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ABSTRACT
Partial remains of a titanosaur sauropod collected in the Tolar Formation (Upper Cretaceous) at the Atacama Des:

(Antofagasta Region), northern Chile, is described, and a new species, Atacamatitan chilensis gen. et sp. nov.,

erected. The material consists mainly of dorsal and caudal vertebrae, part of a humerus and a femur. The presen

of a titanosaur confirms the Cretaceous age for the outcrops of red sandstone of the Tolar Formation whose age w

previously uncertain, ranging from the Upper Cretaceous to the Paleocene. The new specimen represents the mc

complete dinosaur reported for this region and one of the most complete titanosaur known from Chile and the paci

margin of South America so far.
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INTRODUCTION

The record of continental fossil vertebrates in Meso-
zoic deposits of Chile is very rare. From these, although
scarce, titanosaur sauropods are the best documented,
mostly limited to incomplete and isolated remains re-
covered from only four localities, all from the north-
ern part of the country (Rubilar-Rogers 2003, 2005).
They include the first report of non-avian dinosaur bones,
consisting of an incomplete left scapula and coracoid,
and the distal end of a right humerus that were regarded
as cf. Antarctosaurs wichmannianus and as Titanosauri-
dae indet., respectively (Casamiquela et al. 1969).

In order to prospect for continental Mesozoic tetra-
pod fossils in Chile, contacts between Chilean and
Brazilian researchers were established in 1998 and a
preliminary expedition during February 2000 was orga-
ni7zed hv the Miiceo Nacional de Hictoria Natiiral (San-

tiago) and the Museu Nacional/UFRJ (Rio de J
to the Antofagasta region. During this field act
site located about 150 km north of Calama to
some 50 km east from El Abra cooper mine w
covered (Vargas et al. 2000). The deposits in tl
represent the Tolar Formation that consists of a se
of sedimentary clastic red rocks with intercalat
conglomerates of the same color and brechas at t
(Maksaev 1978). Up to that time, the age infer
this formation had not been defined with precisio
ing from the Upper Cretaceous to the Paleocen
dinosaur specimen supports a Cretaceous age at 1
the outcrops of the Tolar Formation near Conch
town, where the dinosaur site is located.

The year thereafter (July, 2001), a second
tion continued to excavate the site. This activity
in what is the second most complete titanosaur d
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a surface of 2 m? and is regarded as representing one
individual, which is described here.

SYSTEMATIC PALEONTOLOGY

Dinosauria Owen, 1842
Sauropoda Marsh, 1878
Titanosauria Bonaparte & Coria, 1993
Titanosauriformes Salgado et al., 1997
Titanosauridae Lydekker, 1893

Atacamatitan gen. nov.

Etymology: Atacama, from the desert where the spec-
imen was found, and Titan, which relates to a group of
Greek divinities.

Type species: Atacamatitan chilensis sp. nov., type by
monotypy.

Recorded temporal and stratigraphic range: Upper
Cretaceous, Tolar Formation.

Diagnosis: As for the type and only known species.
Atacamatitan chilensis sp. nov.

Etymology: In allusion to Chile, the country where the
specimen was found.

Holotype:
proximal end of a humerus, two dorsal vertebrae, pos-

The material includes a right femur, the

terior caudal vertebrae, dorsal ribs and a fragmentary
element regarded as part of the sternum, besides other
incomplete bones, all housed at the Seccion Paleonto-
logia, Museo Nacional de Historia Natural, under the
number SGO-PV-961 (Figs. 1-4). A cast of one caudal
vertebra (MN 7232-V) is deposited in the Museu Na-
cional/UFRJ (Rio de Janeiro).

Occurrence: The material comes from an outcrop near
Conchi Viejo town, Atacama Desert, Antofagasta Re-
gion, and was collected in a surface of 2 m?.

Recorded temporal and stratigraphic range: Upper
Cretaceous, Tolar Formation.

Diagnosis: Titanosaurid dinosaur with the following

comhbination ofcharactere that dictinonichec 1+ fram nther

acuminate posteriorly*; ventral surface of the dorsal ver-
tebra strongly concave*; posterior caudals with a lat-
erally compressed neural spine that bears a blade-like
anterior margin*; femur with the shaft getting gradually
narrower until two thirds of its length*.

DESCRIPTION AND COMPARISONS

When the site was found, the first specimen of Ataca-
matitan chilensis gen. et sp. nov. to be recognized was
the femur, which was eroding on the surface. Subse-
quently, other bones were excavated, including several
fragments. Some are slightly distorted due to taphon-
omy, but their original shape can be established without
difficulty. The bones have a reddish color and are quite
heavy, a result of extensive permineralization.

Only two dorsal vertebrae were recovered. They
are incomplete, with the neural arches only partially pre-
served. Both are opisthocoelic, lacking hyposphene-
hypantrum as in several members of the Titanosauridae
(e.g., Salgado et al. 1997). In SGO-PV-961a (Figs. 1A,
B) the centrum is remarkably opisthocoelic, with the an-
terior articulation more convex in lateral view than in
SGO-PV-961b. Also, in the former, the centrum is more
elongated. It bears on the lateral side developed pleu-
rocoels that are more rounded and less elongated com-
pared with other titanosaurids. These pleurocoels do
not acuminate posteriorly in the preserved elements of
the new species, contrary to what is observed in several
other members of this clade (e.g., Trigonosaurus, see
also Calvo et al. 2007b). The main axis of the pleuro-
coel has 83 mm and occupies a dorsal position in the
centrum. The neural arch is broken and only part of the
peduncles is preserved. Their attachment to the centrum
is longer than the total length of the pleurocoels. The
centrodiapophyseal lamina is undivided. Together with
the peduncles, this lamina is inclined anteriorly.

Judging from the preserved portion, the neural arch
is wider than high. There is no evidence of the para-
pophyses at the centrum or at the lower portion of the
neural arch indicating that this is a middle or posterior
dorsal vertebra. The ventral margin of the centrum is

ronecave Pacterinrly the centrmim heare a nranniineced
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Fig. 1 —Atacamatitan chilensis gen. et sp. nov., lateral and anterior views of dorsal vertebrae of SGO.PV.
961a (A, B) and SGO-PV-961b (C,D). Scale bars: 50 mm.

posteriorly compressed. The neural arch is not complete
and only the peduncles, the prezygapophyses and part
of the left diapophysis are preserved. The base of the
peduncles is long and covers almost the total length of
the centrum. There is little distance between both prezy-
gapophyses, forming, in anterior view, an angle of ap-

e 1. ~N~D o PR APk M T I

in the preserved base of the neural arch. The

coel is circular and deep. The most proximal par
diapophyses presents an inclination of 30°. The
rior face of the centrum is less excavated than ir
PV-961a. The short inter-prezygapophyseal distaz
reduced excavation of the posterior centrum fa

1 1 1Y 1 o4
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Comparing the dorsal vertebrae of Atacamatitan
chilensis with other titanosaurids, they differ from
Trigonosaurus, Gondwanatitan, Uberabatitan and Sal-
tasaurus by the strongly concave ventral margin of the
centrum, for all in SGO-PV-96la (Powell 1992,
Kellner and Azevedo 1999, Campos et al. 2005, Salgado
and Carvalho 2008). In this respect, there are similari-
ties with Muyelensaurus, Mendozasaurus and, to some
extent, with Opisthocoelicaudia (Salgado et al. 1997,
Gonzalez Riga 2003, Calvo et al. 2007b). Judging from
the two preserved dorsal elements, Atacamatitan chi-
lensis differs by having the pleurocoels comparatively
more rounded and less elongated that do not acuminate
posteriorly.

Some caudal elements were recovered, but only
two are preserved well enough to provide anatomical de-
tails. Both come from the middle to posterior end of the
tail. SGO-PV-961c (Fig. 2A, B) is essentially formed by
the centrum. Itis procoelous, compressed dorsoventrally
and lacks pleurocoels. Remains of the left transverse
process and the base of the neural arch can be observed.
No chevrons were collected at the site, but the centrum
bears two strong processes to receive them. The ventral
and lateral surfaces of the centrum are slightly curved. In
dorsal view it is possible to observe a deep compression
in the middle portion of this element.

The second caudal element (SGO-PV-961h; Figs.
2C, D) is complete, lacking only the right prezygapoph-
ysis. Overall the centrum (length: 86 mm) shows a sim-
ilar morphology to the previous one (SGO-PV-961c). It
is smaller and was positioned more posteriorly than the
first. The posterior articulation surface is quadrangu-
lar and no processes to receive the chevron are present.
It shows a very small dorsal tuberosity on the lateral
side of the centrum (sensu Kellner et al. 2005). The
prezygapophyses are elongated and reach about 30%
of the preceding vertebral centrum. Postzygapophyses
are short and located at the ventral margin of the neural
spine. The neural arch is placed in the anterior half of
the centrum. The neural spine is directed posterodorsally
and has the distal tip slightly expanded dorsoventrally.

Most anatomical information regarding caudal ver-

sis are from the middle-posterior portion of the caudal
series. Nonetheless, a few differences from other ti-
tanosaurid caudal vertebrae are noted. The most dis-
tinct posterior caudals in titanosaurids are found in Salta-
saurus and Rocasaurus, with quite large and developed
postzygapophyseal articulations and a longitudinal sep-
tum on the ventral part of the vertebrae (Powell 1992,
Salgado and Azpilicueta 2000), absent in Atacamatitan.
The new Chilean species also differs from the less pro-
coelic condition found in the posterior caudals of Mala-
wisaurus (Jacobs et al. 1993), a taxon that occupies a
more basal position within the Titanosauria (e.g., Sal-
gado et al. 1997, Calvo et al. 2007b).

Although the caudals of Atacamatitan probably are
more posterior than the most posterior caudal of 7rigo-
nosaurus, in the new taxon they differ by being more
procoelic (Campos et al. 2005). The last preserved cau-
dal of Baurutitan (the 18th) can be distinguished from
the more complete element of the Chilean titanosaurid
(which might also be more posterior) by having a distinct
process on the neural spine, which is also quite elongated
anteroposteriorly (Kellner et al. 2005). Mendozasaurus
and Muyelensaurus also have distinct neural spines in
their preserved posterior caudal elements that are higher
and more elongated anteroposteriorly than in Atacama-
titan (Gonzalez Riga 2003, Calvo et al. 2007a). The
preserved posterior caudal vertebrae of Gondwanatitan
show a straighter ventral margin (Kellner and Azevedo
1999), contrasting with the concave condition observed
in Atacamatitan. Furthermore, this Brazilian titanosau-
rid has a broader and more inclined neural spine.

The most similar caudal elements of the Chilean
species are found in Maxakalisaurus and Uberabatitan
(Kellner et al. 2006, Salgado and Carvalho 2008). The
main difference is the less developed neural spine in
Atacamatitan that has a sharp and blade-like anterior
margin. Comparisons with some other South American
titanosaurids that are based on caudal elements such as
Adamantisaurus are very limited, since there is no over-
lapping element (Santucci and Bertini 2006).

Some isolated elements, which represent ribs, were
also collected. The best preserved one is SGO-PV-961d
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b

Fig. 2— Atacamatitan chilensis gen. etsp. nov., caudal centrum SGO.PV.961c¢ in ventral (A) and ventrolateral
views (B); caudal vertebrac SGO-PV-961h in lateral (C) and dorsal (D) views. Scale bars: 50 mm.

ventral side with a crest that forms a marked angle (about
90°) on the dorsal edge. The capitulum and tuberculum
are not complete. It is unknown if the ribs of Atacamati-
tan also bear pneumatic foramina as observed in some
other titanosaurids (e.g., Maxakalisaurus).

A fragment of a plate-like bone is interpreted as
a portion of the sternal plate (SGO-PV-961e, Fig. 3C).
It is thin with a smooth border. Given the fragmentary
condition, it is impossible to distinguish if the element
corresponds to a crescentic or oval general form (Salgado
etal. 1997).

The proximal half of a right humerus (Figs. 4A, B)
is preserved (SGO-PV-961f). The proximal end is ex-
panded and has a square outline. Although the deltopec-
toral crest is not totally preserved, it is noticeable that
this element has a reduced distal expansion. In anterior
view, the humerus is hollowed out with a well-marked
depression for muscular attachment. The midshaft is
straight and has an elliptic transverse section. Although
comparisons with other titanosaurids are rather limited,

R TR T o Y T DS T Y T, |

fers from Mendozasaurus, which bears a quite dis
and elongated deltopectoral crest (Gonzalez Riga
Also in Gondwanatitan the deltopectoral crest i
than in the comparable preserved portion of Afa
tan (Kellner and Azevedo 1999).

The last element preserved of Atacamatit
lensis is the right femur (SGO-PV-961g). Over
element is rather gracile compared to the preserv
tion of the humerus, suggesting that the new (
titanosaur had the forelimbs stronger relative to t
limbs, a potential autapomorphy of this species
bone is slender and lacks the femoral head (Fi
The total length is 1.10 m, and the width at m
lateromedially is 12.5 cm. The proximal portion i
ally deflected and has a lateral bulge (a typical tit:
riform feature), which extends about 25% of tl
length of the preserved bone. The shaft is antero
orly flattened and mediolaterally wide (the laterc
diameter is 250% greater than the anteroposteric
However, it has a different configuration in res

DY D S T « DG P

I Y s
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a

Fig. 3 — Atacamatitan chilensis gen. et sp. nov., rib (SGO-PV-961d) in anterior (A) and posterior (B)
views; fragmentary sternal plate (SGO-PV-961e). Scale bar: 100 mm.

along the shaft is variable and smaller than the width
between the external surface of the distal condyles. On
the distal end, the fibular and tibial condyles are of sube-
qual sizes, with the medial one slightly larger. A well-
developed fourth trochanter in present posteriorly, ex-
tending onto the proximal quarter of the femur. A deep
groove runs along the proximal third of the femur and is
positioned medial to the greater trochanter. The posterior
surface of the distal end of the femur shows a depression
that gently separates the medial and lateral condyles.

DISCUSSION

As pointed out innumerous times in the literature, the

rarnonition of ecneciec 11 the faccil rernrd can he 2 CcoPL

(e.g., Salgado and Azpilicueta 2000, Mateus et al. 2011).
Regarding this group, most of the specimens tend to be
very incomplete and fragmentary (e.g., Kellner and Cam-
pos 1999, 2000). This is also the case of Atacamatitan
chilensis, known for a limited number of elements.
Regarding the identification of the dorsal vertebrae,
in various sauropods the parapophyses are displaced in
relation to the position that they occupy in the vertebra:
from being at the centrum in proximal dorsal vertebrae,
to above the centrum, high at the neural arch in the dis-
tal vertebrae (McIntosh 1990). In both dorsal vertebrae
of Atacamatitan chilensis the bases of the neural arches
are attached along the centrum, suggesting a posterior
half position for these elements along the vertebral col-

1nmmn Althonioh incomnlete thece elemente chow <everal
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Fig. 4 — Atacamatitan chilensis gen. et sp. nov., proximal half of right humerus (SGO-PV-961f) in anterior
(A) and posterior (B) views; femur in anterior view (C) Scale bar: 100 mm.

tano<anride Furthermore the <tronolv concave ventral that ha< 3 laterallv comnreeced neniral enine with
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rived titanosaurids such as Gondwanatitan, Opisthocoe-
licaudia, Saltasaurus, Neuquensaurus and Alamosaurus,
whose deltopectoral crest is markedly expanded distally.
Such condition is mentioned as a synapomorphy of Sal-
tasauridae by Wilson (2002, but see Salgado etal. 1997).

Another element that shows some distinction from
other titanosaurids is the femur, which in Atacamatitan
chilensis has a shaft that gets narrower until two thirds
of its length.

Although the systematic position of Atacamatitan
chilensis is difficult to be established (which is also the
case for most titanosaurids), at the time being we can
state that this new form is more basal relative to the
Saltasauridae, but more derived relative Malawisaurus,
and is not a member of the Aeolosaurini.

There is another titanosaurid from the Cretaceous
deposits of the Atacama region in Chile. However, the
geographic distance (also an aspect to be considered in
the recognition of new species — see Kellner 2010) of
these records (more than 1.000 km) and some discrete
anatomical differences (D. Rubilar-Rogers et al., unpub-
lished data) make it unlikely that these specimens repre-
sent the same species.

CONCLUSIONS

Despite the fragmentary and incomplete condition of
the specimen SGO-PV-961, it is one of the most com-
plete dinosaur recorded in Chile and does represent a
new species, named here Atacamatitan chilensis gen. et
sp. nov. The new taxon occupies an intermediate posi-
tion regarding the Titanosauridae, being less derived than
the Saltasauridae but more derived than Malawisaurus.
This material confirms the Cretaceous age of the Tolar
Formation and shows that these deposits have potential
for new findings.
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RESUMO

Um esqueleto incompleto de um dinossauro titanossaurideo de
depositos da Formagao Tolar (Cretaceo Superior) do deserto
do Atacama (regido de Antofagasta), norte do Chile ¢ descrito
e uma nova espécie, Atacamatitan chilensis gen. et sp. nov.,
¢ proposta. O material consiste principalmente de vértebras
dorsais e caudais e de partes do umero e fémur. A presenga de
um titanossauro confirma a idade Cretacea para os afloramentos
de arenito avermelhado da Formag&o Tolar, que eram anterior-
mente tidos como depositados entre o Cretaceo Superior e o
Paleoceno. O exemplar representa 0 mais completo titanos-
sauro até hoje encontrado na regido e um dos mais completos
reportados até o momento do Chile e da margem do Oceano

Pacifico na América do Sul.

Palavras-chave: Dinosauria, Titanosauria, Atacamatitan,

Deserto do Atacama, Cretaceo, Chile.
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