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Fossils of the Cretaceous Cliff House Sandstone, Mesa Verde
National Park

Introduction

This guide to the common fossils of thipper Cretaceou€liff House Sandstone at Mesa Verde
National Park (MEVE) is intended to support park staff \itieference for thiglentification of fossils
from this fossiliferous geologic formation the park. Specifically, the focus of this guide is to help
assistpark staff and volunteessith preliminary field identification of fossils which may be observed
during paleontological resource monitoring activitiessaciated withthe Mesa Loop Road
Construction Project planned at MEV&ee Appendix A)The project involves three segments of park
roads including: Mesa Top Loop Road (4.7 mile&6 kn), Cliff Palace Loop Road (4.1 mile6.6
km), and Sun Templeoop Road (0.4 mile®.6 km (Figure 1)
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Connorg(Geologist NPS Geologic Resources Divisjdor the review of this document.

Pre-construction Paleontological Resource Assessment

In 2019, the stafat MEVE contacted the NPS Paleontology Program seeking assistance with a pre
construction assessment of potentially fossiliferous strata along the Mesa Loop Road. A technical
assistance request (STAR&724 was submitted by the park seeking support with the paleontological
resource assessment and to provide training for park B&ttkkeen June 2 and 6, 2019, NPS Senior
Paleontologistincent L. Santuccivisited MEVE to meet with park staff and to complete & pre
construction assessmenttbe proposed area of disturbance within the Cliff House Sandstone. The
primary paleontological resources documented during this assessment included invertebrate trace
fossils (ichnofossils) (Figure 2).

Park staff, including a number of archeologists, partteghan a paleontological resource training
session and visited several fossil localities along the Mesa Loop Road. The field visits provided the
opportunity to observe in situ fossils and to discuss methods for monitoring and documentation of
fossils encontered during the ground disturbing activities once construction begins. The park staff
requested the development of a guide to the common fossils from the Cliff House Sandstone which is
contained in this report. During the construction, the sta&féncairaged to maintain communication

with the NPS Paleontology Program for consultation as fossils are exposed. MEVE staff are welcome
to email photographs of fossils observed during construction (with a scale bar) for identification by the
paleontologists ithe NPS Paleontology Program.
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Figure 1. Map of Mesa Verde National Park showing the limits of disturbance along the park loop road system during proposed road work (NPS).



Figure 2. Fossil invertebrate burrows preserved in a block of Cliff House Sandstone at MEVE.

Geology

This guide provides basic geologic information regarding the Cretaceous Cliff House Sandstone, which
is the only stratigraphic unit occurring within the construction area blueprint and area of potential
distutbance. This summary of the geology is not intended to be comprehemsliteonal information

on the geology of MEVE and the Cliff House Sandstone is availaldeveral documents, including
Wanek (954, 1959), Griffitts (1990), Graham (2006), and the ME paleontologicalresource
inventory prepared by Harrison et al. (2017).

Several formations of Cretaceous age exposeth the park (Figure 2)n ascending order the Mancos
Shale, Pictured Cliffs Sandstone, Menefee Formation, an@lifiedouse Sandston@igures 3 and

4). The Cliff House Sandstons also thauppermost unit of the Megarde Groupwhich was named
for rocks exposed irMesa VerdeNational Park The Cliff House Sandstone wammed as the
uppemostformation ofthe LateCretaceoudesaverdésroup for exposures in canyons about the cliff
houses of Mesa Verde National Park, Montezuman@gp Coloradq in ParadoXBasin(Collier 1919)

No type localitywas formallydesignatedor the Cliff House Sandston€his prominent, aff forming
sandstone is approximatel20 m @00 ff) thick in the park and originallwasreferred to as th&Jpper
Escarpment” in eaylreports.

As described in Harrison et al. (201#e Cliff House Sandstone is:



Pale to dark yelloworange cliff-forming crossbedded sandstoneLocally several
tongues can be distinguished near the base. The formation is approximately 120 m (400
ft) thick in the area, but the top is not present in the park (Wanek 1959). In the southern
part of MEVE, the formtion is usually composed of two sandstone units separated by
softer sandy shale. The cliff dwellings were mostly developed in the upper sandstone
unit. Farther north in the park, the upper unit transitions into alternating thinner
bedded sandstone and signshale from slightly deeper water. Cliff dwellings could

not be developed in the northern facies (Griffitts 1990). Deposition ended in the MEVE
area around 77.5 Mfmillion years ago[M. Griffitts, pers. comm. to MEVE, 2006).

This formation was deposited during advancef the Western Interior Seawagy vast shallow body

of water that from approximately 100 million years ago to 70 million yearsTdu® seawagovered

much of cental and westermMNorth Americawhich waslow-lying at the time Prehistoric marine life
flourished in the shallow sea, at the sea floor, and within the uppermost levels of the marine sediment,
leaving behind abundant fossils.
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Figure 3. Basic geologic map for Mesa Verde National Park showing the geologic formations exposed at the surface.



Stratigraphic Units within Mesa Verde National Park
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Figure 4. Geologic map and stratigraphic section for Mesa Verde National Park (Harrison et al. 2020).



Paleontology

The paleontology of theark has been documented in an inventory produced by Harrison et al. (2017).
Types of fossils previously documented from the Cliff House Sandstone at MEVE inclhuadamd

other plant debrisshells ofbivalves, ammonitesand gastropodsjndetermined shelldones teeth,

and other fossils ofrays, sharksbony fishes turtles, plesiosaurs, mosasaurs, dinosaurs, and
undetermined reptiles and vertebratesertebrate trace fossils (borings, tracks, and burroars)
chimaera egg capsul@darrison et al. 2017). Similar but more diverse fossils have been found in the
Cliff House Sandstone at Chaco Culture National Historical Park (CHCU) (Varela et al. 2019); photos
and information from CHCU have been included to supplement the MEVE maiémamost likely

types of fossils to be found are mollusk shells, teeth and bones of marine vertebrates, and invertebrate
burrows. Because the Cliff House Sandstone represents-amegly nearshore sandstone, fossils are
frequently broken, worn, or otheise incomplete.

Invertebrate Body Fossils

Mollusks

Fossil mollusks of the Cliff House Sandstone include bivalves, ammonites, and gastBiypalsiss,

which include modern groups such as clams, oysters, and scallops, and gastropods, which include
modern gails and sluggroduce y pi c al fsea shell so. Compl ete fos
shells will probably look familiar to anyone who has looked for shells on a bal#ubugh they will
generally not be shiny, because that material is chemigaditable on geologic tinszalesand usually
converts to a duller mineral in shells of this dget infrequently the shell is lost entirely and a natural
internal cast ( a Anmoretesbdtoegrtonan extinétgroup af dephaldp@iibyi n d .
are known for their coiled, chambered shells, resembling shells of the nidalgitus but a minority

of ammonites had other shell forni3espite theilNautiluslike appearance, they were more closely
related to octopuses and squids.

Mollusks: Bivahes
Bivalves are the most diverse group known to date from the Cliff House Sandstone of MEVE. At least
ten genera have been reported. Although bivalves have two shells in life, usually the shells separate
upon death. Bivalve shells are generally asymmednd if wellpreserved often show concentric
growth lines (sometime as pronounced ridges, &soceramuy, although some shells are smooth or
have heavy radial ribbing that masks growth lines (&@ardiumor Ethmocardium whitgia species
reported fromMEVE).

Distinguishing bivalves to genus or species is best handled by a specialist, but several basic shapes can
be distinguishedSeveral figures have been taken from Harrison et al. (2017) (ABywearela et al.

(2019) (Figure6), and Griffitts (1999 (Figure 5) to illustrate these common shapes and others.
Complete shells of bivalves reported from the Cliff House Sandstone of MEVE can be broadly
described as resembling a right trianglghbophordFigure 5c],Nuculg Tellina); gentlyroundedn

all views (Cardiumand allies [Figure8D, 6D, and11D]); rounded and ridged like a soft cap set on a

flat surface lhoceramugFigures5Ai C, 6C, 7A]); elongate oval, triangular, or rectangular and rising

to a peak in one corne¥lpdiolus Volsellg; resembling an acute triangleifinad); overall circular but



with one side drawn out to a pointgncredig; or extremely variable(streg familiar as modern
oystergFigure 5E]).

The bivalves of MEVEG6s Cliff Houseatd&ad mishere ne ha
is the potential that many other genera are represented as well. Shapes known from bivalves present in
the same rocks at CHCU include: clawi k e fid e v i | d&sogyrasanmaPgcnddanté¢gare | | s (
3F; can also be eahaped andrequently found in dense accumulations of small shells, sometimes
encrusting other shell s]); over all r oAmomif but S
Cyprimerig ldonearcg; scallopshaped ©xytomg; purse or wing-shaped PRteria); and teardsp-

shaped (som¥oldia).



Figure 5. Figure 17 from Harrison et al. (2017) (NPS/G. WILLIAM M. HARRISON). Black bars are 1 cm;
black and white bars are 3 cm. Only D and E are from the Cliff House Sandstone, but relatives of the other
shells can be found in the formation. A) Inoceramus perplexus external mold from the Mancos Shale (MEVE
11242). B) Inoceramus dimidius cast from the Mancos Shale outside of MEVE (MEVE 78541). C)
Inoceramus subquadratus crenelatus impression from the Mancos Shale (MEVE 51916). D) An
Ethmocardium cast in the Cliff House Sandstone. E) Nearly complete Ostrea russelli from the Cliff House
Sandstone of MEVE (MEVE 48332). F) Loose Pycnodonte newberryi likely from the Mancos Shale (MEVE
11183). G) A bed of Pseudoperna bentonensis from the Mancos Shale (MEVE 11301).
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Figure 6. Figure 10 from Varela et al. (2019). Fossil bivalves in the Cliff House Sandstone of CHCU. A)
Fossiliferous sandstone containing abundant invertebrate (bivalve and gastropod) fragments, typical of
many lower and upper Cliff House Sandstone exposures (NPS/TOM LYTTLE); B) Molds and casts of
Inoceramus accumulation in a fallen sandstone boulder (NPS/PHIL VARELA); C) Fossilized shell material
of an Inoceramus (NPS/PHIL VARELA); D) Fossil shell material of cf. Granocardium (NPS/PHIL VARELA);
E) Steinkern of fossil bivalve (NPS/TOM LYTTLE); F) Mold (impression) of fossil bivalve (NPS/PHIL
VARELA).
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Figure 40. Some typical fossil clams of the Cliff House Formation: a.) Inoceramus;
b.) Dosinopsis; c.) Cymbophora; d.) Ethmocardium; e.) Modiolus. One centimeter
scale indicates size of specimen.

Figure 7. Figure 40 from Griffitts (1990) showing several bivalves from the Cliff House Sandstone of the
Mesa Verde area.
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Mollusks: Ammonites
Two genera of ammonites have been identified from the Cliff House Sandstone of lsiitldan
be easily distinguishe@@ne genusPlacenticerashas the classic coiled shell sh@pgures9A, 9C,
9E, 12A). Complete examples have a discoidal shape with the outer whorl overlapping the inner
whorls. The divisions of the chambers are marked by squiggly sutures. The otheBgenlites
had a long tapering shell, straight to slightly cuneaett oval to par-shaped in crossection(Figures
8, 9B, 9D, 9F, 12B). As with Placenticeraghe divisions of the chambers are marked by squiggly
sutures. Baculitesfossils ardrequently found as disassociated pieces consisting of one or more
internal casts ofhambersThecomplexsutures give these piecesiausoidalppearance side
view.

G

Figure 8. Figure 18 (G) from Harrison et al. (2017). A series of Baculites chamber casts from the ClIiff
House Sandstone of MEVE (MEVE 7257). Scale 1 cm (NPS/G. WILLIAM M. HARRISON).

12



é i R Y O N
Figure 9. Figure 11 from Varela et al. (2019). Fossil cephalopods from the lower (Kchl) and upper (Kchu)
units of the Cliff House Sandstone of CHCU (NPS/PHIL VARELA): A) Undetermined ammonite cast (CHCU

121701) (Kchu); B) Baculites sp. cast (CHCU 131419) (Kchu); C) Undetermined ammonite cast (Kchl); D)
Baculites sp. impression (Kchu); E) Undetermined ammonite cast; F) Baculites sp. cast.
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Mollusks: Gastropods
Snalils are poorly known from the Cliff House SandstifdEVE. A few specimensare known which
resembe a spiraling icecream conéFigure 8) Snail fossils are frequently internal ca&teinkerny,
which form when sediment fills an empty shell and the calcitic shell later is lost to chdisécdlition.
As with bivalves, a much more diverse assemblage of snails is known from the Cliff House Sandstone
at CHCU(Figure 9) They generally range in size frdess tharan inch to a few inches lonfn hand
sample, major differences include the aneamtation on the shell (if the shell is present) and how
steeply the shell coils or spirallost of the snail Isells that might be predicted at MEVEIn the
gamut from a tallskinny spiral (as in Mesalia or Turritella) to avery low angle of coiling (ag
Solariunj. There are exceptions, though, such as the liieAnisomyoncaplike shell of this form
can be mistaken for bivalve shells, but do not have hinges because they were single shells, not part of
a pair.Most tall shells taper, but some dotnlike Holospira, which looks something like skinny
beehive with an exhaust pipEhe outer whorl of the shels sometimegxaggerated, giving the shell
a bulbous scroll or jdike appearancesuch as irEuspirg Gyrodes or Haminea Part of the oute
whorl can be extended into a pgistichas inVolutodermaor Volutomorpha

Figure 10. Figure 19 from Harrison et al. (2017). Gastropods (NPS/G. WILLIAM M. HARRISON). Black
bars are 1 cm. A) Turritella cf. whitei collected by Mary Griffitts in the Mancos Shale (MEVE 71612). B)
Gastropods from the Cliff House Sandstone of MEVE (MEVE 7301).

Other Invertebrates

Mollusks dominate # Cliff House Sandstone of the MEVE araad few otheinvertebrate groups

have been reported from the formatidmy specimens that are not mollusks would be notabiker

et al. (1991)working outside of MEVEDbriefly mentioned fossils of bryozoare,type of colonial
invertebrateBryozoans are notable encrarst so they may be found as colonies on other fo3sitsy
havesub-millimeter-scale pinprickike poreshat held the individual bryozoan animaisCliff House
Sandstonasteroid $ea stgrfrom MEVE or the immediate vicinity was illustrated in Griffitts (1990)
(Figure 10E) and is a rare find because sea stars usually disaggregate into small fragments upon death
A specimen of the echinoid (sea urchifgrdouinia taylorihas been reported moCHCU (Siemers

and King 1974; Varela et al. 2018uch a fossil would have a shape between a cone and a dome, with
six small holes near the center of the flat side in a star pattern, a star shape with perforate loop arms on

14



the convex side, and a largeléoff-center fromthe loop starOther echinoids would look broadly
similar, with a bulbous body and features with fsided symmetry.

Figure 11. Figure 12 from Varela et al. (2019). Fossil gastropods from the Cliff House Sandstone of CHCU.
A) Fossil gastropods in situ (NPS/PHIL VARELA); B) Volutomorpha sp. gastropod cast in situ (NPS/TOM
LYTTLE); C) Fossil gastropod cast (NPS/PHIL VARELA); D) cf. Gyrodes sp. gastropod casts and cf.
Granocardium sp. bivalve cast (NPS/PHIL VARELA); E) Fossil gastropod in situ (NPS/PHIL VARELA); F)
Fossil gastropod in situ (NPS/PHIL VARELA).
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Figure 41. Invertebrate Fossils of Cliff House Formation: a.) tightly coiled, disc-
shaped ammonites (Placenticeras); b.) slab with numerous straight ammonites
(Baculites maclearni); c.) snail; d.) Crustacean burrows (Ophiomorpha); e.) star-
fish. One centimeter scale indicates size of specimen.

Figure 12. Figure 41 from Giriffitts (1990) showing several types of non-bivalve invertebrates and other
fossils from the Cliff House Sandstone of the MEVE area. Part d is labeled Ophiomorpha but is more typical
of Thalassinoides.
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Invertebrates other than mollusks are rare in general in the rocks of the Western Interior Seaway.
Kauffman (1967, 1969) noted thgonges, corals, bryozoans, rmammonoid cephalopods, barnacles

and other crustaceans, and echinoderms were rare or essentially absent, and that even though
gastropods were diverse, they were also rare in most assemBlageal groups of invertebratese

potentially presenas body fossilsn the Cliff House Sandstone because they are known tirace

fossils, or have been found ather Upper Cretaceous formations in the apéetos of examples can

be found on the onl i nel ififCatos:ivave.eretacepusalldasiorgilee of  An
information below summarizes the invertebrate paleontology of the Cliff House Sandstone.

1 Spongesnd annelid worms are poorly represented by body fossils, eeckilneir soft bodies.
However, their presence can be inferred by c
There is some potential for finding serpulid worm tubes, which are calcareous tubes
constructed as dwellings by serpulid worms. Thesestuleuld be most likely found
encrusting shells and generally resentm@llworms (mmscale diameter) turned to stone.

1 Brachiopodsalso known as lamp shells because some resemble ancient oil lamps, are a minor
constituent of Western Interior Seaway asdagds. Some are known from the Mancos Shale
just outside of MEVE, includindpisciniscaand Lingula. Disciniscashells are more round
while Lingula shells are more ovoid to rectangular and tend to be smaller, but neither are
usually much larger than 1 cmnlike mollusks, their shells are dark and glossy because they
are made of a phosphatic material similar to our fingernails. Concentridhglioes are
prominent.

1 True nautiloid mollusks of the Western Interior Seawayast representiby Eutrephoceras
which can be distinguished from coiled ammonites by its simple chamber siitoaesfurther
be distinguished from the ammonRacenticerady its bulbous rather than flattened shell.
DetachedEutrephoceraschambers have a horsesHibe appearance.is genus is known
from many Western Interior Seaway formations.

1 Scaphopod molluskslso known as tusk shelldyell at or within the seafloor and are known
for their elongate conical shells, which are open at both ends and are generally gently curved.
These shells are 15 cm (5.9 in) long or less, usually less than half of that. Although found in
other Western Interior Seaway formations, they prefer soft substrates and therefore are unlikely
to have been a major component of the Cliff House Sandstone fauna

1 Crustaceanswhich include barnacles, crabs, lobsters, and shrimp, are not known from body
fossils in the Cliff House Sandstone, but it is known that shiikepcrustaceans were part of
the fauna due to trace fossils (see below). Barnacles may beergpreby individual plates
or their entire nutike bodies, and may be found attached to larger shells. Other crustaceans
are unlikely to be found as complete specimens, especially considering the energetic sandy
environment of the Cliff House Sandstobat fragments of their limbs and carapaces may be
present. Thie phosphatic compositiomay give these thin pieces a dark appearance.
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1 Crinoids also known as sea lilies (when attached to something) or feather stars (when free
living), are echinodermshichfeed by filtering particles out of the water with a crown of arms
attached to a central body called a calyx. The calyx in turn may or may not be connected to a
hard object with a stalk. Practically the entire hard framework of a crinoid is made up of small
disk- or columnlike pieces (stalk, arms) or plates (calyx) which disassociate upon death. Free
floating crinoids are known from various Western Interior Seaway formatidingacrinug),
so it is possible that crinoid fragments may be found ircClifeHouse Sandstonéiowever,
these pieces will be smaller than 1 cm (0.4 in) and therpfolmblynot immediately obvious.

Vertebrate Body Fossils

Isolated bones and teethmarine vertebratemrethe mostlikely vertebrate body fossite find inthe

Cliff House Sandstoné he relatively high energy of the depositional setting makes it unlikely that
complete skeletons will be foundieeth are usually the most durable part of a skeleton, and in many
groups of vertebratdheteethare continuallyshal andreplaced, making them abundant fosSlsark

teeth, ray teeth, bony fish teeth, and marine reptile teatte all been found in the CIiff House
Sandstone of MEVE (Harrison et al. 2017) and are alseregtesented at CHCU (Varela et al. 2019)

Teeh may be found in partial or complete jaw bones, which tend to be among the most durable bones
of the skull due to their use in feeding.

The teeth of sharks and rays frequently have prominent roots supportingbéguoeserrated teeth
sometimes with sntleaccessory points at the base of the tgbtbures B, 15C, 16). Teeth of the shark
Scapanorhynchusare typical(Figures 5C and 16F). The raylschyrhizais represented by small
pointed teetliFigure BD). Several other genera are represented i€lifftHouse Sandstone at CHCU
(Figure B).

The bony fishEnchoduss represented at MEVE bglongate spinelike teeth(Figures 4 and BA).
Mosasaursjarge marine reptiles are represented by stout conical teethMEVE (Figure 1I7B).
Mosasaur teeth mayakie distinct cutting edges with small serratidd@me mosasaurs that lived at the
same time as the Cliff House Sandstone had distinctive bulbousm@grblelike teeth for crushing
hard objectsGlobiden3, but they have not been reported from thisrfation yet. Bulbous crushing
teeth werealsopresent in a group of sharks that went extinct before the Cliff House Sandsibne
which are found in older rocks the MEVE area [Figure3C].) Plesiosaurs, second group of marine
reptiles, are known frora few bones in the Cliff House Sandstone at ME&E so their teeth may
also be present. Their teeth will resemble pointed conical mosasaur Iteetim be difficult to
distinguish between mosasaur teeth and plesiosaur teeth, especially if the toagmentary or
otherwise poorly preserved, because the two groups overlapped in spreaitdmsPlesiosaur teeth
tend tobe proportionally skinnier than mosasaur teeth, and although there are often ridges @swrink
running the length of the tootthdre are no true serrated cutting exige
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Figure 13. Figure 22 from Harrison et al. (2017). Teeth of cartilaginous fishes (NPS/G. WILLIAM M.
HARRISON). Black bars are 1 cm. A) Squalicorax tooth from the Mancos Shale outside of Mesa Verde
(MEVE 51220). B) Lamnid shark tooth likely from the Cliff House Sandstone (MEVE 73667). C) Ptychodus
decurrens tooth from the Mancos Shale outside of Mesa Verde (MEVE 51222). Ptychodus probably
crushed mollusks with its bulbous teeth, and appears to have gone extinct several million years before the
deposition of the Cliff House Sandstone. D) Ischyrhiza tooth likely from the Cliff House Sandstone (MEVE
73670).
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Figure 14. Figure 23 from Harrison et al. (2017). Teeth of bony fish. A) Enchodus tooth collected during
the construction of the Chapin Museum (MEVE 43908) (NPS/G. WILLIAM M. HARRISON). B) Enchodus
tooth as it appears in the field (NPS/GEORGE SAN MIGUEL). Both are from the Cliff House Sandstone in

MEVE. Black bars are 1 cm.
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Figure 42. Some vertebrate fossils of Cliff House Formation: a.) tooth of
large fish (Enchodus); b.) gill cover of large fish (Enchodus); c.) shark tooth
(Scapanorhyncus); d.) rib of Plesiosaur or dinosaur (note impressions of small
clams also). One centimeter scale indicates size of specimen.

Figure 15. Figure 42 from Griffitts (1990) illustrating typical vertebrate fossils known from the Cliff House
Sandstone of the MEVE area.
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Figure 16. Figure 13 from Varela et al. (2019). Fossil shark teeth from the Cliff House Sandstone of CHCU
(NPS/PHIL VARELA). A) Assorted shark teeth found in float including Squalicorax sp. and other unidentified

shark teeth; B) Bulk collection of unidentified shark teeth (CHCU 95143); C) Undetermined shark teeth in

situ eroding out of sandstone; D). cf. Serratolamna sp. shark tooth; E) Archaeolamna kopingensis shark
tooth (CHCU 131416); F) Scapanorhynchus texanus shark tooth.
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Bones are most likely to be isolated vertebrae (fish and reptilepjeatial to complete ri limb, and

girdle bones (reptilesMost vertebrae are composed of a cylindrical main body called a centrum and
a series of projectingony struts and sparsyhich varydependhg on the animal and the position of

the vertebra in thepinalcolumn.These bony processes serve various functoich as articulating

with other vertebrae, attaching to ribs or the pelvis, or providing anchor points for soft $sshes
muscles and ligamentBrocesses may be broken off after death, especially if they are thin and spine
like, or mayseparate fnm theircentrum because the animal was not fully grown and the bones were
not fully fused.A centrum typically has Eengthvs-diameter ratio between a hockey puck and a can
of soup. It may have distinctive ridges and hollows. The ends of a centrum niky, m®nvex,
concave, or saddighaped, depending on the animal and position of the vertebra.

The classic fish vertebitaas a centrum with series of struts and troughs from one end to the,other
and concave ends (Figur8)1The ends may be so deeplyncave that a hole is present in the middle
of the centrum.flthe vertebra isvell-preservedjt may show long spiny projections, but these are
easily broken, leaving only the centruMost marine reptiles are much larger than feshg soare

their vertebae, although some large fish overtlye body sizes admall and young marine reptiles.
Marine reptile vertebraalso are not as strongly concave on the ends of the cerdoumot have
elaborate struts and troughs on the centamdhave sturdieprojedions If the vertebra is not broken
and came from an adult, thengll be an arched feature attached to the centrum, often with several
bony projedbns, that encloses a tubular passage which held the spinal cord (Fi§@e Hish
vertebrae also have ghcanal, but it is not asftenseen because of damage

Other than vertebrae, fish bones are uncommon or at least difficult to recagisntated bonebeing

mostly delicate ribs and fin raythey are best seen in marempletespecimengFigure BA). The

limb bones and ribs of large reptiles are stouter and are known in small numbers from MEVE (Figures
15D and T’A) and CHCU (Figure 9). Reptile bones will have a brown color (Figuré&land 1)

and broken surfaces will often have a spongy texture, or may be splintering if the damage has just
occurredPieces of cylindrical bones with curvature can be identified as partial ribs (FiglDemil

17A). The bones making up the paddles of marinélespmay be blocky to-$haped, while the large

limb bones (humerus or upper arm, and femur or thigh bone) are flattened and roughly triangular to
elongate (plesiosaurs) or more dumbisélaped (mosasaurs). The shoulder girdles of mosasaurs and
plesiosaus are composed of broad flat irregular bones. This is also true of the plesiosaur hip but not
the mosasaur hip, which is composed of smaller and mo#keodones.

Other groups of reptiles may be found in the Cliff House Sandstone at MEVE. Turtleparefkom

this unit at CHCU (Varela et al. 2019) and are known for their dense bones. Western Interior Seaway
turtles were enormous marine turtles and their shells were not solid throughout, but pieces of the shell
may be found. Dinosaur bones are uncominomearshore sandstones, but isolated teeth (hilesle

and carnivorous, or faceted and herbivorous) and bones may be present. Their limb bones can be
distinguished from marine reptile limb bones because they are cylindrical. Marine avian dinosaurs such
asthe famous flightless toothed biktesperornisareanother possibility; these bones may outwardly
resemble modern bird bones but are much denser to decrease buoyancy. Scott et al. (2001) reported
amphibiansn the CIiff House Sandstone, but did not previpecifics
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Figure 17. Figure 24 from Harrison et al. (2017). Reptile bones (NPS/G. WILLIAM M. HARRISON). A)
Reptile bone collected from the Cliff House Sandstone (MEVE 10358). Black and white bar is 3 cm. B)
Mosasaur tooth found in the Cliff House Sandstone above an alcove.

Figure 18. Figure 14 from Varela et al. (2019). Fossil fish from the Cliff House Sandstone of CHCU
(NPS/PHIL VARELA). A) Clupeiform fish (cf. Paraclupeidae) (CHCU 79452); B) Unidentified fish vertebra;
C) Unidentified fish vertebra in situ; D) Unidentified fish vertebrae in situ in a fossiliferous horizon.
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