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SAUROPODS OF THE ITAPECURU GROUP (LOWER/MIDDLE ALBIAN),
SÃO LUÍS-GRAJAÚ BASIN, MARANHÃO STATE, BRAZIL

ABSTRACT  –  In this paper, new sauropod remains from the lower/middle Albian of the Itapecuru Group, São Luís-
Grajaú Basin, Maranhão State (Brazil) are described. The material comprises vertebral centra, fragments of neural arches
and a fragment of the proximal end of a humerus of limited diagnostic value. Morphological analyses of these elements
indicate the presence of titanosaur sauropods and taxa related to the Rebbachisauridae. Sauropods are documented in the
lower/middle Albian deposits assigned to the ‘Undifferentiated Unit’ for the first time. Previous occurrences of these
herbivores are known from Cenomanian rocks of the Alcântara Formation, which overlays the Undifferentiated Unit.
Although fragmentary, the reported fossils extend the record of sauropods in Brazilian Cretaceous deposits.
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RESUMO  –  Este trabalho descreve fósseis de saurópodos do Albiano inferior/médio (Grupo Itapecuru), na bacia São Luís-
Grajaú, Estado do Maranhão. O material está representado por centros e fragmentos de vértebras, fragmentos de arco neural
e fragmento proximal de úmero de valor diagnóstico limitado. Análises das características morfológicas dos elementos ósseos
sugerem a ocorrência de saurópodos Titanosauria e de grupos associados aos Rebbachisauridae. Pela primeira vez são
registrados saurópodos nos depósitos do Albiano inferior/médio referidos à “Unidade Indiferenciada”. Ocorrências anteriores
destes herbívoros foram reconhecidas em rochas cenomanianas da Formação Alcântara, sobreposta a esta unidade. Os
fósseis aqui relatados, apesar de mostrarem-se bastante fragmentados, permitiram a ampliação de registro de dinossauros
saurópodos em depósitos cretáceos brasileiros.
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INTRODUCTION

The São Luís-Grajaú Basin (Figure 1) covers an area of
about 250,000 km2 in the center-north portion of Maranhão
State (Góes & Rossetti, 2001; Rossetti, 2003). This basin
encompasses the Itapecuru Group, which is divided into the
‘Undifferentiated Unit’ and Alcântara and Cujupe formations,
ranging from the lower Albian to the lower Campanian (Pedrão
et al., 1993a, 1993b; Rossetti & Truckenbrodt, 1997) (Figure
2).  The Undifferentiated Unit is poorly understood from both
geological and paleontological aspects. Considering that the
record of Eocretaceous sauropods in Brazil is rare and the
potential for new findings in these deposits, the
Undifferentiated Unit can play an important role in the

understanding of  sauropod evolution throughout the Lower/
Upper Cretaceous boundary in Brazil.

Regarding the fossil vertebrates, the Alcântara
Formation is the richest unit within the Itapecuru Group,
which includes fishes, turtles,  crocodylomorphs,
theropods and sauropods (Castro et al., 2004; Dutra &
Malabarba, 2001; Medeiros & Schultz, 2001). More
recently, desarticulated fossil remains, mainly sauropod
fragments, have been recorded from deposits assigned to
the Undifferentiated Unit, which is overlaid by the
Alcântara Formation (Castro et al., 2005).

In this paper we describe and compare these new
sauropod remains with other sauropods described in the
literature.
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MATERIAL AND METHODS

The fossils described herein are housed at Casa de Cultura
do Município de Coroatá (CCC), Coroatá Municipality, in the
State of Maranhão. They have been collected randomly by
landowners from three outcrops near the bank  of a tributary
creek of the Itapecuru River, in Santo Izídio, near Coroatá
located in the central-north portion of the state (Figure 1).

SYSTEMATIC  PALAEONTOLOGY

DINOSAURIA Owen, 1842
SAUROPODA Marsh, 1878

TITANOSAURIA Bonaparte & Coria, 1997

Material. CCC 005, CCC 010, CCC 053, CCC 074 (Figure 3).
Description. CCC 053 corresponds to an incomplete dorsal
centrum (Figure 3A) with part of the posterior end. The
pneumatic tissue is well developed and, in cross-sectional
view, the internal spaces (coels) decrease in size toward the
mid-portion of the vertebral body. The septa which separate
these coels are thin, but there is no sign of interconnection
among them. In dorsal view, the coels are elongated and
parallel to the sagittal axis of the centrum.

CCC 074 is a fragment of the anterior dorsal vertebra (Figure
3B) has a pneumatic tissue similar to that described in CCC
053. In this vertebra, a large chamber which is regarded here

as a pleurocoel can be observed. In anterior view, the internal
coels are elongated and radially arranged in the centrum. The
internal coels increase in size  toward the pleurocoel. In dorsal
view, the internal coels are elongated and aligned to the sagittal
plane.

The specimen CCC 010 is a mid-anterior caudal vertebra
(Figure 3C) that is badly damaged. The centrum is longer
than high with no bone tissue.  The anterior and posterior
ends are both concave. The lateral faces are high and slightly
concave. The ventral face is anteroposteriorly flat with
incipient lateral ridges. Dorsally, remains of the neural arch
indicate that it was placed on the anteriormost portion of the
centrum like in other titanosaurs (Salgado et al., 1997). There
are no signs of posterior depressions for  hemal arch
attachment.

CCC 005 is a fragmentary proximal end of a right humerus
(Figures 3D1-2). The proximal and lateral margins meet in a
right angle. Although not completely preserved, the medial
margin shows signs of being strongly expanded. The deltoid
crest is not preserved. The anterior and the posterior faces
are concave, but in the latter the concavity is slightly
developed.

DIPLODOCOIDEA Marsh, 1884

Material. CCC 017, CCC 030, CCC 060 (Figure 4).
Description. The specimen CCC 017 is a fragment of neural
arch and neural spine and is tentatively identified as a
posterior dorsal vertebra (Figure 4A). The distal end of the
neural spine and the prezygapophyses are lacking. The neural
spine is slender and anteroposteriorly short. It is formed by
the cross resulting from the joining of the prespinal lamina,

Figure 1. São Luís-Grajaú Basin in the northern part of Maranhão
State, including some localities where Cretaceous rocks outcrop
and the main city São Luís (adapted from Rossetti, 2001).

Figure 2. Stratigraphical column of the São Luís-Grajaú Basin
(modified from Rossetti & Truckenbrodt, 1997).
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postspinal lamina, and the two laminae interpreted as the
spinodiapophyseal laminae. The left spinodiapophyseal
lamina is well preserved, well developed, slender, and curved
toward the prespinal lamina. The right one is deformed so
that it overlays the prespinal lamina. The prespinal lamina
is broken at its base but, as far as can be observed, it is well
developed and not bifurcated. The postspinal lamina is more
developed than the prespinal one. It is slender and expanded
laterally in its posterior extension so that in dorsal view it
has a trapezoidal shape. The left side of the neural spine
has an incipient accessory lamina which links the
spinodipophyseal lamina to the spinopostzygapophyseal
lamina. This accessory lamina only occurs on the left side
and is nearly vertical. The prezygapophyses are short with
small articular facets. They are reinforced by the
spinopostzygapophyseal laminae which also contact the
postspinal lamina. A deep pit can be observed among the
spinopostzygapophyseal laminae and the postspinal lamina.
The latter lamina extends into this pit. The ventral margin of
the postzygapophyses, where they contact each other, there

is a worn protuberance which seems to correspond to the
hyposphene.

CCC 030 is a fragmentary neural arch (Figure 4B) regarded
as belonging to a dorsal vertebra with part of the contact
area with the centrum and the proximal half of the neural
spine preserved. The neural spine is anteroposteriorly
compressed and elliptical in cross-section. The postspinal
lamina is stout and well developed. The postzygapophyses
are not preserved, but the broken area where they should
be placed is diamond-shaped. In anterior view, the neural
spine has two well-developed accessory laminae that meet
at the base of the neural spine. At the side of each accessory
lamina there is a deep pit.

The specimen CCC 060 (Figure 4C) is tentatively regarded
as an anterior caudal neural spine. It is slightly deformed and
anteroposteriorly compressed. The pre- and postspinal
laminae are both simple, slender, and well developed; however,
the latter is more developed than the former. In anterior view,
the left side of the neural spine has a ridge that is subparallel
to the prespinal lamina.

Figure 3. Titanosauria. A, CCC 053, fragment of vertebral dorsal centrum in left lateral (A1), right lateral (A2) and anterior (A3) views,
scale bar = 5 cm; B,CCC 074, fragment of vertebral dorsal centrum in anterior view, scale bar = 5 cm; C, CCC 010, vertebral caudal centrum
in right lateral (C1), left lateral (C2) and latero-posterior (C3) views, scale bar = 5 cm; D, CCC 005, fragment of proximal epiphysis of right
humerus in posterior (D1) and anterior (D2) views, scale bar = 10 cm.
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DISCUSSION

Although incomplete and sometimes badly damaged, the
sauropod remains found in the Undifferentiated Unit have
some features that can be used for comparisons with other
taxa described in the literature. In the caudal vertebra CCC
010 (Figure 3C), the neural arch is placed on the anterior
portion of the centrum, which can be regarded as a titanosaur
feature. This morphology is reported for titanosaur caudal
vertebrae by Calvo & Bonaparte (1991), Salgado et al. (1997),
and Powell (2003). On the other hand, the neural arch is placed
nearly on the mid-length of the caudal vertebrae in other
sauropods (Salgado et al., 1997). The amphicoelous ends
such as those present in CCC 010 are common in basal
titanosaurs. Differently, in apical titanosaurs the caudal
vertebrae are procoelous, with a ball-and-socket joint
(Salgado et al., 1997). Moreover, this specimen is similar to
the caudal centrum described by Medeiros & Schultz (2001)
from the Alcântara Formation, which was regarded as a basal
titanosaur. According to Medeiros & Schultz (2001), the
caudal centrum from the Alcântara Formation also has an

anteriorly placed neural arch, slightly amphicoelous ends,
and slightly concave lateral faces.

Among basal titanosaurs, the morphology described in
CCC 010 is closer to that of the caudals reported for
Malawisaurus dixeyi by Jacobs et al. (1993) and Gomani
(2005) from Aptian deposits of Malawi. Andesaurus delgadoi
from the Albian-Cenomanian Rio Limay Formation (Calvo &
Bonaparte, 1991) also bears amphicoelous or amphiplatyan
caudal vertebrae as in CCC 010. However, in Andesaurus the
caudal vertebrae are more laterally compressed than in CCC
010. Moreover, other basal titanosaurs having amphiplatyan
mid-caudals have been described recently such as
Mendozasaurus (González Riga, 2003), which precludes the
assignment of CCC 010 to one of these taxa only based on
caudal vertebra joint morphology.

The bone tissue in CCC 053 and CCC 074 (Figure 3A, B)
corresponds to a well-developed pneumatic tissue composed
by chambers and small internal coels which, following the
nomenclature proposed by Wedel (2003), are regarded as
camerate and polycamerate (cameral generations usually 3 or
more, with increased number of branches at each generation).

Figure 4. Rebbachisauridae. A, CCC 017, fragment of arch neural, probably of posterior dorsal or anterior caudal vertebrae, in posterior
(A1), left lateral (A2) and dorsal (A3) views; B, CCC 030, fragment of neural arch in anterior view; C, CCC 060, fragment of neural spine
in lateral view, with schematic drawings. Abbreviations: hy, hyposphene; pz, postzygapophysis; al, accessory lamina; psl, postspinal
lamina; prl, prespinal lamina; spol, spinopostzygapophyseal lamina; f, fossa; sdl, spinodiapophyseal lamina. Scale bars = 5 cm.
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This well-developed system of chambers and internal coels
can be also regarded as a titanosaur feature (Wedel, 2005).

The presence of neural spine with well-developed
pneumatic tissue has been reported only for apical
titanosaurs (Salgado et al., 1997; Upchurch, 1998; Wilson &
Sereno, 1998) such as Alamosaurus, Opisthocoelicauda, and
Saltasaurinae. Within Saltasaurinae, Saltasaurus has
camellate presacral, sacral, and anterior caudal vertebrae
(Powell, 1992 sensu Wedel, 2005). Camellate caudal vertebrae
are considered to be a synapomorphy for Saltasaurinae
(Salgado et al., 1997). In basal sauropods such as
Barapasaurus and Haplcanthosaurus, except for
Mamenchisaurus which has camellate presacral vertebrae,
the vertebral pneumaticity is limited to the presence of large
fossae or foramens in the lateral faces of the centra (Britt,
1993, 1997; Wedel, 2003).

The fragmentary proximal end of the humerus CCC 005
(Figure 3D) shares with both apical and basal titanosaurs as
Rapetosaurus krausei (Curry Rogers & Forster, 2001),
Aeolosaurus rionegrinus (Salgado & Coria, 1993),
Mendozasaurus neguyelap (González Riga, 2003), and
Malawisaurus dixeyi (Gomani, 2005) the presence of straight
laterodorsal margins which meet in a right angle and strongly
developed curvature on the medial margin of the humerus.

The occurrences of Titanosauria show that they were
more diverse and abundant in Cretaceous deposits from
Argentina, mainly in Patagonia. In Brazil, titanosaurs are more
common in Campanian/Maastrichtian deposits from the states
of São Paulo, Minas Gerais, Mato Grosso and Goiás
(Candeiro, 2006; Candeiro et al., 2005; Bonaparte, 1994;
Salgado et al., 1997; Bertini et al., 2001; Powell, 2003; Santucci
& Bertini, 2006). On the other hand, titanosaurs are rarely
found in pre-Campanian/Maastrichtian deposits, and they
are only known from the Alcântara Formation, São Luís-Grajaú
Basin (Medeiros & Schultz, 2001) so far. The best remains
collected from this unit correspond to vertebral centra and
limb bones. Based on the morphology of these remains,
Medeiros & Schultz (2001) considered them similar to
Andesaurus and Malawisaurus. Although the fossils
unearthed from the São Luís-Grajaú Basin cannot be assigned
to any titanosaur species because of their poor preservation
quality, these remains show that basal titanosaurs were
present in north-northeastern Brazil at least in Albian-
Cenomanian times.

The features seen in the fragments of neural arches, CCC
017 and CCC 030 (Figure 4A, B), and the fragment of neural
spine (CCC 060, Figure 4C) indicate they are more similar to
rebbachisaurids. The neural spines are high and form a cross
pattern together with the pre and postspinal laminae. These
features were previously reported for rebbachisaurids by
Calvo & Salgado (1995), Carvalho et al. (2003), Medeiros &
Schultz (2004), and Salgado et al. (2004).

Although fragmentary, the remains described here
correspond to new evidence about the presence of
rebbachisaurids in Albian-Cenomanian deposits of the São
Luís-Grajaú Basin. Previous findings were collected from
deposits of the Alcântara Formation, which is Cenomanian in

age, and essentially correspond to isolated caudal centra
and neural arches (Medeiros & Schultz, 2001). These same
authors considered these fossils more related to African than
to American sauropods.

Amazonsaurus maranhensis from the Albian Itapecuru
Formation (Carvalho et al., 2003) was described on the basis
of a partial skeleton, principally dorsal and caudal centra and
hemal arches. Unfortunately, there are not enough
overlapping bones to compare the fossils from the
Undifferentiated Unit to this species.

CONCLUSION

Sauropod remains from the Undifferentiated Unit
deposits, lower/middle Albian, Itapecuru Group, São Luís
Grajaú Basin, Maranhão State, are described for the first time.
This unit is overlaid by the Alcântara Formation where
sauropods have already been reported. The fragmentary
nature of these remains does not allow a species level
taxonomic assignment. However, according to the
morphology of these remains, we can regard them as being
titanosaurs and rebbachisaurids. Although these taxa have
already been found in the Alcântara Formation, it is not
possible to assign them to the same species because there
are no overlapping bones for direct comparison.

Unfortunately, because of the inadequate collecting
methods (the remains had been collected by local
landowners), we cannot assure the exact stratigraphic
position of these fossils, and therefore, it is not clear if the
two taxa inhabited the same area in the same age interval.
Further studies in this area may furnish additional evidence
about this association of different sauropod taxa, which is
unusual for titanosaurs because they generally represent the
only sauropod taxon in a given sedimentary deposit.

The titanosaurs found in the Undifferentiated Unit are
coeval to the global record of basal titanosaurs such as
Andesaurus (Argentina, Albian-Cenomanian) and
Malawisaurus (Malawi, Aptian).  Unfortunately,  the
morphological similarities among Maranhão titanosaurs and
Andesaurus and Malawisaurus are also shared with other
titanosaurs, precluding their assignment to any specific taxa.

Finally, the presence of titanosaurs and rebbachisaurids
in deposits of the Undifferentiated Unit represents the oldest
record of these taxa in Brazil so far.
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