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ABSTRACT—The discovery of a new genus and species of tyrannosauroid from the Demopolis Formation (middle
Campanian) of Alabama increases the known diversity of the clade, although it does not elucidate the place of initial
dispersal. This subadult tyrannosauroid is the most complete non-avian theropod collected and described from the
Cretaceous of eastern North America. In contrast to tyrannosaurids, the new taxon possesses several plesiomorphic
characters, including lacrimals that lack a distinct peaked cornual process, and a dorsoventrally shallow horizontal ramus
of the maxilla. Autapomorphies include a wide jugal process of the ectopterygoid, a caudal pneumatic foramen of the
palatine that pierces the rostral half of the vomeropterygoid process of the bone, an articular surface for the lacrimal on
the palatine that is distally positioned on the dorsolateral process, and pedal unguals that have a distinct proximodorsal
lip over the articular surface. Cladistic analysis indicates the new taxon is a basal tyrannosauroid and its presence in
eastern North America suggests that the recent common ancestor of Tyrannosauridae probably evolved following the
transgression of the Western Interior Seaway. Cladistic analysis indicates that Dryptosaurus aquilunguis is also a basal
tyrannosauroid but is less derived than the new genus.

INTRODUCTION

Eastern North America1 is a ‘dark continent’ of Late Creta-
ceous dinosaur paleontology, even though some of the first
named North American dinosaurs were collected from the
northeastern United States (e.g., Cope, 1866; Leidy, 1858). The
ages of Late Cretaceous vertebrate-bearing sedimentary deposits
exposed in eastern North America are similar to those of the
west, extending from the Santonian to the late Maastrichtian
(Baird and Horner, 1979; Baird, 1986). However, eastern expo-
sures are limited and the deposits tend to be marine (Baird and
Horner, 1977; Baird and Galton, 1981; Baird, 1986; Schwimmer,
1986; King et al., 1988; Schwimmer et al., 1993) leading to bias
against articulated remains of terrestrial animals (Schwimmer,
1997). The eastern (or “Appalachian”) theropod fossil record
consists of isolated bones, bone fragments, and teeth (Gilmore,
1920, 1921; Langston, 1960; Baird and Horner, 1979; Baird, 1986;
Schwimmer and Best, 1989; Schwimmer et al., 1993). These are
rarely diagnostic below the family level, and based on this rec-
ord, Tyrannosauridae and Ornithomimidae are the only thero-
pod clades identified with reasonable certainty (Baird, 1986;
Baird and Horner, 1979; Schwimmer et al., 1993; Schwimmer,
1986, 1997). Indeed, the identification of some eastern Ornitho-
mimidae has been questioned (Gallagher, 1995). The most com-
plete large theropod described from Late Cretaceous beds of
eastern North America is Dryptosaurus aquilunguis, which con-
sists of a partial skeleton (Carpenter et al., 1997). In addition,
Campanian “carnosaur” (Baird and Horner, 1977) fossils were
reported from the Woodbury Formation of the New Jersey-
Delaware area.

Better understanding of the fossil record of eastern North
American dinosaurs would be invaluable in resolving many bio-
geographic and phylogenetic issues. For example, elucidating the
phylogenetic relationship of eastern North American dinosaurs
with those across the Western Interior Seaway (WIS) can indi-
cate if there was dispersal between land masses following seaway
transgression during Albian-Cenomanian times (Russell, 1995).

This information would further elucidate the faunal shift be-
tween the Early and Late Cretaceous and the relationship be-
tween the faunas of the principal regions of Laurasia. The
Campo-Maastrichtian fossil records of Asia and western North
America dominate the current knowledge and conception of tyr-
annosaurid evolutionary history (e.g., Molnar et al., 1990; Holtz,
1994; Carpenter, 1992, 1997). Recently published time-calibrated
phylogenies indicate Tyrannosauroidea first evolved in the Late
Jurassic (Sereno, 1997) or the Early Cretaceous (Holtz, 2000),
suggesting an unknown but extensive history and high diversity.
The Late Cretaceous fossil record of eastern North America is
woefully incomplete, but recent finds (Chinnery et al., 1998)
indicate a dinosaur fauna comparable to that of the rest of
Laurasia.

In 1982, a theropod was found in Montgomery County, south-
eastern Alabama (Fig. 1), at the edge of a road cut (King et al.,
1988) in the marine sediments of the Demopolis Formation
(Fig. 2). The 20.4 square meter quarry was excavated first by
personnel from Auburn University and later by workers of the
Red Mountain Museum (RMM) during September 1984 and in
the next two summers. King et al. (1988) designated the locality
as the Turnipseed Dinosaur Site, in recognition of the landown-
ers. The specimen (RMM 6670) was curated into the collections
of the Red Mountain Museum in 1987, which has since been
relocated to the McWane Center in Birmingham, Alabama. In
1989 the identification of RMM 6670 as Albertosaurus by James
Lamb, then of the Red Mountain Museum, was reported in a
Birmingham newspaper. Carpenter (1992) made mention of the
specimen, then thought to be from the Mooreville Chalk, in his
review of Tyrannosauridae and accepted its informal referral to
Albertosaurus. The specimen was noted by Baird (1989) and was
mentioned in two publications (Schwimmer and Best, 1989;
Schwimmer et al., 1993) in comparison with a metatarsal col-
lected from the Blufftown Formation of Georgia. RMM 6670
consists of portions of the skull, isolated teeth, pelvis, hind limbs,
caudal vertebrae, and ribs (Fig. 3). Thus, RMM 6670 is currently
the most complete, diagnostic Late Cretaceous theropod from
eastern North America and it is also among the few eastern
dinosaurs diagnostic below the suprageneric level.

Herein we describe the skeleton of a new genus of basal tyr-
annosauroid, approximately contemporaneous with the late
Campanian tyrannosaurids of western North America (Fig. 2).
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Although an assessment of dinosaurian diversity in eastern
North America is still unfeasible, the presence of the new dino-
saur in Alabama presents a more complete view of tyrannosau-
roid evolution and historical biogeography than was possible
previously.

We provisionally recognize a node-based Tyrannosauridae
consisting of a dichotomy composed of the lineages Albertosau-
rus and the Daspletosaurus + Tyrannosaurus clade. We provi-
sionally recognize a stem-based Tyrannosauroidea because basal
ingroup relationships of the clade are poorly resolved. These
concepts differ from those of Sereno (1998) and Holtz (2001)

because we consider Aublysodon, Stygivenator, and Nanotyran-
nus to be invalid taxa (Carr, 1999; Carr and Williamson, 2000;
Carr and Williamson, submitted). Thus, as used herein, the term
“tyrannosaurid” refers to members of Tyrannosauridae; “tyran-
nosauroid” refers to members of the more inclusive clade includ-
ing Tyrannosauridae, the new genus, and Dryptosaurus (see Phy-
logenetic Position).

Osteological terminology is after Baumel (1979), Baumel and
Witmer (1993), Weishampel et al. (1990), Welles and Long
(1974), and Witmer (1997, 2001).

Institutional Abbreviations—AMNH, American Museum of
Natural History, New York; ANSP, The Academy of Natural
Sciences, Philadelphia; BHI, Black Hills Institute of Geological
Research, Inc., Hill City; CMN, Canadian Museum of Nature,
Aylmer; CMNH, Cleveland Museum of Natural History, Cleve-
land; FMNH, Field Museum, Chicago; DMNH, Denver Museum
of Natural History, Denver; MOR, Museum of the Rockies, Boz-
eman; NJSM, New Jersey State Museum, Trenton; NMMNH,
New Mexico Museum of Natural History and Science, Albuquer-
que; PIN, Palaeontological Institute, Moscow; RMM, Red
Mountain Museum (collection curated at the McWane Center),
Birmingham; ROM, Royal Ontario Museum, Toronto; TMP,
Royal Tyrrell Museum of Palaeontology, Drumheller.

SYSTEMATIC PALEONTOLOGY

THEROPODA Marsh, 1881
TETANURAE Gauthier, 1986

COELUROSAURIA von Huene, 1914
TYRANNOSAUROIDEA (Osborn, 1905) Bonaparte

et al., 1990
APPALACHIOSAURUS, gen. nov.

Type Species—Appalachiosaurus montgomeriensis, sp. nov.
Etymology—Appalachio-, for the occurrence of the specimen

in eastern North America during the Late Cretaceous; -sauros,
Greek, meaning lizard.

Diagnosis—As for the type and only known species.

APPALACHIOSAURUS MONTGOMERIENSIS, sp. nov.
(Figs. 3–20)

Diagnosis—Tyrannosauroid possessing the following autapo-
morphies: wide jugal process of ectopterygoid; caudal pneumatic
recess of palatine situated rostral to caudal margin of vomerop-
terygoid process; articular surface for lacrimal of palatine situ-
ated distally; and prominent lip extending over dorsal margin of
articular surface of pedal unguals.

Holotype—Incomplete skull and skeleton, RMM 6670
(McWane Center, Birmingham, Alabama).

Locality and Horizon—The Turnipseed Dinosaur site was re-
portedly 9.7 meters above the basal conglomerate of the De-
mopolis Formation, in a marl and calcareous clay stratum (King
et al., 1988). The site is 1.77 km north of US Highway 82 at the
Downing Crossroads; SE1/4, NE1/4, NE1/4, Sec. 35, T14N,
R20E; in Montgomery County, Alabama. The age is determined
as ∼78 million years (Ma) based on stratigraphic position and
nannofossil biostratigraphy (see Chronostratigraphy).

Etymology—Named for Montgomery County, Alabama,
where the type locality is located; -ensis, Latin, meaning from.

CRANIAL SKELETON

Nasal

The articular surface for the maxilla is a slot-and-ridge contact
(Fig. 4A, C) that typifies juvenile and subadult specimens of
tyrannosaurids (Carr, 1999). In dorsal view, the surface is rugose
but is smooth over the frontal process (Fig. 4B). The nasals lack

FIGURE 2. Chronostratigraphic correlation chart showing the position
(open circle) of the type locality of Appalachiosaurus montgomeriensis
gen. et sp. nov. (RMM 6670).

FIGURE 1. Type locality of Appalachiosaurus montgomeriensis gen. et
sp. nov. (RMM 6670). Locality indicated by open circle.
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the bony papillae that project from the dorsal surface in tyran-
nosaurids (e.g., Albertosaurus libratus). In Appalachiosaurus
there is a row of six low bumps along the dorsal midline that ends
at the level of the maxillary processes (Figs. 4B, C, 5). Midline
bumps are present in Daspletosaurus (Currie, pers. comm., 2001)
and to a lesser extent in Albertosaurus libratus (ROM 1247) and
Tyrannosaurus bataar (PIN 551–3); six tall bony cusps are pres-
ent in Alioramus (Kurzanov, 1976). Rostrally, the bones taper to
the midline along the premaxillary processes that are separated
from the maxillary processes by the narial fenestrae; the maxil-
lary processes are broken off and missing in RMM 6670. The flat
abutting surfaces of the premaxillary processes are separated by
the open internasal suture, which closes caudal to the level of the
naris (Fig. 4A, B). Distally, the medial surfaces of the processes
deviate dorsolaterally from each other, creating a slot that re-
ceived the nasal processes of the premaxillae (Fig. 4B). The ven-
tral half of the lateral surface of the frontal process is flattened
by the articular surface for the lacrimal that forms a ventrally
open slot as it extends rostrally into the ventral surface of the
bone (Fig. 4A). The ventral surface of the nasal is pierced by a
row of elongate foramina that begins beneath the frontal pro-
cess. The internasal suture is closed but persists as a shallow
groove flanked by a narrow and flat ridge that indicates the
attachment of the cartilaginous internasal septum. The internasal
suture opens at the greatest width of the nasals, separating the
premaxillary processes at the level of the external naris (Fig. 4A).

Taxonomic Variation—The proportions of the nasal of Appa-
lachiosaurus are comparable to those of specimens of Alberto-
saurus libratus (see Table 1, on-line at http://www.vertpaleo.org/
jvp/). In adult Daspletosaurus (CMN 8506), the nasals are wider
through the ‘waist’ of the bone. The row of bumps along the
dorsal midline is present in Appalachiosaurus, Albertosaurus li-
bratus, Daspletosaurus, and Tyrannosaurus bataar, and is elabo-
rated into tall cusps in Alioramus.

Maxilla

Many features of the maxilla (Carr, 1999) indicate that RMM
6670 may be a juvenile or subadult: the bone is narrow, the

lateral surface of the interfenestral strut is flat, the antorbital
fenestra is elongate, a ridge encircles the antorbital fossa, the
maxillary fenestra is circular, the rostral margin of the antorbital
fossa is not strut-like, the fossae of the maxillary antrum are
shallow, the sulcus of the ventral jugal process does not breach
the ventral margin of the bone, the articular surface for the
palatine is slot-like, and the dental alveoli are narrow (Fig. 6).

There are 15 dental alveoli. The first alveolus is half the length
of the second, indicating the first maxillary tooth was small and
likely incisiform, as in tyrannosaurids. The rostral alveoli are
elongate and abruptly reduce in length at the eleventh alveolus.
The seventh alveolus is the longest of the tooth row. In Alber-
tosaurus libratus and Daspletosaurus the longest socket is at the
fourth or fifth position. Two rows of foramina pierce the lateral
surface of the bone (Figs. 5, 6A). The maxillary antorbital fossa
extends to the level of the rostral end of the maxillary flange
(Figs. 5, 6A). “Maxillary flange” denotes the convex region of
the dorsal margin situated above the rostral half of the antorbital
fossa (see Figs. 5, 6A). The immutability of this feature in tyr-
annosauroids makes it a suitable point of reference.

A promaxillary fenestra was present in RMM 6670, but crush-
ing has obscured it in lateral view (Fig. 6A). As in Albertosaurus
libratus, the maxillary fenestra is small and does not approach
the rostrodorsal margin of the antorbital fossa as in Daspleto-
saurus and Tyrannosaurus (Figs. 5, 6A, 7). As in tyrannosaurids,
except A. sarcophagus, the interfenestral strut of Appalachiosau-
rus is wide (Figs. 5, 6A, 7). In Appalachiosaurus and Albertosau-
rus, the fenestra is separated from the rostral margin of the
maxillary antorbital fossa by a wide apron of bone (Figs. 5, 6A,
7). The maxillary fenestra of Appalachiosaurus is in a more dor-
sal position than in tyrannosaurids, 42 mm above the ventral
margin of the antorbital fossa. Although the possibility exists
that this state may be an artifact of crushing, the uncrushed right
bone is currently unprepared. This distance is only 19 mm in
similar-sized tyrannosaurids (e.g., ROM 683, ROM 1247).

The base of the ventral jugal process is shallower in Appala-
chiosaurus (20 mm deep) than in similar-sized specimens of Al-
bertosaurus libratus (ROM 683: 34 mm; ROM 1247: 32 mm). In

FIGURE 3. Skeletal reconstruction of Appalachiosaurus montgomeriensis gen. et sp. nov. (RMM 6670) in right lateral view. Gray indicates missing
bones.
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FIGURE 4. Skull bones of Appalachiosaurus montgomeriensis gen. et sp. nov. (RMM 6670). Nasals in ventral (A), dorsal (B), and left lateral
(C) views; left lacrimal in lateral (D), medial (E), and dorsal (F) views; and right jugal (?) in lateral view.
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FIGURE 5. Skull reconstruction of Appalachiosaurus montgomeriensis gen. et sp. nov. (RMM 6670) in right lateral view. Light gray indicates
missing bones; dark gray indicates matrix or damage.
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