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ABSTRACT - Western North America has one of the most extensive fossil records of Late Triassic dinosaurs. All 
Upper Triassic strata are assigned to the Chinle Group which yields four successive, dinosaur-bearing faunas. 
Otischalkian (early Tuvalian) dinosaur specimens are fragmentary and indeterminate. Adamanian (late Tuvalian) 
dinosaurs include a herrerasaurid, Camposaurus arizonensis nov. gen. et sp., Caseosaurus crosbyensis nov. gen. et 
sp., Tecovasaurus murryi, a new ornithischian and an indeterminate prosauropod. Revueltian (early-middle Norian) 
dinosaurs include Chindesaurus bryansmalli, two new herrerasaurids, a prosauropod, Revueltosaurus callenderi, 
Technosaurus smalli, Lucianosaurus wildi, Protoavis texensis and the original syntypes of Coelophysis bauri. 
Apachean (Rhaetian) evidence for dinosaurs is principally ichnological (Grallator, Pseudotetrasauropus, 
Tetrasauropus), but at least three dinosaurs are known from osseous remains, including the neotype of Coelophysis 
bauri. Dinosaurs define three biogeographic provinces in the Late Triassic. In North America, dinosaurs are rare 
before the late Tuvalian (late Carnian) and appear to become increasingly numerous through the remainder of the 
Late Triassic. 
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Rt~SUM]~ - En Am6rique du Nord occidentale se trouvent les plus importants gisements de dinosaures du Trias ter- 
minal. Tousles niveaux du Trias sup6rieur appartiennent au groupe de Chinle qui a fourni quatre faunes succes- 
sives de dinosaures. Les exemplaires de dinosaures otischalkiens (Tuvalien inf6rieur) sont h l'6tat de fragments et 
ind6termin6s. L'Adamanien (Tuvalien terminal) contient un herrerasaurid6, Camposaurus arizonensis nov. gen. et 
sp., Caseosaurus crosbyensis nov. gen. et sp., Tecovasaurus murryi, un nouvel ornithischien et un prosauropode ind6- 
termin6. Les dinosaures revueltiens (Norien inf6rieur et moyen) comprennent Chindesaurus bryansmalli, deux nou- 
veaux herrerasaurid6s, un prosauropode, Revueltosaurus callenderi, Technosaurus smalli, Lucianosaurus wildi, 
Protoavis texensis et les syntypes originaux de Coelophysis bauri. Dans l'Apach6en (Rh6tien), l'existence de dino- 
saures est principalement d6duite des traces mais au moins trois dinosaures sont connus de restes osseux, y com- 
pris le n6otype de Coelophysis bauri. On peut mettre en 6vidence d'apr6s les dinosaures trois provinces biog6ogra- 
phiques dans le Trias terminal. En Am6rique du Nord, les dinosaures sont rares, avant le Tuvalien sup6rieur 
(Carnien sup6rieur) et semblent plus nombreux dans le reste du Trias sup6rieur. 

MOTS-CLt~S: DINOSAURES, TRIAS SUPI~RIEUR, OUEST DES ETATS-UNIS, DIVERSITI~. 

INTRODUCTION 

The Late  Triassic  record of d inosaurs  is ve ry  une- 
yen  in bo th  qua l i ty  and  q u a n t i t y  of fossils, and this  
h inders  s t udy  of the  ear ly  evolu t ionary  diversifica- 
t ion of dinosaurs .  The vas t  major i ty  of a r t icu la ted  
Late  Tr iass ic  d inosaur  specimens have  come from 
only two quarr ies ,  Ghost  Ranch  in New Mexico and  
Tross ingen  in Germany.  Con temporaneous  Upper  
Triassic  s t r a t ig raph ic  uni t s  have  d ramat ica l ly  dif- 

ferent  propor t ions  of d inosaurs  in the i r  ve r t eb ra t e  
faunas.  For example,  the Nor ian  ve r t eb ra t e  f aunas  
of the  upper  S tubensands t e in  and  Knol lenmerge l  
of Sou thwes t e rn  G e r m a n y  are domina ted  by dino- 
saurs  (Benton 1994, fig. 9), whe reas  d inosaurs  only 
form a smal l  c o m p o n e n t  of  the  we l l -known ,  
c o n t e m p o r a n e o u s  f a u n a  of the  Bull  C a n y o n  
Format ion  of eas te rn  New Mexico (Hun t  1994a). 



FIGURE 1 - Distribution of Upper Triassic Chinle Group strata 
in western North America and location of important dinosaur 
localities. Locations are: 1, Big Horn Mountains (Popo Agie 
Formation: Otischalkian); 2, Dinosaur National Monument 
(Bell Springs Formation: Apachean); 3, northwestern Colorado 
(Bell Springs Formation: Apachean); 4, southeastern Utah 
(Rock Point Formation: Apachean); 5, southwestern Colorado 
(Rock Point Formation: Apachean); 6, Petrified Forest National 
Park (Blue Mesa and Painted Desert Members of Petrified 
Forest Formation: Adamanian-Revueltian); 7, Placerias and 
Downs' quarries and St. Johns area (Bluewater Creek 
Formation: Adamanian); 8, Fort Wingate (Bluewater Creek 
Formation: Adamanian); 9, Ghost Ranch area (Petrified Forest 
Formation: Reveultian/Rock Point Formation: Apachean); 10, 
east-central New Mexico (Bull Canyon Formation: Revueltian: 
Redonda Formation: Apachean); 11, Crosby County (Tecovas 
Member of Dockum Formation: Adamanian); 12, Otis Chalk 
(Colorado City Member of Dockum Formation: Otischalkian). 
Rgpartition des niveaux du groupe de Chinle du Trias supdrieur 
dans l'Ouest de l'Amdrique du Nord et localisation des sites h 
dinosaures importants. 

However, for evolutionary studies the greatest- 
drawback to the Late Triassic dinosaur record is 
tha t  there are few places where a succession of 
dinosaur-bearing vertebrate fossil assemblages 
can be studied. In Western Europe and South 
America there  are superposed Carnian  and 
Norian vertebrate faunas, but in each area there 
was a major ecological change at the boundary 
between the fossil assemblages of these stages. 
Thus, in Germany the late Carnian fauna is total- 
ly composed of aquatic/semiaquatic temnospon- 
dyls and phytosaurs, whereas late Norian faunas 
are a lmost  ent i re ly  ter res t r ia l  d inosaur ian  
(Benton 1986, 1994). In Argentina, the Carnian 
Ischigualasto fauna includes aquatic/semiaquatic 
proterochampsids and temnospondyls, whereas 
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the Norian Los Colorados fauna is dominated by 
dinosaurs. Moreover, virtually all of the dinosaurs 
in the Norian of both Europe and South America 
represent a small number of prosauropod genera 
which are undoubtedly "dryland" facies fossils 
(Hunt 1991). It is thus clear tha t  there a major 
ecological change during the Late Triassic in both 
Europe and South America. Strata  in other areas 
with both Carnian and Norian tetrapod faunas 
are either poorly dated (South Africa, fissure fills 
of Britain), have few dinosaur body- fossils (eas- 
tern North America), or have inadequate docu- 
mentation of existing collections (India, Morocco). 

To unders tand early dinosaur evolution we need a 
geographic area where there is a sequence of Late 
Triassic dinosaur-bearing faunas tha t  are well 
documented, known from many specimens, and 
show no evidence of a major ecological change at 
the CarnianYNorian boundary (Fig. 1). These cri- 
teria are only met in the Chinle Group of western 
North America. The object of this paper is twofold: 
to present an overview of the dinosaurian compo- 
nents of Chinle vertebrate faunas tha t  represent 
the best data base for studying early dinosaur 
evolution; and to comment briefly on some aspects 
of early dinosaur radiations. 

We note that  there is much disagreement at pre- 
sent about the relationships of the Herrerasau- 
ridae and whether they are theropods (e. g., Sereno 
et al. 1993) or a sister group to Saurischia plus 
Sauropodomorpha or even not within Dinosauria 
(e. g., Holtz & Padian 1995). We accept the hypo- 
thesis that  herrerasaurs are basal theropods. 

Abbreviations are: FMNH, Field Museum of 
Natura l  History, Chicago; MDM, Mesalands  
Dinosaur Museum and Natural  Science Labora- 
tories, Tucumcari; MNA, Museum of Northern 
Arizona, Flagstaff;  NMMNH, New Mexico 
Museum of Natural  History, Albuquerque; PEFO, 
Petrified Forest National Park, Arizona; SMP, The 
State  Museum of Pennsylvania ,  Harr isburg;  
UCM, University of Colorado Museum, Boulder; 
UCMP, Univers i ty  of California Museum of 
Paleontology; Berkeley; UMMP, Universi ty of 
Michigan Museum of Paleontology, Ann Arbor. 

GEOLOGIC SETTING 

All Upper Triassic nonmarine s t ra ta  in the wes- 
tern United States have recently been united in 
the Chinle Group (Lucas 1993) although this 
usage is not yet ubiquitous. Rocks of the Chinle 
Group are divided into about 25 formations and 
extend from west Texas in the south to northern 
Wyoming in the north to western Oklahoma on 
the east and as far west as eastern Nevada (Lucas 
1993). These s t ra ta  were deposited in a large 
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basin that  covered most of the western United 
States, had essentially no major internal topogra- 
phic barriers and represented a fairly homoge- 
neous floodplain environment. The majority of 
Chinle units are fine-grained siliciclastic redbeds, 
although other lithologies (sandstones, conglome- 
rates, limestone) are also present. These strata 
were deposited primarily on river floodplains that 
drained to the north-northwest, in floodplain 
lakes and some larger lakes where drainage was 
locally impounded, and in the uppermost Chinle 
Group, on paralic sandflats and by minor eoliani- 
te sandsheets (Dubiel 1989; Lucas 1993). 

BIOCHRONOLOGY 

Chinle Group strata range from late Carnian 
(early Tuvalian) to Rhaetian in age (Lucas 1993; 
Lucas & Hunt 1993b). Vertebrate fossil assem- 
blages represent  four land-vertebrate fauna- 
chrons: the Otischalkian (late Carnian: early 
Tuvalian), Adamanian (late Carnian: late 
Tuvalian), Revueltian (early-late Norian: Lacian- 
Sevatian) and Apachean (Rhaetian) (Lucas & 
Hunt 1993b). Thus, the Chinle Group spans the 
entire range of ages from which Late Triassic 
dinosaurs are known. (Note we believe that there 
is no substantive evidence that the dinosaurs of 
the Ischigualasto Formation are pre-late Carnian 
in age: Lucas et al. 1992; Lucas & Hunt 1993a: but 
see Rogers et al. 1993; Padian & May 1993). 

O T I S C H A L K I A N  D I N O S A U R S  

The majority of Otischalkian vertebrates derive 
from the type fauna from the Colorado City 
Member of the Dockum Formation in Howard 
County, west Texas (Lucas & Anderson 1993; Lucas 
et al. 1994), and the Popo Agie Formation of the 
Wind River Mountains and southern Bighorn 
Mountains of Wyoming (Lucas 1994). Several 
authors (Gregory 1945; Elder 1978, 1987) have 
referred to specimens from University of Texas 
quarries 1, 3 and 3A at Otis Chalk, Howard County 
as coelurosaurian or as Coelophysis sp., but most of 
these specimens pertain to Trilophosaurus buett- 
neri. The only possible dinosaur specimen is an iso- 
lated proximal femur (Long & Murry 1995, figs 
186D-H). This specimen has a subrectangular and 
perpendicularly offset femoral head and thus 
represents a dinosaur (Novas 1993; Sereno et al. 
1993). Long and Murry (1995) referred this speci- 
men to the herrerasaur Chindesaurus bryansmal- 
li. However, the femoral head of the Otis Chalk 
specimen and that of Chindesaurus are only simi- 
lar in gross morphology and share no apomorphies, 
so we cannot confirm Long and Murry's (1995) 
generic identification, although the specimen is 
undoubtedly dinosaurian. 

A single podial (NMMNH specimen) from the 
Popo Agie Formation of the southern Bighorn 
Mountains, near the type locality of Heptasuchus, 
appears to represent a theropod. Poposaurus gra- 
cilis was described by Mehl (1915) from the Popo 
Agie in the Wind River Range and has been consi- 
dered a phytosaur, an ornithischian, a sauris- 
chian, or a "thecodont" (= basal archosaur) (Lees 
1907; Mehl 1915; Colbert 1961; Galton 1977) but 
it is obviously a crurotarsan (e. g., Long & Murry 
1995). Dinosaur footprints that were previously 
attributed to the Popo Agie Formation (e.g., 
Lockley & Conrad 1989) actually derive from the 
Bell Springs Formation (sensu Lucas 1993). No 
Otischalkian footprints are known from the 
Chinle Group. 

A D A M A N I A N  D I N O S A U R S  

Adamanian vertebrate faunas are well known 
from northeastern Arizona, north-central and 
east-central New Mexico and West Texas (Murry 
1989; Hunt & Lucas 1993b). Two stratigraphic 
units in the Petrified Forest National Park 
(PFNP) in northeastern Arizona have yielded 
dinosaurian fossils: the Adamanian Blue Mesa 
Member and the Revueltian Painted Desert 
Member of the Petrified Forest Formation. 
Several dinosaurian specimens have been repor- 
ted from the Blue Mesa Member. 

Parrish & Carpenter (1986) reported a large the- 
roped from the Blue Mesa Member in the PFNP 
based on an uncatalogued scapula, but Long 
(pers. commun., 1989) identified this as rauisu- 
chian. Colbert (1989) reported fragmentary thero- 
pod specimens from near the Lot's Wife locality in 
the Blue Mesa Member that he assigned to 
Coelophysis (Hunt & Lucas 1991), but these spe- 
cimens (elongate centra) represent the aberrant 
reptile Trilophosaurus (Long, pers. comm., 1989). 
One proximal left femur from UCMP locality 
82261 has been assigned to the ?Prosauropoda by 
Long & Murry (1995, fig. 193A-E). However, this 
specimen is dissimilar to prosauropod femora 
(e.g., Weishampel & Chapman 1990, fig. 3.1) and 
cannot be assigned to Dinosauria as it lacks a 
subrectangular and perpendicularly offset femo- 
ral head (Novas 1993; Sereno et al. 1993). In the 
summer of 1997, APH and colleagues found a the- 
ropod locality in the Blue Mesa that has yielded 
several specimens of two taxa, currently under 
study, including vertebrae and dentulous jaw 
fragments (uncatalogued PEFO specimens) (Hunt 
et al. 1996). 

Charles Camp did much collecting for UCMP sou- 
theast of the Petrified Forest National Park in the 
Blue Hills and at the Placerias quarry in the vici- 
nity of St. Johns, Arizona. All the Blue Hills spe- 
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cimens are from the Blue Mesa Member, whereas 
the Placerias quar ry  is in the under lying 
Bluewater  Creek Formation (Lucas et al. 1994). 
He assigned several isolated teeth from the Blue 
Hills (UCMP locality 7307) to prosauropods 
(Camp 1930). However, these teeth are not narrow 
and symmetrical  in anterior view like those of 
Triassic prosauropods (Hunt & Lucas 1994; Hunt  
et al. 1995a). The teeth have crowns wider than 
roots, large, occlusally directed denticles, cingulae 
and are asymmetrical  in anterior and posterior 
view. In all these features these teeth resemble 
those of ornithischian dinosaurs. Long and Murry 
(1995, fig. 193F-G) assigned the Blue Hills teeth 

to Revueltosaurus callenderi, but  they differ from 
this taxon in possessing well-developed, denticu- 
lated cingulae. Identical teeth have recently been 
collected from the Adamanian  Los Esteros  
Member of the Santa  Rosa Formation in central 
New Mexico (Hunt & Lucas 1995). Camp's speci- 
mens and those from New Mexico represent  the 
same unnamed taxon of ornithischian. 

Several theropod specimens are known from the 
Placerias quarry (and the adjacent Downs' quarry), 
which is named for the abundant remains of this 
dicynodont therapsid. Murry and Long (1989, p. 
42) identified some isolated teeth  as "cf. 
Coelophysis" which represent  "probably some 

FIGURE 2 - Holotype and paratypes 
of Camposaurus  arizonensis nov. 
gen. et sp. Scale bars are 1 cm. 1-2. 
Paratype partial  sacrum (UCMP 
uncatalogued but field number is 
A269/cg2). 1. Ventral  view. 2. 
Lateral view. 3-5. Holotype fused 
right tibia/fibula/astragalus/calca- 
neum (UCMP 34498). 3, Posterior 
view. 4. Anterior view. 5. Distal 
view. Holotype et paratypes  de 
Camposaurus arizonensis nov. gen. 
et sp.. EcheUe = 1 cm. 1-2. Paratype 
d'un sacrum fragmentaire (UCMP 
non rdpertorid mais  le n ° de terrain 
est A269/cg2).  3-5. Holotype d'un 
tibia droit avec fibula, astragale et 
calcandum soudds. 3 4 
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variety of thecodont or primitive saurischian." 
However, these teeth are indeterminate. A large 
number of dissociated, similar-sized theropod post- 
cranial specimens, with no duplication of elements, 
represent  a small theropod (Lucas et al. 1992, fig. 
1; Long & Murry 1995, fig. 192 [includes corrected 
specimen numbers]: Fig. 2). These include a proxi- 
mal right femur (Long & Murry 1995, figs 191, 
192A-E), associated, fused right  and left 
tibiae-fibulae-astragalae-calcaneae (Lucas et al. 
1992, fig. 1a-c; Long & Murry 1995, fig. 192F-J: Fig. 
2.3-5), a sacrum preserving portions of four fused 
centra (Lucas et al. 1992, fig. 1D; Long & Murry 
1995, fig. 192Y: Fig. 2.1-2) and numerous vertebral 
centra (Long & Murry 1995, figs 192M-U). As there 
is no duplication of elements and all specimens are 
of comparable size the most parsimonius explana- 
tion is that  they represent a single individual. In 
support of this hypothesis we also note that the 
most diverse late Carnian theropod fauna, from 
the Ischigualasto Formation of Argentina, only 
contains two genera (Eoraptor, Herrerasaus) that  
are of markedly different sizes. 

The number of sacral vertebrae in the Placerias 
quarry theropod and the presence of a high ascen- 
ding process on the astragalus preclude assign- 
ment  to the Herrerasauridae (Novas 1993). The 
number of fused sacral vertebrae (four) and the 
fusion of the distal limb elements suggest that  this 
specimen represents a ceratosaur (sensu Rowe & 
Gauthier 1990). The Placerias quarry theropod dif- 
fers from all ceratosaurs except Coelophysis and 
Syntarsus in having tarsals fused to the tibia and 
fibula. (Note that  this condition may be variable in 
Coleophysis: Colbert 1989). It differs 'from 
Coelophysis and Syntarsus in that  the ventral mar- 
gin of the astragalus in anterior/posterior view is 
horizontal ra ther  than deeply concave (Long & 
Murry 1995). Other distinguishing characters are 
discussed in the Appendix. The Placerias quarry 
theropod is obviously distinct and we propose the 
binomial Camposaurus arizonensis nov. gen. et sp. 
for this taxon (Appendix). The name honors 
Charles Camp who excavated the Placerias quarry 
and also refers to the state of Arizona, which yiel- 
ded the holotype. The holotype is associated right 
and left distal hindlimbs and fused astragali and 
calcanea (UCMP 34498: Fig. 2.5-6). Camposaurus 
differs from other theropods in the character dis- 
cussed above and in others (Appendix). The follo- 
wing specimens are considered paratypes of 
Camposaurus as their association with the holoty- 
pe cannot be absolutely demonstrated: UCMP 
uncatalogued,  proximal r ight  femur (Long & 
Murry 1995, figs 191, 192A-E: Fig. 2.3-4), partial 
sacrum (Lucas et al. 1992, fig. ld; Long & Murry 
1995, fig. 192Y: Fig. 2.1-2), dorsal centrum (Long & 
Murry 1995, fig. 192Q-T), 3 incomplete sacra; and 

MNA P1. 2777, dorsal centrum (Long & Murry 
1995, fig. 192M-P). Other theropod specimens from 
the Placerias quarry represent a smaller indivi- 
dual(s) and include a proximal left pubis (Long & 
Murry 1995, fig. 192K-L) and dorsal centra (Long 
& Murry 1995, fig. 192). These specimens cannot 
be unequivocably assigned to Camposaurus. 

Murry & Long (1989) and Long & Murry  (1995) 
list the occurrence at this quarry  of the herrera-  
saurid Chindesaurus bryansmalli. However, this 
occurrence is based on five dorsal centra (Long & 
Murry 1995) that  are not generically determinate,  
but are herrerasaurid.  

Tannenbaum (1983) and Kaye & Padian (1994) 
described the microver tebra te  f auna  of the  
Placerias and Downs quarries.  T annenba um 
(1983) assigned one tooth (MNA V3690) to the 
Prosauropoda. However, this tooth is not symme- 
trical in anterior view and therefore it represents  
an ornithischian. The Arizona tooth (Tannenbaum 
1983, fig. 71) is similar to a tooth referred to 
Lucianosaurus by Hun t  & Lucas (1994, fig. 
12.6H-I). Kaye & Padian (1994) assigned the 
same tooth to Revueltosaurus. However, the MNA 
tooth differs from Revueltosaurus in a number  of 
features including: (1) much smaller size, (2) 
much finer denticulations; and (3) more pointed 
apex. Kaye & Padian (1994, figs 9.104-105) also 
tentatively assign two f ragmentary  tee th  (V 3682, 
V3683) to Revueltosaurus. We consider these 
teeth to represent  indeterminate  ornithischians. 

Teeth of herbivorous dinosaurs from the Placerias 
quarry and a distal tibia have been identified as 
prosauropod (Tannenbaum 1983; Murry  & Long 
1989; Long & Murry 1995). However, all the teeth 
represent  the ornithischian Tecovasaurus murryi 
(Hunt & Lucas 1994: Fig. 3.1-2). The partial  tibia 
(UCMP A269/25793: Murry  & Long 1995, fig. 
193H-K) is not assignable to Prosauropoda becau- 
se this specimen does not exhibit any prosauropod 
synapomorphies of the distal tibia (Novas 1989) 
and could represent  a primitive theropod (compa- 
re Novas 1989, fig. 2.2-3). 

In the 1920s, E.C. Case collected a number  of spe- 
cimens from the Tecovas Member of the Dockum 
Formation in west Texas tha t  he considered dino- 
saurian (Case 1922, 1927, 1932: UMMP cata- 
logue). Padian (1986) and Murry  (1989) have sta- 
ted, without explanation, tha t  all these speci- 
mens, with the possible exception of an ilium, are 
not dinosaurian. 

Case (1922) referred three  specimens to the 
Dinosauria. UMMP 7473 is a basicranium that  
Chatterjee (1985) demonstrated belongs to a raui- 
suchian. Case gave an initial (Case 1922) and 
later a more detailed description (Case 1927) of a 
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FIGURE 3 - Holotype il ium of Caseosaurus crosbyensis nov. 
gen. et sp. (UMMP 8870) in lateral  (1) and medial  (2) views 
(after Case 1927). Scale bar is 5 cm. Holotype d'un ilion de 
Caseosaurus  crosbyensis nov. gen. et sp. en vues latdrale et 
mddiane (d'apr~s Case 1927). Echelle = 5 cm. 

partial vertebral column tha t  is distinguished by 
very high neural  spines, which he assigned to 
Coelophysis sp. Huene (1932, p. 37) named this 
specimen Spinosuchus caseanus (UMMP 7507), 
which he considered to be a podokesaurid thero- 
pod. Padian (1986) and Murry & Long (1989) do 
not consider it a dinosaur. Recent analyses of 
synapomorphies within Dinosauria (e.g., Novas 
1993; Sereno & Novas 1993) allow a reconsidera- 
tion of the taxonomic status of this species. 

UMMP 7507 consists of 22 vertebrae and is now 
mounted in half-relief in plaster at UMMP. Most 
of the vertebrae are damaged to some extent. It is 
difficult to clearly distinguish the cervical and 
dorsal series because of probable "cervicalization" 
(Rowe & Gauthier  1990) of the anterior dorsals. 
There are five transit ional vertebrae with the 
parapophysis at the neurocentral suture in verte- 
brae 9 and 10 (counting the anteriormost preser- 
ved vertebra as 1). The curve formed by the neu- 
ral spines suggests tha t  vertebra 22 is near the 
sacrum. It is probable tha t  about 8 cervical and 14 

dorsal vertebrae are preserved. Only a limited 
number of dinosaurian synapomorphies are pre- 
sent in a vertebral column (Sereno & Novas 
1993). The hollowness of the centra in UMMP 
7507 (Case 1922) suggests tha t  Spinosuchus is a 
theropod. Sereno et al. (1993) listed extreme hol- 
lowing of centra and long bones as synapomor- 
phies of Theropoda. Novas (1993) noted tha t  hol- 
low long bones are characteristic also of lagosu- 
chids, pterosaurs and some basal sauropodo- 
morphs, but did not demonstrate tha t  hollow cen- 
t ra  occur in these other groups. Hollow centra do 
occur in pterosaurs, but Spinosuchus is clearly 
not a flying reptile. A possible synapomorphy that  
Spinosuchus shares with Herrerasauridae is the 
presence of spine tables on the posterior dorsal 
vertebrae (Novas 1993). The top of the neural  
spine of ve r t eb ra22  in Spinosuchus is notably 
expanded compared to others in the series. 
However, the neural  spines in this taxon are so 
unusual  tha t  this may not be a valid character. 
Other possible dinosaur synapomorphies tha t  
might be present in Spinosuchus are not visible 
because of poor preservation or the present enclo- 
sure of the specimen in plaster (e. g., postaxial 
cervical epipophyses and hyposphene-hypantrum 
articulations: Novas 1993; Sereno & Novas 1993). 
Further  preparation of the specimen is necessary 
before the taxonomic affinities of this specimen 
can be adequately evaluated. So, at present we 
tentatively assign Spinosuchus to cf. Theropoda 
incertae sedis on the basis of hollow centra. Note 
tha t  Case (1927) considered tha t  an isolated bone 
found with the vertebral column represented a 
cervical intercentrum (by inference postaxial). If 
this identification as to element and association is 
correct, then Spinosuchus is a proterosuchid- 
grade archosaur (Benton & Clark 1988) of a very 
derived and unusual  kind. Recent discoveries of 
dorsal vertebrae with elongate neural  spines (pri- 
vate collection) suggest tha t  Spinosuchus is also 
present in the Adamanian Los Esteros Member of 
the Santa Rosa Formation in central New Mexico 
(Santa Fe County). 

Case's (1922) third dinosaurian specimen is a left 
femur (UMMP 3396) tha t  obviously pertains to an 
aetosaur, possibly Desmatosuchus. Case (1927, 
1932) assigned various caudal vertebrae (UMMP 
7277, 9805, 13670) and isolated teeth (e.g., UMMP 
2680, 13766, 13765) to the Dinosauria or Coelo- 
physis sp. The theropod-like caudal vertebrae 
exhibit no synapomorphies of dinosaurian taxa, 
and potential characters such as elongate prezy- 
gapophyses (Novas 1993) cannot be evaluated 
because of poor preservation (e.g., Case 1932, fig. 
1). All the isolated teeth are serrated, laterally 
compressed and some are slightly recurved (e.g., 
Case 1932, figs 4-5). These specimens could repre- 
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sent  theropods, rauisuchians or the "canine" teeth 
of a heterodont  phytosaur. 

Case (1927) described an isolated dinosaur ilium 
(UMMP 8870: Fig. 4) from the Tecovas Member 
that  Long (in Murry 1989; Long & Murry 1995) 
assigned to the her re rasaur id  Chindesaurus 
bryansmalli. This specimen bears a strong resem- 
blance to the corresponding element in Stauriko- 
saurus (Colbert 1970, fig. 8A) and Herrerasaurus 

FIGURE 4 - Right  ilia of her re rasaur ids  in lateral view. 1, 
Caseosaurus crosbyensis nov. gen. et sp. (after Case 1927). 2, 
Herrerasaurus ischigualastensis (after Novas 1993). 3, 
Staurikosaurus pricei (reversed after Colbert 1970). Drawn to 
same scale. Ilion droit d'herrerasauridgs en vue latgrale. Tous 
& la m~me gchelle. 

(Novas 1993, fig. 5) in being anteroposteriorly 
short and dorsoventrally high with a partially per- 
forate acetabulum. Specifically, UMMP 8870 repre- 
sents a dinosaur because it has a brevis shelf and 
a medially opened acetabular wall (Novas 1993). 
Further, it represents a herrerasaur  because the 
brevis shelf is reduced to a slight ridge, and the 
brevis fossa is small (Novas 1993). UMMP 8870 
differs from Staurikosaurus and Herrerasaurus in 
possessing (Fig. 5): (1) an elongate and dorsoven- 
trally narrow posterior blade; (2) a narrow ridge on 
the lateral margin that  extends from the antero- 
dorsal margin of the acetabulum to the anterodor- 
sal anterior spine (sensu Novas 1993); (3) a highly 
reduced brevis fossa; and (4) a semicircular margin 
dorsal to the acetabulum. Long (in Murry, 1989; 
Long & Murry 1995) assigned UMMP 8870 to 
Chindesaurus bryansmalli. The holotype of 
Chindesaurus (PEFO 10395) includes only two 
small fragments of the ilium, that  Long and Murry 
(1995) consider to be indis t inguishable  from 
UMMP 8870 - a fragment of the pubic process of 
the left ilium (Long & Murry 1995, figs 182A-C, 
183A-C) and a portion of the left posterior iliac 
blade (Long & Murry 1995, figs 182D-F, 183D-F). 
The pubic process possesses no diagnostic charac- 
ters but  the iliac blade fragment can be directly 
compared to the Texas ilium. The posterior iliac 
blade of PEFO 10395 differs from that  in UMMP 
8870 in possessing a deep brevis shelf that  extends 
to the posterior margin, a lateral longitudinal ridge 
(for sacral rib articulation) that  is placed more dor- 
sally and a much thicker (more than twice) poste- 
rior blade in dorsal view. It is clear that  the Texas 
specimen represents a herrerasaurid, but  that  it 
cannot be referred to Chindesaurus or any other 
described member of this family. Thus, we propose 
the new binomen Caseosaurus crosbyensis nov. 
gen. et sp. for this ilium (Appendix) in recognition 
of the discoverer, E.C. Case, and Crosby County, 
Texas which yielded the holotype (UMMP 8870) 
from the Tecovas Member  of the Dockum 
Formation (late Carnian). This taxon differs from 
other herrerasaurs in the features cited above. 

Hunt  & Lucas (1994: Fig. 3.1-2) described the orni- 
thischian Tecovasaurus murryi for a number of iso- 
lated teeth from the Tecovas Member of Crosby 
County and Harris et al. (1997) identified a single 
prosauropod tooth from the same locality. The lat- 
ter is the only evidence for pre-Norian prosauro- 
pods in North America. ABH has recently collected 
a tooth of Tecovasaurus from a locality in the 
Bluewater  Creek Formation of western  New 
Mexico. 

In New Mexico, the best Adamanian dinosaur spe- 
cimen is a partial skeleton of a small non-herrera- 
saur id  theropod from the Bluewate r  Creek 
Formation in McKinley County (Heckert et al. 
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FIGURE 5 - Selected 
Late  Triassic  orni this-  
chian t ee th  from wes- 
t e rn  Nor th  America.  
Scale bars  are 1 mm. 
1-2, Holotype maxil la-  
ry /den ta ry  tooth of 
Tecovasaurus murryi  
(NMMNH P-18192). 1, 
Buccal view. 2, Lingual 
view. 3-4, Holotype 
maxi l lary/dentary tooth 
of Lucianosaurus wildi 
(NMMNH P-18194). 3, 
Buccal view. 4, Lingual 
view. Dents d'ornithi- 
schiens du Trias supd- 
rieur d 'Amdrique du  
Nord occidentale. Echelle 
= 1 ram. 1-2. Holotype 
d'une dent  maxillaire de 
Tecovasaurus  mur ry i  
(NMMNH P-18192). 3-4. 
Holotype d'une dent  
maxillaire de Luciano- 
saurus  wildi (NMMNH 
P-18194). 

3 
4 

1994) at the same stratigraphic level as the 
Placerias quarry (Heckert et al. 1994). This may be 
the most completely preserved dinosaur of late 
Carnian age in North America with numerous ver- 
tebral centra and fragmentary limb and girdle ele- 
ments recovered so far. This specimen will be des- 
cribed elsewhere. Small vertebrae associated with 
this skeleton appear to represent a second taxon of 
theropod. Tridactyl  dinosaur  t racks are also 
known from the Bluewater  Creek Formation 
which may represent  an ornithischian (Hasiotis et 
al. 1994). Case's (1916) report of a dinosaur from 
the San Pedro Arroyo Formation (sensu Lucas 
1991) of Socorro County, New Mexico is based on 
phytosaur specimens (UMMP specimens). 

Hunt  & Lucas (1995, fig. 2D-E) described frag- 
mentary  theropod specimens (metapodials, cau- 
dal centra, ungual) from the Lamy amphibian 
quarry, Santa  Fe County, New Mexico (Garita 
Creek Formation). They also described theropod 
podials from a nearby locality in the Los Esteros 
Member of the Santa  Rosa Formation. 

REVUELTIAN DINOSAURS 

Revuelt ian dinosaurs are the most diverse in the 
Chinle Group and are known from Arizona, Texas 

and New Mexico. The most diverse dinosaur 
fauna occurs in the Bull Canyon Formation, 
which is widely exposed in east-central  New 
Mexico and West Texas and contains a large but  
generally fragmentary, dinosaur record. The ver- 
tebrate fauna of the Bull Canyon Formation in 
New Mexico contains eight dinosaur taxa that  are 
described in an unpublished dissertation and will 
be described in detail elsewhere (Hunt  1994, 
1995). The largest theropods are two new herre- 
rasaurids (herrerasaurids A, B). Herrerasaur id  A 
is known from several partial  skeletons (e.g., 
UCM 47221, NMMNH P-17134, 17258), whereas  
specimens of herrerasaur id  B consist of one par- 
tial skeleton (NMMNH P-4569) and various isola- 
ted elements were erroneously referred to the 
Prosauropoda by Long & Murry (1995). A third, 
smaller herrerasaurid (C) is only known from pos- 
terior dorsal centra and is the basis of the identi- 
fication of Chindesaurus bryansmalli from New 
Mexico by Murry & Long (1989) and Long & 
Murry (1995). These specimens only indicate the 
occurrence of a Chindesaurus-sized herrerasaur.  
Three other specimens referred by Long & Murry 
(1995) to Chindesaurus (NMMNH P-4415, 
P-16656, P-17325, P-22494) are incorrectly identi- 
fied and actually pertain to the new herrerasau-  
rid A, a ?theropod and an indeterminate  herrera- 
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Land vertebrate Theropoda Sauropodomorpha Ornithischia 
faunchron 

Otischalkian (early Late Carnian 

Adamanian (late Late Carnian) 

Revueltian (early-middle Norian) 

Apachean (Rhaetian) 

indeterminate proximal femur (TX) 

indeterminate podial (WY) 

Camposaurus arizonensis 
(partial skeleton - AZ) 

undescribed partial skeleton (NM) 

herrerasaurid vertebrae (AZ) 

?Spinosuchus easeanus (vertebral column 
- TX + vertebrae - NM) 

Caseosaurus crosbyensis (illium - TX) 

indeterminate caudal vertebrae, metapodials, 
podials (NM) 

unstudied partial skeleton (AZ) 

new herrerasaurid (several partial 
skeletons - NM) 

new herrerasaurid (partial skeleton - NM) 

indeterminate tooth 
(TX) 

indeterminate 
centrum (NM) 

indeterminate 
partial  lower jaw, 
premaxilla (TX) 

small herrerasaurid (centra - NM) 

new taxon (partial skeleton - NM) 

Chindesaurus bryansmalli (partial skleton - AZ) 

"Coelophysis bauri" of Padian (1986)(partial 
skeleleton - AZ, femur- NM) 

syntypes of Coelophysis bauri including many 
vertebrae and other elements described by Cope 
(e.g., Cope, 1887) and partial skeleton of Sullivan 
et al. (1996). All represent different taxon than 
neotype of C. bauri. 

Protoavis texensis (two partial skeletons - TX) 

inadequately described postcrania and teeth (AZ) 

Coelophysis bauri - lectotype and numerous 
other skeletons (NM) 

c£ Syntarsus sp. skull and postcrania (NM) 

indeterminate femora, podials, teeth (NM) 

Tecovasaurus murryi 
(teeth - TX, AZ + NM) 

new genus 
(teeth - AZ + NM) 

Revueltosaurus collenderi 
(teeth - NM + AZ) 

Technosaurus smalli 
(dentary - TX) 

Lucianosaurus wildi 
(teeth - NM) 

TABLE 1. D i s t r i b u t i o n  of d i n o s a u r i a n  t a x a  based  on body fossils  from the  Ch in le  Group of w e s t e r n  N o r t h  Amer ica .  A b b r e v i a t i o n s  
refer  to s t a t e s :  AZ, Ar izona;  NM, N e w  Mexico; TX, Texas;  WY, Wyoming.  Rdpartition des taxons de dinosaures d'apr~s les fossiles 
du Groupe de Chinle, Ouest de l'Amdrique du Nord. Les abbrgviations correspondent aux noms des gtats. 

saurid, respectively (Hunt 1994). Another smaller 
theropod (D) represents  a new taxon of uncertain 
affinities and is only known from one partial ske- 
leton (NMMNH P-17375). An isolated premaxilla 
(UCM 52081) demonstrates  the presence of the 
edentulous putat ive theropod (see below) Shuvo- 
saurus inexpectatus CHATTERJEE, 1993. A single 
dorsal centrum identified by C.E. Gow (pers. 
comm., 1993) is the only evidence for a prosauro- 

pod, as teeth assigned by Hunt  (1988) to this 
taxon were la ter  identif ied as per ta in ing to 
Revueltosaurus by Hun t  (1989). Ornithischian 
teeth represent  two species, Revueltosaurus cal- 
lenderi HUNT, 1989 (Fig. 6) and Lucianosaurus 
wildi HUNT & LUCAS, 1994 (Fig. 3.3-4). Revuel- 
tosaurus is unusual  in tha t  the holotype pre- 
maxillary tooth has an incisiform shape more pro- 
nounced than in other basal  ornithischians (Fig. 
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FIGURE 6 - Holotype incisi- 
form premaxilla tooth of 
Revueltosaurus callenderi 
(NMMNH P-4957). Scale 
bar is 2 ram. 1, Lingual 
view. 2, Labial view. 3, 
Anterior/posterior view. 4, 
Occlusal view. Holotype 
d'une dent prgmaxillaire 
incisiforme de Revuelto- 
saurus callenderi (NM 
MNH P-4957). Echelle = 2 
m l n .  

6), which suggests tha t  it may have been located 
at the anterior  end of the jaw (e.g., no edentulous 
tip to premaxilla) 

All dinosaurs from the Bull Canyon Formation in 
West Texas come from the Post quarry  and inclu- 
de the edentulous putat ive orni thomimosaurian 
theropod S h u v o s a u r u s  inexpec ta tus ,  which is 
based on skull fragments,  a dentary  and a dorsal 
ver tebra .  Chat ter jee ' s  (1993) descript ion of 
S h u v o s a u r u s  does not include mention of any 
synapomorphies which are diagnostic of Dino- 
sauria  (e.g., Gauthier  1986; Benton 1990; Sereno 
et al. 1993; Novas 1993; Sereno 1992; Sereno & 
Novas 1993; Padian & May 1993). Possible cha- 
racters tha t  might be present  in the type material  
include epipophysis on the atlas (Novas 1993, p. 
423) and  temporal  musculature  overlapping the 

f~ontal (Gauthier 1986). However, the atlas was 
neither described nor illustrated by Chatterjee 
(1993) and his reconstruction of the skull indi- 
cates that the fl'ontal portion is poorly preserved. 
Thus, there is no evidence that Shuvosaurus 
represents a dinosaur. Supposed ornithomimo- 
saurian characters are unconvincing due to poor 
preservation of the holotype skull. The edentulous 
nature of the jaws is surprising, because the most 
plesiomorphic ornithomimosaur (Pelecanimimus), 
which is I00 million years younger than Shuvo- 
saurus, retains small teeth (Perez- Moreno et al. 
1994; Barsbold & Osmolska 1990). Long & Murry 
(1995) surmise that Shuvosaurus may represent 
the skull of the enigmatic ?rauisuchian that they 
name Chatter jeea elegans based on size, unusual  
morphology and association in the Post quarry. 
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We tentat ively support this synonymy and note 
the association of a premaxilla of Shuvosaurus 
and an ilium of Chatterjeea in the Bull Canyon 
Formation of east-central New Mexico (Hunt 
1994a,b; Long & Murry 1995). 

Technosaurus smalli was originally described as 
an ornithischian (Chatterjee 1984), but the holo- 
type is now known to contain elements of both an 
ornithischian and a prosauropod which are of dif- 
ferent size (Sereno 1992). The right dentary is 
ornithischian, whereas the premaxilla and poste- 
rior lower jaw are prosauropod (Sereno 1992). T. 
smalli has been restricted to the ornithischian 
specimen (Hunt & Lucas 1994). The prosauropod 
elements are indeterminate.  

The putative bird Protoavis texensis (Chatterjee 
1991) strongly resembles a basal non-avian thero- 
pod, as would be expected in an early avian (note 
that  Chatterjee [1986] initially identified the spe- 
cimens as a juvenile Coelophysis). Chatterjee 
(1991) described the skull of Protoavis and illus- 
t ra ted the postcrania, which are to be described in 
a later paper. The principal difficulty in identi- 
fying the relationships of this taxon is that  the 
skull is fragmented. There may also be problems 
with the association of elements. Chatterjee (1991) 
provided a generic description in his systematic 
section but no differential diagnosis. Later in the 
paper he lists two apomorphies of this taxon: teeth 
restricted to the tips of jaws and the maxilla is 
edentulous. However, these apomorphies are rela- 
tive to Archaeopteryx, Avimimus and later avians 
and assume tha t  Protoavis is a bird. We are not 
convinced that  Protoavis possesses any of the cra- 
nial synapomorphies of Aves listed by Chatterjee 
because of the fragmentary nature of the holotype 
skull of this genus. Similarly, we cannot support 
most of the supposed synapomorphies that  link 
Protoavis and Ornithurae. The morphology of the 
quadrate of Protoavis is the most convincing evi- 
dence for avian affinity, if this element is correctly 
identified. The postcrania of Protoavis (as prelimi- 
narily described) appear either to be theropod-like 
(e.g., astragalus) or unconvincing in their identifi- 
cation (putative furcula and sternum). In summa- 
ry, we conclude that  Protoavis probably represents 
an aberrant  theropod. 

Two dinosaur-bearing faunas can be distingui- 
shed in the Bull Canyon Formation. The lower 
fauna, which encompasses the lower 50 m of the 
95-m-thick unit, includes herrerasaurids A and C, 
theropod D, a prosauropod, Revueltosaurus and 
Technosaurus. The upper fauna includes herrera- 
saurids B and C and Lucianosaurus (Hunt 1994, 
1995). 

The original syntypes of the various species of 
Coelophysis (Colbert 1989; Hunt  & Lucas 1991; 

Sullivan 1994; Sullivan et al., 1996) were collected 
from at least two localities in the Petrified Forest 
Formation in Rio Arriba County, New Mexico by 
David Baldwin in the late 1880's (Colbert 1989; 
Hunt  & Lucas 1991). Sullivan et al. (1996) descri- 
bed apparent topotypes of Coelophysis tha t  have 
similar preservation to the syntypes, occur at 
about the same stratigraphic level, and are mor- 
phologically indistinguishable from the syntypes. 
These specimens apparently differ from the neo- 
type of Coelophysis (AMNH 7224) from the Ghost 
Ranch quarry that  is the younger (Apachean) 
Rock Point Formation in this area (Hunt & Lucas 
1991; Sullivan et al. 1996). Therefore, the syn- 
types of Coelophysis bauri (Cope 1887) from the 
Petrified Forest Formation may represent a diffe- 
rent  taxon than  the neotype from the Rock Point 
Formation. The Petrified Forest Formation speci- 
mens are from eight localities in the upper part  of 
the Petrified Forest Formation, which include the 
"Cross quarry" of Long & Murry (1995) (locality 3 
of Sullivan et al., [1996] tha t  yielded part ial  ske- 
leton NMMNH P-22298). Another nearby locality 
tha t  occurs at about the same stratigraphic level 
is the Canjilon quarry, which has yielded a thero- 
pod dorsal centrum (Long & Murry 1995). A single 
caudal centrum from the upper portion of the 
Petrified Forest Formation of Sandoval County, 
New Mexico is very hollow and pertains to a the- 
ropod (Hunt & Lucas 1989; Hunt  & Lucas 1993b). 

The upper dinosaur-bearing unit at Petrified Forest 
National Park is the Painted Desert Member of the 
Petrified Forest Formation. This contains partial 
skeletons of a ceratosaurian and a herrerasaurid 
and many teeth of an ornithischian. The herrera- 
saurid was named Chindesaurus bryansmalli by 
Long & Murry (1995). Surprisingly, Long & Murry 
did not mention the teeth that  are included in the 
holotype (PEFO 10395). The most complete tooth 
has a broken tip. It is laterally compressed and 
recurved with a concave posterior margin. As pre- 
served, the height is 22 mm with a basal length of 
about 12.5 mm. The posterior and anterior margins 
are finely serrated with about 5 serrations per ram. 
We assume tha t  this tooth pertains to 
Chindesaurus bryansmalli. Two other tooth frag- 
ments are, respectively, nondinosaurian and inde- 
terminate. We have recently collected fragmentary 
topotype specimens of this taxon (PEFO speci- 
mens). Long & Murry (1995) refer a dorsal centrum 
(PEFO 4849) from a nearby locality to this taxon, 
but it is not generically determinate. 

The ceratosaurian was referred to Coelophysis 
bauri by Padian (1986). This specimen apparently 
differs from the neotype (AMNH 7224) and asso- 
ciated skeletons of Coelophysis bauri, tha t  are 
from the younger Apachean-age Ghost Ranch 
quarry, in possessing a well-developed obturator 
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foramen (Hunt & Lucas 1991). However, exami- 
nation of AMNH 7224 by RMS indicates that, 
contrary to previous descriptions, the neotype of 
Coelophysis bauri does possess an obturator fora- 
men. This f ragmentary specimen is similar to 
Syntarsus (sensu Rowe & Gauthier 1990) and is 
apparently identical to an undescribed specimen 
from the Bull Canyon Formation of east-central 
New Mexico (NMMNH P-4415). One specimen 
referred to Coelophysis by Cope (1887), from the 
Revuelt ian Petrified Forest Formation in New 
Mexico, has a similar pubis to the PFNP specimen 
with a well-developed obturator foramen (plesio- 
morphic feature). The Petrified Forest specimen is 
from the Dinosaur Hill locality (UCMP V82250) 
(= Bolt quarry  = Lacey Point of some authors). 
Several other theropod specimens (femur, verte- 
brae) have recently been collected by APH from 
this locality (uncatalogued PEFO specimens). 

All the ornithischian teeth from the Painted 
Desert  Member, some of which have been pre- 
viously reported as representing an anchisaurid 
prosauropod (Murry & Long 1989), pertain to 
Revueltosaurus callenderi (Padian 1991, fig. 
1A-H; Hun t  & Lucas 1994), which is known from 
four localities at Petrified Forest National Park 
(FMNH, PEFO collections). 

There are few Revueltian vertebrate  tracks (e.g., 
Hunt  et al. 1993), and none represent  dinosaurs. 

The Owl Rock Formation contains a diverse ver- 
tebrate fauna only in northeastern Arizona (Kirby 
1991, 1993). Kirby (1991, 1993) assigned various 
isolated postcrania and teeth to the Theropoda or 
of. ?Herrerasaur idae  (cf. Staurikosauridae? of 
Kirby 1993). Many of these specimens, including 
an astragalus and a proximal femur, are undoub- 
tedly dinosaurian (Kirby 1991, pl. 15, figs B-L). 
These specimens are in need of more detailed des- 
cription. Kirby (1991, 1993) also noted, on the 
basis of isolated teeth, the occurrence of a possible 
ornithischian at one locality. These specimens do 
not have the coarse, dorsally oriented denticles of 
ornithischian or non-yunannosaurid prosauro- 
pods (Kirby 1991, pl. 16) and are not dinosaurian. 

APAC I-IEAN D I N O S A U R S  

In contrast  to older portions of the Chinle Group, 
Apachean s t ra ta  contain many vertebrate  tracks 
(Fig. 7) and relatively few body fossils. Tetrapod 
fossils are only common in east-central and nor- 
theas tern  New Mexico and at one quarry (Ghost 
Ranch) in the north-central part  of the state 
(Hunt & Lucas 1993). Fossil fishes are locally 
abundant  in southeastern Utah, southwestern 
Colorado and east-central New Mexico. However, 
ver tebrate  tracks are known from east-central 

and northeastern New Mexico, southeastern and 
northeastern Utah, southwestern, southeastern 
and northwestern Colorado and central Wyoming 
(Baird 1964; Lockley 1986; Conrad et al. 1987; 
Lockley et al. 1992, 1993; Lockley & Hunt 1993, 
1995). 

The most important dinosaur body fossils from 
Apachean age rocks are from the Ghost Ranch 
quarry (Rock Point Formation) in Rio Arriba 
County, New Mexico. Some of the many skeletons 
and isolated bones from this quarry represent the 
small cera tosaur  Coelophysis bauri (Colbert  
1989). This taxon has an obturator foramen and 
may lack the pubic fenestrae and pubio-ischiac 
plate ofSyntarsus. A number  of specimens in from 
the Ghost Ranch quarry have two pubic foramina, 
incipient cranial crests and fused tarsals that  
cannot be distinguished from Syntarsus kayenta- 
katae (Rowe & Gauthier 1990; Paul 1993; Sullivan 
1994) other than on the basis of smaller size. 
Reisz and others (in prep.) are currently restu- 
dying the cranial and postcranial specimens from 
Ghost Ranch. 

Dubiel et al. (1989) reported a theropod podial 
from what  is now recognized as the Rock Point 
Formation of southeatern Colorado. This undes- 
cribed specimen could not be located in the collec- 
tions of the Universi ty  of Colorado Museum 
where it was reposited. Fragmentary  theropod 
specimens (femur, podials, teeth) have recently 
been collected from the Redonda Formation of 
east-central New Mexico (Hunt  et al. 1997). 

Vertebrate  ichnofaunas are very diverse in 
Apachean strata and include a number  of dino- 
saurian tracks from many localities (Table 2). The 
most common is a small form (10 cm long pedal 
imprint) of tridactyl track assigned to Grallator 
and interpreted to be the trace of a theropod dino- 
saur. The names Agialopous and Coelurosau- 
richnus have also been applied to this morphotype 
but these ichnotaxa are probably junior subjective 
synonyms of Grallator (e.g. Leonardi & Lockley 
1995). Some larger tridactyl tracks, with pedal 
imprint lengths of up to 25 cm, are also assignable 
to Grallator (e.g., Lockley & Hunt  1993). All 
Chinle tridactyl tracks, with the possible excep- 
tion ofAtreipus (Olsen & Baird 1986), that  is only 
known from the shores of Lake Powell in Utah, 
represent  theropods. Atreipus is probably the 
track of an ornithischian (Olsen & Baird 1986). 

Two morphotypes of tetradactyl tracks occur in 
Apachean strata. The first is the track of a bipedal 
animal with a tetradactyl foot, but  often only three 
digit impressions are preserved (Lockley et al. 
1993, fig. 2B; Lockley & Hunt  1995, fig. 3.17). These 
tracks most resemble some specimens described as 
Pseudotrasauropus by Ellenberger from Lesotho. 
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FIGURE 7 - Principal 
Apachean vertebrate 
ichnotaxa. Scale bars 
are 10 cm. 1. Pes print 
of Grallator sp. 2. Pes 
print of Tetrasauropus 
sp. 3. Partial track- 
way of Pseudotetra- 
sauropus. (after Hunt  
et al. 1993). Ichno- 
taxons principaux de 
vertObr~s apachdens. 
Echelles = 10 cm. 1. 
Empreinte de pied de 
Grallator sp. 2. 
Empreinte de pied de 
Tetrasanropus sp. 3. 
Piste fragmentaire de 
Pseudote t rasauropus  
(d'apr~s Hunt  et al. 
1993). 

I 

3 @  
Ellenberger's work has been extensively critiqued 
by Olsen & Galton (1984). It seems clear that  
Ellenberger erected too many new ichnotaxa for 
his collections, but it also our opinion that  Olsen & 
Galton (1984) were too quick to synonymize most 
of the Lesotho tracks with existing ichnotaxa. 
Notably some of the Pseudotetrasauropus~ tracks 
represent distinct morphotypes that  represent nei- 
ther Batrachichnus nor Otozoum. Therefore, we 
follow recent authors in placing the tetradactyl 
tracks in Pseudotetrasauropus pending a thorough 

revision of the Lesotho material. Other Chinle 
tetradactyl tracks represent a quadrupedal track- 
maker who left padded elephantine- or sauropod- 
like tracks (Lockley & Hunt  1995, fig. 3.13). The 
manus prints are semilunate like sauropod tracks. 
These tracks are similar to some specimens that  
Ellenberger described as Tetrasauropus that  we 
feel were unjustly synonymized by Olsen & Galton 
(1984). Both Tetrasauropus and Pseudotetra- 
sauropus are probably tracks of prosauropods 
(Lockley et al. 1993; Lockley & Hunt  1995). 

DISCUSSION 

Chinle dinosaurs are known from early Tuvalian 
to Rhaetian strata that encompasses the entire 
time interval from which dinosaurs are known in 
the Triassic (Hunt 1991). Dinosaurs are consis- 
tently rare members of vertebrate faunas in the 
Chinle Group, except apparently during the 
Apachean (Rhaetian). However, there is no major 
faunal turnover or evidence of large environmen- 
tal change during the Late Triassic in western 
North America. Thus, the record of dinosaurs in 
the Chinle Group is arguably the most represen- 
tative of the early evolution and diversification of 
this group. For example, the late Carnian and 
Norian dinosaur faunas of the Chinle are the 
most diverse in the world. Taphonomic and faunal 
studies indicate that Triassic dinosaurs were res- 
tricted to drier environments (Hunt 1991; Newell 
1992), which explains their rarity in the Chinle 
Group, which is dominated by semiaquatic/aqua- 
tic vertebrate communities (Hunt 1991). 

The Chinle dinosaur record (Fig. 8) indicates that 
early Tuvalian dinosaurs were very uncommon, 
but that by the late Tuvalian, dinosaur faunas 
were diverse and included theropods, ornithis- 
chians and prosauropods - the three principal 
clades of dinosaurs. 

Early Tuvalian dinosaurs are rare outside North 
America and are restricted to the Ischigualasto 
Formation of Argentina the Santa Maria Formation 
of Brazil the Maleri Formation of India and the 
Argana Formation of Morocco. It is notable that 
these dinosaurs include several theropods, an orni- 
thischian and a prosauropod, indicating that all the 
major dinosaurian clades (Theropoda, Sauropodo- 
morpha, Ornithischia) were present in the late 
Carnian, so they must have had their origin earlier 
in the Triassic. Unfortunately, early Carnian verte- 
brate faunas are rare, and the only diverse one is 
from the Schilfsandstein of Germany, which is 
dominated by semiaquatic/ aquatic amphibians 
and reptiles (Hunt 1993). The enigmatic Turkey 
Branch fauna from Virginia is of this age (Sues & 
Olsen 1990; Huber et al. 1993; Olsen 1997). 
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Locat ion  S t r a t i g r a p h i c  un i t  I c h n o t a x a  

Panhandle OK 

East-central NM 

Northeastern NM 

Northeastern NM 

West-centralCO 

Southeastern CO 

NorthwesternCO 

East-centralUT 

Southeastern UT 

Northeastern UT 

Central WY 

Sheep Pen Formation 

Redonda Formation 

Sloan Canyon Formation 

Sheep Pen Formation 

Rock Point Formation 

Sheep Pen Formation 

Bell Springs Formation 

Rock Point Formation 

Blue Mesa Member of 
Petrified Forest Formation 

Bell Springs Formation 

Bell Springs Formation 

Grallator sp. 

Grallator sp. 
Pseudotetrasauropus sp. 

Grallator sp., 
large tridactyl 
Tetrasauropus sp. 

Grallator sp. 
Pseudotetrasauropus sp. 

Grallator sp. 

Grallator sp. 

Grallator sp. 

Grallator sp. 

Atreipus sp. 

Grallator sp. 
Tetrasauropus sp. 

Grallator sp. 

TABLE 2. Distr ibution of d inosaur ian  ich- 
notaxa in Apaehean s t ra ta  of the Chinle 
Group (Branson & Mehl 1932; Loekley 
1986; Conrad et al. 1987; Lockley et al. 
1992, 1993; H un t  et al. 1993; Lockley & 
Hunt  1993, 1995). Note tha t  the only other 
d inosaur ian  ichnofossils are putat ive orni- 
thischian tracks from the A da man ian  of 
New Mexico (Hasios t i s  et al. 1994). 
Abbreviations refer to states:  AZ, Arizona; 
CO, Colorado; NM, New Mexico; OK, 
Oklahoma;  TX, Texas; UT, Utah ;  WY, 
Wyoming.  R~partition des ichnotaxons 
clans les niveaux apachdens du Groupe de 
Chinle. Remarquez que les autres ichno[bs- 
siles de dinosauriens ne sont qu'hypothdti- 
quement des traces cl'ornithischiens dans 
l 'Adamanien du Nouveau-Mexique 
(Hasiostis et al. 1994). 

Late Tuvalian dinosaur body-fossils are also rare 
outside western North America. Notable excep- 
tions are the ornithischians Pekinosaurus olseni 
and Galtonia gibbidens from the Conewagan of 
the Newark Supergroup of eastern North America 
(Huber et al. 1993; Hunt  & Lucas 1994). 

Dinosaurs are numerically more common in the 
Norian of the Chinle Group than in the Carnian, 
although this may be biased by the fact tha t  early 
Revueltian s t ra ta  are particularly rich in terres- 
trial reptiles (Hunt & Lucas 1993b). There are at 
least 12 species of Revueltian dinosaurs known 
from the Chinle Group, and fragmentary speci- 
mens suggest the presence of several more. The 
best dated and best studied Norian dinosaur fau- 
nas outside North America are from the Stuben- 
sandstein of Germany, where prosauropod speci- 
mens are the most common, but each prosauropod 
fauna is monogeneric (Sellosaurus in Stubensan- 
dstein; Plateosaurus in Knollenmergel). Thero- 
pods also occur in the Stubensandstein (e.g., 
Halticosaurus), but ornithischians are absent or 
very rare (New Mexico, Morocco) in all prosauro- 
pod-bearing faunas in the Triassic. 

It is difficult to gauge how common or diverse 
Rhaetian dinosaurs are in the Chinle Group becau- 
se of facies problems. Rhaetian tetrapod faunas are 
depauperate in dinosaurs in east-central and nor- 
theastern New Mexico, but at the Ghost Ranch 
quarry over 95% of the specimens pertain to thero- 
pods, probably reflecting the sampling of semiaqua- 
tic as opposed to terrrestrial communities respecti- 
vely. The track record seems to indicate that dino- 

saurs were much more common in the Rhaetian of 
the western United States than in the Norian. 
Tracks that we interpret to have been made by pro- 
sauropods (Tetrasauropus, Pseudotetrasauropus) 
are notably common at Apachean tracksites relati- 
ve to the poor record from older portions of the 
Chinle Group (Lockley & Hunt 1995). 

Outside North America, herrerasaurid theropods 
are restricted to the late Carnian. However, in the 
Chinle Group there are at least three Norian her- 
rerasaurids. There are no herrerasaurids from 
other well-dated Norian units, such as those in 
Europe. Indeed, theropod dinosaurs discriminate 
three biogeographic provinces in the Late Triassic 
(Fig. 9). A northern province (e.g. Western Europe) 
contains only ceratosaurs, whereas a southern 
province (South America, South Africa, India) 
yields only herrerasanrids. A central province, 
which includes the United States, contains both 
ceratosaurs (e.g., Coelophysis) and herrerasau- 
rids. Prosauropod distributions provide some sup- 
port for the recognition of three provinces, with 
plateosaurids and thecodontosaurids being most 
common in the northern province, melanosaurids 
and blikanasaurids in the south, with prosauro- 
pods being rare in the central province. Ornithis- 
chians are poorly known worldwide from the Late 
Triassic, but Pisanosaurus is restricted to the sou- 
thern province and Revueltosaurus-like forms are 
currently only known from the central province 
(eastern and western North America, Morocco). 
No ornithischian specimens have been collected 
from the northern province. 
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FIGURE 8 - Histogram of dinosaur taxa (and ichnotaxa) through time in the Late Triassic of western North America. A-B. 
Dinosaurs known from body fossils. C-D. Dinosaurs known from footprints. A. Localities yielding dinosaur body fossils. B. Number 
of taxa of dinosaurs apparent from body fossils. C. Number of fossiliferous areas that yield vertebrate tracks. D. Number of dino- 
saurian ichnotaxa. Histogramme des taxons de dinosaures (et ichnotaxons) dans le Trias supgrieur de l'Ouest de l'Amgrique du 
Nord. A-B. Dinosaures connus d'apr~s des restes osseux. C-D. Dinosaures connus d'apr~s des empreintes de pied. A. Sites ayant 
fourni des restes osseux de dinosaures. B. Nombre de taxons d'apr~s des restes osseux. C. Nombre de sites fossilif~res ayant fourni 
des pistes de vertgbr~s. D. Nombre d'ichnotaxons de dinosaures. 

O r n i t h i s c h i a n s  a re  r a r e  t h r o u g h o u t  the  Chinle  
Group,  and  m o s t  occur rences  a re  i so la ted  tee th .  
No o rn i th i s ch i ans  a re  p r e s e n t  in Ot i scha lk ian -age  
s t r a t a .  T h e y  are  p r e s e n t  in A d a m a n i a n  faunas ,  
bu t  only  in the  R e v u e l t i a n  (Nor ian)  is more  t h a n  
one species  known.  A p a c h e a n  o rn i th i sch ians  a re  
u n k n o w n .  O r n t h i s c h i a n s  such  as R e v u e l t o s a u r u s  
and  T e c o v a s a u r u s  are  w i d e s p r e a d  t a x a  t h a t  h a v e  
biochronological  utility. 

The  P r o s a u r o p o d a  are  the  r a r e s t  clade of dino- 
s a u r s  p r e s e n t  in the  Chinle.  These  la rge  herbivo-  
rous  d inosau r s  a p p a r e n t l y  only f lour ished in dr ier  
condi t ions  t h a n  m o s t  of  those  r e p r e s e n t e d  by  
Chin le  rocks  ( H u n t  1991). Footpr in t  evidence sug- 
ges t s  t h a t  p r o s a u r o p o d s  b e c a m e  more  common  in 
the  R h a e t i a n  becaus e  of the  a b u n d a n c e  of  Pseudo-  
t e t r a s a u r o p u s  a n d  T e t r a s a u r o p u s  re la t ive  to o ther  
k inds  of t racks .  The  only well  da t ed  Nor ian-  

Rhaetian sequence of vertebrate faunas outside 
North America are in Germany (Benton, 1986, 
1993) and Greenland (Jenkins et al 1994; Kent & 
Clemmensen 1996), and here, also, prosauropods 
become very numerous in the Rhaetian (and late 
Norian). 

In the Chinle Group, v e r t e b r a t e  t r acks  are  s t rat i -  
graphical ly  res t r ic ted,  wi th  a few exceptions,  to 
Apachean-age  units .  This  is obviously a t aphonomic  
artifact ,  but  a s imi lar  d is t r ibut ion occurs in South  
Africa, where  ve r t eb ra t e  t racks  become ve ry  com- 
mon  in the la tes t  Triassic  (Olsen & Gal ton  1984). 
No species of d inosaur  body fossils found in the 
Chinle Group are clearly known f rom other  areas ,  
except the possible occurrence of S y n t a r s u s  at  
Ghost  Ranch. However,  the  Apachean  ichnotaxa  
Tetrasauropus  and P s e u d o t e t r a s a u r o p u s  also occur 
in South Africa and  Europe.  This  is t enuous  evi- 



526 

FIGURE 9 - Principal Late Triassic dinosaur localities and biogeographic provinces. Solid circles are localities with ceratosaurs and 
herrerasaurids: 1, Arizona, USA; 2, New Mexico, USA; 3, Texas, USA. Solid squares are localities with ceratosaurs and no herre- 
rasaurids: 4, United Kingdom; 5, Belgium; 6, Germany. Open circles have herrerasaurids and no ceratosaurs; 7, Argentina; 8, 
Brazil; 9, South Africa; 10, India. Question mark (?) indicates the ornithischian and prosauropod fauna of Morocco that not yet pro- 
duced fossil bones of theropods. Basemap from Lucas & Morales (1993). Principaux sites de dinosaures du Trias supdrieur et pro- 
vinces biogdographiques. Les cercles pleins reprdsentent les sites avec des cdratosaures et des herrerasauridds. Les cercles vides reprd- 
sentent les localitds qui ont des herrerasauridds et pas de cdratosaures. Les points d'interrogation indiquent les faunes d'ornithi- 
schiens et prosauropodes du Maroc qui n'ont pas encore fourni d'os de thdropodes (d'aprds la carte de Lucas & Morales 1993). 

dence  to sugges t  t h a t  d i n o s a u r  f a u n a s  were  beco- 
m i n g  s l igh t ly  more  cosmopo l i t an  in  the  l a t e s t  Tr ia -  
ssic, f o r e shadowing  the  i n t e r c o n t i n e n t a l  d i s t r ibu-  
t ion  of m a n y  Liass ic  d i n o s a u r  t a x a  (e.g. Massospon-  
dylus ,  D i lophosaurus ,  S y n t a r s u s ,  Sce l idosaurus ) .  

A c k n o w l e d g m e n t s  - We thank J. Bolt, M. DePoy, D. DeWitt, 
G. Gaffney, G. Gunnell, H. Hutchison, J. Ostrom, K. Padian, V. 
Santucci, T. Rowe and J. Stitt for examination of specimens 
under their care and M. Benton, S. Harris, P. Olsen and K. 
Padian for their careful reviews. The National Science 
Foundation, National Park Service, Petrified Forest Museum 
Association and New Mexico Geological Society provided sup- 
port for this research. 

R E F E R E N C E S  

BAIRD D. 1964 - Dockum (Late Triassic) reptile foot- 
pr ints  from New Mexico. Journal  of  Paleontology, 38: 
118-125. 

BARSBOLD R. & OSMOLSKA H. 1990 - Orni thomimosauria ,  
225-244. In D.B. WEIS~IAMFEL, P. DODSON & H. OSMOL- 
SKi (eds), The Dinosauria: 733 p. Univers i ty  of 
California Press, Berkeley. 

BENTON M.J. 1986 - The Late Triassic tetrapod extinc- 
t ion events, 303-320. In  K. PADIAN (ed.), The begin- 
ning o f  the age o f  dinosaurs: faunal  change across the 

Triassic-Jurassic boundary, 378 p. Univers i ty  of 
Cambridge Press, Cambridge. 

BENTON M.J. 1990 - Origin and in ter re la t ionships  of 
dinosaurs, 11-30. In D.B. WEISHAMPEL P., DODSON & H. 
OSMOLSKA (eds), The Dinosauria,  733 p. Univers i ty  of 
California Press, Berkeley. 

BENTON M.J. 1993 - Late Triassic terres t r ia l  ver tebrate  
extinctions: s trat igraphic aspects and the record of 
the Germanic Basin. Memoire della Societa Hal iana 
di Scienze naturali  e del Museo Civico di Storia 
Naturale  di Milano, 2: 19-40. 

BENTON M.J & CLANK J.M. 1988 - Archosaur phylogeny 
and the relat ionships  of the Crocodylia. The 
Systematics Association Special Volume, 35A: 295-338. 

BRANSON E.B. & MEHL M.G. 1932 - Footprint  records 
from the Paleozoic and Mesozoic of Missouri, Kansas  
and Wyoming. Geological Society o f  America  Bulle- 
tin, 43: 383-398. 

CAMP C.L. 1930 - A study of the phytosaurs with descrip- 
tion of new material  from western North America. 
Memoirs of  the University of  California, 10, 175 p. 

CASE E.C. 1916 - Fur the r  evidence bear ing  on the age of 
red beds in  the Rio Grande valley, New Mexico. 
Science, 44: 708-709. 

CASE E.C. 1922 - New reptiles and stegocephalians from 
the Upper  Triassic  of wes te rn  Texas. Carnegie 
Inst i tut ion o f  Washington Publication, 321, 84 p. 



527 

CASE E.C. 1927 - The ver tebral  column of Coelophysis 
COPE. Contributions from the Museum, of Paleonto- 
logy, University of Michigan, 2: 209-222. 

CASE E.C. 1932 - On the caudal region ofCoelophysis sp. 
and on some new or little known forms from the 
Upper  Triassic of western  Texas. Contributions from 
the Museum of Paleontology, University of Michigan, 
4: 81-92. 

CHATTERJEE S. 1984 - A new orni thischian dinosaur  from 
the Triassic of North America. Naturwissenschaften, 
71: 630-631. 

CHATTERJEE S. 1985 - Postosuchus, a new thecodontian 
reptile from the Triassic of Texas, and the origin of 
t y r annosau r s .  Philosophical Transactions of the 
Royal Society of London, B, 309: 395-460. 

CHATTERJEE S. 1986 - The Late Triassic Dockum verte- 
brates:  their  s t rat igraphic and paleobiogeographic 
significance, 139-150. In K. PADIAN (ed.), The begin- 
ning of the age of dinosaurs: faunal change across the 
Triassic-Jurassic boundary, 378 p. Cambridge Uni- 
versi ty Press, Cambridge. 

CHATTERJEE S. 1991 - Cranial  anatomy and relationships 
of a new Triassic bird from Texas. Philosophical Trans- 
actions of the Royal Society of London, B, 332: 277-342. 

CHATTERJEE S. 1993 - Shuvosaurus, a new theropod. 
National Geographic Research and Exploration, 9: 
274-285. 

COLBERT E.H. 1961 - The Triassic reptile Poposaurus. 
Fieldiana, Geology, 14: 59-78. 

COLBERT E.H. 1970 - A saurischian dinosaur from the 
Triassic of Brazil. American Museum Novitates, 2405, 
39 p. 

COLBERT E.H. 1989 - The Triassic dinosaur  Coelophysis. 
Museum of Northern Arizona Bulletin, 57, 174 p. 

CONRAD K., LOCKLEY M.G. & PRINCE N.K. 1987 - Triassic 
and  Ju ras s i c  v e r t e b r a t e - d o m i n a t e d  t race fossil 
assemblages of the Cimarron Valley region: implica- 
t ions for paleoecology and biostratigraphy. New 
Mexico Geological Society Guidebook, 38:127-138 

COPE E.D. 1887 - The d inosaur ian  genus Coelurus. 
American Naturalist, 21: 367-369. 

DUBIEL R.F. 1989 - Depositional and climatic set t ing of 
the Upper  Triassic  Chinle  Formation,  Colorado 
Plateau:  213-223. In  S.G. LUCAS & A.P. HUNT (eds), 
The dawn of the age of dinosaurs in the American 
Southwest: 414 p. New Mexico Museum of Natura l  
History, Albuquerque.  

DUBIEL R.F., GOOD S.C. & PARRISH J.M. 1989 - Sedimen- 
tology and paleontology of the Upper Triassic Chinle 
Format ion ,  Bedrock, Colorado. The Mountain 
Geologist, 26: 113-126. 

ELDER R.L. 1978 - Paleontology and paleoecology of the 
Dockum Group, Upper Triassic, Howard County, 
Texas. Univers i ty  of Texas at Austin,  M. S. Thesis, 
205 p. (unpublished).  

ELDER R.L. 1987 - Taphonomy and paleoecology of the 
Dockum Group, Howard County, Texas. Journal of 
the Arizona-Nevada Academy of Sciences, 22: 85- 94. 

GALTON P.M. 1977 - On Staurikosaurus pricei, an early 
saur ischian  dinosaur  from the Triassic of Brazil, 
with notes on the Herrerasaur idae  and Poposau- 
ridae. Pali~ontologische Zeitschrift, 51: 234-245. 

GALTON P.M. 1990 - Basal Sauropodomorpha - Prosau- 
ropoda: 320-344. In D.B. WEISHAMPEL, P. DODSON & H. 
OSMOLSKA (eds), The Dinosauria: 733 p. Univers i ty  of 
California Press, Berkeley. 

GAUTHIER J.A. 1986 - Saur ischian  monophyly and the 
origin of birds. Memoirs of the California Academy of 
Sciences, 8, 55 p. 

GREGORY J.T. 1945 - Osteology and relat ionships  of Tri- 
lophosaurus. University of Texas Publications, 4401: 
273-359. 

H~u~RIS S.K., L u c ~  S.G. & HUNT A.P. 1997 - Antiqui ty  of 
prosauropod dinosaurs in the Upper Triassic of the 
western United States. New Mexico Geology, in press. 

HASIOTIS S.T., DUBIEL R.I?., CONRAD K.L. & LOCKLEY M.G. 
1994 -Footprint evidence of North  America's earl iest  
dinosaur, Upper Triassic Chinle Formation,  Fort 
Wingate, New Mexico. Geological Society of America, 
Abstracts with Programs, 26 (6): 17. 

HECKERT A., LUCAS S.G. & HUNT A.P. 1994 - New Mexico's 
oldest dinosaur. New Mexico Geology, 17: 16. 

HOLTZT T.R. JR. & PADIAN K. 1995 - Definition and dia- 
gnosis of Theropoda and related taxa. Journal of 
Vertebrate Paleontology, Supplement  to n ° 3, 15: 35A. 

HUBER P., LUCAS S.G. & HUNT A.P. 1993 - Vertebrate bio- 
chronology of the Newark Supergroup Triassic, eas- 
tern North America. New Mexico Museum of Natural 
History and Science Bulletin, 3: 179-186. 

HUENE F. YON 1932 - Die fossile Repti l -Ordnung Sauris- 
chia, ihre Entwicklung und Geschichte. Monogra- 
phien zur Geologie und Pal~ontologie, 1,361 p. 

HUNT A.P. 1988 - The oldest prosauropod dinosaur  in 
North America from the upper  shale member  of the 
Chinle Formation (Late Triassic) in  east-central  New 
Mexico. New Mexico Geology, 10: 65. 

HUNT A.P. 1989 - A new ?orni thischian dinosaur  from 
the Bull Canyon Format ion (Upper Triassic) of 
east-central  New Mexico: 355-358. In S.G. LUCAS S.G. 
& A.P. HUNT (eds), The dawn of the age of dinosaurs 
in the American Southwest: 414 p. New Mexico 
Museum of Na tura l  History, Albuquerque.  

HUNT A.P. 1991 - The early diversification pa t t e rn  of 
dinosaurs in the Late Triassic. Modern Geology, 16: 
43-60. 

HUNT A.P. 1993 - Revision of the Metoposauridae (Am- 
phibia: Temnospondyli) and description of a new 
genus from western  North America. Museum of 
Northern Arizona Bulletin, 59: 67-97. 

HUNT A.P. 1994 - Vertebrate paleontology and biostrati- 
graphy of the Bull Canyon Formation (Chinle Group: 
Norian), east-central New Mexico with revisions of 
the families Metoposauridae (Amphibia: Temnospon- 
dyli) and Parasuchidae (Reptilia: Archosauria) [Ph. 
D. Dissertation]. Albuquerque,  Univers i ty  of New 
Mexico, Albuquerque,  New Mexico, 403 p. (unpubli-  
shed). 

HUNT A.P. 1995 - The dinosaur  fauna  of the Bull Canyon 
Format ion (Upper Triassic) of eas t -centra l  New 
Mexico and west Texas and the biogeography of Late 
Triassic dinosaurs.  New Mexico Geology, 17:16 

HUNT A.P. & LUCAS S.G. 1989 - Late Triassic ver tebra te  
localities in New Mexico: 72-101. In S.G. LUCAS S.G. 
& A.P. HUNT (eds), The dawn of the age of dinosaurs 



528 

in the American Southwest: 414 p. New Mexico 
Museum of Na tu r a l  History, Albuquerque.  

HUNT A.P. & LUCAS S.G. 1991 - Rioarribasaurus, a new 
name  for a Late  Triassic  d inosaur  from New Mexico 
(USA). Pal~ontologische Zeitscrift, 65: 191-198. 

HUNT A.P. & LUCAS S.G. 1993a - Sequence s t r a t ig raphy  
and a t e t r apod  acme zone dur ing  the  ear ly  Revuel- 
t i an  ( late Triassic:  ear ly  Norian)  of wes te rn  Nor th  
America .  New Mexico Museum of Natural History 
and Scienc e Bulletin, 3: G46. 

HUNT A.P. & LUCAS S.G. 1993b - Triassic ve r t eb ra te  
paleontology and biochronology of New Mexico. New 
Mexico Museum of Natural History and Science 
Bulletin, 2: 49-60. 

HUNT A.P. & LUCAS S.G. 1994 - Orni th i sch ian  d inosaurs  
from the  U p p e r  Tr iass ic  of the  Uni ted  Sta tes :  
225-241. In N.C. FRASER & H.-D. SUES (eds), In the 
shadow of the dinosaurs: early Mesozoic tetrapods: 
435 p. Cambr idge  Univers i ty  Press,  Cambridge.  

HUNT A.P. & LUCAS S.G. 1995 - Ver tebrate  paleontology 
and biochronology of the  lower Chinle Group (Upper  
Tr iass ic) ,  S a n t a  Fe County,  n o r t h - c e n t r a l  New 
Mexico. New Mexico Geological Society Guidebook, 
46: 243-246. 

HUNT A.P. & SANTUCCI V.L. 1993 - The record of Late  
Tr iass ic  d inosaurs  a t  Petr i f ied Fores t  Na t iona l  Park.  
National Park Service Technical Report NPS / NRPE- 
FO/NRTR, 93/11: 97. 

HUNT A.P., LOCKLEY M.G. & LUCAS S.G. 1993 - Ver tebrate  
and inve r t eb ra te  t racks  and t rackways  from Upper  
Tr iass ic  s t r a t a  of the  Tucumcar i  basin,  eas t -cent ra l  
New Mexico. New Mexico Museum of Natural 
History and Science Bulletin, 3: 199-201. 

HUNT A.P., LUCAS S.G. & SANTUCCI V.L. 1995a - A simpli- 
fled key  to ident i fying isola ted  fossil tee th  from Late 
Tr iass ic  rocks in Petr if ied Fores t  Nat iona l  Park.  
National Park Service Technical Report NPS / NRPO 
/NRTR, 95/16: 94-96. 

HUNT A.P., SANTUCCI V.L. & NEWELL A.J. 1995b - Late 
Tr iass ic  Ver tebra te  t aphonomy at  Petr if ied Fores t  
Na t iona l  Park.  National Park Service Technical 
Report NPS /NRPO /NRTR, 95/16: 97-101. 

HUNT A.P., OLSON T.J., HUBER P., SHIPMAN T., BIREHEFF P. & 
FROST J.E. 1996 - A new theropod locality at Petrified 
Forest National Park with a review of Late Triassic 
dinosaur localities in the park: 55-61. In D. BoAz, D. 
DIERKING, P. DOaNAN, M. McGEORGE R. & TEGOWSKI B.J. 
(eds), Proceedings of the Fourth Annual Fossils of 
Arizona Symposium: 140 p. Mesa Southwest  Museum 
and Southwest  Paleontological Society, Mesa. 

HUNT A.P., HUBER P., REID B., FROST J.E., COTTON W.D. & 
COTTON J.E. 1997 - Theropod dinosaurs from the 
latest Triassic Redonda Formation of east-central 
New Mexico. New Mexico Geology. 

JENKINS F.A., SHUBIN N.H., AMARAL W.W., GATESY S.M., 
SEHAFF C.R., CLEMMENSEN L.B., DOWNS W.R., DAVIDSON 
A.R., BONDE N. & OSRAEEK F. 1994 - Continental  verte- 
bra tes  and  deposi t ional  environments  of the Fleming 
Fjord Format ion,  Jameson  Land,  Eas t  Greeland.  
Meddelelser om Gronland, Geoscience, 32, 25 p. 

KAYE F.T. & PADIAN K. 1994 - Microver tebra tes  from the 
Placerias quarry:  a window on Late Triassic verte-  

b ra te  divers i ty  in the  Amer ican  Southwest :  171-196. 
In N.C. FRASER & H.-D. SUES (eds), In the shadow of 
dinosaurs: early Mesozoic tetrapods: 435 p. Cambr id-  
ge Univers i ty  Press,  Cambridge.  

KENT D.V. & CLEMMENSEN L.B. 1996 - Pa leomagne t i sm 
and cycle s t r a t i g r aphy  of the  Tr iass ic  F leming  Fjord 
and G i p s d a l e n  fo rma t ions  of E a s t  G r e e n l a n d .  
Bulletin of the Geological Society of Denmark, 42: 
121-136. 

KmBY R.E. 1991 - A new v e r t e b r a t e  f auna  from the  
Uppe r  Tr iass ic  Owl Rock Member  of the  Chinle  For- 
ma t ion  in no r the rn  Ar izona  [M.S. thesis] .  Univer -  
s i ty  of N o r t h e r n  Arizona,  Flagstaff ,  476 p. (unpubl i -  
shed). 

KIrBy R.E. 1993 - Rela t ionships  of Late  Tr iass ic  bas in  
evolution and faunal  r ep lacement  events  in the  sou- 
t hwes t e rn  Uni ted  Sta tes :  pe r spec t ives  from the  
upper  pa r t  of the  Chinle Format ion  in nor the rn  
Arizona. New Mexico Museum of Natural History 
and Science Bulletin, 3: 233-242. 

LEES J.H. 1907 - The skul l  of Paleorhinus. Journal of 
Geology, 15: 121-151. 

LEONARDI G. & LOCKLEY M.G. 1995 - A proposal  to aban-  
don the  ichnogenus Coelurosaurichnus HUENE, 1941, 
a jun ior  synonym of Grallator. Journal of Vertebrate 
Paleontology, Supp lemen t  to No. 3, 15: 40A. 

LOCt~LEY M.G. 1986 - A guide to d inosaur  t racks i tes  of 
the  Colorado P la t ea  and Amer ican  Southwest .  Uni- 
versity of Colorado at Denver Geology Department 
Magazine, Special Issue, 1:56 p. 

LOCKLEY M.G. & CONRAD K. 1989 - The paleoenviromen-  
ta l  context, p reserva t ion  and paleoecological signifi- 
cance of d inosaur  t r acks i t e s  in the  wes te rn  USA: 
121-134. In D.D. GILLETTE & M.G. LOCKLEY (eds), 
Dinosaur tracks and traces: 454 p. C a m b r i d g e  
Univers i ty  Press,  Cambridge.  

LEO~LEY M.G. & HUNT A.P. 1993 - A new La te  Triassic  
t racks i te  from the Sloan Canyon Format ion ,  type 
section, Cimarron  Valley, New Mexico. Bulletin of 
New Mexico Museum of Natural History and Science, 
3: 279-283. 

LOCKLEY M.G. & HUNT A.P. 1995 - Dinosaur  t r acks  and 
other  fossil footprints  of the  wes te rn  Uni ted  States .  
Columbia University Press, New York, 318 p. 

LOC~LEY M.G., CONRAD K., PAQUETTE M. & HAMBLIN A. 
1992 - La te  Tr iass ic  v e r t e b r a t e  t r a c k s  in  the  
Dinosaur  Nat iona l  Monumen t  area.  Utah Geological 
Survey Miscellaneous Publications, 92-3: 383-391. 

LOEI(LEY M.G., SANTOS V.F. & HUNT A.P. 1993 - A new 
Late  Triassic  t racks i t e  from the Sheep Pen Sands-  
tone, Sloan Canyon, C immar ron  Valley, New Mexico. 
New Mexico Museum of Natural History and Science 
Bulletin, 3: 285-291. 

LONG R.A. & MURRY P.A. 1995 - Late  Tr iass ic  (Carn ian  
and Nor ian)  t e t r a p o d s  f rom the  s o u t h w e s t e r n  
Uni ted  States.  New Mexico Museum of Natural 
History and Science Bulletin, 4:254  p. 

LucAs S.G. 1991 - Tr iass ic  s t ra t igraphy,  paleontology 
and correlation,  south-cent ra l  New Mexico. New 
Mexico Geological Society Guidebook, 42: 243-259. 

LUCAS S.G. 1993 - The Chinle group: rev ised  s t r a t ig ra -  
phy and biochronology of Upper  Tr iass ic  nonmar ine  



529 

s t ra ta  in  the western  Uni ted States. Museum of 
Northern Arizona Bulletin, 59: 27-50. 

LUCAS S.G. 1994 - The beginning  of the age of dinosaurs 
in Wyoming. Wyoming Geological Association Guide- 
book, 44: 105-114. 

LUCAS S.G. & ANDERSON O. 1993 - Triassic s t ra t igraphy 
in sou theas t e rn  New Mexico and sou thwes te rn  
Texas. New Mexico Geological Society Guidebook, 44: 
231-235. 

LUCAS S.G. & HUNT A.P. 1993a - A dicynodont from the 
Upper  Triassic of New Mexico and its biochronologic 
significance. New Mexico Museum of Natural History 
and Science Bulletin, 3: 321-325. 

LUCAS S.G. & HUNT A.P'. 1993b - Tetrapod biochronology 
of the  Chinle  Group (Upper  Triassic),  wes te rn  
Uni ted  States. New Mexico Museum of Natural 
History and Science Bulletin, 3: 327-329. 

LUCAS S.G & MORALES M. (eds) 1993 - The Nonmar ine  
Triassic. New Mexico Museum of Natural History 
and Science Bulletin, 3,478 p. 

LUCAS S.G., HUNT A.P. & LONG R.A. 1992 - The oldest 
dinosaurs.  Naturwissenschaften, 79: 171-172. 

LUCAS S.G., HECKERT A.B. & HUNT A.P. 1995 - Strati- 
graphic position and biochronological significance of 
the Placerias-Downs quarries, Chinle Group, Upper 
Triassic of eas tern  Arizona. Geological Society of 
America, Abstracts with Programs, 27 (4): 44-45. 

LUCAS S.G., ANDERSON O.J. & HUNT A.P. 1994 - Triassic 
s t ra t igraphy and  correlations, southern High Plains 
of New Mexico - Texas, New Mexico Bureau of Mines 
and Mineral Resources Bulletin, 150: 105-126. 

MADSEN J.H. Jr. 1976 - Allosaurus fragilis: a revised 
osteology. Utah Geological and Mineralogical Survey 
Bulletin, 109:163 p. 

MEHL M.G. 1915 - Poposaurus gracilis, a new reptile 
from the Triassic of Wyoming. Journal of Geology, 23: 
516-522. 

MURRY P.A. 1989 - Geology and paleontology of the 
Dockum Format ion (Upper Triassic), West Texas and 
eas tern  New Mexico: 102-144. In S.G. LUCAS & A.P. 
HUNT (eds), The dawn of the age of dinosaurs in the 
American Southwest: 414 p. New Mexico Museum of 
Na tu ra l  History, Albuquerque.  

MURRY P.A. & LONG R.A. 1989 - Geology and paleontolo- 
gy of the Chinle Formation,  Petrified Forest Nat ional  
Park  and vicinity, Arizona and a discussion of verte- 
brate  fossils of the southwestern  Upper Triassic: 
29-64. In S.G. LUCAS & A.P. HUNT (eds), The dawn of 
the age of dinosaurs in the American Southwest: 414 
p. New Mexico Museum of Natura l  History, Albu- 
querque. 

NEWELL A.J. 1992 - Sedimentological controls on verte- 
bra te  taphonomy in Triassic fluvial envi ronments  
[Ph.D.  Dissertation]. Queen's University of Belfast, 
Belfast, 350 p. (unpublished).  

NOVAS F.E. 1989 - The t ibia  and tarsus  in Herrarasau-  
r idae (Dinosauria, incertae sedis) and the origin and 
evolution of the d inosaur i an  tarsus.  Journal of 
Paleontology, 63: 677-690. 

NOVAS F.E. 1992 - Phylogenetic relat ionships of the 
basal  dinosaurs,  the Herrerasaur idae.  Palaeontology, 
35: 51-62. 

NOVAS F.E. 1993 - New information on the systematics 
and postcranial skeleton ofHerrerasaurus ischigua- 
lastensis (Theropoda: Herrerasauridae) from the 
Ischigualasto Formation (Upper Triassic) of Argen- 
tina. Journal of Vertebrate Paleontology, 13: 400- 
423. 

OLSEN P.E. 1997 - Strat igraphic  record of the Ear ly  
Mesozoic b reakup  of Pangea  in the  Lauras i a -  
Gondwana rift system. Annual Review of Earth and 
Planetary Sciences, 25: 337-401. 

OLSEN P.E. & BAIRD D. 1986 - The ichnogenus Atreipus 
and its significance for Triassic biostrat igraphy:  
61-87. In K. PADIAN (ed.), The beginning of the age of 
dinosaurs: faunal change across the Triassic- Juras- 
sic boundary, 378 p. Cambridge Univers i ty  Press, 
Cambridge. 

OLSEN P'.E. & GALTON P.M. 1984 - A review of the reptile 
and amphib ian  asemblages from the Stormberg of 
southern Africa, with special emphasis  on the foot- 
prints  and the age of the Stormberg. Palaeontologia 
Africana, 25: 87-110. 

OLSHEVSKY G. 1991 - A revision of the Parainfraclass  
Archosauria Cope 1869, excluding the advanced 
Crocodylia. Mesozoic Meanderings, 2:196 p. 

PAD~N K. 1986 - On the type mate r i a l  of Coelophysis 
COPE (Saurischia:  Theropoda) and  a new specimen 
from the Petrified Forest  of Arizona (Late Triassic: 
Chinle Formation):  45-60. In K. PADL~ (ed.), The 
beginning of the age of dinosaurs: faunal change 
across the Triassic-Jurassic boundary: 378 p. 
Cambridge Univers i ty  Press, Cambridge.  

PADL~N K. 1991 - The orni thischian form genus Revuel- 
tosaurus from the Petrified Forest of Arizona (Late 
Triassic: Norian:  Chinle  Formation).  Journal of 
Vertebrate Paleontology, 10: 268-269. 

PADIAN K. & MAY C.L. 1993 - The earl iest  dinosaurs.  
New Mexico Museum of Natural History Bulletin, 3: 
379-381 

PARRISH J.M. & CARPENTER K. 1986 - A new ver tebra te  
fauna  from the Dockum Format ion (late Triassic) of 
eas tern  New Mexico: 151-160. In K. PAD~N (ed.), The 
beginning of the age of dinosaurs: faunal change 
across the Triassic-Jurassic boundary: 378 p. 
Cambridge Univers i ty  Press, Cambridge. 

PAUL G. 1993 - Are Syntarsus a nd  the W h i t a k e r  quar-  
ry  theropod the same genus?.  New Mexico Museum 
of Natural History and Science Bulletin, 3: 
397-402. 

PEREZ-MORENO B., SANZ J.L., BUSCALLIONI A.D., 
MORATALLA J.J., ORTEGA F. & RASSKIN-GUTMAN D. 1994 
- A unique multitoothed ornithomimesaur dinosaur 
from the Lower Cretaceous of Spain. Nature, 370: 
363-367. 

ROGERS R.R., SWISHER C.C., SERENO P.C., MONETTA A.M., 
FORSTER C.A. & MARTINEZ R.C. 1993 - The Isehigua- 
lasto tetrapod assemblage (Late Triassic, Argentina) 
and 40AR/39Ar dating of dinosaur origins. Science, 
260: 794-797. 

ROWE T. & GAUTHIER J. 1990 - Ceratosauria: 151-168. In 
D.B. WEISHAMPEL, P. DODSON & H. OSMOLSKA (eds), The 
Dinosauria: 733 p. University of California Press, 
Berkeley. 



530 

SERENO P.C. 1992 - Lesothosaurus, "fabrosaurids",  and 
the  ea r ly  evolut ion of Orn i th i sch ia .  Journal of 
Vertebrate Paleontology, 11: 168-197. 

SERENO P.C. & NOVAS F.E. 1993 - The skull  and neck of 
the  basa l  theropod Herrerasaurus ischigualastensis. 
Journal of Vertebrate Paleontology, 13: 451-476. 

SERENO P.C., FORSTER C.A., ROGERS R.R. & MONETTA A.M. 
1993 ~ Pr imi t ive  d inosaur  skele ton from Argen t ina  
and the  ea r ly  evolution of Dinosauria .  Nature, 361: 
64-66. 

SuEs H.-D. & OLSEN P.E. 1990 - Triassic ve r t eb ra tes  of 
G o n d w a n a  aspec t  from the  Richmond bas in  of 
Virginia.  Science, 249: 1020-1023. 

SULLIVAN R.M. 1994 - Topotypic ma te r i a l  of Coelophysis 
bauri (COPE) and the Coelophysis-Rioarribasaurus- 
Syntarsus problem. Journal of Vertebrate Paleonto- 
logy, Suppl.  3, 14: 48A. 

SULLIVAN R.M., LUeAS S.G., HECKERT A. & HUNT A.P. 1996 
- The type  local i ty of Coelophysis, a Late  Triassic 
d inosaur  from nor th-cen t ra l  New Mexico (USA). 
Pali~ontologische Zeitschrift, 70: 245-255. 

TANNENBAU F. 1983 - The microver tebra te  fauna  of the  
P lacer ias  and  Downs quarr ies ,  Chinle Format ion  
(Upper  Triassic)  near  St. Johns,  Arizona [M. S. 
Thesis}. Berkeley, Univers i ty  of California,  111 p. 
(unpublished).  

WEISHAMPE D.B. & CHAPMAN R.E. 1990 - Morphometr ic  
s tudy  of Plateosaurus from Tross ingen (Baden - 
Wur t t emberg ,  Federa l  Republic of Germany):  43-51. 
In K. CARPENTER • P.J. CURRIE (eds), Dinosaur syste- 
matics: approaches and perspectives: 318 p. 
Cambr idge  Univers i ty  Press,  Cambridge.  

A P P E N D I X  

SYSTEMATIC PALAEONTOLOGY 

SAURISCHIA, See ley ,  1871 
THEROPODA M a r s h ,  1881 

HERRERASAURIDAE B e n e d e t t o ,  1973 

G e n u s  Caseosaurus  nov. gen .  

Type Species  - Caseosaurus crosbyensis nov. sp. 

E tymology - In recognition of E.C. Case who discovered the 
holotype and made substantial contributions to our knowled- 
ge of Late Triassic tetrapods. 

D i a g n o s i s  - H e r r e r a s a u r  w h o s e  i l i u m  di f fers  f rom 
Staurikosaurus a n d  Herrerasaurus i n  p o s s e s s i n g :  
(1) a n  e l o n g a t e  a n d  d o r s o v e n t r a l l y  n a r r o w  p o s t e -  
r i o r  b l a d e ;  (2) a n a r r o w  r i d g e  on  t h e  l a t e r a l  m a r g i n  
t h a t  e x t e n d s  f r o m  t h e  a n t e r o d o r s a l  m a r g i n  of  t h e  
a c e t a b u l u m  to t h e  a n t e r o d o r s a l  a n t e r i o r  s p i n e  
( s e n s u  N o v a s ,  1993); (3) a h i g h l y  r e d u c e d  b r e v i s  
fossa ;  a n d  (4) a s e m i c i r c u l a r  m a r g i n  d o r s a l  to t h e  
a c e t a b u l u m ;  d i f fe rs  f rom Chindesaurus bryans- 
malli i n  p o s s e s s i n g  a l ess  deep  b r e v i s  s h e l f  w h i c h  
does  n o t  e x t e n d  to t h e  p o s t e r i o r  m a r g i n ,  a l a t e r a l  
l o n g i t u d i n a l  r i d g e  (for s a c r a l  r i b  a r t i c u l a t i o n )  
w h i c h  is p l a c e d  m o r e  v e n t r a l l y  a n d  a m u c h  t h i n n e r  
( less  t h a n  ha l f )  p o s t e r i o r  b l a d e  in  d o r s a l  view. 

Caseosaurus crosbyensis nov. sp. 

Coelophysis sp. - Case, 1927, p. 221, fig. 7. 
Chindesaurus bryansmalli - Long & Murry, 1995, p. 174, 
figs 180-181. 

D i a g n o s i s  - As  for  g e n u s .  

H o l o t y p e  - U M M P  8870,  r i g h t  i l i u m .  

Type hor izon - Tecovas Member of the Dockum Formation 
(Upper Triassic: late Tuvalian). 

Type local i ty  - Crosby County, Texas - exact location unk- 
nown. 

Etymology - Named for Crosby County, Texas, which yielded 
the holotype. 

CERATOSAURIA M a r s h ,  1884  

G e n u s  C a m p o s a u r u s  nov. gen .  

Type species - Camposaurus arizonensis nov. sp. 

D i a g n o s i s  - T h e r o p o d  t h a t  d i f f e r s  f r o m  a l l  c e ra -  
t o s a u r s  e x c e p t  Rioarribasaurus a n d  Syntarsus i n  
p o s s s e s s i n g  t a r s a l s  f u s e d  to  t h e  t i b i a  a n d  f i b u l a  
a n d  d i f f e r s  f r o m  Rioarribasaurus a n d  Syntarsus 
i n  t h a t  t h e  v e n t r a l  m a r g i n  of  t h e  a s t r a g a l u s  in  
a n t e r i o r / p o s t e r i o r  v i e w  is  h o r i z o n t a l  r a t h e r  t h a n  
d e e p l y  c onc a ve  ( L o n g  & M u r r y  1995)  a n d  f u r t h e r  
d i f f e r s  f r o m  Coelophysis i n  t h a t  t h e  f i b u l a  w a s  in  
c o n t a c t  w i t h  t h e  t i b i a  in  a n t e r i o r  v i e w  for  a d i s -  
t a n c e  e q u a l  to a t  l e a s t  one  a n d  a h a l f  t i m e s  t h e  
w i d t h  of  t h e  a s t r a g a l u s  p l u s  c a l c a n e u m  ( c o m p a r e  
C o l b e r t  1989, fig. 87A). 

Etymology - Honors Charles Camp, who excavated the 
Placerias quarry and all specimens of this new genus. 

D i s c u s s i o n  - T h e  p a r a t y p e s  of  Camposaurus pro -  
v i d e  a d d i t i o n a l  c h a r a c t e r s  t h a t  d i s t i n g u i s h  t h i s  
t a x o n  f r o m  Coelophysis a n d  Syntarsus, i n c l u d i n g  
f e m o r a l  h e a d  m o r e  r e c t a n g u l a r  a n d  d o r s a l  c e n t r a  
m o r e  w a i s t e d  in  v e n t r a l  view.  

Camposaurus arizonensis nov. sp. 

Theropod - Lueas et al. 1992, p. 172, fig 1. 
Cera tosaur ia  unde t . -  Long & Murry, 1995, figs 191-192. 

D i a g n o s i s  - As  for  g e n u s  

Type specimens - Associated right and left distal hindlimbs 
and fused astragali and calcanea (UCMP 34498). 

Pa ra types  - UCMP uncatalogued, proximal right femur (Long 
& Murry 1995, figs 191, 192A-E), partial sacrum (Lucas et al. 
1992, fig. ld; Long & Murry 1995, fig. 192Y), dorsal centrum 
(Long & Murry 1995, fig. 192Q-T), 3 incomplete sacra; MNA 
P1. 2777, dorsal centrum (Long & Murry 1995, fig. 192M-P). 

Tenta t ively  re fe r red  spec imen - A proximal left pubis 
(Long & Murry 1995, fig. 192K-L). 

Type horizon - Bluewater Creek Formation of Chinle Group 
(Upper Triassic, late Carnian). 



T y p e  l o c a l i t y  - Placerias quarry, Apache County, Arizona 
(UCMP locality A269). 

Etymology - Alludes to the state of Arizona, which yielded the 
holotype. 

A.P. H U N T  
Mesalands Dinosaur Museum and Natural Science 

Laboratories 
Mesa Technical College 

911 South Tenth St. 
Tucumcari, New Mexico 88401, USA 

S.G. LUCAS 
New Mexico Museum of Natural History and Science 

1801 Mountain Road NW 
Albuquerque, New Mexico 87104, USA 

531 

A.B.  H E C K E R T  
Department of Earth and Planetary Sciences 

University of New Mexico 
Albuquerque, NM 87131-1116, USA 

R.M. SULLIVAN 
The State Museum of Pennsylvania 
Third and North St., P.O. Box 81026 

Harrisburg, Pennsylvania 17108-1026, USA 

M.G.  L O C K L E Y  
Department of Geology 

University of Colorado at Denver 
Campus Box 172, PO Box 173364 

Denver, Colorado 80217-3364, USA 


