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Abstract—Three fundamental terms in ichnology are: (1) assemblage, which is equivalent to an assemblage of body
fossils; (2) ichnocoenosis, which is a trace fossil assemblage produced by a biological community that can be charac-
terized by morphological criteria; and (3) ichnofacies, which refer to recurrent ichnocoenosiss that represent a signifi-
cant portion of Phanerozoic time. There are five archetypal vertebrate ichnofacies for nonmarine environments
(Chelichnus, Grallator, Brontopodus, Batrachichnus, Characichnos), of which four are present in the Morrison: (1)
Grallator ichnofacies — unnamed ichnocoenosis; (2) Batrachichnus ichnofacies — Pteraichnus ichnocoenosis; (3)
Brontopodus ichnofacies — Brontopodus, Parabrontopodus and Dinehichnus ichnocoenosiss; and (4)
Characichichnos ichnofacies — Hatcherichnus and Chelonichnium ichnocoenosis. The newly defined Late Jurassic
Megalosauripus ichnocoenosis is not present in the Morrison Formation but is of global significance.

INTRODUCTION

The vertebrate fauna of the Upper Jurassic Morrison Formation of
western North America embodies the global view of a dinosaur commu-
nity with its long history of study, its large and emblematic taxa
(Apatosaurus, Diplodocus, Stegosaurus, Allosaurus), its massive quar-
ries (e.g., Dinosaur National Monument, Cleveland-Lloyd quarries) and
its beautifully preserved skeletons (e.g., Foster, 2003). However, the tetra-
pod ichnology of the Morrison was poorly studied until the 1980s. This
coincided with a renaissance in tetrapod ichnology that was catalyzed by
the “First International Symposium of Dinosaur Tracks and Traces” held at
the New Mexico Museum of Natural History in 1986 (Gillette and Lockley,
1989).

Hasiotis (2004) recently provided a overview of the ichnology of
the Morrison Formation (but see Bromley et al., in review), which did not
utilize the ichnofacies concept. The purpose of this paper is to provide an
overview of the Morrison vertebrate ichnofauna in the context of arche-
typal ichnofacies (Hunt and Lucas, 2006b).

TETRAPOD ICHNOCOENOSISS AND ICHNOFACIES

Hunt and Lucas (2006b) provided a discussion of terminology rel-
evant to the study of tetrapod ichnofacies:

1. The basic collective term for trace fossils is “ichnoassemblage,”
which is equivalent to an assemblage of body fossils (Bromley, 1996). This
term implies nothing about the timing of the emplacement of the biogenic
structures.

2. Anichnocoenosis can be defined as a trace fossil assemblage pro-
duced by a biological community that can be characterized by morphologi-
cal criteria (independent of depositional environment or biological affini-
ties) (e. g., Bromley, 1996; Mcllroy, 2004).

3. Seilacher (1964, p. 303) introduced the term ichnofacies for “gen-
eral trace associations, or types of ichnocoenosiss, representing certain fa-
cies with a long geologic range.” These high-level ichnofacies have been
referred to as archetypal (Frey and Pemberton, 1987), and there is consen-
sus that ichnofacies should refer to recurrent ichnocoenoses that represent
a significant portion of Phanerozoic time.

Seilacher (1964) recognized that there are recurrent associations of
invertebrate ichnofossils, which he referred to as ichnofacies. Subsequently,
he named six archetypal ichnofacies after typical ichnofossils, two of which
occur in nonmarine environments — Scoyenia and Skolithos (Seilacher,
1964, 1967; Buatois and Mangano, 2004). Seilacher’s work stimulated
numerous studies of invertebrate ichnofacies. Subsequently several addi-
tional archetypal invertebrate ichnofacies have been named in nonmarine

environments including Mermia (Buatois and Mangano, 1995, 2004),
Coprinisphaera (Genise et al., 2000), Psilonichnus (Frey and Pemberton,
1987) and Octopodichnus (Hunt and Lucas, 2006b).

Baird (1965) was apparently the first to raise the issue of ichnofacies
with regard to tetrapod traces when he noted that the differences between
the Permian tetrapod ichnofaunas of redbeds and eolianites in the Ameri-
can West might be the result of facies differences. However, it was 30
years before Lockley et al. (1994c¢) provided a cogent synthesis and discus-
sion of tetrapod ichnofacies. Subsequently, Hunt and Lucas (2006b) de-
fined five archetypal tetrapod ichnofacies for nonmarine environments:
Chelichnus, Grallator, Brontopodus, Batrachichnus and Characichnos
ichnofacies (Table 1). Hunt and Lucas (2006b) argued that all previously
defined tetrapod ichnofacies lacked the stratigraphic and geographic range
that would warrant their consideration as archetypal ichnofacies and they
considered them to be more properly termed ichnocoenoses.

MORRISON TETRAPOD TRACK RECORD
Introduction

Marsh (1899) first described tetrapod tracks from the Morrison For-
mation. He interpreted some of these tridactyl tracks as ornithopod, but
they are now considered theropod tracks (Lockley et al., 1998). The first
large Morrison Formation tracksite to be described was the Purgatoire site
in southeastern Colorado (MacClary, 1938; Lockley et al., 1986).

Tracksites

The majority of Morrison tracksites are small and do not preserve
many tracks (e.g., Lockley, 1986, 1988, 1990; Lockley and Hunt, 1998).
Such sites include the Black Hills of South Dakota (Marsh, 1899; Foster,
1996), Carrizo Mountains in Arizona (Stokes, 1957; Lockley and Mickelson,
1997), Arches area (Engelmann and Hasiotis, 1999), Moab Stegopodus
site (Lockley and Hunt, 1998), Cleveland-Lloyd quarry area (Lockley et
al., 1998b), Copper Canyon (Foster et al., 1999) and Bullfrog in Utah
(Meyer et al., 1994), Garden Park (Harris, 1998), Colorado National Monu-
ment (Lockley and Foster, 2006; Engelmann and Hasiotis, 1999), State
Bridge (Lockley and Hunt, 1995) and Black Dinah Mine near Uravan
(Lockley et al., 1998b) in Colorado, Howe quarry area (Lockley et al.,
1998e; Kvale et al., 2004) and Little Houston quarry (Foster and Lockley,
1995) in Wyoming (Fig. 1).

Larger Morrison tracksites include Hidden Canyon (Barnes and
Lockley, 1994), Boundary Butte (Lockley et al., 1998a), Valley City
(Lockley, 1991; Lockley and Hunt, 1995) in Utah, and Rancho del Rio
near State Bridge in Colorado (Lockley and Hunt, 1995) and Como Bluff
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in Wyoming (Southwell et al., 1996) (Fig. 1). The only really large tracksite
in the Morrison Formation is in the Purgatoire Valley of Colorado (e. g.,
Lockley etal., 1986, 1994a). Three track levels are preserved close to river
level in an arcuate area with a length of about 400 m (Lockley and Hunt,
1995, figs. 4.48-4.49)

Track Types

The Morrison ichnofauna includes the tracks of sauropod, theropod,
ornithopod and stegosaur dinosaurs and crocodiles, turtles and pterosaurs.
The majority of Morrison sauropod tracks derive from the Purgatoire
tracksite and are referred to the narrow-gauge ichnogenus Parabrontopodus
(Lockley et al., 1994a). Parabrontopodus also occurs at other tracksites
such as Rancho del Rio (Lockley and Hunt, 1995; Lockley et al., 1998b).
The wide-gauged ichnogenus cf. Brontopodus occurs at the Valley City
and Hidden Canyon tracksites in central Utah (Barnes and Lockley, 1994;
Lockley and Hunt, 1995).

Theropod tracks are numerous in the Morrison Formation (e. g.,
Lockley et al., 1998b; Foster and Lockley, 2006; ). Theropod tracks repre-
sent several morphologies varying in size and morphology (Lockley et al.,
1998b, fig. 2), but the Morrison theropod tracks lack an adequate
ichnotaxonomy.

Ornithopod tracks are uncommon in the Morrison Formation.
Lockley et al. (1998a) named Dinehichnus for 45 tracks representing 18
trackways from Boundary Butte near the Arizona/Utah border. Lockley
and Foster (2006) describe additional specimens from near Colorado Na-
tional Monument in Colorado. Lockley et al. (1998b) described a second
type of ornithopod Morrison track type from Black Dinah Mine near Uravan
that resembles the Early Jurassic Anomoepus. Hasiotis (2004, fig. 27f)
identified a “well-preserved ornithopod track,” but we are unable to con-
firm this attribution.

Lockley and Hunt (1998) named a stegosaur track from the Morrison
as Stegopodus. Gierlinski et al. (2005) suggested that in addition to the
holotype, other Morrison stegosaur tracks might include specimens from
near the Cleveland Lloyd quarry and one from near Yale quarry 10 (Como
Bluff). Stegosaur tracks are obviously rare in the Morrison Formation.

The majority of pterosaur tracks from the Jurassic of western North
America derive from pre-Morrison (Summerville) strata, including prob-
ably the holotype of Pteraichnus (Lockley et al., 1995). However,
Pteraichnus does occur in the Morrison (e. g., Lockley et al., 1998b;
Mickleson et al., 2004; Hasiotis, 2004).

The Morrison Formation track record encompasses swimming traces
of several kinds. These include the crocodilian trace Hatcherichnus and
turtle traces (Lockley et al., 1998b; Foster et al., 1999; Avanzini et al., 2005).
Lockley and Foster (2006) describe Chelonichnus from western Colorado.
Note that Hasiotis (2004) described small reptile swimming traces from
the Tidwell Member, which we consider part of the Summerville Forma-
tion, not the Morrison Formation (Lucas and Anderson, 1997). These tracks
may be undertracks rather than swimming traces.

The scope of this paper does not include all tetrapod trace fossils.
However, we concur with Bromley et al. (in review) that many of the struc-
tures in the Morrison Formation that Hasiotis (2004) interpreted as tetra-
pod burrows strongly resemble concretionary bodies found in some
paleosols. We have similar concerns about specimens described in Hasiotis
etal. (2004).

MORRISON TETRAPOD ICHNOFACIES AND
ICHNOCOENOSES

History of Study

Lockley et al. (1994c) named a Brontopodus “ichnofacies”
(ichnocoenosis of current usage) to include ichnoassemblages of the Juras-
sic and Cretaceous age dominated by sauropod tracks. This “ichnofacies”
explicitly included Morrison ichnofaunas. Hunt and Lucas (2006b) defined

an archetypal Brontopodus ichnofacies to include all ichnocoenoses that
are dominated by the tracks of terrestrial herbivores.

Hasiotis (2004) provided an overview of Morrison ichnology and
ichnofacies. However, this review poses many problems, including its dis-
cussion of ichnofacies (Bromley et al., in review). Bromley et al. (in re-
view) stressed several issues regarding Hasiotis’ (2004) discussion of
ichnofacies, including: (1) confusion of ichnocoenoses with archetypal
ichnofacies; (2) acknowledgment that ichnocoenoses could be recognized
in the Morrison (Hasiostis, 2004, p. 248) but failure to define them; (3)
failure in recognizing that archetypal ichnofacies are defined based on
ichnotaxa, not on their paleoenvironmental significance (interpretative);
and (4) confusion of paleosols, environments, and ichnofacies. In addition,
Hasiotis (2004) failed to acknowledge the widespread acceptance of the
concept of ichnofacies in nonmarine environments (e. g., Buatois and
Mangano, 1995; Genise et al., 2000; Metz, 2000; Uchman and Alvaro,
2000; Melchor et al., 2003; Melchor, 2004; Mcllroy, 2004; Hunt and Lucas,
2005, 2006a, b). Hasiotis (2004) also failed to accurately apply previously
defined ichnofacies and even questioned the overall utility of the concept
itself (Bromley et al., in review). Thus, Hasiotis (2004) indicated that
Morrison lacustrine trace fossils do not fit the Mermia ichnofacies. This is
not surprising given that he includes trace fossils that “reflect relatively
firm substrates and shallow water with intermittent subaerial exposure”
(Hasiotis, 2004, p. 242) in the category of lacustrine trace fossils, though
the Mermia ichnofacies is characterized by permanent subaqueous condi-
tions (e.g., Buatois and Mangano, 1995).

Hasiotis (2004, p. 182) disputed the utility of vertebrates in general
and vertebrate traces in particular as specific palacoecological and
palacoenvironmental indicators. This echoes the opinions of Bromley (1996)
and Mcllroy (2004), who suggested that vertebrate ichnocoenoses have no
sedimentological connotation because the environmental specificity of tet-
rapod ichnofacies is in doubt. Hunt and Lucas (2006b), however, noted
that all named vertebrate ichnocoenoses are restricted to a particular kind
of environment, such as the duneface setting of the Chelichnus ichnofacies.
Tetrapods are not only vagrant but also potentially wide ranging (compared
to invertebrates), so invertebrate ichnologists tend to under-appreciate the
environmental restrictions of tetrapods, which have been empirically dem-
onstrated (Cohen et al., 1993; Hunt and Lucas, 2006b).

Ichnofacies and Ichnocoenoses of the Morrison Formation

Brontopodus ichnofacies

Hunt and Lucas (2006b) proposed the Brontopodus ichnofacies for
medium diversity ichnofaunas in which the majority of tracks are of terres-
trial herbivores with a small quantity (generally > 10%) of terrestrial carni-
vore tracks. This ichnofacies includes coastal plain-marine shoreline envi-
ronments and some lacustrine shorelines, and it ranges from Late Permian
to Recent in age. Hunt and Lucas (2006b) recognized several constituent
ichnocoenoses of the Brontopodus ichnofacies.

The Brontopodus ichnocoenosis was first defined as an ichnofacies
(Lockley et al., 1994c; Hunt and Lucas, 2006b). This ichnocoenosis was
originally defined to include ichnofaunas dominated by sauropod tracks
(Lockley et al., 1994c). Hunt and Lucas (2006b) restricted the ichnocoenosis
to Early Cretaceous ichnofaunas dominated by wide-gauge Brontopodus.
We recognize herein that the Brontopodus ichnocoenosis extends into the
Late Jurassic and temporally overlaps the Parabrontopus ichnocoenosis
of Hunt and Lucas (2006b), which encompasses ichnofaunas dominated
by the narrow-gauge Parabrontopodus (Fig. 2). Both the Parabrontopodus
and Brontopodus ichnocoenoses occur in the Upper Jurassic of Europe—
both ichnocoenoses are common in the Kimmeridgian, but in the Portlandian
the Brontopodus ichnocoenosis dominates (Lockley and Meyer, 2000).
The most important localities are in the Iberian Peninsula, Switzerland and
Germany (Lockley and Meyer, 2000). Narrow gauge trackways from Niger
may also represent the Parabrontopodus ichnocoenosis (Lockley et al,
1994b).



Ornithopod tracks are uncommon in the Morrison Formation, but
we recognize a Dinehichnus ichnocoenosis for ichnoassemblages domi-
nated by that ichnogenus (Fig. 2). The Dinehichnus ichnocoenosis also
occurs at the Late Jurassic San Martinho do Porto tracksite in Portugal
(Meyer etal., 1998; Lockley and Meyer, 2000).

Grallator ichnofacies

Hunt and Lucas (2006b) proposed the Grallator ichnofacies for
medium to high diversity ichnofaunas (five to eight ichnogenera) domi-
nated by tracks of tridactyl avian and non-avian theropods (usually domi-
nant) or of other habitual bipeds. Tracks of bipedal and quadrupedal orni-
thischians, sauropods and herbivorous mammals are also locally common
in this ichnofacies. This ichnofacies extends from the Late Triassic to the
Recent and often characterizes lacustrine margin environments. There are
some tracksites in the Morrison that are dominated by the tridactyl tracks
of non-avian theropods. These include Como Bluff (Southwell etal., 1996),
Statebridge (Lockley et al., 1998b) and Howe quarry (Lockley et al., 1998e),
and possibly other sites such as Garden Park (Harris, 1998). Unfortunately,
there is no usable ichnotaxonomy for the Morrison theropod tracks, so this
ichnocoenosis cannot be named (Fig. 3). There are other theropod-domi-
nated tracksites from the Late Jurassic, but further ichnofacies analysis
depends on the creation of a robust ichnotaxonomy.

Batrachichnus ichnofacies

Hunt and Lucas (2006b) proposed the Batrachichnus ichnofacies
for ichnofaunas in which the majority of tracks are of quadrupedal carni-
vores with a moderate-high diversity (four to eight ichnogenera). This
ichnofacies represents tidal flat-fluvial plain environments from the Devo-
nian to the Cretaceous.

We place the Pteraichnus ichnocoenosis of Hunt and Lucas (2006b)
(= Pteraichnus ichnofacies of Lockley and Meyer, 2000) within the
Batrachichnus ichnofacies because it is dominated by the tracks of qua-
drupedal carnivores (Fig. 3). This ichnocoenosis is much more common in
strata subjacent to the Morrison, but it is present within this unit. The
Pteraichnus ichnocoenosis is widespread in the Summerville Formation
(including the Tidwell Member, which some workers consider a member
ofthe Morrison (e. g., Lockley et al., 1995, 1996; Lockley and Mickelson,
1997; Mickelson et al., 2004). The Pferaichnus ichnocoenosis is also present
in the Upper Jurassic of Europe, particularly in the Craysac lithographic
limestone (Lockley and Meyer, 2000).

Characichnos ichnofacies

Hunt and Lucas (2006b) proposed the Characichnos ichnofacies
for medium diversity ichnofaunas in which the majority of tracks are swim-
ming traces (parallel scratch marks) and fish swimming trails (Undichna).
This ichnofacies represents shallow lacustrine (and estaurine) environments.
They recognized several constituent ichnocoenoses, including the
Hatcherichnus ichnocoenosis from the Morrison Formation, which is char-
acterized by crocodile swimming traces (Foster and Lockley, 1997; Hunt
and Lucas, 2006b) and which is now known from additional localities near
Moab, Utah and near Lander, Wyoming (Foster, pers. commun., 2006)
(Fig. 3). Lockley and Meyer (2000) recognized a Chelonichnium
ichnocoenosis (ichnofacies in their definition) characterized by
ichnoassemblages dominated by turtle swimming tracks of the ichnogenus
Chelichnus. We recognize this ichnocoenosis in the Morrison based on the
turtle tracks described by Foster et al. (1999) and Lockley and Foster (2006)
(Fig. 3). The Chelonichnium ichnocoenosis occurs in the Upper Jurassic
of Europe, notably the Cerin lithographic limestone of France and the Lastres
Formation of Spain (represented by the ichnogenus Emydhipus) (Lockley
and Meyer, 2000; Avanzini et al., 2005).

Chelichnus ichnofacies

Hunt and Lucas (2006b) proposed the Chelichnus ichnofacies for
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FIGURE 1. Distribution of some principal tracksites and tracksite-rich areas in the
Upper Jurassic Morrison Formation of the western United States. 1. Black Hills. 2,
Como Bluff. 3. Statebridge. 4. Garden Park. 5. Purgatoire valley. 6. Colorado
National Monument. 7. Moab. 8. Bullfrog. 9. Boundary Butte. 10. Carizzo
Mountains.

ichnofaunas that have a low diversity (less than five ichnogenera) of tetra-
pod tracks in which manus and pes tracks are equant in shape of subequal
size and have short digit impressions. This ichnofacies is recurrent in dune
faces of eolian environments (Fig. 1), and it extends from the Early Per-
mian to the Early Jurassic. The Chelichnus ichnofacies is not present in
the Morrison Formation or any other Upper Jurassic stratigraphic unit. This
is due to a paucity of the appropriate aeolian facies.

Other Late Jurassic Ichnocoenoses

There is one notable Late Jurassic ichnocoenosis that this not present
in the Morrison Formation. Lockley and others (e. g., Lockley et al., 1998c-
d) have demonstrated the pervasive nature of ichnoassemblages character-
ized by the theropod ichnotaxa Megalosauripus and Therangospodus,
which occur in Asia (Uzbekistan, Turkmenistan), Europe (Portugal, Ger-
many) and western North America (Arizona, Utah, New Mexico, Okla-
homa). We name this the Megalosauripus ichnocoenosis after its most
characteristic ichnogenus. This ichnocoenosis has potential utility in bios-
tratigraphy as, at least in North America, it is close in age to the Oxfordian-
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FIGURE 2. Representative tracks of the Brontopodus, Parabrontopodus and Dinehichnus ichnocoenoses of the Brontopodus ichnofacies in the Upper Jurassic Morrison
Formation of western North America (after Lockley et al., 1998b).
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FIGURE 3. Representative tracks of the unnamed theropod ichnocoenosis of the Grallator ichnofacies; Hatcherichnus and Chelonichnium ichnocoenoses of the
Characichichnos ichnofacies (after Lockley et al., 1998b; Lockley and Foster, 2006), and Pteraichnus ichnocoenosis of the Batrachichnus ichnofacies and the unnamed
theropod ichnocoenosis in the Upper Jurassic Morrison Formation of western North America (after Lockley et al., 1998b).



Kimmeridgian boundary (Lockley et al., 1998c-d). There may also be po-
tential in the future to recognize ichnocoenoses based on Late Jurassic
stegosaur and ankylosaur tracks.
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APPENDIX

TABLE 1. Archetypal tetrapod ichnofacies (Hunt and Lucas, 2006) and representative. ichnocoenoses of the Upper Jurassic Morrison Formation of

western North America.

Archetypal
Tetrapod
Ichnofacies Predominant trace fossil types

Chelichnus Low diversity ichnofaunas (less None

than 4 ichnogenera) of tetrapod

tracks that have equant shape with

subequal manual and pedal

impressions and short digit

impressions
Batrachichnus Majority of tracks are of quadrupe-
dal carnivores; medium-high
diversity (4-8 ichnogenera)
Brontopodus Majority of tracks are terrestrial
herbivores with small quantity
(generally > 10%) of terrestrial
carnivore tracks; medium-high
diversity (4-8 ichnogenera)
Grallator Medium-high diversity ichnofaunas
(5-8 ichnogenera) with tracks
(usually dominant) of tridactyl
avian and non-avian theropods
Characichnos Parallel scratch marks and fish
swimming trails (Undichna)

Constituent Morrison ichnocoenoses

Pteraichnus (Lockley and Meyer, 2000)

Brontopodus (Lockley et al., 1994)
Parabrontopodus (Hunt and Lucas, 2006)
Dinehichnus (herein)

Unnamed

Hatcherichnus (Hunt and Lucas, 2006)
Chelonichnium (Lockley and Meyer, 2000);

Inferred environment

Eolian crossbeds

Tidal flat-fluvial plain

Coastal plain, clastic or carbonate

marine shoreline

Lacustrine margin

Shallow lacustrine/aquatic




