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Abstract—Tridactyl tracks were identified in the fluvial strata of the Upper Cretaceous Wahweap Formation in

Grand Staircase-Escalante National Monument, southern Utah, U.S.A. An isolated track and a trackway are

located within the upper member at the Cockscomb, and an isolated track is in the capping sandstone member at

Wesses Canyon. The upper member tracks are tridactyl pes imprints consisting of a longer, blunt digit III and

shorter, blunt digits II-IV. This trace corresponds well to an ornithropod dinosaur as the trackmaker. The capping

sandstone member track is a tridactyl pes with an elongate digit III and shorter digits II-IV. Claw impressions are

present on the terminus of digits II and III. This trace is consistent with the pes impression of a one meter tall

theropod. The tracks further highlight the diversity of dinosaurs in the capping sandstone of the Wahweap

Formation.

INTRODUCTION

During the Late Cretaceous, North America, in particular the west-
ern United States, was the site of a radiation of new dinosaurian genera.
The Cretaceous Western Interior Seaway isolated the east coast (Appa-
lachia) from the west coast (Laramidia) from ~ 95 to 68 Ma (Blakey,
2009). Laramidia’s Late Cretaceous strata within Grand Staircase Escalante
National Monument (GSENM) have been the locus of extensive explo-
ration of dinosaur fossils (Fig. 1; Peterson, 1969; Gillette and Hayden,
1997; Kirkland et al., 1998; Foster et al., 2001; Kirkland, 2001; Titus et
al., 2005; Gates and Sampson, 2007; Kirkland and DeBlieux, 2007, 2010;
Getty et al., 2010; Sampson et al., 2010 and many more).

The Late Cretaceous Wahweap Formation has yielded a variety of
vertebrate body fossils, mainly from the lower, middle and upper mem-
bers (see above references). The capping sandstone member has not
yielded any significant vertebrate bone. Vertebrate track sites have spe-
cifically been reported from the lower, middle, and upper members of the
Wahweap Formation, and have rarely been described from the capping
sandstone member (Foster et al., 2001; Hilbert-Wolf et al., 2009a; Simpson
etal., 2010a, b).

This paper describes the recent discoveries of dinosaur tracksites
from the upper and capping sandstone members, interprets the probable
trackmakers and discusses their implications for sediment moisture con-
tent and faunal diversity in the Wahweap Formation.

GEOLOGICAL CONTEXT

The Cretaceous System of the Kaiparowits Basin in GSENM
was deposited in the Cordilleran foreland basin, bounded eastward by
the Cretaceous interior seaway, westward by the Sevier orogenic front,
and southwestward by the Mogollon highlands (Eaton and Nations,
1991). In GSENM, the Upper Cretaceous rocks are represented by,
from oldest to youngest, the Dakota, Tropic Shale, Straight Cliffs,
Wahweap, and Kaiparowits formations (Fig. 1; Peterson, 1969; Eaton,
1991; Lawton et al., 2003; Titus et al., 2005). The Wahweap Formation
is informally grouped into, from oldest to youngest, the lower, middle,
upper, and capping sandstone members (Eaton, 1991). In the study area,
the capping sandstone member consists of white quartzarenite beds and
is readily distinguished from the tan-colored sublitharenite beds of the
upper member (Eaton, 1991; Eaton and Nations, 1991; Pollock, 1999;
Lawton et al., 2003).
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FIGURE 1. Geologic map of the Kaiparowits Basin, Utah, USA, showing
location of the Coxcomb and Wesses Canyon and Cockscomb track sites.
Geologic map after Sargent and Hansen (1982).

A Campanian age has been assigned to the Wahweap Formation
based on microvertebrate biostratigraphy (Eaton, 1991, 2002). This as-
signment has been confirmed by Ar*/Ar* dating of tuffs throughout the
Kaiparowits Formation and the lower/middle member of the Wahweap
Formation (Roberts et al., 2005; Jinnah et al., 2009).

Pollock (1999) and Lawton et al. (2003) interpret the characteris-
tic medium-grained, trough cross-bedded sandstones of the capping sand-
stone member as the product of amalgamated braided-stream channels,
and lesser, fine-grained rippled sandstones, siltstones, and mudstones as
associated overbank deposits (Fig. 2). In addition, Simpson et al. (2008)
refined this interpretation by identifying thin deposits of small eolian
dunes (Fig. 2C) and wind-reworked fluvial bar top units within the low-
sinuosity, braided-stream deposits of the capping sandstone member
(Fig. 2). Abundant soft-sediment deformation throughout the capping
sandstone member is mainly the product of both local and regional
seismogenic fault activity (Hilbert-Wolf et al., 2009a; Simpson et al.,
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FIGURE 2. Measured stratigraphic column through the capping sandstone
member of the Wahweap Formation in Wesses canyon (see Figure 1 for
location). Note the dominance of trough cross bedding in the stratigraphic
section. A, Photomosaic and interpretive line drawing of trough cross-
bedded unit in which track was identified. Track was identified in low-angle
toe sets. Person is 1.83 m in height. B, Isolated channel fill in finer-grained
unit. Person is 1.83 m in height. C, Trough cross-bed set of eolian
stratification. Note hat for scale in the upper right of the cross bed.

2009). An abrupt increase in grain size across a stratigraphic surface is
ubiquitous in the upper half of the capping sandstone sections (Fig. 2)
and is proposed as a regionally correlative surface by Hilbert-Wolf et al.
(2009a).

The upper member is considered to be the product of low
sinuousity, channel-dominated systems (Lawton et al., 2003; Wizevich
et al., 2008; Jinnah and Roberts, 2009). The fluvial systems along the
middle portion of the Cockscomb (Figs. 1, 3) developed in response to
active localized normal faulting (Tindall et al., 2010). These fault sys-
tems, at least in the local area of the Cockscomb, controlled sedimenta-
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FIGURE 3. Measured stratigraphic column through the upper member of
the Wahweap Formation in along the Coxscomb north of the road (see
Figure 1 for location). Note the dominance of trough crossbedding coupled
with soft-sediment deformation in the stratigraphic section. A, Unidentified
bone. Coin is 2.5 cm. B, Cast of the base of a tree. Plant material is
diagenetically removed. Approximate base diameter is 45 cm. C, Cross
section through turtle skeleton. Coin is 2.5 cm. D, Rooted base of tree. Coin
is 2.5 cm.

tion style, higher versus lower sinuosity, and thickness (Wizevich et al.,
2008; Hilbert-Wolf et al., 2009b; Tindall et al., 2010). Variations in seis-
mic intensity inferred from sedimentary structures, seismites, were used
to glean phases of normal fault movement (Hilbert-Wolf et al., 2009b)
and their relationship to the switching from high to low sinuosity of
fluvial systems (Wizevich et al., 2008).
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TRACK DESCRIPTION AND IDENTIFICATION
Cockscomb-North of Road Locality

Description

These in situ tridactyl tracks form natural “casts” at the base of
the channelized low-sinuosity, braided stream deposits that directly over-
lie deposits of a sinuous system (Figs. 2, 4A). The tracks are filled with
fine- to medium-grained sublitharenite. Due to the overhanging nature of
the outcrop, measurements were limited. Total track width is ~50 cm
with a total track length of 53 cm and 90 cm step between left and right
pes (Fig. 4C- D). Digit III is the longest, with a length of 23 cm. The pace
angulation is estimated at 120° (Fig. 4C). A pronounced “heel” is present
on the specimen (Fig. 4B, D).

Interpretation

This trace corresponds well to those ascribed to an indeterminate
ornithropod (Lockley et al., 2003) and is consistent with measurements
attributed to Late Cretaceous ornithopods (Milner et al., 2006). The
shorter length of digit III compared to digits II and IV support an
ornithopod interpretation. Heel impressions have been identified in
ornithopod tracks (Milner et al., 2006). Exact assignment to a specific
ichnogenus at this time is not possible. Most probably these tracks
correspond to the ichnogenus Hadrosauropodus (see Lockley et al.,
2003).

Hadrosaur body fossils have been reported from the Wahweap
Formation (Eaton et al., 1999). In addition, hadrosaurs compose 34% of
the fauna in associated and articulated skeletal deposits from the overly-
ing Kaiparowits Formaion (Getty et al., 2010).

Wesses Canyon

Description

An isolated theropod pes impression (Fig. 5) was discovered at
the Wesses Canyon near the top of the capping sandstone in medium-
grained quartz sandstone one meter below the capping sandstone mem-
ber-Kaiparowits contact (Figs. 1-2; Hilbert-Wolf et al., 2009b).

The track is a probable undertrack because of the absence of a
preserved heel, metatarsal and skin impressions and well-defined track
walls (Fig. 5). Digit III is the longest, ~ 16 cm, with an apparent claw
impression located at the terminus. Digit II1 is slightly undulatory along
its length with three apparent segments. Digit II is ~ 12 cm long, undula-
tory and with a possible toe impression. Digit IV is ~ 12 cm long and less
well developed. The divarication angle between digits IT and I1I is ~ 35°,
and that for digits IIT and IV is ~25°. The total divarication angle is ~60°.
The overall track width is ~ 20 cm with an overall length of at least 22 cm.
The overall length measurement is problematic because of the absence of
a metatarsal impression. Digit III displays three slight undulations in
morphology along its length (labeled 1-3 in Fig. 5B).

Interpretation

Milner et al. (2006) report quantitative measurements of Late
Cretaceous theropod tracks from the Iron Springs Formation in Utah.
The Wesses Canyon tracks are comparable to those attributed to theropod
tracks (Fig. 5). Relevant measurements include: 1) digit II length (8-15 vs
12 cm), 2) digit 1T length (10-20 vs 16 cm), 3) digit IV length (8-17 vs 12
cm), 4) width (11-20 vs 20 cm), 5) total track length (18-29 vs 22 cm), 6)
divarication angle between digits I and III (35°-39° vs 35°), 7) divarica-
tion angle between digits III and IV (25°-37° vs 25°) and 8) a total
divarication angle (60°-65° vs 65°). Track measurements considered to
be problematic “theropod-like” are excluded from the ranges reported by
Milner et al. (2006). In addition, preserved maniraptorian theropod dig-
ging traces found elsewhere in the capping sandstone are of similar track
length (see Simpson et al., 2010b).

FIGURE 4. Field photographs along Cockscomb north of the road site. A,
Photographs of heterolithic inclined crossbeds showing the location of the
preserved orinthopod tracks shown in Figs. 4B-D. Person in upper right is
1.6 m tall. B, Natural cast of orinthropod track with parts labeled. Lens cap
is 5.5 ecm. C, Preserved orinthropod trackway at base of bed. Hand for scale.
D, Close up of left track in C. Digits are labeled.
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FIGURE 5. Theropod track from Wesses Canyon. A, Field photographs of
theropod track. Scale is in cm. B, Interpretive line drawing of tracks with
digits and segments labeled. Scale is in cm.

The three slight undulations in digit IIT are best interpreted to be
the result of digital pad impressions, corresponding to the phalanx posi-
tion along the digit as they interacted with the non-cohesive sediment
(see Olsen et al., 1998; Milan et al., 2004, 2008).

This track may correspond to the ubiquitous ichnogenus Grallator,
based on the size of the track (Olsen et al., 1998; Gaston et al., 2003;
Milan et al., 2004, 2008). The Wesses Canyon theropod trackmaker is
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problematic, but relatively small in size. Through computer modeling,
Henderson (2003) was able to demonstrate that the best reconstructed
fit for the hip height of the trackmaker is 4 times the foot length. Apply-
ing this formula to our theropod track yields a maker of less than one
meter high at the hip. Dromaeosaurids probably did not make this track
because digit Il is held aloft or very abbreviated when walking in reported
track sites (Dromaeopdus: Cowan et al., 2010). Additional possible
theropod dinosaurs reported from various units of the underlying
Wahweap Formation include: immature tyrannosaurids, dromaeosaurids,
and velociraptorids (Eaton et al., 1999). In the overlying Kaiparowits
Formation, Getty et al. (2010) report that 9% of all associated and
articulated skeltons are those of small theropods.

DISCUSSION

In experimental studies of tracks, Milan and Bromley (2006, 2008)
produced similar looking defects in underlying sediment as those dis-
played in the upper member tridactyl pes. The analogous experimental
track was produced by “drier” sand conditions (0.1291L of water /kg:
Milan and Bromley, 2008). These conditions generated well-defined track
walls that correspond to digit shape; the undertracks are wider and less
well defined than the upper member tracks. Falkingham et al. (2010),
through finite element analysis, found that foot shape is an important
factor in depth of penetration into the sediment. Noncohesive sediment
is displaced greater with increased track perimeter.

Tracks have yielded significant data as to the types of vertebrates
present during the accumulation of the upper capping sandstone member
whereas information from bone is lacking about this specific member. In
addition to the small theropod track reported here, Simpson et al. (2010a)
identified from Wesses Canyon the occurrence of Crocodylopdus, a
crocodylomorph track from just above the stratigraphic marker surface
(Fig. 2). These vertebrates represented, thus far from the capping sand-
stone track record, are typical subset of the fauna recorded from the
lower, middle and upper members of the Wahweap Formation and the
overlying Kaiparowits Formation.

ACKNOWLEDGMENTS

We are grateful for the cooperation of the Grand Staircase-Escalante
National Monument staff, in particularly Alan Titus and Scott Richardson.
Dave Fillmore provided valuable feedback on the early draft of this
paper. Acknowledgment is made to the donors of the American Chemical
Society Petroleum Research Fund for their support of this research. In
addition, Kutztown University Research Committee, Pennsylvania State
System of Higher Education Professional Development Committee, Cen-
tral Connecticut State University School of Arts and Sciences Dean’s
Initiative, and a Connecticut State University Research Grant provided
funding.

REFERENCES

Blakey, R.C., 2009, Regional paleogeography: Images and supporting mate-
rial at http://jan.ucc.nau.edu/~rcb7/regionaltext.html, Northern Arizona
University.

Cowen, J., Lockley, M. and Gierlinski, G., 2010, First dromaeosaur trackways
from North America: new evidence from a large site in the Cedar Moun-
tain Formation (Early Cretaceous), eastern Utah: Journal of Vertebrate
Paleontology, v. 30, p. 75A.

Eaton, J.G., 1991, Biostratigraphic framework for the Upper Cretaceous
rocks of the Kaiparowits Plateau, southern Utah; in Nations, J.D. and
Eaton, J.G., eds., Stratigraphy, depositional environments, and sedimen-
tary tectonics of the Western Margin, Cretaceous Western Interior
Seaway: Geological Society of America, Special Publication 260, p. 47-
63.

Eaton, J.G., 2002, Multituberculate mammals from the Wahweap
(Campanian, Aquilan) and Kaiparowits (Campanian, Judithian) Forma-
tions, within and near Grand Staircase-Escalante National Monument,
southern Utah: Utah Geological Survey, Miscellaneous Publication 02-
04, 66 p.

Eaton, J.G., Cifelli, R.L., Hutchison, J.H., Kirkland, J.I. and Parrish, J.M.,
1999, Cretaceous vertebrate faunas from the Kaiparowits Plateau, south-
central Utah; in Gillette, D.D., ed., Vertebrate paleontology of Utah,
Utah Geological Survey, Miscellaneous Publication 99-1, p. 345-354.

Eaton, J.G. and Nations, J.D., 1991, Introduction: tectonic setting along
the margin of the Cretaceous Western Interior Seaway, southwestern
Utah and north Arizona; in Nations, J.D., and Eaton, J.G., eds., Stratig-
raphy, depositional environments, and sedimentary tectonics of the



384
Western Margin, Cretaceous Western Interior Seaway: Geological Soci-
ety of America, Special Paper 260, p. 1-8.

Falkingham, P.L., Margetts, L. and Manning, P.L., 2010, Fossil tracks as
paleopenetrometers: confounding effects of foot morphology: Palaios,
v. 25, p. 356-360.

Foster, J.R., Titus, A.L., Winterfeld, G.F., Hayden, M.C. and Hamblin, A.H.,
2001, Paleontological survey of the Grand Staircase-Escalante National
Monument, Garfield and Kane counties, Utah: Utah Geological Survey,
Special Study 97, 98 p.

Gaston, R., Lockley, M.G., Lucas, S.G. and Hunt, A.P., 2003, Grallator-
dominated fossil footprint assemblages and associated enigmatic foot-
prints from the Chinle Group (Upper Traissic), Gateway Area, Colo-
rado: Ichnos, v. 10, p. 153-163.

Gates, T.A. and Sampson, S.D., 2007, A new species of Gryposaurus
(Dinosauria: Hadrosauridae) from the Upper Campanian Kaiparowits
Formation of Utah: Zoological Journal Linnean Society, London, v.
151, p. 351-376.

Getty, M.A., Loewen, M.A., Roberts, E., Titus, A.L. and Sampson, S.D.,
2010, Taphonomy of horned dinosaurs (Ornithischia: Ceratopsidae)
from the Late Campanain Kaiparowits Formation, Grand Staircase
Escalante National Monument, Utah; in Ryan, M.J., Chinnery-Allgeier,
B.J. and Eberth, D.A., eds., New perspectives on horned dinosaurs:
Bloomington, Indiana University Press, p. 478-494.

Gillette, D.D. and Hayden, M.C., 1997, A preliminary inventory of paleon-
tological resources within the Grand Staircase-Escalante National Monu-
ment, Utah: Utah Geological Survey, Circular 96, 43 p.

Henderson, D.M., 2003, Footprints, trackways, and hip heights of bipedal
dinosaurs - testing hip height predictions with computer models: Ichnos,
v. 10, p. 99-114.

Hilbert-Wolf, H.L., Simpson, E.L., Simpson, W.S., Tindall, S.E. and
Wizevich, M.C., 2009a, Insights into syndepositional fault movement
in a foreland basin; trends in seismites of Upper Cretaceous Wahweap
Formation, Kaiparowits Basin, Utah, U.S.A.: Basin Research, v. 21, p.
856-871.

Hilbert-Wolf, H.L., Simpson, E.L., Wizevich, M.C. and Tindall, S. E., 2009b,
Seismite intensity atudies in the Wahweap Formation, southern Utah:
unraveling syndepositional fault movements and the differential effects
in the hanging wall and footwall blocks: Geological Society of America,
Abstracts with Programs, v. 41, p. 120-121.

Jinnah, Z.A. and Roberts, E.M., 2009, Facies associations and paleo-
environment of the Upper Cretaceous Wahweap Formation: implica-
tions for sequence stratigraphy: Advances in Western Interior Late Cre-
taceous Paleontology and Geology, Abstracts with Program, p. 29.

Jinnah, Z.A., Roberts, E.M., Deino, A.L. Larsen, J.S., Link, P.K. and Fan-
ning, C.M., 2009, New “°Ar-*Ar and detrital zircon U-Pb ages for the
Upper Cretaceous Wahweap and Kaiparowits Formations on the
Kaiparowits Plateau, Utah: implications for regional correlation, prov-
enance and biostratigraphy: Cretaceous Research, v. 30, p. 287-299.

Kirkland, J.I., 2001, The quest for new dinosaurs at Grand Staircase-Escalante
National Monument: Utah Geological Survey Notes, v. 33, p. 1-5.

Kirkland, J.I. and DeBlieux, D.D., 2007, New horned dinosaurs from the
Wahweap Formation: Grand Staircase-Escalante National Monument,
southern Utah: Utah Geological Survey Notes, v. 39, p. 4-5.

Kirkland, J.I. and DeBlieux, D.D., 2010, New basal centrosaurine ceratopsian
skull from the Wahweap Formation (Middle Campanian), Grand Stair-
case-Escalante National Monument, southern Utah; in Ryan, M.J.,
Chinnery-Allgeier, B.J. and Eberth, D.A., eds., New perspectives on
horned dinosaurs: Bloomington, Indiana University Press, p. 117-140.

Kirkland, J.I., Lucas, S.G. and Estep, J.W., 1998, Cretaceous dinosaurs of
the Colorado Plateau: New Mexico Museum of Natural History and
Science, Bulletin 14, p. 79-89.

Lawton, T.F., Pollock, S.L. and Robinson, R.A., 2003, Integrating sand-
stone petrology and nonmarine sequence stratigraphy: application to
the Late Cretaceous fluvial systems of southwestern Utah, U.S.A.: Jour-
nal of Sedimentary Research, v. 73, p. 389-406.

Lockley, M.G., Nadon, G. and Currie, P.J., 2003, A diverse dinosaur-bird
footprint assemblage from the Lance Formation, Upper Cretaceous,
Eastern Wyoming: implications for ichnotaxonomy: Ichnos, v. 11, p.

229-249.

Lockley, M.G. and Meyer, C., 2000, Dinosaur tracks and other fossil foot-
prints of Europe: New York, Columbia University Press, 323 p.

Milan, J. and Bromley. R.G., 2006, True tracks, undertracks and eroded
tracks, experimental work with tetrapod tracks in laboratory and field:
Palaeogeography, Palaeoclimatology, Palacoecology, v. 231, p. 253-
264.

Milan, J. and Bromley. R.G., 2008, The impact of sediment consistency on
track and undertrack morphology: experiments with Emu tracks in
layered cement: Ichnos, v. 15, p. 18-24.

Milan, J., Clemmensen, L.B. and Bonde, N., 2004, Vertical sections through
dinosaur tracks (Late Triassic lake deposits, East Greenland) — undertacks
and other subsurface deformation structures revealed: Lethaia, v. 37, p.
285-296.

Milén, J., Loope, D.B. and Bromley, R.G., 2008, Crouching theropod and
Navahopus sauropodomorph tracks from the Early Jurassic Navajo Sand-
stone of the USA: Acta Palaeotologica Polonica, v. 53, p. 197-205.

Milner, A.R., Vice, G.S., Harris, J.D. and Lockley, M.G., 2006, Dinosaur
tracks from the Upper Cretaceous Iron Springs Formation, Iron County,
Utah: New Mexico Museum of Natural History and Science, Bulletin 35,
p. 105-113.

Olsen, P.E., Smith, J.B. and McDonald, N.G., 1998, Type material of the
type species of the classic theropod footprint genera Eubrontes,
Anchisauripus, and Grallator (Early Jurassic, Hartford and Deer Basins,
Connecticut and Massachusetts, USA): Journal of Vertebrate Paleontol-
ogy, v. 18, p. 586-601.

Peterson, F., 1969, Cretaceous sedimentation and tectonism in the south-
eastern Kaiparowits region, Utah: United States Geological Survey, Open-
File Report, 259 p.

Pollock, S.L., 1999, Provenance, geometry, lithofacies and age of the
Upper Cretaceous Wahweap Formation, Cordilleran Foreland Basin,
Southern Utah [M.S. thesis]: Las Cruces, New Mexico State University,
115 p.

Roberts, E.M., Deino, A.L. and Chan, M.A., 2005, “Ar/*Ar age of the
Kaiparowits Formation, southern Utah and correlation of contempora-
neous Campanian strata and vertebrate faunas along the margin of the
Western Interior Basin: Cretaceous Research, v. 26, p. 307-318.

Sampson, S.D., Loewen, M.A., Farke, A.A., Roberts, E.M., Forster, C.A.,
Smith, J.A. and Titus, A.L., 2010, New horned dinosaurs from Utah
provide evidence for intracontinental dinosaur endemism: PLoSONE, v.
5, no. 9, DOI: 10.1371/journal.pone.0012292.

Sargent, K.A. and Hansen, D.E., 1982, Bedrock geologic map of the
Kaiparowits coal-basin area, Utah: United States Geological Society,
Miscellaneous Investigations Series, MAP 1-1033-1.

Simpson, E.L., Hilbert-Wolf, H.L., Wizevich, M.C., Lucas, S.G., Tester, E.,
Tindall, S.E. and Bernard, J.J., 2010a, A crocodylomorph trace in the
Late Cretaceous capping sandstone member of the Wahweap Formation
in Grand Staircase-Escalante National Monument, Utah: New Mexico
Museum of Natural History and Science, Bulletin 51, p. 165-169.

Simpson, E.L., Hilbert-Wolf, H. L., Wizevich, M.C., Tindall, S.E., Fasinski,
B.R., Storm, L.P. and Needle, M.D., 2010b, Predatory digging behavior
in dinosaurs: Geology, v. 38. p. 699-702.

Simpson, E.L., Wizevich, M.C., Hilbert-Wolf, H.L., Tindall, S.E., Bernard,
J.J. and Simpson, W.S., 2009, An Upper Cretaceous sag pond deposit:
implications for the recognition of local seismicity and surface rupture
along the Kaibab Monocline, Utah: Geology, v. 37, p. 967-970.

Simpson, E.L., Wolf, H.L., Simpson, W.S., Tindall, S.E., Bernard, J.J.,
Jenesky, T.A. and Wizevich, M.C., 2008, The interaction of aeolian and
fluvial processes during deposition of the late Cretaceous capping sand-
stone member, Wahweap Formation, Kaiparowits Basin, Utah, U.S.A.:
Palacogeography, Palacoclimatology, Palacoecology, v. 270, p. 19-28.

Tindall, S.E., Storm, L.P., Jenesky, T.A. and Simpson, E.L., 2010, Growth
faults in the Kaiparowits basin, Utah, pinpointing initial Laramide uplift
in the western Colorado Plateau: Lithosphere, v. 2, p. 221-230.

Titus, A.L., Powell, J.D., Roberts, E.M., Sampson, S.D., Pollock, S.L.,
Kirkland, J.I. and Albright, L.B., 2005, Late Cretaceous stratigraphy,
depositional environments, and macrovertebrate paleontology of the
Kaiparowits Plateau, Grand Staircase-Escalante National Monument,



Utah; in Pederson, J., and Dehler, C.M., eds., Interior of Western United
States: Geological Society of America, Field Guide 6, p. 101-128.
Wizevich, M.C., Simpson, E.L., Tindall, S.E., Bernard, J., Wolf, H.L.,

385

Simpson, W.S., Storm, L.P. and Paese. S., 2008, Tectonic control on the
alternating fluvial style in the Late Cretaceous upper member of the
Wahweap Formation, Southern Utah: Geological Society of America,
Abstracts with Programs, v. 40, p. 42.



