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PREFACE 

The objectives of this study have been threefold. 1) Compilation 

of an inventory of important Mesozoic paleontologic sites, particularly 

of dinosaurs and Mesozoic mammals. 2) Analyses of those sites that are 

considered of unusual significance and potentially eligible for desig­

nation as a Natural Landmark. 3) Recommendation of sites for inclusion 

in the National Register of Natural Landmarks. 

Understandably, a vast majority of the sites listed in the Inven­

tory of this report (Part II) have not been recommended for inclusion in 

the Natural Landmark Register. In most instances these have not been 

recommended because in my judgement they are not of outstanding or extra­

ordinary significance; site integrity cannot be established; or no record 

of the exact location could be found. In some instances worthy sites 

were not recommended because they duplicated other (recommended) sites 

that were considered at least slightly superior. 

It should be understood that the final decision to recommend or 

not recommend a particular site was my decision alone based on all infor­

mation available to me. This should not be interpreted that I would oppose 

recommendations by other authorities of any sites that I happen not to 

have included in my List of Qualified Sites (Part IV). I have not visited 

many of the sites and in many cases the materials derived from these sites 

are known to me only from secondary sources. The fact that I have not rec­

ommended a particular site should not be considered as reason to disqualify 

that site. 

At this point I should say that some disagreement exists among 

professional paleontologists as to whether reports of this kind should be 
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PART I 

INTRODUCTORY REMARKS 

The Mesozoic or middle era of life covered an interval of about 

170 million years and is one of the most important chapters in the his­

tory of vertebrate life. It is commonly known as the Age of Reptiles 

because the fossil evidence clearly indicates that this class of verte­

brate animals flourished during Mesozoic times like it never did before 

- or has since. Symbolic of reptilian success during the Mesozoic are 

those creatures called dinosaurs, best known of all Mesozoic life. Im­

portant though'dinosaurs were, they were not the only vertebrates of 

those times. There were various other familiar reptiles such as turtles, 

crocodiles, lizards and snakes. The first mammals and birds appeared 

during the Mesozoic and there were archaic amphibians (called labyrinth-

odonts) as wellas ancestors of the more modern amphibians (frogs and 

salamanders). In addition, there were many varieties of mammal-like 

reptiles (therapsids), ichthyosaurs, plesiosaurs, placodonts, notho-

saurs, mosasaurs, phytosaurs, pterosaurs, protorosaurs, procolophonids, 

pseudosuchians, champsosaurs and many others. 

The Mesozoic chapter of life history is particularly important 

as far as vertebrate animals are concerned for a number of reasons. First 

of all, it was during Mesozoic times that the two highest vertebrate 

classes originated - the birds and mammals that dominate the vertebrate 

world today. Second, the Mesozoic Era witnessed the extinction of one 

major group (the mammal-like reptiles) that had dominated previous times, 

and the near extinction of another major kind of reptile (the archosaurs) 

that dominated the Mesozoic Era. Thus, the Mesozoic encompassed two 

major changes in terrestrial faunas. 
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The first migration of vertebrate life from a watery habitat 

to life on land occurred in mid-Paleozoic times (perhaps Early Dev­

onian). 3y mid or Late Carboniferous time a variety of small reptiles 

(and amphibians) were at least moderately well adapted for terrestrial 

life. These early land tetrapods are classified as stem reptiles 

(Order Cotylosauria) and primitive mammal-like reptiles (Order Pelyco-

sauria). 3y Permian time, the continents of the world were dominated 

by a variety of cotylosaurs (captorhinomorphs, procolophonids, pareia-

saurs, millerosaurs), pelycosaurs (sphenacodonts, ophiacodonts, edapho-

saurs) and more advanced mammal-like reptiles (gorgonopsians, cynodonts, 

therocephalians, bauriamorphs, dinocephalians and dicynodonts). In fact, 

the world was very much dominated by the mammal-like reptiles - including 

the ancestral stock of mammals. 

T.TX x \ . 4- V- ^ "U - — - — - -' . - .r x v. „ rir m^A *> 1* - — i — -3 .1 -. — —«.«•<— J 
i t x u i i Uixc. tjxrfx._i.ixiia..*xg u i uuw n c o u i j u i o ^ii a , ex oxicxx jy u e e x x i x c u ^ i / U x i c u 

in both the cotylosaurs and the mammal-like reptiles. All pelycosaurs 

and all cotylosaurs (except a few proclophonids) became extinct by Early 

Triaasic times, along with most of the higher mammal-like reptiles (ther-

apsids). During the Triassic Period a major faunal change took place and 

the landscapes were repopulated with new reptilian kinds - most of which 

were related and are classified together as archosaurs. The new forms 

included the thecodonts (phytosaurs, proterosuchians and the dinosaur 

ancestors - pseudosuchians ); crocodilians and the two orders of dinosaurs 

(Ornithischia, Saurischia), as well as turtles, the first plesiosaurs, 

ichthyosaurs, placodonts and nothosaurs. Also appearing in Late Triassic 

times were the first true mammals. The rest of Mesozoic time records the 

evolutionary diversification of these archosaurs - including the appear­

ance and early radiation of birds. Strangely enough, though, there is very 

little information about Mesozoic mammals indicating only modest diversi-
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fication. The dinosaurs and their archosaurian relatives dominated 

all lands of the earth. 

The final stages of the Mesozoic register a gradual decline 

of nearly all reptilian kinds and terminate at the end of the Cret­

aceous with the extinction of all archosaurs except the crocodilians 

(and the archosaurian derived birds) as well as all of the peculiar 

aquatic types and many terrestrial forms. Only turtles, lizards and 

snakes and a few rhynchocephalians survived the great dying at the 

end of the Mesozoic Era. 

The ensuing Cenozoic chapter is well known as a record of the 

"explosive" diversification of mammals - the terrestrial successors to 

the dinosaurs. 

This very brief and over-simplified summary of the history of 

ncbU^OlC uci r e s t i ' i c t i i i i c j . s u i u i u u c u j l c r e au4.cj.jf ou p x a u e oiic j . Oj.XOW-i.ng 

statements and the remainder of this report in proper context. The Meso­

zoic chapter is a most important chapter in the history of land verte­

brates for it contained two major, nearly complete, changes in verte­

brate faunas. The Mesozoic Era spawned the vertebrate faunas of today 

of 
and the mark Mesozoic events is stamped on these faunas. 

A 

The object of this study was to compile an inventory of import­

ant sites in the United States from which our knowledge about Mesozoic 

life has been obtained - and to identify those sites that are of special 

significance and still retain more than historical value today. It 

should be evident that the preceding summary is derived from thousands 

of fossil-bearing sites all over the world, as well as from geologic 

evidence from innumerable other sources. The evidence is extremely frag­

mentary and the history known to us is thus quite incomplete. Fossil 

http://au4.cj.jf
http://Oj.XOW-i.ng
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vertebrate remains of any sort are very rare, and well preserved articu­

lated and complete specimens are extremely rare. It is doubtful that our 

present knowledge of terrestrial vertebrates of Mesozoic tines constit­

utes more than 20 percent of the total. In other words, as much as 80 

percent of the different kinds of Mesozoic life may still be unknown 

to us. We are constrained in our history lesson by a history book in 

which four out of every five pages are blank. Perhaps we will discover 

new bits of history to record on those blank pages with discovery of 

new sites in those regions of the world that have not yet been fully 

explored, but in all probability the largest fraction of preserved Meso­

zoic history has already been discovered. That history rests on sites 

such as those listed in the Inventory of Part II of this report. 

The three chapters of Mesozoic time - Triassic, Jurassic and 

'Cretaceous - are not equally represented in the evidence that exists 

today. For example: there are no continental deposits in North America 

of Early or Middle Triassic age - only Late Triassic. Similarly, only 

Late Jurassic continental deposits are known in the United States, but 

these are confined to the Pocky Mountain states and are probably limited 

to a single formation (Morrison) that represents only the latest part -

perhaps only a few million years out of x5 million years, the current 

duration assigned to the Jurassic Period. The fact that the first 90 

percent of the Jurassic Period is not represented by any terrestrial 

deposits within the limits of North America, cannot be dismissed - the 

largest part of history has not been preserved. The Cretaceous chapter is 

a little better - in that we have fragments of the continents history at 

the beginning of the Cretaceous Period and a moderately good record for 

much of the last third of that interval. The rest of the Cretaceous ter­

restrial record is unknown. The sediments preserved for the missing 
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intervals are marine in origin and register the history of shallow 

seas and only fragmentary glimpses of life on land. 

Brief summaries follow on the nature of the continental sedi­

ments of each of the Mesozoic systems preserved within the continental 

United States. 

Continental Triassic Sediments 

Continental Triassic rocks occur in two general regions of the 

United States - the eastern seaboard from Massachusetts to North Carolina 

and the southwestern and Rocky Mountain states from Texas to Montana. The 

eastern Triassic sediments occur in long, narrow fault blocks associated 

with extrusive and intrusive volcanic rocks, bounded by older Paleozoic 

metasediments. The western Triassic sediments occur as broad sheets (now 

v-.-j.ww* v. w v w. v*. O.W.V* j_ w v w_i. j_̂  w w » v* -t. \* v» **fj j v* w.it{̂  •- J. O — -»̂_*̂.̂- **»•_/ •«• — w-.-̂.—. — -̂  j — —.. — O 1/ - -- - -3 

and conglomerates that represent ancient flood plain and channel deposits 

and dunes sands. The sediments of both regions are of approximately simi­

lar ages - Late Triassic. 

The restricted areas involved and the more humid environment with 

the consequent heavy cover of vegetation, greatly minimize the amount of 

natural exposures of eastern Triassic rocks. It is not surprising, there­

fore, that most of the Triassic vertebrate sites have been discovered in 

the process of quarrying or other excavation. With few exceptions, the 

eastern Triassic discoveries have been associated with human activities 

related to the settling and urbanization of the eastern states. Future 

finds will result from similar activities, except that one major differ­

ence exists now. Future excavations in eastern Triassic rocks will be 

for building and highway sites, not for building materials as in the last 

http://v-.-j.ww*
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century. Thus future sites most probably will be doomed to destruction, 

and the more destructive procedures used today will further reduce the 

probabilities of new discoveries. 

The stratigraphy of the eastern Triassic is generally similar 

throughout the region. Formation names differ locally, but all units 

are referred to the Newark Group and are considered of Carnian, Norian 

and Rhaetic ages. The facies are predominantly shales, sandy shales and 

sandstone (arkose) with conglomerates locally. Interbedded with these 

are various intrusive and extrusive trap rocks. The most common fossils, 

particularly in New England and New Jersey, are footprints which are 

known from hundreds of sites and at some locales are present by the 

thousands. Invariably these occur in the shale facies. Fossil bone is 

exceedingly rare, being represented by three or four dozen (at the most) 

f raifijsnts. Articul aterl remain*? are extreme! v rare- Bores(as nrjnnsed tn 

footprints) seem to occur exclusively in the sandstone facies. 

The continental Triassic of the western interior includes a 

greater variety of facies and probably represents a longer time span 

than does the eastern sequence. As a result of several fossil finds in 

the last decade or two, reference of western Triassic formations to a 

standard stratigraphic column is currently under debate. The classic 

section of the southwest - Moenkopi, Shinarump, Chinle - occupies a 

large area (parts of New Mexico, Arizona, Utah and Colorado), but only 

the Chinle has produced significant remains of terrestrial vertebrates. 

Overlying the Chinle Formation in much of the southwest is the Kayenta 

and Navajo Sandstones - both of which have long been considered of Early 

Jurassic age. Recent finds make this conclusion debateable, suggesting 

that both may be of Late Triassic age. 
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Unlike the exposures of eastern Triassic sediments, western 

exposures are extensive, although often extremely rough - if not im­

passible. Some fossil vertebrate discoveries here have been accidental, 

but most fossil sites listed in the Inventory of Part II were found 

by intensive and deliberate search. The country is so vast and human 

occupation so sparse that future discoveries in all probability will 

result from future paleontologic explorations, rather than chance finds. 

Jurassic Continental Sediments 

Continental Jurassic rocks are limited to the western interior 

of North America - the Rocky Mountain states from Arizona and New Mexico 

north to Montana. Although other names have been applied locally in the 

past, most (if not all) of these sediments may be referred to a single 

formation — the Morrison. The Morrison Formation consists of Gladstones, 

mudstones, sandstones and conglomerates of fluvial origin and spread as 

a broad blanket, from a few tens of feet to 700 or 800 feet thick, across 

most of this region. Locally it has been eroded away or is covered by 

younger sediments. The Morrison Formation represents flood plain and 

channel sediments deposited by a vast network of major river systems 

that meandered across broad, low coastal plains. As with the Triassic 

deposit? , these sediments represent only the last part of the Jurassic 

Period (Kimmeridgian and Portlandian). 

Exposures are extensive and the total area involved is great, 

"but the low population density suggests that future discoveries will 

result largely from intensive and deliberate searches by paleontologists. 

Hopefully, though, accidental discoveries by ever-broader-ranging amateurs 

will be brought to the attention of appropriate scientists. 
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Cretaceous Continental Sediments 

Early Cretaceous continental sediments occur locally on the 

eastern seaboard (Maryland and Washington, D.C.), the south (Texas 

and Oklahoma) and the Rocky Mountain states from Colorado to Montana. 

The eastern deposits (Arundel Formation) are considered to be of Neo-

comian age and have produced small collections of fragmentary dinosaur 

remains. The western deposits are believed to be slightly younger 

(Aptian and Albion) and have produced relatively large samples of 

dinosaurian and other reptilian remains. Exposures of these Lower 

Cretaceous formations are not as extensive, or as fossiliferous as 

are those of the Upper Cretaceous. The most productive units to date 

are the Trinity (Glen Rose) of Texas and Oklahoma, the Kootenai of 

Montana and the Cloverly of Wyoming and Montana. All three are fluvial 

j.n ori.gj.ii, consrscxiig pri.iiiari.j-y oi cxaystone anc sauusooiies vui/j xocal 

conglomerates. 

Late Cretaceous continental deposits are limited to the western 

interior, from New Mexico north to Montana. A few Late Cretaceous 

terrestrial vertebrates have been recovered along the east coast, but 

all have come from marine sediments and thus appear to represent rafted 

carcasses. A few similar occurrences are known from marine sediments in 

the interior (Niobrara, Pierre and Bear Paw Formations) and along the 

west coast (Moreno Formation). The Late Cretaceous sequence of the 

Rocky Mountain region is classic for fossil vertebrate remains and col­

lectively has been one of the most productive sequences in the New World. 

Such units as the Judith River, Lance, Hell Creek and Two Medicine have 

produced most of the evidence, but other formations such as the Ojo 

Alamo, Kirtland,Fruitland, Denver and St Marys have contributed import-

http://ori.gj.ii
http://pri.iiiari.j-y
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ant finds. Many of these interfinger or are interbedded with marine 

facies and thus are quite reliably dated from Campanian to Maestrich-

tian in age. As with most other continental sediments, these are chiefly 

flood plain and channel deposits of large, lowland drainage systems. 

Exposures of Late Cretaceous sediments are quite extensive, 

although in the last few decades large sections of outcrop belts have 

been inundated as a result of dam construction by the Corps of Engineers 

and the Bureau of Reclamation. Most of the Late Cretaceous exposures are 

in remote and sparsely populated country, hence future discoveries are 

most likely to be made by paleontologic explorations. Accidental finds 

by amateurs and 'rock hounds, on the basis of previous experience, are 

not likely to be reported to appropriate authorities or scientists before 

the site is damaged. Thus it seems unlikely that significant new finds 

The nature of the fossil evidence varies from site to site and 

from horizon to horizon. The usual find is an isolated bone or a few 

fragments. Less frequently, several associated, but disarticulated bones 

will be discovered. Partial skeletons are extremely rare and a complete 

articulated skeleton is an extremely improbable event. Generally speaking, 

the coarse clastic facies (channel deposits) are the most fossiliferous, 

but the remains found here are almost always fragmentary or isolated ele­

ments. Partial, articulated skeletons seem to be most common (yet rare) 

in finer facies (shales and mudstones). The best preservation is usually 

found in lake deposits (very fine-grained and finely laminated deposits), 

but such deposits are very uncommon in the continental Mesozoic sediments 

of North America. In short, our knowledge of the terrestrial life of 

Mesozoic times is based on highly improbable discoveries of extremely 

rare and often poorly preserved and fragmentary fossil remains. 



PART II 

INVENTORY OF MAJOR MESOZOIG FOSSIL VERTEBRATE LOCALITIES 

The following inventory of Mesozoic fossil vertebrate locali­

ties includes most, but certainly not all, of the major sites within 

the continental United States that have relevance to the history of 

dinosaurs and Mesozoic mammals. It should not in any way be considered 

an exhaustive list. Undoubtedly the Contractors have overlooked some 

sites that other authorities would consider to have major significance. 

In addition, numerous localities have been omitted because they have 

been "lost" - either because of an initial failure to record the loca­

tion, inaccuracies in original field records, loss of original field 

records, or alteration of the landscape so thai recognition of the site 

is no longer possible. In addition, many other Mesozoic vertebrate local­

ities have been excluded from this report in keeping with the specifi­

cations of the contract, emphasis being given to those sites that are 

considered of particular significance to our understanding of the rise 

and ultimate extinction of the dinosaurs and Mesozoic mammals. 

Every effort was made to maintain complete objectivity in the 

assessment of the numerous fossil sites that came to our attention 

during the course of this investigation, but a certain amount of per­

sonal bias must be acknowledged in each judgement as to whether or not 

a particular site was of major importance. Some sites, with which the 

authors had little or no first hand experience, may have been downgraded 

while others that were more familiar to us may have been valued too 

highly. In the final analysis, each judgement registered here represents 

- 10 -


