CARNOTAURUS SASTREI BONAPARTE,
THE HORNED, LIGHTLY BUILT CARNOSAUR
FROM THE MIDDLE CRETACEOUS OF PATAGONIA
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ABSTRACT. Carnotaurus sastrei Bonaparte, 1985, is known from Cretaceous deposits referred to the
Gorro Frigio Formation (Albian or Cenomanian) of Chubut Province, Patagonia, Argentina. It is an
unusual theropod, with two short, stout frontal horns; a very weak contact between dentary and post-
dentary bones; cervical vertebrae quite derived, with small neural spines and very pronounced epipophyses;
forelimbs extremely reduced; and long, slender hindlimbs. Carnotaurus sastrei shares several derived and
primitive characters with Abelisaurus comahuensis Bonaparte and Novas, 1985, from the Allen Formation,
Maastrichtian of Patagonia, Argentina: maxilla short and high in its anterior half, a small maxillary fenestra,
nasals strongly decorated, wide contact between postorbital and lachrymal above the orbit, elongate
quadrate, and ventral branch of the squamosal ventrally directed. These features suggest that both species
belong to the same family, Abelisauridae Bonaparte and Novas, 1985.

The Noasauridae, represented by Noasaurus leali Bonaparte and Powell, 1980, from the Lecho
Formation, Maastrichtian, northwestern Argentina, appears to be related to the Abelisauridae because
the contained species have a similar type of cervical vertebrae, i.e., with reduced neural spines and well-
developed, spine-like epipophyses. Comparative analyses suggest that Abelisauridae and Noasauridae share
more characters with Ceratosauridae than with any other Theropoda. Two superfamilies are recognized:
Ceratosauroidea (including Ceratosauridae, Abelisauridae, and Noasauridae) and Tyrannosauroidea (in-
cluding Allosauridae and Tyrannosauridae).

RESUMEN. Carnotaurus sastrei Bonaparte, 1985, proveniente de depositos Cretacicos referidos a la
Formacion Gorro Frigio (Albiano o Cenomaniano) de la Provincia del Chubut, Patagonia, Argentina, es
un inusual terépodo con dos cortos y robustos cuernos frontales; mandibula con débil contacto entre
los elementos dentarios y postdentarios; vértebras cervicales especializadas, con espinas neurales pequenas
y epipOfisis muy pronunciadas; miembros anteriores sumamente reducidos; y miembros posteriores largos
y graciles. Carnotaurus sastrei comparte una serie de caracteres derivados y primitivos con Abelisaurus
comahuensis Bonaparte y Novas, 1985, de la Formacion Allen, Maastrichtiano de Patagonia, Argentina:
maxilar corto y alto en su sector anterior, fenestra maxilar pequefa, nasales fuertemente decorados,
postorbital y lacrimal con amplio contacto por encima de la 6rbita, cuadrado largo, y escamoso con rama
ventral dirigida ventralmente. Estos caracteres sugieren que ambos taxones pertenecen a la familia Abe-
lisauridae Bonaparte y Novas, 1985.

La familia Noasauridae, representada por Noasaurus leali Bonaparte y Powell, 1980, de la Formacion
Lecho, Maastrichtiano, NW de la Argentina, parece estar relacionado a la familia Abelisauridae, debido
a que presenta un tipo similar de vértebras cervicales, con espinas neurales reducidas y epipofisis desa-
rrolladas. Las comparaciones efectuadas sugieren que Abelisauridae y Noasauridae comparten mas ca-
racteres con los Ceratosauridae que con otros teropodos conocidos. Se reconocen dos superfamilias:
Ceratosauroidea (que incluye a Ceratosauridae, Abelisauridae, y Noasauridae) y Tyrannosauroidea (que
incluye a Allosauridae y Tyrannosauridae).

INTRODUCTION

During fieldwork of the 8th Paleontological Ex-
pedition to Patagonia, within the project “Jurassic
and Cretaceous Terrestrial Vertebrates of South
America” sponsored by the National Geographic
Society, the skeleton of a theropod of rather great
size was excavated. It was in a good state of pres-
ervation, with all of the preserved bones perfectly
articulated. Skin impressions were found in the area
of its right side, perhaps the first recorded among
the carnosaur dinosaurs. However, weathering had
affected the central and distal parts of the tail, most
of the tibiae, both fibulae, and the hind feet. The
remainder of the skeleton was complete, articulat-
ed, and with some lateromedial deformation that
was more pronounced in the skull.

Carnotaurus sastrei was briefly described by Bo-
naparte (1985). It was noted that there are strong
differences between it and the Cretaceous carno-
saurs from the northern continents, especially in
the skull, axial skeleton, and in the striking reduc-
tion of the forelimbs. Bonaparte and Novas (1985)
recognized that Abelisaurus comahuensis repre-
sented a new family of the Carnosauria, Abelisaur-
idae, to which C. sastrei was referred. This family
is clearly defined by characters of the skull: large
infratemporal fenestra; elongated quadrate; poste-

2 B Contributions in Science, Number 416

riorly directed squamosal with a ventral, rod-like
process; and a small maxillary fenestra located very
near the preorbital opening.

The marked anatomical differences of this family
of Patagonian theropods, in comparison with ther-
opods from the Northern Hemisphere, have been
interpreted by Bonaparte (1985, 1986b) and Bo-
naparte and Novas (1985) to be the result of the
long geographic separation of the Laurasian and
Gondwanian supercontinents. According to the pa-
leogeographic evidence (Bonaparte, 1986b), the iso-
lation occurred from the late Middle Jurassic to
the Late Cretaceous (Campanian).

The following abbreviations are used in this pa-
per: AMNH, American Museum of Natural His-
tory; MACN-CH, Museo Argentino de Ciencias
Naturales “B. Rivadavia,” Coleccion Chubut; and
USNM, United States National Museum of Natural
History.

SYSTEMATICS AND PALEONTOLOGY
Order Saurischia Seeley, 1888
Suborder Theropoda Marsh, 1881
Infraorder Carnosauria Huene, 1920
Family Abelisauridae
Bonaparte and Novas, 1985
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Figure 1.

Map showing the locality where Carnotaurus sastrei was found.

Genus Carnotaurus Bonaparte, 1985
Type species Carnotaurus sastrei
Bonaparte, 1985

HOLOTYPE. MACN-CH 894. Almost com-
plete skeleton, with skin impressions, lacking me-
dial and distal parts of the tail, central and distal
parts of the tibiae, both fibulae, and hind feet.

LOCALITY. Estancia Pocho Sastre, near Bajada
Moreno, Department of Telsen, Province of Chu-
but, Patagonia, Argentina (Fig. 1).

HORIZON AND AGE. Near the top of the
Gorro Frigio Formation, Cretaceous (Albian or
Cenomanian).

REVISED GENERIC DIAGNOSIS. Abelisaurid
carnosaur, with skull shorter and higher than in
Abelisaurus and other theropods, and with deep
snout and prominent frontal horns. Orbits divided
into two parts: an upper, rounded section antero-
laterally projected for the eyes, with a pronounced
posterodorsal orbital wall, and a lower, dorsoven-
trally elongated section. Supratemporal opening
small, with parietal and squamosal forming a high
posterior wall and having a low, lateral border.
Infratemporal and preorbital openings smaller than
in Abelisaurus. Quadrate very high, and squamosal
having a short, rod-like ventral projection. Loose
contact between dentary and postdentary bones,
forming a large mandibular fenestra. Cervical ver-
tebrae behind the axis with reduced neural spines
and high, well-developed epipophyses. Sacrum with
seven fused vertebrae. Forelimbs reduced, with ex-
tremely short and stout radius and ulna, both pro-
vided with large, convex distal ends. Ilia long and
square-shaped. Pubes, ischia, and femora long and
slender.
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CRANIAL SKELETON
Skull

The skull of Carnotaurus sastrei (Figs. 2-5) was
somewhat laterally compressed in fossilization,
mainly around the temporal and orbital openings.
It is short and high, with two robust frontal horns.
Both the skull and lower jaws have loose sutures
between some bones that suggest kinesis. Most of
the lateral and dorsal surfaces of the skull have
sharp rugosities, canals, and small foramina. But
the occipital region, the quadratojugal, the supra-
occipital region, and the occipital crest are smooth.
These areas of the skull were covered by a muscular
mass, whereas in the rugose areas the soft covering
possibly was horny.

The premaxilla is thick and massive, with the
narial opening in a high position. The posterodorsal
process is not exposed. Below the external nares
there is a wide depression of smooth bone, very
different from the rest of the muzzle. It may have
been the position of a salt gland comparable to that
of some herbivorous dinosaurs (Osmolska, 1979).

The maxilla is very short and high, with one
maxillary fenestra that is dorsoventrally elongated,
anteroposteriorly short, and located very near the
anterior border of the preorbital opening. The latter
opening is also higher than long, quite different
from the situation in tyrannosaurids (Fig. 7) and
dromaeosaurids.

The lachrymal has only a small anterior projec-
tion that contacts the nasal (Fig. 2). The ventral
projection is posteriorly convex, as in Abelisaurus
(Bonaparte and Novas, 1985); fig. 7.

The jugal is very short and high, with the anterior
projection dorsoventrally thick. The suture with
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Figure 2.

Carnotaurus sastrei. Skull and left lower jaw in lateral view. an, angular; ar, articular; cor, coronoid; d,

dentary; fr, frontal; fsp, posterior surangular foramen; itf, infratemporal fenestra; j, jugal; 1, lachrymal; mx, maxilla;
ry; Ir, 5 Isp, p g 5 J ry

mxf, maxillary fenestra; n, nasal; o, orbital opening; p, parietal; pmx, premaxilla; po, postorbital; ppo, paraoccipital
process; pra, prearticular; q, quadrate; qj, quadratojugal; rt, retroarticular process; sa, surangular; soc, supraoccipital;

sq, squamosal.

the maxilla is rigid, whereas those with the lach-
rymal, postorbital, and quadratojugal are weak,
suggesting that kinesis was possible.

The postorbital is proportionally large, with a
conspicuous anteroventral process that defines the
lower rim of the orbit and closely approaches the
lachrymal. The postorbital has a wide contact with
the frontal horn. The sutures with the squamosal
and the dorsal process of the jugal are weak, sug-
gesting that movement was possible.

The squamosal is relatively small, with little par-
ticipation of the supratemporal fenestra. The ven-
tral projection is rod-like, with a short contact with
the quadratojugal. The cavity for the quadrate head
is not deep, and the posteroventral projection is
modest.

The quadrate and quadratojugal are fused to one
another and show a movable contact with the jugal.
The quadrate is dorsoventrally long, with the lower
condyles well defined in medial view and less so in
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lateral view. The anteromedial projection is high,
and it is most easily distinguished at the contact
with the quadrate branch of the pterygoid. In oc-
cipital view (Fig. 4) the quadrates are dorsoventrally
long and wide, showing a rather sharp border run-
ning down from near the paraoccipital process, sep-
arating the posterolateral surface from the postero-
medial one.

The nasals show more pronounced rugosities
than do other parts of the skull. They are trans-
versely convex and almost straight anteroposte-
riorly. The anteroventral process is pronounced.
The sutures of the nasals with the frontals, the
premaxillae, and lachrymals are weak, suggesting
mobility. But the union of the nasals with the max-
illae, although not fused, suggests that it was more
rigid than those cited above.

The frontals are fused with the anterior part of
the parietals, but the sutures with the lachrymals
and postorbitals are loose. The horns of this species

Bonaparte, Novas, and Coria: Carnotaurus sastrei



Figure 3.

mf

Carnotaurus sastrei. Skull (A) in dorsal view with lateral compression in premaxilla, maxilla, and quadra-

tojugal, and displacement of the premaxilla corrected. Left lower jaw (B) in medial view. Abbreviations as in Figure 2,
and: e, splenial; gl, glenoid; mf, Meckelian foramen; oc, occipital condyle; pgf, post-glenoid fossa; rt, retroarticular

process; stf, supratemporal fenestra.

are formed by the frontals. They project latero-
dorsad and are relatively short and very thick, with
the dorsoposterior surfaces rather flat (Figs. 3, 4,
5B). They show a system of shallow grooves, lat-
eromedially directed, that make the surface very
different from the rugose narure of the muzzle. The
structure of the horns is not very different in ap-
pearance from the horn cores present in bovids,
although they are certainly not identical to the lat-
ter. The horns may have had a corneous covering,
which would have made the horns much longer in
life.

The parietals are fused to the frontals. Ante-
riorly, they are wide, forming a flat dorsal region.
Centrally, the sagittal crest is thin and projects
abruptly dorsad to form a posterodorsal process.
This is axially thick and transversely wide, with a
posterior projection extending over the conspicu-
ous medial crest of the supraoccipital. From here,
the supraoccipital crest extends ventrad to the squa-
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mosals. As a result, the supratemporal fenestra have
low, lateral borders, whereas medially they have
elevated borders. The anterolateral side of the pa-
rietals diverge outward, forming a strong basal
structure for the horns and at the same time forming
the posterior orbital wall.

The supraoccipital has a prominent posterior
projection.

The occipital crest is transversely broad, al-
though not as broad as the paraoccipital processes.
The squamosals and parietals contribute to the high
occipital crest, which in posterior view makes a
continuous subcircular dome.

The paraoccipital processes are rather thin, di-
rected partially towards the rear and a little down-
ward, with the lateral projections modestly ex-
panded.

The occipital condyle is robust, subspheric, with
a marked ventral neck, and with the exoccipitals
dorsolaterally directed, although no sutures are seen.

Bonaparte, Novas, and Coria: Carnotaurus sastreil 5



Carnotaurus sastrei. Skull in posterior view.
Abbreviations as in Figures 2 and 3, and: boc, basioccip-
ital.

Figure 4.

Lower Jaws

Both lower jaws (Figs. 2, 3) are completely pre-
served with all their teeth. Unfortunately some teeth
were fragmented when the jaws were being sepa-
rated from the skull.

The lower jaw is low and elongated (Figs. 2, 3),
with the articular region and retroarticular process
low and elongated in lateral view. It has a large
mandibular fenestra and, behind it, on the internal
side, a wide abductory fossa.

Externally, the postdentary bones have a smooth
surface, whereas the dentary shows rugosities in the
lower half, below the row of nutrient foramina.
Above the foramina the bone surface is rather
smooth.

The connection between the dentary-splenial and
the postdentary bones is extremely weak. It is re-
duced to only two contact points, a dorsal one
between the dentary and surangular, and a ventral
one between a rod-like projection of the dentary
and the angular (Fig. 2).

The dentary bears 13 teeth and 2 empty alveoli.
The area of the jaw occupied by teeth is rather
long. The posterior area of the dentary is bifurcate
bordering a large mandibular fenestra. The pos-
terodorsal projection of the dentary has a notch
for an anterodorsal projection of the surangular.

The splenial is very near its original position
against the right dentary (Fig. 3) and a bit moved
relative to the left dentary. It is elongated and low,
with the lower border progressively thicker towards
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the rear, where it forms most of the lower border
of the jaw. The dorsal border is thin and fits into
a special depression of the dentary. The anterior
extension of this bone, which is dorsoventrally shorrt,
has an indentation that is related to the Meckelian
cartilage. The posterior margin of the splenial is
concave. The Meckelian foramen is present near
the ventral border of this bone.

The angular is relatively small, forming the ven-
tral border of the mandibular fenestra.

The surangular borders the mandibular fenestra
dorsally and posteriorly. Its dorsal border is convex
in lateral view. Posteriorly, near the angular, it has
a 6-mm foramen, the “posterior surangular fora-
men” indicated for Allosaurus (Madsen, 1976: pl.
8). The posterior area of the surangular is low and
elongated.

The prearticular is large, with the characteristic
open “U” shape (Fig. 3B) defining an opening be-
tween its anterodorsal projection and the splenial.
Its posterior projection, which is rather low, reaches
the end of the retroarticular process.

The articular bears a well-developed medial pro-
jection. The glenoid has two concave facets for the
quadrate condyles, with the axis directed antero-
mediad. The internal portion of the glenoid is larger
and more defined than the external portion, and a
clear longitudinal crest separates them. Posterior to
the glenoid facet the dorsal portion of the retroar-
ticular process is transversely concave. There is a
postglenoid fossa between the glenoid and the dor-
sal area of the retroarticular process (Fig. 3B).

The coronoid is a small, elongate bone placed
against the medial side of the surangular above the
prearticular. Its dorsal border is transversely wide,
and it has a lateral depression where the postero-
dorsal projection of the dentary inserts (Figs. 2, 3B).

Hyoid Apparatus

Three pieces of the hyoid arch (Fig. 6) were found
articulated between and within the lower jaws.

Anteriorly there is a corpus (see Romer and Par-
sons, 1978), which is flat, trapezoidal, and dorsally
concave. On its posterior area there are two artic-
ular facets for the ceratobranchials (Ostrom, 1961).
These are elongate, dorsally concave, and laterally
convex.

Comparisons of Skull and Lower Jaws

Comparison with Tyrannosauridae. The general
plan of the skull and lower jaws of Carnotaurus
is very different from that of the Laurasian Creta-
ceous carnosaurs. The genera Tarbosaurus (Ma-
leev, 1955), Daspletosaurus and Albertosaurus
(Russell, 1970), and Tyrannosaurus (Osborn, 1912)
have the skull proportionally long and low, with
the infratemporal fenestrae reduced by an anterior
projection of the squamosal and quadratojugal. The
region of the preorbital vacuity in these genera is
anteroposteriorly large (Fig. 7K). In comparison, the
skull of Carnotaurus is proportionally short and
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