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Introduction 
During the field season of 1983, a field party 

from the University of California investigated the 
faunas of the Kayenta and Moenave formations in 
northeastern Arizona, on lands of the Navajo and 
Kaibab-Paiute nations. This fieldwork was a contin- 
uation of paleontological, sedimentologic, and bio- 
stratigraphic reconnaissance of the region begun in 
1981 and supported by grants from the National 
Geographic Society and the Museum of Paleontol- 
ogy of the University of California (UCMP). Work 
to date has been summarized by Clark and Fastovsky 
(Chapter 23) and by Padian et al. (1982). The tracks 
described here were discovered by J. M. Clark, and 
collected by Clark, K. Padian, S. M. Gatesy, and 
E. Cobabe. Upon arrival at Berkeley, the sandstone 
slabs bearing the footprints were washed and cleaned 
with a soft brush to remove dirt; latex molds of the 
best preserved individual tracks and trackways were 
made by Kyoko Kishi. 

The purpose of this chapter is to describe these 
tracks, the first southwestern records of the croco- 
dylomorph ichnogenus Batrachopus. To do so, how- 
ever, it has proved necessary to revise the ichno- 
genus Batrachopus and other named ichnogenera, 
mostly from the Newark Supergroup of eastern 
North America. We also review the stratigraphic 
distribution of trackways comparable to Batracho- 
pus, and we conclude that the basis of first records 
suggests correlation of the Dinosaur Canyon Mem- 
ber of the Moenave Formation with the Early Ju- 
rassic horizons of the Newark Supergroup. 

The trackways described here were collected 
from two different areas in the Dinosaur Canyon 
Member of the Moenave Formation. The first lo- 

near "Protosuchus Pillar," worked by Barnum 
Brown and field crews from the American Museum 
of Natural History (AMNH) in 1931 and 1934. As 
Colbert and Mook (1951) noted, eight Protosuchus 
specimens came from the "Protosuchus Pillar" area 
in Dinosaur Canyon during those years; seven are 
AMNH specimens, and the eighth is a UCMP spec- 
imen (36717) discovered by Dr. S. P. Welles (lo- 
cality V4120). From this same region, less than half 
a kilometer south-southeast of Protosuchus Pillar. 
six protosuchian skeletons and the first set of foot- 
prints mentioned above were discovered within 100 
m of each other by James M. Clark in 1983. The 
tracks came from the base of a cross-bedded orange- 
red sandstone bed, 1.5-3.0 m thick, with blue-white 
spheres and burrows; the crocodile skeletons were 
higher in this bed. Clark (UCMP field notes, 1983) 
determined that the type specimen of Protosuchus 
is from the next higher sandstone horizon, similar 
to the lower bed but without cross bedding, and 
separated from it by one meter of shaly sandstone, 
brown with green-white spheres and tunnels. Clark 
concluded, and we agree, that all the Protosuchus 
localities in this area are much higher in the Moenave 
Formation than Colbert and Mook (1951) realized: 
Locally, the Moenave is a graded sandstone terrace, 
above which the talus and cliffs of Dinosaur Canyon 
rise. The cliffs are primarily formed of Kayenta 
rocks, with a cap of Navajo Sandstone, and the 
Moenave-Kayenta contact is probably within fifteen 
meters of the highest occurrence of Protosuchus. 

The second footprint locality, V84239, is about 
two miles (3.5 km) south-southeast of the Land- 
mark, north of Tanahakaad Wash, Coconino 
County, Arizona, near the base of the Adeii Eechii 
Cliffs. [A third record of Batrachopus, uncollected, 
occurs in the Dinosaur Canvon Member of the 

cality, V85012, is some 500 m east of the type locality 
of Protosuchus richardsoni (UCMP locality V3828) 
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Moenave Formation in Tanahakaad Wash, in as- 
sociation with other skeletons of Protosuchus (J. M. 
Clark pers. comm.).] 

The footprints from both localities are pre- 
served in slabs of coarse orange-red sandstone, badly 
weathered and friable, up to 2 cm thick, interbedded 
between layers of finer orange-red mudstone that 
have been easily washed from the footprint-bearing 
layers. In the first locality surveyed (V85012), about 
0.4 m2 of track-bearing sandstone was collected; 
from the second locality (V84239), about 1.8 m2 were 
collected. We took measurements and made com- 
posite drawings of the manus and pes from latex 
molds of the footprints. When we compared our 
molds, drawings, and composites to specimens, pho- 
tographs, and drawings of similar ichnites, we were 
able to assign the new tracks to the ichnogenus Ba- 
trachopus E. Hitchcock 1845, which was first rec- 
ognized in the Early Mesozoic Newark Supergroup 
of the Connecticut Valley. 

As noted above, the purpose of this chapter 
is to describe the Moenave footprints and to justify 
their assignment to Batrachopus. We also discuss 
their biostratigraphic significance, especially with re- 
spect to the age of the Moenave Formation. In the 
course of our study, however, it became clear that 
the ichnogenus Batrachopus required substantial re- 
vision and comment before any tracks could be re- 
ferred to it. 

The standard reference for Connecticut Valley 
footprints is Lull (1915, revised 1953). Unfortu- 
nately, several pervasive problems with Professor 
Lull's work must be frankly discussed, specifically 
those dealing with diagnosis and reconstruction of 
the trackways that constitute most of the paleover- 
tebrate evidence of the Connecticut Valley. In many 
cases, including the ichnogenus Batrachopus, Lull 
incorrectly identified the type specimens designated 
by Edward Hitchcock in the mid 1800s, and often 
incorrectly recognized nominal priority. Lull's in- 
ferences about the possible trackmakers of most 
tracks, including many badly preserved ones, have 
generally stood up very well. On the other hand, his 
drawings of the trackways are often not reliable. 
They are less drawings of specimens than idealiza- 
tions of footprint forms. In contemporary ichnol- 
ogical work, composites of manus and pes are 
normally made by comparing prints in a series, re- 
versing and superimposing tracings of successive 
tracks to ascertain their consistent features. It is clear 
that Lull did not do this, and often (e.g., Lull 1953, 
fig. 54) merely repeated reversed drawings of single 
impressions to simulate trackways. His reconstruc- 
tions of trackways suffer because he did not faithfully 
reproduce three important components: the dis- 
tances between manus and pes, the distances be- 
tween successive left and right prints, and the 

orientation of manus and pes prints with respect to 
each other and to the direction of movement. Fi- 
nally, although he did recognize the importance of 
ontogenetic growth to the relative proportions of 
footprints (e.g., Lull 1953, pp. 295-307), it did not 
seem to affect his acceptance of many of Hitchcock's 
form genera as valid, regardless of their similarities 
to slightly larger tracks or of their unique features 
resulting from substrate differences or poor pres- 
ervation. To begin with, therefore, we will revise the 
ichnogenus Batrachopus. 

Figure 20.1. Trackways of Batrachopus deweyi. 
Scale is 3 cm. A, Neotype trackway of Batracho- 
pus deweyi (A.C. 2615 and 2616; locality unknown) 
showing the impression of digit V in the first two 
pedal impressions. B, Type trackway of B. "gra- 
cilis" (A.C. 4213; Turners Falls Sandstone of 




