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Foliage compressions pertaining to ferns (Wi

FIGURE 6. Correlation chart of stratigraphic sections. Correlations based on U-Pb detrital zircon dates;
lithology, and Oryctodromeus occurrences. Stratigraphic positions of: Oryctodromeus shown by BYU
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Localities for stratigraphic sections shown in Figure 1.
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ng and Boucher, 1998) and the dicotyledon angiosperm Sapindopsis (Crabtree, 1987; Wing and

Boucher, 1998) have been reported from the

Wayan Formation. Unfortunately, no localities were reported and the specimens have been
misplaced. Therefore, the stratigraphic positions of these fossils cannot be ascertained and the

possibility that they originated in the Sage Junction Formation must be considered.

9.2.2 New floral specimens

During this study a new locality bearing a small floraof ferns, conifers and angiosperms
was discovered near McCoy Creek (Fig. 4). The foliage is curled haphazardly and three-
dimensionally in a homogenous gray, well-indurated mudstone that is jointed perpendicular to
bedding, making recovery of complete specimens difficult. This mudstone overlies a channel
sandstone and becomes more platy up-section and then grades into silty redbeds typical of the
Wayan. Wood petrifactions occur roughly one meter above the foliage horizon. Rare freshwater
gastropods and ostracods also occur in this mudstone. Combined evidence suggests that this gray
mudstone isa lacustrine deposit. The curled nature of the foliage suggests that the plants were

buried in a viscous flow or that the horizon was trampled by vertebrates.

The compressions include complete and fragmentary specimens. Most of the foliage
appears to have been preserved relatively intact. The fragmentation is largely a function of
collecting and preparation of a highly fractured matrix. Ferns dominate the assemblage, with
three pteridophyte (fern) taxa: a large and small form of Gleichenia (Fig. 7A and B), which occur
in about equal numbers and dominate the assemblage, and the fern Anemia (Fig. 7C), which is

much less common. All pteridophyte foliage is infertile.
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Conifers represent a small proportion of the foliage recovered (~20%) and are
represented by female cones (Fig. 7E), stems, and leaves (Fig. 7D). The stems and leaves
compare favorably with Pagiophyllum. Three cones have been recovered, but their affinities are
also uncertain. However, their morphology suggests an affinity with Metasequoia (William

Tidwell, pers. comm.).

Angiosperms constitute roughly 50% of the assemblage, but due to the relatively large
size of the leaves (Fig. 7F and G) and the geologic setting, none were recovered complete and
none preserve diagnostic characters. For this reason, none of the taxa can be identified to genus.
It appears that at least three taxa are present, all representing relatively broad-leafed taxa similar

to Magnolia.

9.3  Vertebrate Paleontology

9.3.1 Previous work

Previous workers (Dorr, 1985; Weishampel et al. 2002; Krumenacker, 2005) have
recovered a moderate diversity of vertebrate fossil materials, all of which were poorly
represented (Table 1). Dorr (1985) reported an isolated tooth that he assigned to Tenontosaurus
as well as an indeterminate large ornithopod vertebra centrum, an ankylosaur tooth, abundant
dinosaur eggshell, as well as crocodilian and turtle remains. Weishampel et al. (2002) reported
on possible neoceratopsian remains consisting of a partial pelvis, the proximal portion of a tail,
and a skull roof fragment. In addition, they described an ankylosaur tooth, a proximal
ornithischian caudal vertebra, an isolated large theropod pedal phalange, and theropod distal limb

fragment. Krumenacker (2005) summarized the vertebrate fauna and reported a fragmentary
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large crocodilian skull (described below) and remains from a small ornithopod form now known

to be Oryctodromeus (see below).

More recent work by Montana State University, Brigham Young University, and Idaho

State University has greatly enlarged our understanding of the Wayan vertebrate fauna. New

25 mm 20 mm

D 15 mm 10 mm 15 mm 15 mm
FIGURE 7. Carbonized plant compressions from the Wayan flora described in this paper. Partial fronds of
two species of Gleichenia (A, B), partial Anemia frond (C), Pagiophyllum-like conifer branches showing
minute leaves (D), Metasequoia-like female cone in cross-section (E), and fragmentary angiosperm leaves with
elongate drip-point(F) and without, (G).
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discoveries by MSU include: a partial skeleton of an ankylosaur, small ornithopod remains
referable to Oryctodromeus, theropod eggshell, and other vertebrate remains (Dave Varricchio,
pers. comm.). Work by the author facilitated the discovery of numerous partial skeletons of
Oryctodromeus, as well as other vertebrate and paleobotanical remains. The material described
below consists of the more fragmentary material from a number of different forms discovered
partly in the course of the author’s undergraduate research. An overview of vertebrates collected
as part of this thesis and preliminary research are presented below, osteological descriptions of

Oryctodromeus materials from Idaho in presented in chapter 2.

9.3.2 Crocodilians
Eusuchia Huxley, 1875
Crocodylia Gmelin 1789, sensu Benton and Clark, 1988

Crocodyloidea Cuvier, 1807

Referred Material: BYU 18962, articulated left anterior and mid-portion of a skull

consisting of a fragmentary pre-maxilla, maxilla, and ectopterygoid.

Little can be said of the affinity or morphology of this specimen due to its extremely
fragmentary nature which was recovered in a heavily vegetated roadcut. As preserved, the
specimen measures roughly 62 cm from the tip of the pre-maxilla to the preserved end of the
ectopterygoid. The complete skull is estimated to have been roughly 1 meter in length. Alveoli
are difficult to distinguish, but there appears to be a rough total of 25 on the left of the specimen.

The robust crown of an in-situ premaxillary tooth measures 4.5 cm long. The extreme size of the
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fossil and broad snout morphology suggests a relationship to the Late Cretaceous Deinosuchus or

a large goniopholid (Chris Brochu, pers. comm.).

9.3.3 Ornithopods
Dinosauria Owen 1842
Ornithischia Seeley, 1887
Genasauria Sereno, 1986
Ornithopoda Marsh, 1871
Euornithopoda Sereno, 1986
Iguanodontia Dollo, 1888

Genus and species indeterminate

Referred Material: IMNH 15444, one indeterminate maxillary or dentary crown,

missing most of the enamel, in a small block of rip-up clast conglomerate matrix.

Description: Exposed crown 6 mm high, 10.5 mm anteroposteriorly, and 6 mm
labiolingually. Little detail is preserved on the crown, however, one patch of enamel is present
on the described side. On the labial/lingual side a primary ridge is present and offset from the
center of the crown, plunging ventrally to a corner of the crown. A single secondary ridge is

present opposite of the primary ridge and plunges in the same direction.

Discussion: Iguanodontid remains are rare in the Wayan Formation, and, except for the
remains described below, consist entirely of isolated teeth. One large isolated centrum is known
from an indeterminate ornithopod (Dorr, 1985). The lack of detail on this specimen precludes

detailed study or comparison.
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Dinosauria Owen 1842
Ornithischia Seeley, 1887
Genasauria Sereno, 1986
Ornithopoda Marsh, 1871
Euornithopoda Sereno, 1986
Cf. Iguanodontia Dollo, 1888

Genus and species indeterminate

Referred Material: BYU 19349, associated dorsal (?), sacral (?) and caudal vertebrae,
pes phalange with articulated ungual, indeterminate fragments. This specimen is heavily

compacted, making discernment of details difficult.

Description: One fragmentary vertebral centrum with fragments of adjacent centra
articulated with both ends, as well as another centrum fragment. These vertebrae are tentatively
identified as sacral (or possibly proximal caudal) vertebrae. These centra are heavily
dorsoventrally crushed with no details discernible dorsally. Ventrally the centrum has a deep
sulcus extending anteroposteriorly. Two additional centra are interpreted as proximal caudal
vertebrae. They are concave mediolaterally with transverse process origination above the
neurocentral suture. Six distal caudal vertebrae are preserved. These centra are elongate (over
three times as long as tall) with the articular ends having a round outline. The centra appear to
have lateral grooves bordered by ridges dorsally and caudally, but this may be an artifact of
crushing. Little detail is discernible of the neural spines or zygopophyses. These distal caudals

are encased in a sheath of hypaxial and epaxial tendons similar to the condition in Tenontosaurus
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(Ostrom, 1970). Tendons run from the dorsal portion of the centra down to the bottom of the

centra over a distance of four vertebrae.

The pes phalange is very short and squat and anteroposteriorly compressed. The proximal
articular surface is sub-circular and wider than tall, with a flattened ventral margin. The ungual is
mediolaterally flattened and missing the tip. The overall form is intermediate between claw-like

and hoof-like and is similar to Camptosaurus pes unguals.

Discussion: These remains likely pertain to a single individual based on size and their
close association with much of the material in-situ. This specimen is referred to an undetermined
iguanodontid because of the ornithopodan form of the caudals and the robust form of the pes
phalange. These bones are similar to more derived iguanodontian ornithopods such as
Camptosaurus (Gilmore, 1913) and Iguanodon, and distinct from more basal ornithopods such as
Orodromeus (Scheetz, 1999) and Oryctodromeus (pers. obs.). This specimen is significant
because it indicates the presence of a moderately derived iguanodontid that was a small taxon or

subadult.

9.3.4 Dromaeosaurs

Dinosauria Owen, 1842

Saurischia Seeley, 1887

Theropoda Marsh, 1881

Maniraptora Gauthier, 1986
Dromaeosauridae Matthew and Brown, 1922

Genus and species indeterminate
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Referred material: BYU 19348, small tooth crown, found in association with an

Oryctodromeus skeleton (BYU 19345).

Description: Tooth crown 6 mm tall and laterally narrow. The mesial portion of the
crown lacks a distinct carina and serrations, while the posterior carina has eleven coarse

serrations (giving a serration count of roughly 2 serrations per mm).

Discussion: Discounting abundant theropod eggshell, theropod remains are extremely
rare in the Wayan Formation, with previously reported specimens consisting of a fragment of a
tooth crown tentatively attributed to a dromaeosaurid (Krumenacker, 2005) and two theropod
hind-limb elements (Weishampel et al., 2002). This tooth appears distinct from the larger tooth
fragment previously reported due to serration count and size. This specimen is tentatively
referred to the Dromaeosauridea due to the coarse serrations on the distal carina and lack of
serrations on the mesial portion of the crown, which is typical of dromaeosaurids (eg. Ostrom,

1969; Norell and Makovicky, 2004).

Osteichthyes
Cf. Semionotidae (Krumenacker, 2005)
Chelonia (Dorr, 1985; Krumenacker 2005)
Archosauria
Crocodylia (Dorr, 1985; Krumenacker 2005, this report)
Dinosauria
Theropoda (Weishampel et al., 2002)
Dromaeosauridae (Krumenacker, 2005; this report)
Cf. Neoceratopsia (Weishampel et al., 2002)
Ornithopoda (Dorr, 1985; Weishampel et al., 2002)
Iguanodontidae (Dorr, 1985; this report)
Euornithopoda
Oryctodromeus (this report)
Ankylosauria (Dorr, 1985; Weishampel et al., 2002)

TABLE 1. Vertebrate fauna of the Wayan Formation.
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Spores and Pollen Microplankton

Acanthotriletes sp.(MD) Micrhystridium inconspicuum (MD)
Appendicisporites potomacensis (S) Micrhystridium recurvatum (MD)
Apiculatisporis sp. (MD) Micrhystridium spp. (MD)
Araucariacites australis (MD, S, ) Unidentified dinoflagellate cysts (MD)
Asteropollis vulgaris (S) Tasmanaceae (MD)

Undifferentiated Bisaccates (S, J) Vervhachium reductum (MD)

Callialasporites sp. (MD)

Chomotriletes fragilis ()

Cicatricosisporites australiensis (J)

Cicatricosisporites imbricatus (S)

Cicatricosisporites venustus (S)

Cingulatisporites distaverrucosus (MD) . )
Classopollis classoides (MD, ) Marine Organisms
Cyathidites australis (S) Tasmanaceae (S)
Deltoidospora spp. (MD, S, J)

Eucommiidites minor (S)

Exesipollenites tumulus (MD, S, J)

Gleicheniidites senonicus (S, ])

Klukisporites sp. (MD)

Liliacidites orbiculatus (S)

Lycopodiumsporites austroclavatidites (MD)

Lycopodiumsporites sp. (S)

Osmundacidites wellmanii (S)

Peromonolites allensis (S)

Podocarpidites sp. (S)

Schizosporis parvus (S)

Taxodiaceae (MD, S)

Triletes? sp. (S)

Trilobosporites minor (S)

Triporoletes cenomanianus (S)

Tsugaepollenites sp. (MD)

Verrucosisporites sp. (MD)

TABLE 2. Palynomorphs taxa recovered from the Wayan Formation.



9.4  Paleontological synthesis

Discounting the reports of Tempskya and associated plants that are now known to be from
the overlying Sage Junction Formation, megascopic floral remains are rare and limited to what is
reported above. The flora is similar to the Cenomanian age Westwater flora of the Dakota
Sandstone of Utah (Rushforth, 1971; Tidwell, 1998). Both the Wayan flora and the Dakota

Westwater flora contain the ferns Gleichenia and Anemia, as well as magnolian angiosperms.

Non-dinosaurian vertebrate remains are meager. Dorr (1985) and Krumenacker (2005)
have reported unidentified turtle shell fragments as well as crocodilian remains. The crocodilian
skull reported above represents the only crocodilian skeletal remains known to date. A scale and

numerous crushing teeth from large semionotid fish are the only fish remains known.

Rivaling the abundance of Oryctodromeus in terms of individual element count is the
abundance of theropod eggshell referred to the oofamily Elongatoolithidae (Krumenacker et al.,
2007). The abundance of this eggshell, which can be found almost anywhere in the Wayan with
diligent searching (pers. obs.), suggests an abundance of one or more coelurosaurian theropods.
Despite the abundance of theropod eggshell, very few theropod skeletal remains are known.
Weishampel et al (2002) reported an indeterminate theropod pedal phalange (possibly the
proximal phalanx of digit 111) which they compared to Deinonychus antirrhopus. However, this
phalange is nearly twice the size of the equivalent digit in Deinonychus (Ostrom, 1969). A
second theropod phalange was also reported, however this ‘phalange’ appears to be the distal end

of a limb element, possibly a distal femur. A tooth fragment tentatively referred to the
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dromaeosauridae (Krumenacker, 2005) and the small dromaeosaur tooth reported above are the

only other theropod elements known.

Ornithopods dominate the Wayan Fauna, specifically through the relative abundance of
the basal ornithopod Oryctodromeus whichcomprises over half of the vertebrate remains

recovered from the Wayan (Krumenacker et al., 2008).

Large ornithopods are conspicuously rare, with Tenontosaurus being reported from a
single tooth (Dorr, 1985). This referral must be viewed as tentative at best, due to the
conservative nature of iguanodont grade teeth and the lack of post-cranial remains of
Tenontosaurus in the Wayan. Dorr (1985) also reported an indeterminate larger ornithopod
represented by a single large caudal centrum. The iguanodont grade tooth and associated axial

remains described provide larger ornithopods in the fauna but little taxonomic data.

Weishampel et al. (2002) reported two partial articulated individuals they tentatively
referred to the neoceratopsia. These two fossils are IMNH 39294 and 40571. Specimen 39294
consists of a poorly preserved partial pelvis and proximal caudal vertebrae and 40571 of a series
of articulated proximal caudal vertebrae. Preliminary comparison suggests 39294 may actually
be from Oryctodromeus due to very similar size and morphology of the caudal vertebrae,
however this observation is tentative. Nonetheless, the vertebrae from 40571 are very distinct

from Oryctodromeus.

The only other ornithischians in the fauna are indeterminate ankylosaurs. Remains consist
of isolated teeth (Dorr, 1985; Weishampel et al., 2002), an unreported small caudal vertebra (an
unnumbered specimen observed in the IMNH collections), and an isolated scute in a block of rip-

up clast conglomerate (again, an unnumbered specimen in the IMNH collections). A recently
37



collected partial ankylosaur skeleton currently under preparation at the Museum of the Rockies

(Dave Varricchio pers. comm.) will be a significant contribution.

10 ENVIRONMENTS AND ECOLOGY OF THE WAYAN FORMATION

10.1 Geologic Insights

A detailed study of the paleoenvironments of the Wayan Formation has never been
undertaken. Schmitt and Moran (1982) observed that the Wayan consisted primarily of
meandering stream-related deposits, some overprinted by caliche development. Dorr (1985)

compared the Wayan depositional environment to the modern Indogangetic Plain.

The stratigraphic columns described above and overall stratigraphic setting of the Wayan
Formation provide additional insights on depositional environments that were prevalent in the

Wayan depositional system, and on changing conditions in the foredeep at this time.

The underlying Smiths Formation represents lacustrine and fluvial environments in a
well-watered environment (Durkee, 1979). The transition into the lower Wayan is marked with
the appearance of coarse sandstones associated with pebble conglomerates (Schmitt and Moran
section, Tincup Canyon measured section), which are rare higher in the formation. These
lithologies indicate a steeper gradient (and therefore proximity to highlands) and/or higher

energy fluvial environments with an availability of coarser sediments.

Pedogenically altered mudstones and siltstones with abundant calcareous nodules,
dominate above the lower 100-250 m of the formation (Schmitt and Moran section, Tincup

Canyon measured section). Horizons consisting of calcareous nodules are a diagnostic feature of
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