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Abstract—The Mesalands Dinosaur Museum has been conducting research during the last four years at Petrified Forest National Park under the auspices of the Dawn of the Dinosaurs Project. Twelve new dinosaur localities have been discovered to add to the three previously known. This success is due to use of the taphofacies approach to exploration. All of the dinosaur localities occur in two narrow stratigraphic intervals above and below the Sonsela Member in the Petrified Forest Formation in calcareous paleosols. Blue Mesa Member (Carnian) localities yield small and large theropods, whereas Painted Desert Member (Norian) localities include both theropods and the ornithischian Revueltosaurus. Associated faunas are dominated by small, terrestrial tetrapods. 

    ____________________ 

INTRODUCTION

P

etrified Forest National Park is famous for exquisitely preserved petrified wood that is abundant in the Upper Triassic strata of the area (Heckert and Lucas, 1998a). However, these rocks also contain a significant record of fossil vertebrates that elucidate one of the most important turnovers in terrestrial tetrapods.

The Late Triassic saw the replacement of archaic faunas dominated by dicynodonts, rhynchosaurs and temnospondyls by the archosaurian faunas that were to dominate the remainder of the Mesozoic (e. g., dinosaurs, pterosaurs) as well as the advent of many other significant clades (e. g., mammals, turtles). The most critical time period in this transition is the late Carnian through the early Norian when all the major clades emerged and archaic groups such as the dicynodonts and rhynchosaurs became extinct (Hunt, 1991). The area in and around Petrified Forest National Park has long yielded significant specimens of fossil vertebrates from this time interval (e. g., Camp, 1930, Long et al., 1989). However, until 1982 no dinosaur specimens had been recovered from the Park (Hunt et al., 1998). In the early 1980's field parties from the University of California Museum of Paleontology collected from three dinosaur localities (Padian, 1986; Long and Murry, 1995). In 1996, field parties from the Mesalands Dinosaur Museum started the Dawn of the Dinosaurs Project to study early dinosaur evolution in the Park and elsewhere (Hunt et al., 1996; Hunt, 1998). This project has resulted in the discovery of an additional 12 dinosaur localities, an increase of 400% (Figure 1). The purpose of this paper is to present initial findings from the 1998 and 1999 field seasons and to relate them to previous work. MDM refers to Mesalands Dinosaur Museum, PEFO to Petrified Forest National Park and UCMP to University of California Museum of Paleontology. 

GEOLOGIC SETTING

All Upper Triassic strata preserved in Petrified Forest National Park pertain to the Petrified Forest, Owl Rock and Bluewater Creek formations of the Chinle Group (Lucas, 1993, 1995; Heckert and Lucas, 1998b). Significant vertebrate fossils are restricted to the Blue Mesa and Painted Desert Members of the Petrified Forest Formation that are respectively late Carnian and earlymiddle Norian in age (Hunt and Lucas, 1995). The majority of vertebrate fossils from these units, and all the dinosaur fossils reported herein, are from narrow stratigraphic intervals above and below the Sonsela Member which divides the Blue Mesa and Painted Desert members (Figure 1).
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Figure 1—Stratigraphic distribution of dinosaur localities within the Upper Triassic Petrified Forest 
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Figure 2—Chronology of discovery of dinosaur localities at Petrified Forest National Park. Left slanted shading indicates discovery by University of California Museum of Paleontology and right slanted shading by Mesalands Dinosaur Museum. See Table 1 for supporting data.

NEW DINOSAUR LOCALITIES

During the last two years an additional 11 dinosaur localities have been discovered at Petrified Forest National Park (Figure 2). The success of this fieldwork has been the result of the development of a taphofacies search model for Late Triassic vertebrate localities. Andrew Newell and Adrian Hunt developed a taphofacies model for fossil vertebrate localities from the Norian Bull Canyon Formation of eastern New Mexico and recognized three principal taphofacies: channelhosted, proximal floodplainhosted and paleosol-hosted taphofacies (Newell, 1992; Hunt, 1994; Hunt and Newell, 1996). Subsequently, this model, with minor revisions, has been found to be applicable to other Late Triassic vertebrate localities in the western United States including those at Petrified Forest National Park (Hunt and Santucci, 1993, 1994; Hunt, 1995; Hunt et al., 1995; Watts et al., 1996). Dinosaur fossils are restricted to the paleosol-hosted taphofacies both within Petrified Forest National Park and at almost all other dinosaur localities in the western United States. The principal exceptions to this model are the Coelophysis quarry at Ghost Ranch and a nearby quarry currently being excavated by Andrew Heckert of the New Mexico Museum of Natural History and Science. Host paleosols are characterized by color mottling, calcareous concretions and root casts. 

The majority of prior investigators at Petrified Forest National Park had been indiscriminately sampling all taphofacies that they encountered. Since the majority of the paleoenvironments preserved in the Petrified Forest Formation represent proximal floodplains, the phytosaurmetoposaur communities dominate most prior collections of fossil vertebrates from the Park. Even with intensive exploration for dinosaurbearing paleosols, only 15 dinosaur sites have been found at Petrified Forest National Park. This contrasts with over two hundred other localities that yield fossil tetrapods within the Park. A similar disparity between the frequency of dinosaur-bearing paleosols as opposed to other vertebratefossil localities is found in the Bull Canyon Formation of eastern New Mexico (Hunt, 1994). 

Prior to 1996, there were no known dinosaur localities in the Carnian Blue Mesa Member of the Petrified Forest Formation within the Park. Dinosaur Ridge was iscovered in 1996 by Tom Olson, an intern working for the Mesalands Dinosaur Museum. This site produces a diverse fauna that includes postcranial and cranial fragments of a small theropod and a lesser number of postcranial elements of a larger theropod. Other faunal elements include small, terrestrial tetrapods including the diminutive aetosaur Acaenosuchus which we consider to be a valid taxon (contra Heckert and Lucas, 1999). Mesalands interns Howard Beuhler and Jack Rogers found two other Blue Mesa localities in 1998. Dinosaur Wash yields diverse small reptile specimens including abundant postcrania and teeth of a small theropod. Dinosaur Wash East yielded one saurischian cervical vertebra which appears to represent a prosauropod.

The remainder of the other nine new dinosaur localities occur in the Painted Desert Member of the Petrified Forest Formation. With the exception of a hollow, theropod limb shaft from Flattops, all these localities occur in a restricted area within the Painted Desert portion of the Park. The area between Dinosaur Hill and Zuni Well Mound contains several abandoned channels filled with pedogenicallymodified mudstones that yield abundant terrestrial ertebrate fossils, including dinosaurs. These facies are genetically related in an area that was initially heavily scoured and was subsequently subject to repeated fooding. The sequence of events was: (a) the area was incised by channelized flow; (b) the area was subject to periodic flooding that filled scours with mudstone and siltstone during this time period no streams traversed the area; and (c) there was pedogenic modification of the overbank deposits between flood events. During the second and third stages vertebrate remains were incorporated into the strata. The sedimentologic context of the Painted Desert localities is thus analogous to that of dinosaurbearing localities in the Revuelto Creek area of eastern New Mexico in the contemporaneous Bull Canyon Formation (Hunt, 1994). These data underscore the conceptual validity of the Early Revueltian (early Norian) acme zone for terrestrial tetrapods proposed by Hunt and Lucas (1993). 

The most common dinosaur in Painted Desert localities is Revueltosaurus callenderi which is known from tens of teeth. No other specimens of this early ornithischian have yet been identified. The second most common dinosaur is a small theropod that is represented at most localities by vertebrae and limb fragments. The most significant individual specimen is a partial skeleton of the larger theropod that Padian (1986) erroneously referred to Coelophysis bauri. This specimen was found in 1999 at Jeremiah's Perch and is currently only partially excavated, but it includes at least femora, tibiae, cervical vertebrae, teeth as well as many other elements. 

The most common member of the associated fauna is the diminutive metoposaurid Apachesaurus gregorii that had a much more terrestrial habit than other members of its family (Hunt et al., 1993). This taxon is known from abundant intercentra, several partial skeletons, partial skulls, clavicles and interclavicles. Small terrestrial reptiles are also common at these localities including Hesperosuchus, a Vancleavea-like animal, a new armored crurotarsan described by Hunt (1994) from New Mexico and other taxa. Lungfish toothplates and a partial skull are also present as are abundant coprolites and rarer gastropods. Phytosaur specimens are ubiquitous in the Park, but most dinosaur localities yield only a small number of fragments of these crurotarsans and a disproportionate number of specimens represent juveniles. 

CONCLUSIONS

There are two distinctive features of the Late Triassic dinosaur localities at Petrified Forest National Park: (1) all localities occur in pedogenically modified fills of scours; and (2) all localities occur in two narrow stratigraphic intervals (Figure 1). The restriction of dinosaur fossils to calcretes strongly suggests that Late Triassic dinosaurs were living in welldrained, open country in contrast to the phytosaurmetoposaur communities that are found in wetter, proximalfloodplain settings and which represent channelmargin ecosystems (cf. Hunt, 1991). The restriction of dinosaur specimens to narrow stratigraphic intervals is probably related to the developmental stage of transgressive systems tracts, but needs further study (Hunt and Lucas, 1993). 

It is clear that the taphofacies approach to fossil exploration has been highly successful in the last few years and we are confident that additional dinosaurbearing localities will be found in the future utilizing this methodology. Much additional work needs to be done to analyze the taxonomy and faunal associations of the dinosaurs from the Park. This analysis will greater increase our understanding of the early evolutionary ecology and diversification of the dinosaurs in the context of the major faunal changes of the Late Triassic. 
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Locality Name

(in PEFO

records)
Stratigraphy
Dinosaur Taxa
Associated Fauna
Year Discovered
Institution

Dinosaur Hill
Painted Desert Member
"Coelophysis bauri", Revueltosaurus callenderi
Diverse small reptiles including a sphenosuchian, Apachesaurus gregorii, Arganodus sp., phytosaurs, and coprolites
1982
UCMP

Dinosaur Hollow
Painted Desert Member
Chindesaurus bryansmalli
Small reptiles and phytosaurs
1984
UCMP

Chinde Point North 2
Painted Desert Member
?Chindesaurus bryansmalli
None
1984
UCMP

Dinosaur Ridge
Blue Mesa Member
Small theropod

Large theropod
Diverse small reptiles including Acaenosuchus, phytosaurs, and coprolites
1996
MDM

Zuni Well Mound
Painted Desert Member
Small theropod

Revueltosaurus callenderi
Diverse small reptiles including a sphenosuchian, Typothorax coccinarum, Vancleavea campi, phytosaurs, Apachesaurus gregorii, Arganodus sp., Gastropoda, and coprolites
1998
MDM

Dinosaur Wash
Blue Mesa Member
Small theropod
Small reptiles, phytosaurs, and coprolites
1998
MDM

Dinosaur Wash East
Blue Mesa Member
?Prosauropod
Small reptile and phytosaurs
1998
MDM

RAP Hill
Painted Desert Member
Small theropod

Revueltosaurus callenderi
Small reptiles, juvenile and other phytosaur, Apachesaurua gregorii, Vancleavea campi, and coprolites
1998
MDM

Flattops
Painted Desert Member
Small theropod
Typothorax coccinarium, Paratypothorax, and phytosaurs
1998
MDM

Katie's Draw
Painted Desert Member
Large theropod

Revueltosaurus callenderi
Juvenile and other phytosaur, Gastropoda, and coprolites
1999
MDM

Mesa Mound
Painted Desert Member
Revueltosaurus callenderi
Juvenile and other phytosaur, Apachesaurus gregorii, Arganodus sp., and coprolites
1999
MDM

Jeremiah's 

Perch
Painted Desert Member
"Coelophysis bauri", Revueltosaurus callenderi
None
1999
MDM

RAP Hill North
Painted Desert Member
Small theropod

Revueltosaurus callenderi
Diverse small reptiles including a sphenosuchian and Aetosaurus, Apachesaurus gregorii, Arganodus sp., and coprolites
1999
MDM

RAP Hill South
Painted Desert Member
Revueltosaurus callenderi
Apachesaurus gregorii and coprolites
1999
MDM

RAP Hill West
Painted Desert Member
Small theropod

Revueltosaurus callenderi
Apachesaurus gregorii and coprolites
1999
MDM

Table 1- Stratigraphic, taxonomic and discovery date data for Late Triassic dinosaur localities from the Petrified Forest Formation, Petrified Forest National Park (data from Padian, 1986; Long and Murry, 1995; Hunt et al., 1996; Hunt, 1998; Hunt et al., 1988; and unpublished data).

