponding to this morphotype present carinae with
irregularly distributed enamel wrinkles at its base (Figure 2J).
Carinae of both morphotypes are devoid of denticles, as all the
other teeth sampled. Superlot UFMA 1.20.444 SL includes 25
teeth referable to morphotype 1, 95 referable to morphotype 2,
and 153 intermediates.

Between the extreme morphotypes, a number of different
feature combinations are recorded. So, the superlot UFMA
1.20.444 SL includes teeth showing variation as follows: basal
cross section varies by degree from almost circular to
compressed (Figures 2F, G, H, 1); the surfaces of the crowns
can be clearly to faintly facetted or absolutely smooth; the
points of the teeth are rounded like those of crocodiles or
sharply pointed; the carinae may vary from very low to
expanded and sharp like a blade in both morphotypes. It is
important to remark that, as far as the quality of the preserved
enamel permits observation, carinae with associated wrinkles
(Figure 27J) are present in the morphotype 2 and intermediary
forms, including those with less markedly faceted faces, but
are usually absent when the tooth morphology is similar to
morphotype 1. Figure 2 shows some of these intermediary
morphologies: B, median sized tooth with oval to gently
compressed basal section (G), showing an extensively sub-
faceted lingual face (B1) and the labial one faintly faceted
(B2), with both carinae expanded and markedly wrinkled at
its base; C, large tooth with gently compressed basal section
(H), presenting a faintly sub-faceted face (C1) and the other
one totally smooth (C2), with sharply pointed distal end, and
gently expanded carinae with faint wrinkles irregularly
distributed at its base; D, median sized tooth compressed
labio-lingually (1), with both faces smooth (D1, 2), expanded
carinae and just a few wrinkles.

Discussion. Since the variation of feature combinations forms
a gradient, morphotypes were defined as the most distinct
combinations that represent its extremes. Teeth similar to those
here described as morphotype 1 have also been found in
northern Africa and Araripe Basin, Ceard, Brazil. They are
considered as belonging to the highly specialized theropod
clade Spinosauridae, which includes the African forms
Spinosaurus aegyptiacus and Spinosaurus sp. (Stromer, 1915;

Bouaziz et al., 1988; Buffetaut, 1989, 1992; Kellner & Mader,
1997) and the Brazilian species Irritator challengeri Martill
et al., 1996 and Angaturama limai Kellner & Campos, 1996.
The teeth here described can not be referable to other
spinosaurid forms as Baryonyx or Suchomimus (Charig &
Milner, 1997; Sereno et al., 1998) since the carinae are devoid
of serrations. Spinosaurid dinosaurs were apparently a
diverse group confidently known from Europe and mainly
northern Africa and northern South America from the Early
Cretaceous to the Cenomanian (Stromer, 1915; Charig & Milner,
1997; Taquet & Russell, 1998; Sereno et al., 1998; Kellner &
Campos, 1996; Medeiros & Schultz, 2001, 2002; Sues et al.,
2002; Machado & Kellner, 2005).

In the sample here studied we can easily identify teeth
(Figures 2A1, A2) with a morphology typical of Spinosaurus
aegyptiacus and of Irritator challengeri (Stromer, 1915; Martill
etal., 1996; Bouaziz et al., 1988; Kellner & Mader, 1997; Sues
et al., 2002). These two genera represent the sub-group
Spinosaurinae that have teeth with nearly straight unserrated
crowns (Sereno et al., 1998). The specimen shown in Figures
2B1 and B2, although presenting basal section gently
compressed (Figure 2G), is quite similar in morphology to that
of Irritator challengeri described and illustrated by Sues et
al. (2002:539, fig. 5), including enamel wrinkles as described by
those authors. Such wrinkles have never been recorded to
Spinosaurus. These two genera may actually be very close
related species; they could even belong to the same genus
(Sues et al., 2002). Some authors consider Irritator challengeri
a putative senior synonym of Angaturama limai (see Charig
& Milner, 1997; Sereno et al., 1998; Sues et al., 2002), but
Machado & Kellner (2005) see such interpretation as premature,
supposing the possible occurrence of two spinosaurid forms
in the Araripe deposits of northeastern Brazil. The spinosaurine
form recorded by isolated teeth (morphotype 1) in Laje do
Coringa remains to be determined.

Morphotype 2 is intriguing because shows characters
present in spinosaurines — unserrated carinae and wrinkles at
its base (see above), combined with totally smooth enamel
surface, a feature uncommon to this group. Furthermore, some
specimens included in this morphotype have rounded basal
section, as in spinosaurines, while others tend to be gently
compressed. Other similar forms found in the sample show
faintly defined sub-facets usually on the lingual face. Yet, in
some teeth the carinae are low, while in others it is expanded
and sharp; eventually these different carinae are in the same
tooth. When the 153 intermediates teeth are compared, a
gradient of these different features is evident. If one aligns
these teeth side by side, following the gradient, morphotype 1,
typical of spinosaurines, will progressively undergo
modifications which will culminate in teeth of equivalent size,
with no longitudinal enamel flutes, round, oval or gently
compressed basal section, sharply pointed and eventually
showing wrinkles on the base of the smooth cutting edges
(morphotype 2). A specimen that clearly illustrates this
transition is shown in figure 2: lingual face faintly sub-faceted
(C1), labial one completely smooth (C2), sharply pointed, and
with a basal section gently compressed labio-lingualy (H).
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Enamel fluting only on the lingual face of the tooth is a character
observed in Baryonyx walkery (Charig & Milner, 1997), but
the absence of serrations on the cutting edges precludes the
specimens here described to be referred to this genus.
Gradients may be interpreted as suggestive of
intraspecific variation, but in this case the differences, when
the extremes (morphotypes 1 and 2) are compared, are too
significant to suppose that only one species is represented

by the sample. Besides, morphotype 1 is currently attributed
to known forms of spinosaurines, while morphotype 2 is firstly
recorded in this work. Thus, it probably represents another
large size species of Theropoda, still unknown by skeletal
remains.

About the gradient observed, the following comments
looks to be pertinent: closely related species may present
characters that vary in a subtle manner that renders clear-cut

Figure 2. A-E, Teeth illustrating progressive morphologic modifications, including different sizes, from spinosaurine type, related as
morphotype 1 (A1, A2) to morphotype 2 (E1, E2), and the intermediaries morphologies (B1, B2, C1, C2, D1, D2); top and bottom teeth rows
represent opposed faces of the same specimens, respectively; features of the teeth described in the text; F-I, teeth basal cross sections
also related in the description; J, photomicrography showing carina basal wrinkles. Left superior scale bar = 5 cm (A-E); right inferior scale

bar = 3 mm (J).
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distinctions difficult. This may well be the case in the recorded
sample from Laje do Coringa. If so, the sample of isolated
teeth here described could actually represent at least two
species of large sized theropod dinosaurs closely related. As
the gradient clearly links both morphotypes, the possibility
exists that morphotype 2 can represent a spinosaurine
unknown form; smooth carina is a strong indicative of this
interpretation. Besides, although several teeth with unserrated
carinae and enamel surface smooth present labio-lingual
compression in the basal section, others virtually identical
show the sub-circular spinosaurine type. Actually, the degree
of compression in morphoype 2 is quite variable, including
those illustrated in Figures 2F, G, H and I.

The inference that a new spinosaurid form could have
different dental features based solely on isolated teeth may
look premature, but evidences recorded by a so large number
of teeth found in the same outcrop should be considered.
Among the teeth collected, morphotype 2 is much more
frequent in the Laje do Coringa site than morphotype 1 (see
above); it may have some thing to do with relative number of
individuals in the paleocommunity.

The length reached by some teeth here described (in both
morphotypes) indicates clearly that they belonged to animals
comparable in size to the Albian-Cenomanian northern African
Spinosaurus. Even if one chooses an alternative view, not
assuming a spinosaurid affinity to the teeth included in
morphotype 2, the evidence here discussed suggests that a
new species of large sized theropoda, still unknown by skeletal
remains, lived in the mid-Cretaceous of northeastern Brazil.
The associated fauna collected along with the teeth sample
here studied shows a paleocommunity similar to that recorded
in Sahara, including the theropods Carcharodontosaurus,
Sigilmassasaurus, and fresh water fishes — Mawsonia Mawson
& Woodward, 1907, Asiatoceratodus tiguidiensis (Tabaste,
1963), Ceratodus africanus Haug, 1905 (Vilas Boas et al., 1999;
Medeiros, 2001; Medeiros & Vilas Boas, 1999; Medeiros &
Schultz, 2001, 2002; Castro et al., 2004). Skeletal remains similar
to those recorded by Laparent (1960) in Sahara are also found
in Laje do Coringa (see Medeiros & Schultz, 2001, 2002). In
some, the taxonomic status remains unresolved.
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