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ments in Chapter 1),
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vertebrate paleontology.
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INTRODUCTION
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THE PROBLEM

The Cenozoic Era commonly is referred to as the
“‘age of mammals’' and includes that part of earth
history between about 64 million years ago and the
present. It was the time in which mammals dom-
inated the vertebrate fauna on the earth's dry sur-
face after the extinction of most of the great rep-
tiles. Less generally known, however, is the fact
that animals identified as mammals have been a
part of the earth's land fauna for most of the
Mesozoic Era (“age of reptiles'), as well. The
Mesozoic Era includes the Triassic, Jurassic, and
Cretaceous periods (see Fig. 2-1) and extended from
roughly 240 to about 64 million years before the
present; mammals make their first appearance in
the fossil record of the Late Triassic, and indicate
that mammalian life existed at least 200 million
years ago. Thus the designated “age of mammals"
comprises less than one-third the total time span of
the Class Mammalia,

The literature on Mesozoic mammals is smﬂy

ally the literature is quite technical and there are no
recent overall summaries of the subject available. It
is also difficult for thou not trained spenﬂu]iy i.'n
the field of
the state of present knowledge cl:nwnms Mesozaie
mammalian history. To help alleviate these prob-
lems, the most essential data here are made available
in a single publication. The basic purposes of the
book are to summarize: (1) the present state of the
fossil record in terms of spatial and temporal
distribution and known parts of the animals them-
selves; (2) the scheme of the existing classification
systems and their weaknesses; (3) the biological
characteristics of |.'h= vlr.loln groups in mms of
li

roles, m:nt of adaptive dwu'su'icndun!. mdes of
and wil

plants; and (4) the known paleogeographic history of
the earth during per:h::nl parts of lhe Mewm: in
relation to probabilities of i

of land vertebrates.

The Mesozoic occasionally has besn referred to
as the “dark ages” of mammalian history. The ap-
pellation is well deserved considering the paucity of
scientific information now available, Less is known
about the entirety of the first 140 million years of
mammalian evolution than for any of the various
epochs of the Cenozoic except, perhaps, the

scattered in a large number of
obscure, and in several different languages. Gen«-

P, Thus vast areas of significant paleon-
_ tological research remain 1o be completed before
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documentation of the times of yore of early Mam-
malia may be considered satisfactory.

MESOZOIC MAMMALS WERE SMALL

Biologically speaking, the all-pervading feature
mammalian life during the Mesozoic was their
small body size; most were in the size range of
modern shrews to rats. Most of the remainder of the
Introduction will revolve about this consideration.
Potential variability in filling adaptive roles at
the umc was probably constrained by certain
of being and by the
nature of competitor groups. Questions related 10
possuh!e reasons for the persistent small size among
must be app hed through
consideration of relationships with their contem-
poraries, the great dinosaurs. Most people tend 1o
think of a sequential relationship between the times
of unpu of the d.mosaurs (developing first) and the
pp 1g later). In they were
nearly mnlmporamens groups, both having
originated sometime during the latter half of the

known enly from the Late Cretaceous in North
America. Didelphodon was a true giant amongst the
mammals of its day. An undescribed ?amphilestid
also of parati large body size, is
known from Normh American Lower Cretaceous
strata. Although there are such exceptions, nearly all
Mesozoic mammals were of the shrew- to rat-sized
category. Early in the Cenozmc, howwcr. a uumber
of lian lineages i
had individuals of large size (even by modem sl&n-
dards). The rate of these evolutionary changes, as
well as the rate of development of new mammalian
families and orders (see Lillegraven, 1972), was
astonishingly rapid throwgh the Paleocene and
Eocene. Bakker (I9‘a‘1). a.s par( of his argument for
the warm-t that
they were physw!omu]!y resmc:ed 1o large body size
because of the difficulties upmcmx:i by small
ked-skinned endoth in body heat.
Why M i Is did not with
larger body size, however, has not yet been ade-
quately explained. Why, through roughly 140 million
years, was there no overlap (or even a close approx-
imation) in body size between the largest mammals
and small adult dinosaurs?

Tmssu: From their very beginnings, mammals and The question is probably not ble from
ied different ad roles. Ma])’sls the vi int of ition from the

of dzmxland]aw morphology of sized di re-pu.les known to have been

suggests that, except for the multitubercul and poraries of Turtles,

perhaps the docodonts (see Chapters 5 and 6) most 1 s, relict 1 champ-

were small carnivores and probably fed mainly on
adult insects and their larvae, various other ar-
thropods, and perhaps small The diverse

sosaurids, crm‘odlhxus. and pterosaurs can be
chm:naled by nature of their specialized habits, as
close i with the 1

multituberculates seem to have been predominantly
small hcrhwons Late in the Crtw:wus a variety of

| and pl 1 lineages developed into
forms that probably were fruit-caters m:ld.r‘or om-
nivores. Known dinosaurs, at least as adults, are
clearly divisible either into large carnivore or large
herbivore adaptive roles. The large herbivores had an

br_hcw: the same can be said for the therapsids (a
group that markedly declined in numbers and diver-
sity in the latter half of the Triassic and was extinet
by the end of the Early Jurassic) and for the rhyn-
chocephalians (a group noted for evolutionary con-
servatism, modest geographic distribution, and lack
of diversity). That leaves only members of the Order

fally marked v radiation during the
middle of the C H fiately following the
first great diversification of the flowering plants.

Dinosaurs tended toward large to gigantic body
size, while the mammals maintained small to tiny
body size. Few dinosaurs smaller than about 10 kg
body weight as adults existed during any part of the
Mesozoic (see Bakker, 1971}, and no large mammals
are known to have developed until the dinosaurs
became extinet. The largest known Mesozoic mam-
mal is Didelphodon vorax, a badger-sized marsupial

(the lizards, snakes, and amphisbaenians).
The oldest known fossil snakes are from Lower
Cretaceous rocks, and *‘worm lizards™ are as yet
unknown from the Mesozoic. Neither of these
groups, in any case, would have had close com-
petitive ties with the mammals; mammals coexist to-
day with lizards, snakes, and amphisbaenians.
Although there are conspicuous exceptions,
modern lizards are predominantly carnivorous and
diurnal with respect to activity outside their im-
mediate areas of protective habitation. Such was

p the prevailing during the

1 ic, as well. i Is, on the othe)
hand, were probably active mostly at night (see
arguments from the point of view of the central mr“}
vous system by Jerison, 1973) as are most *‘primi-
tive’” mammals of today, Early mammals had
already developed keen senses of hearing (including a
complex middle ear and extended T.nbynmlt!‘ wuch
and ion with ication by

Introduction 3

even in trees. But the bipedal carnivorous dinosaurs
also showed postures indicative of great activity,
agility, and quickness early in their evolutionary
history. Even juveniles probably captured exposed,
scampering mammals with ease during daylight
hours.

Mammals of today, however, even ones of mod-
erate size, are noted for their behavioral abilities in
finding and i places :ha: are

pheromonal cues. Subdivision of the small
roles between lizards and mammals by the diurnal
rhythm was probably at least as effective in the
Mesozoic as it is today, and it is therefore unlikely

and/or i ] There is
no reason 1o believe that this was not also the case
during the Mesozoic, and, if 5o, the dilemma persists
as 1o what restricted Mesozoic mammals to small
body size. Most hunting by carnivorous dinosaurs

that ftion from lizard ies kept the
body size of Is small. C ly, althougt
lizards aré si older than as a

group (see Carroll, 1977), arguments presented by|

was p done within the limits of daylight or
under conditions of bright moonlight; their auditory,
olfactory, tactile, and visual senses undoubtedly did

Pough (1973) from the point of view of food 2y
relationships suggest that it is mammalian competi-|
tion that today restricts most lizards to small body
size.

Could it have been competition from immature
dinosaurs that provided the selective pressure that
stopped experimentation toward large body size in
mammals? Such a question perhaps will always re-
main within the realm of speculation. Nevertheless,
even ing the p of a modicum of protec-
tive maternal behavior (se¢ Hopson, 1977), newly-
hatched carnivorous dinosaurs probably prowled in
search of prey once equilibrated. Extant herbivorous
lizards are carnivorous in early life (see review by
Pough, 1973); developmental changes in dietary
preference may also have characterized young in-
dividuals of some herbivorous dinosaur species. Un-
fortunately, little is known about early growth stages
of most dinosaurs.

Jerison (1973) observed that, although the mam-
malian brain did not change appreciably through the
Mesozoic, it had developed roughly to the relative
size and proportions characteristic of brains of
modern opossums and some living members of the
Insectivora as early as the Late Triassic. In light of
this, one might question whether a small dinosaurian
predator might have been “‘outwitted™" by its poten-
tial mammalian prey; Burghardt (1977), however,
would argue vigorously against such a proposal.
Related to this in terms of escape abilities, Jenkins
and Parrington (1976) have demonstrated that the
posture of known Late Triassic mammals was

not p with those of their mam-
malian ies. One would therefore think
that mammals, :Iurmg the night, could have searched
out food with comparative abandon and perhaps
even preyed, in turnabout, upon young dinosaurs,

Bakker (1971) suggested that another ex-
pla.namry factor in the persistent small size of

was a probable lack of sophis-
tication in evaporative cbnlmg mechanisms such that
‘high levels of activity (such as grappling with a small
dinosaur?) may have raised the core body tem-
perature of the mammals beyond a level that could be
equilibrated or tolerated. This argument is not com-
pelling as & major explanatory factor, however,
because a number of living Australian marsupials
possess only rudimentary abilities in evaporative
cooling yet achieve moderate size in hot en-
vironments under conditions of mormal predatory
pressures. In shon. questions relating to reasons for
the p nature of Is during
the first tw»-:hirdl of their history have yet 1o he
satisfactorily answered.

Because of the small size and generally unim-
pressive physical nature of Mesozoic mammals, the
popular imagination has not been cap d as it was
by the existence of the great dinosaurs. The Mesozoic
seems to have been, comparatively speaking, a time
of quiet evolutionary conservatism for mammals
rather than an excursion into the large, bizarre, and
grotesque, as was the case for the dinosaurs. The
question of comparative evolutionary rates, how-
ever, is difficult to evaluate, It is true that the
dmosaurs. during their roughly 140 :m[huns of )’tals

already essentially modern and indicative ofcxp@lﬂ]- .
-nyof high mobj

lity over complax surfazes

of radiated intoo
® e
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body forms. They became variously armored,
crested, sp!kod :szcd. stumpl‘oomd cmma]iy
cranially ! or
shortened of neck. Bakker has fon:efully argued that
they were endothermic (but see Hopson, 1976, and
Bouvier, 1977, for alternative views). Importantly,
all were of comparatively large body size, and some
were immense. The little mammals, on the other
hand, showed less variation in body size and general
conservatism in dental anatomy. As will be seen,
Mesozoic mammal skulls are rare and posteranial
skeletons even rarer; from what is known of these
parts, however, general conservatism also seems to
have been the rule.
One may ask, nevertheless, is d:c nbcv: a

monograph may be particularly difficult. No new
names are coined, but one enmndallon ofa apecaf‘c
name is provided. Museum
not used. F.adl chapter (except Chapter 15) deailng
with the systematics of a particular mammalian
Egroup has two tables ded:med. respectively, to
and ic distribu-
tlm For example, Table 4-1 (from Chapm' 4"
Tri hsti a !
along with authorships from ordinal to specific Ieve],a_
for all known kinds of triconodonts. Table 4-2 sum+
marizes the known geographic, stratigraphic, and ap-
pmnmale temporal occurrences of all knnwn genera

of s A listing of
used throughout the text appears in Table 2-1, ahmg
with ies of known P and geograp

realistic measure of
rates”? It could be argued that the real m‘luuon;ry
action among Mesozoic mammals was in their com-
munication, maternal behavior, mm-nal "snl‘r."

my, and the refl of sop
the basic ical
plan—those things wlm:h cannot  be fossd.med
“Jenkins and Parri (1976, p. 429) b

that early mammals **. . . were probably as spe-
cialized in habitat and bthavior as were many of their
reptilian contemporaries.” Could it be that the spec-
tacular adaptations seen among the dinosaurs were
of a somewhat more "superﬂ:ial" mmu'e. having
been related pri i i

distributions of the families (only Mcsemac records).
The publication status (i.e., in press, in preparation,
efc.) of recent studies is that of January 1, 1978,
unless we have personal knowledge to the contrary.

Chapter 2 provides a summary, on a worldwide
basis, of the state of the Mesozoic mammalian record
involving: (1) faunal lists from each locality (in some
cases, each group of localities); (2) brief discussions
of geologic age assignments; and (3) information on
the parts of the animals that are actually known.
Chapters 4 through 8 plus 10 through 12 summarize
the detailed record of each major group of Mesozoic
mammals from the points of view of anatomy, sys-

{or protection from u]. sexual dlspla)'s. and large
bod)‘ su.e" Pelhaps bu'se bcdy size n.sell‘ provided
to evolu-
tionary expenmmlatlon within more fundamental
tissue-, organ-, or system-level adaptations that
did not exist for the smaller mammals Th,ese ques-

tematics, phyl ic history, and ecological adap-
tations; a general discussion of biogeographical
aspects of their histories is deferred to Chapter 14.
Information concerning the origin of the tribo-
sphenic molar, a critical step in the evolutionary
history of therian mammals, seemed most logically
plaoed immediately following Chapter 8 on eupan-

1 Chapters 3 and 13 are admittedly spec-

tions may never be they
make the study of I inati
subject, and are well worth keeping in |||.Lnd when we
study the physical record of their history.

FORMAT INFORMATION

The book, incleding cited references, follows in
most respects the stylistic format of the Bulletin of
the Geological Society of America. The metric
system of weights and is used th b

ulative in their reviews of the origin of mammals
and possible modes of reproduction utilized, respec-
tively. The fourteenth chapter is primarily geological
in app . and izes new data on M i
world geography that should prove useful to the in-
terpretation of distributions of virtually any group of
land organisms of that time. Although the Mono-
tremata of Australia and New Guinea have no known
Mesozoic record, they possess many features
representative of a reptilian grade of evolution and
thus have plmd an |mponanl part in lmerpretlns
thet ical nature of M Chapter

the text. Page citations are omitted in most cases, but
_are given when direct guotations are made or when
finding the appropriate page In an extensive

15 provides notes on historical considerations of the
phylogenetic relationships of these curious egg-laying
mammals.

A revision of the higher category of

Introduction 5

ially, discussions in Chapters 3, 4, and 6).

the Mammalia was not a goal in the development of
this book. Rather, emphasis was placed upon sum-
marizing the information available on the particular
groups of mammals known from the Mesozoic, The
classification utilized here is based in large part upon
those presented by Simpson (1943, 1971) and Romer
(1966), modified to reflect what we Judse to have
been significant, sub
of phylogenetic relationships; in snme cases it u!so
reflects newer uncertainties where near unanimity of
_ agreement prevailed in the past. The classification is
a product, umbaabedly tentative, a[ what has bem
termed an
—Simpson, 1975). Recenlly Mc]:em:a{l&?ﬁ ptopoo:d
of

Therefm. we have used the terms ‘“Prototheria’
and “Theria" (see Table 2-1} in informal taxonomic
senses. It is the view of the editors that, considering
the present inadequacy of information on the evolu-
tionary i of lian groups
(see Fig. 13-1), the formalization of Prototheria and
Theria cannot adequately be defended either in
phenetic or cladistic senses, The terms are, Ibuwsv:r.
deeply hed in the B remain
useful in communication, and thus are retained in-
formally within Table 2-1 and are occaslonally used
in discussions throughout the text.

The decision not to perpetuate the formality of
merhma and Theria leads to a series of minor
within existing nomenclature with respect

a major
based upon rigorous application of cladistic prin-
ciples and methodology. Subsequently, Szalay (1977)
provided both a critique of the values of cladistic
clxssnﬁcaun:ns and, on oﬂ:er ‘bases, proposed another
of The editors,
and our coauthors, have drawn from the research of
McKenna and Szalay, but have not adopted their for-
mal taxonomy. editors questioned the value to
communication, in light of the real paucity of hard
evidence, of reassessment classifications based upon
the concept of srnc: interpretation of munophybf
We also ioned the value in of
the resulting cladistic classification which wau:ld re-
quire formal recognition of every il

1o taxonomic sym.melry As seen in Table 2-1, for ex-
ample, the i 1 heria, and
Eutheria are left stranded without the comforting
mlbraoc of a subciaas—lcvd name. These three taxa
ibed with respect to
mcluded animals, and have been used dominantly at
the infraclass level. It would, of course, have been a
simple matter for us to elevate these taxa to_the
‘hierarchy of subclass, However, considering the pres-
ent flux of opinion on higher-level mammalian tax-
onomy and in deference to traditional usage, little
scientific value was predicted to accrue from invok-
ing such changes, Complementary examples of tax-
onomic ¥, though less obvious, can be seen

hypothesis, no matter at what hierarchical level or
how well founded, through an jeal multipli-

w:l.hu: :he “prololhgmn" listing and within lower
hout the text. Most of the

cation of new nomina.
As an example of new uncertainties alluded to in
the abevc paragraph, tI\c concept ﬂm lhs early

authors of this book would agree that far more ml‘w-
numon must be wrenched from fossils as yet un™
o allow the of a stable,

underwent a fund

dichotomy into prototherian versus therian hneagea
is coming into signi question (see
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they are: (2) the intervals of geologic time that they
are believed to represent; and (3) the nature of the
material recovered from the specific localities, The
real importance of the chapter is to give the reader an
appreciation of the present spotty record of Mesozoic
mammals in terms of geographical, temporal, and
anatomical representation.

THE TIME SCALE

Figure 2-1 presents the generalized time scale
that will be used throughout the book. As far as prac-
ticable, ages will be related to European marine
stages and corresponding ages, although few of the
mammals are in marine beds and correlation with the

is in on other i
There is no uni if} and
-subdivision, even in Europe. Different workers have
alternative views of the terminology that should be
applied to specific cases. For example, Russell (1975)
would prefer to use a more local age terminology for
G jan ch logy in the Western
Interior of North America, and we have followed his
system throughout the book. Figure 2-1 was devel-
oped using Harland and others (1967), Lambert
(1971), Russell (1975), and Van Hinte (1976a, 1976b)
as the primary sources. We stress the point that age
i for most 1 localiti

should be considered suspect. Many are little more
than **best guesses' with respect to contemporaneity
with rocks of the classic European stages.

CLASSIFICATION AND DISTRIBUTION

The classification of families in Table 2-1 is ex-
panded and dified from Si
(1971). This is an_eclectic classification, Known

.distribution of families is given in Table 2-1 in terms
of periods and continents. More precise distribu-
tional data are given for each locality in the following
text and within the chapters dealing with the specific
groups of organisms.

It is emphasized that for the present, negative
evidence has little value for Mesozoic mammals.
That is, the absence of a group of mammals at a par-
ticular time and place generally cannot be taken as an
indication that it did not in fact occur then and there.
The only areas in which negative evidence may be
given some, but not conclusive, weight are those for

-the Rhaeto-Liassic (Late Trinssic or Early-Jurassic) of
southwestern Britain, the Late Jurassic of southern

England and western United States, the Late
Cretaceous of Mongolia, and the Late Cretaceous of
the Rocky Mountain and High Plains areas of North
America,
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LATE TRIASSIC OR EARLY JURASSIC

Late Triassic or Early Jurassic mammals are
known only from near the boundary between the
periods and only from a few sites in Europe, South
Africa, China, and possibly North and South
America. The Late Triassic age conventionally
assigned many of the localities yielding these fossils is
currently being challenged (Olsen and Galton, 1977,
and references therein), so we list them here as being
of Late Triassic or Early Jurassic age.

‘Where, When, and What 9

Continental Europe

The oldest presently known record for fossils

ly accepted as comes from a
member of the uvppermost Middle Keuper
“‘Plateosaurus  beds” of Halberstadt, Sachsen-
Anhalt, now within Bezirk Magdeburg, East Ger-
many (Fig. 2-2), and includes a representative of a
group called the “‘haramiyids.’” Members of the
Haramiyidae are represented only by isolated teeth
that show similarity with certain primitive forms of

TABLE 2-1 CLASSIFICATION AND DISTRIBUTION OF MESOZOIC MAMMALIAN FAMILIES

Symbols for chronological distribution: E, Early; M, Mid-
dle; L, Late; T, Triassic; RL, Rhaeto-Liassic; J, Jurassic;
C, Cretaceous,

Symbols for geographic distribution: A, Asia; Af, Africa;
E, Europe; NA, North America; SA, South America,

Class Mammalia
*Prototherians”
Subclass Allotheria
Order Multituberculata

Suborder Plagiaulacoidea
Paulchoffatiidae LJ-EC: E
Plagiaulacidae LJ-EC: E; LI-ECT: NA;

EC: A

Suborder Prilodontoidea
Neoplagiaulacidae LC: NA
TNeoplagiaulacidae LC: A, NA
Prilodontidae LC: NA
Cimolodontidas LC: NA

Suborder Taeniolabidoidea
Tacniolabididae LC: A, NA
Eucosmodontidae LC: A, NA
Chulsanbaataridae LC: &
Sloanbaataridae LC: A

Suborder incertoe sedis
‘Cimolomyidae LC: NA

IMultituberculata incertae sedis
Haramiyidac RL: E

Subclass Eotheria
Order Triconodonta

Morganucodontidae RL-MI: E; RL: Af, A

Amphilestidae MJ: E; LI: NA

Triconodontidae LT-LC: NA; LT: E; EC: A

TTriconodonta incertoe sedis (“Sinoconodon-

Spalacotheriidae EC-LC: NA; LJ-EC: E
TSpalacotheriidae MJ: E; LI: NA
Order Eupantotheria
Amphitheriidae MJ: E
Peramuridae LT: E; L): Af; EC: AT
Paurodontidae LJ: NA, E
Dryolestidae MJ-EC: E; LJ: NA
Infraclass Metatheria
Order Marsupialin
Didelphidae EC?-LC: NA; LC: SA
Pediomyidae LC: NA, SA?
Stagodontidac LC: NA
Infraclass Eutheria
Orders uncertain or disputed in the Mesozoic. The
following eutherian families or superfamilies, also
uncertain, have been reported on reasonable
authority:
Endotherlidae (only questionably referable to
the Eutheria) EC: A
Leptictoidea, new family LC: NA, A?
Palacoryctidae LC: A; LC: NA
Zalambdalestidae EC?-LC: A
TParomomyidae LC: NA
Arctocyonidse LC: NA
Theria of metatherian-cutherian grade
Acgialodontidae EC: E, A, NA
Pappotheriidas EC: NA
Deltatheridiidae LC: A, NA?
Family uncertain EC: NA
Mote: Only the Mesozoic part of the range Is given in cases in

tidae') RL: A ‘which the taxon is also known to extend into the Cenozoic. The
Dzdes Decodonta Shvder- s e —Canple— i usuaily Ideied

Docodontidae LT: NA, E

Mprototherians,” are unknown from Mesazolc rocks.
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the Order Multituk l The itut 1 und Pal der Uni Tilbingen, is
are almost uni 11 d as but  largely the result of the work of Erika von

there is less unanimity about the mammalian af- (1933), ©. Schindewelf, and their coll Their
finities of the haramiyids. The arguments will be  primary coll localities were the bonebeds at

reviewed more exunsweh' in Chapter 5 In any case,

Gaisbrunnen, Olgahain, and Degerloch from rocks
at several i hic levels that are older than the

if the Keuper i are

they are among the aldest yet known ‘I‘hc Halber-
stadt finds are restricted to a single isolated tooth
referred by Hahn (1973) to Thomasia sp. 1 and to a
fragmentary ulna of uncertain affinities called
Eoraetica siegerti by Dietrich (1937).

Psiloceras planorbis cephaloped zone. -

Thc oompmm fauna of the Wiirttemberg

of several

tritylodontid mamrm.l—hkc teptiles:  Oligokyphus

rrr.m‘im'& (mcludms 0 cmmuf Mucmrhe\r.‘um
and Trity.

Latest Triassic (“Rhaetic” or “Rh ")
mammals and mammal-like reptiles have been found
in the Rhaetic bonebeds of Wirttemberg. The

JSraasi, and Chalepotherium plieningeri (see Butler,
1939; H:unmg 1922; and Kihne, 1950, 1956).
by Thomasia antiqua

collecting localities, both natural and ex-
posures in quarries, are in southwestern Germany
south of Stuttgart and near Tdbingen (Fig. 2-2). The
fossils are fragmentary and many are abraded, a
result of the winnowing of the sediments that pro-
duced the bonebeds (Aepler, 1974), The largest sam-
ple of fossils, now housed in the Institut filr Geologie

and possibly od:rr taxa (Hahn, 1973). Several teeth~
of the haramiyid now called Thomasia were found
near Steinenbronn and described by Plieninger in
1847, Tricuspes tubingensis, typified on an isolated
tooth found aLGaislrrunncn and possibly represemed
by a second tooth d at Hallau,

POLAND

Figure 2.2,  Map of r«mll Europe, lhwi'ng positions {lr!nngln: of Late Trhnlc Innﬂliu of mam-

mals or closely

i 4y
of Wiirttemberg; 3, Rhactic boneheds of Hllhn and f‘ Rllelic bonebeds ol' Salntv'\k:holu-du—

Port.

(Clemens, research in progress), might be a mammal
allied to the Triconodonta.

The largest collection of i of
and mammal-like reptiles to come from the Rhactic
ponebeds of continental Europe to date is that

bled under the di of Bernhard Peyer of
the Universitit Zarich. These fossils, again largely
fragmentary isolated teeth, were obtained from a
bonebed in Unter-Hallau, which is in the western
part of Kanton Schaffhausen, Switzerland, north of
Zarich near the Genm bcmicl (Fig. 2-2} In 1956
Pt'_ver blished a b d monograph
teeth of iyid: and
probable synapsid reptiles. Until his death in 1963 he
continued acquisition of material, almost doubling
the size of the collection.

Preliminary analysis and comparison with the
Rhaetic fauna of Wirttemberg and the Rhaetic-
Liassic faunas of Great Britain (Clemens, research in
progress) has already pointed out some intriguing
differences and similarities. Unlike the bonebed
fauna of Woritemberg, Offgokyphus or other
tritylodonts have not been found at Hallau. This
negative evidence carries some weight because Peyer
processed large volumes of rock with particular at-
tention 1o the recovery of microfossils. Even if the
tecth of Oligokyphus were sk d, their individual

‘Where, When, and What 11

and D, E. Russell, pers. comm. to Clemens, 19758).
The locality could easily become the most pwo!:i’c
source of Rhaetic lian fossils in

Europe.

Great Britain

Perhaps the most famous Late Triassic or Early
Jurassic mammal localities are those from South
Wales near Bridgend in Glamorgan (Fig. 2-3). The
fossils are found in fissure fillings in commercially-
mined Carboniferous limestones. Four quarries
(Duchy, Pant, Punt Alun, and Ewenny) have so far
vielded i (see K k and
others, 1973, for aerial photo of general area). The
fissures were filled during the Rhaetic or early Liassic
(Early Jurassic). The mammals are part of an
assemblage of vertebrates and plants, the so-called
Hirmeriella association found in many fissure fill-
ings. Kermack and others (1973, p. 101) stated:
“. . . the Hirmeriells association . .. must be
either the Lower Lias (Hettangian and Lower
Sinemurian) or the Rhaetic. There is insufficient
evidence to decide between them.'" This statement=iz
the most specific, published interpretation known to
us on the pmbabie age of the Welsh fissure fillings.
Thus inty shrounds the localities

crescentic cusps would probably have been recog-
nized. The presence of a tooth closely resembling the
type of Tricuspes tubingensis has been noted.
teeth rep both the H iva and
Thomasia patterns. At least two kinds of
morganucodontids are present and one closely
resembles Morgamucodon watsoni, Finally, there are
several kinds of double-rooted teeth that have crowns
of a mammalian grade of complexity but are of suffi-
ciently different pattern to suggest they are not de-
rived from the dentitions of any of the animals cited
above. These tantalizing scraps suggest that the
Rhaetic lian fauna of Switzerland was quite
diverse at various taxonomic levels,
An isolated molariform tooth from Rhm.uan
beds in b France near Saint-Nichol
Port in the district of Meurthe-et-Moselle (Fig. 2—1)
was recently described by Russell and others (1976),
Although p o iveofa dont rep-
tile, all mdmtmns suggest that the animal was very
near the mammalian level of dental

with respect to antiquity and they are generally re-
ferred to as being “‘Rhaeto-Liassic™ in age. C. 1.
Duffin and David Pacey (students of Kenneth A.
Kermack at University College, London) are pres-
ently reviewing Rhaetic and Liassic faunal associa-
tions in detail with the specific intention of determin-
ing the probable geological ages of the mammal-
bearing fissure fillings in Wales and England,

At least two genera have been recovered,
Morganucodon watsoni and Kuehneotherium
proecursorls (a  possible third kind, Kuwhneon
duchyense, will be discussed in Chapter 7). The first
species is amons :he earliest and most pnm ve of
known p and Kt ium is the
earliest and most primitive known therian. A second
genus of therian from the area is yet to be described
(see Kermack and others, 1968). Although the rela-
tionships will be discussed in more detail in later
chapters, the "pmmr]um‘m" ':m:ludc :he au‘:aﬂed

Work at this site is being continued and has al-
ready yielded remains cl’ olher kmds of

P the
1 ! and possibly
lhe mulmubemnhus] and :he *“therians’’ include the
t ing the
BAIE A : 4

same sleasl of
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"lherians of nwmlh:nan—emhenan grad:") Thus
the are dinarily significant
in that they show that even when mammals made
their first appearance in the fossil record, at least two

obtained. It was first collected in 1858 by Charles
Muoaore with further work in 1939 by Walter Kahne.
Kihne collected from two fissures, one of which may
have besn worked by Moon Most uf Kilhne's

markedly divergent lineages (i.e., pro ian and
therian) were a!:eady in mswmx If one believes that
the were 1 1o the
multituberculates, he must thereby also accept the
presence of three major Rhaeto-Liassic mammalian
lineages. Most Bridgend mammalian specimens are
isolated teeth, but some little damaged jaws have
been recovered (see Kermack and others, 1968; Ker-
mack and others, 1973; Gill, 1974; and Parrington,
1971, 1973, 1978). Disarticulated skeletal elements of
Morganucodon (referred to as Eozosirodon) have
recently been described in detail by Jenkins and Par-
rington (1976).

Late Triassic or Early Jurassic mammals are also
known from southern England southeast of Bristol at
the Holwell Quarry, Frome, in Somerset (Fig. 2-3).
Like the Welsh localities, Holwell Quarry also con-
tains several fissure fillings from which fossils were

are now at C. idge Uni v, Two ad-
ditional haramiyid specimens went to Bristol
(Museum and University) where one was destroyed
by bombs in World War 11, Savage and Waldman
(1966; also see Savage, 1971) described a tritylodont
reptile from a fissure that might have yielded
Kithne's haramiyids. The known mammalian fauna
from Holwell includes haramiyids that were referred
1o Haramiva moorei, H. fissurge, THaramiya sp.,
Thomasia anglica, and two isolated teeth that were
the types and only specimens of Eozostrodon parvis
and E. problematicus (see Parrington, 1941, 1947,
and Hahn, 1973). Parrington (1973), in an important
review of the dentitions of early mammals, made E.

P a junior of E. parvus,
Several pal logi have luded that
fon watsoni is indisti hable from

Mor
Eozostrodon parvus and applied the latter name to

CHANNEL

Figare 2-3. Map of Wales and southern England, showing positions (trangles) of Late Triassic,
Middle Jurassic, Late Jurassic, and Early Cretaceous mammal localities: 1, Late Triassic or Early
Jurassic fissure fillings near Bridgend; 2, Late Triassi¢ or Early Jurassic fissure fillings at Holwell; 2,
Late Triassie beds at Waitchet; 4, Middle Jurassic Stonesfield Slate in Oxfordshire; 5, Middle
Jurassic Forest Marble of Kirtlington and Woodeaten Quarry; &, Middle Jurassic Forest Marble at
‘West (or Watton) CHIT; 7, Late Jurassic beds at the seacliffs of Durlston Bay; &, Early Cretaceous
‘ealden Deds on the sbeof-Wights 8y Barly Cretaceous " CRIT Ead boae bed ™l
bonebed at Tighe Farm: and 11, Early Cretaceous bonebed ai Paddockburst Park.

the Welsh morganucedontid. Here separate nomina
are retained, Morganucodon watsoni for the abun-
dantly rep i Welsh id, and
Eozostrodon parvus for the rare, but very significant
morganucodontid found only at Holwell Quarry in
England (but also see Chapter 4). A review of
morganucodontid taxonomy by Clemens has recently
been accepted for publication in the Zoological Jour-
nal of the Linnean Society.

One isolated, imperfect tooth that is now lost
was collected near Watchet in Somerset, south-
western England south of the Bristol Channel (Fig.
2-3), and named Hypsiprimnopsis rhaeticus by Boyd
Dawkins in 1864, Although Romer (1966) synony-
mized the genus with Haramiya, the tooth in ques-
tion was exceptionally large (c. 4.4 mm in length) for
a haramiyid and it may well have been from a tritylo-
dont or some other sort of reptile rather than from a
mammal. The only descriptions are by Dawkins
(1864) and Owen (1871). The beds are in the lowest
part of the Rhaetic section. It is our opinion that the
classification of the specimen should not be refined
beyond Tiritylodontid, incertae sedis.

Where, When, and What 13

Southern Africa
Vertebrates now generally considered as mam-
mals are known from southern Africa in Lesotho
(Basutoland) and the Orange Free State (Fig. 2-4),
about 375 km west of Durban. The generalized
stratigraphy of the area is shown below. The beds
comprise the Stormberg Group of the famous Karroo
Supergroup:
Drakensberg Volcanics
Cave Sandstone
Red Beds
Moiteno Beds

The basal Molteno Beds are mainly coarse-grained
clastic sediments overlain by roushly 450 m of
redbeds of and
siltstones. The Red Beds, in turn, are overlain by or
locally interdigitated with the white Cave Sandstone.
Until recently, the vertebrates from these strata
usually have been accorded a Late Triassic age. On
largely biosiratigraphic grounds, however, Olsen and
‘Galton (1977) suggested the local faunas of the Red
Beds and Cave Sandstone to be of Liassic age; of the

Figure 2-4. Maps of southern Africa, showing positions (triangles) of Late Trimssic and Late

Jurassic mammal localities: [, Late Trinssic or

Early Jurassic *‘Lady Brand" locality; 2, Late

‘Triassic or Early Jurassic ' Mafeteng' locality; 3, Late Triassic or Early Jurassic ' Pokane™ locality;
LErE arassie ainosaur Beas of Tendaguru,

and 4, [T

Endagi,
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units of the Stormberg, only the Melieno is con-
sidered by them to have been deposited during the
Late Triassic, On the basis of potassium-argon age
determinations, Fitch and Miller fl9'.|'|) suues:ed
that the i ion of Drakensk in
Lesotho began about 187 (+ 7) mlll:on years ago.
Further, they suggest that the upper part of the
fossiliferous Red Beds is some 187-193 ( £ 7) million
years old.

The history of collecting in southern Africa
records the successes of field parties from many
countries, including England, France, South Africa,
and the United States (see Crompton, 1968, for sum-
mary). Three major mammal-bearing localities have
been found. They are at Pokane (near Quthing) and
Mafeteng (both in the upper redbeds of Lesotho) and
Lady Brand (in the Cave Sandstone of the Orange
Free State, South Africa). Two species of

dontid Is (Er ium  par-
ringtoni and Megazostrodon rudnerae) have been
found and both are known from remarkably well-

Southern U,S.S.R.

L. P. Tatarinov (pers. comm. to Kielan-
Jaworowska, 1977) currently is studying a complete
skeleton of a mammal or small mammal-like reptile
found in strata thought to be of Triassic age. Ap-
parently this age determination is based primarily on
paleobotanical evidence. The fossil is reported to be
from the same locality in the Madygen sector of the
Shurab lignite field that yiclded the type of the flying
reptile Podopteryx (see Sharov, 1971, and refs.). This
locality, which is not plotted on the maps in this
chapter, lies on the northern slope of the Turkestan
Range, in the Lyaylak Rayon, Osh Oblast’, Kirgiz
S.5.R. The discovery gives promise of contributing
significantly to our understanding of both the
Mesozoic faunas of Asia and possibly an early phase
of mammalian evolution,

China
Fossil have been d from rocks in

preserved upper and lower dentitions (see Cromp

1974), skull parts, and essentially complete
posteranial skeletons (see Jenkins and Parrington,
1976). The former species was recovered from the
Mafeteng locality, and is closely related 10

sheep grazing areas about 4 km northeast of the city
of Lufeng in Yunnan Province, South China (Fig.
2-5), in the lower beds of the lower Lufeng Series.
The first collections came from three localities at dif-
ferent i ic levels within this area. These arc

Morganucodon from Great Britain. Meg
rudnerge is from the Pokane locality and is a large
Morganucodon-like animal. The skeleton of
Megazostrodon represents an adult animal and that
of Erythrotherium is of a juvenile. Only a few
specimens have been recovered from the Cave Sand-
stone, Lady Brand site, but it is the type locality ol’
Brooms (1932) *“Ietid A and B,

dered to be ad like reptiles.
““Ictidosaur B" is now the type of Diarth Fr

Yang T'sao Ti (Yancaodi of Pinyin transcription),
the lowest; Hei Koa Pen; and Ta Ti, the highest.
They have not yet been dated mctly. hul on lhz
basis of similarities of the

{mammal-like) reptiles with those from S
are thought to be either latest Triassic (Rhaﬂ.v:] or
carliest Jurassic (early Liassic) in age. In the abstract
of a paper including the iption of ¥ id, &
new tritylodont from the ““lower Lufeng formation,""

broomi Crompton, 1958, which previously was

ified by some as a

Ellenberger (1972, 1974) has described a number
of trackways from various other localities in beds
possibly of Norian and Rhaetian age in the Storm-
berg group of Lesotho. Some of these, from the
Rhaetian at least, seem to be mammalian but cannot
be more precisely classified at present.

A dentary fragment with two roats and a part of
the crown of a tooth found between the Usab nnd
Huab rivers of h d

n Africa was  as
a mammal by F. von Hiene (1925) and named Ar-
chaeodon  (“‘Archaeotherium'’) reuningi. Romer
{1956) referred to it as *‘ictidosaur or mammal,"”” but
omitted it in his 1966 classification.

Cui (1976) noted that Chinese geologists and paleon-
tologists currently favor an Early Jurassic correla-
tion. However, Hsing (1976) and Young (1978) con-
tinue to refer to the fossils from these sites as being of
Triassic age.

The first mammalian specimens from the
Lufeng area were discovered by Edgar T. Oehler, S.
V. D., then a professor of Chemistry at the Univer-
sity of Peking. The collections were divided into two
units. Most of the material went to the University of
Chicago where the mammals were studied by Bryan
Patterson and Everett C. Olson. They described parts
of four skulls, six lower jaws, one humerus, and onc
femur from Ta Ti and Hei Koa Pen. Patterson and
Olson (1961) believed all the material to be represen-

tative of but a single species, Sinoconodon rigneyi,
Association of these specimens has been challenged,
and S. rigneyi, as currently recognized, is classified as
“Triconodonta fncerfae sedis™ (see Chapter 4).
Another skull from Yang T*sao Ti, part of Ochler’s
original collection, was taken to London by Harold
W, R\;nzy 5. V. D., who originally organized the

He il a brief description of the
skutl (1963) and used it as the type of Morganucodon
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tien in the vicinity of the city of Lufeng. The collec-
tions include ten excellently preserved skulls of
tritylodonts and mammals. Parts of the vertebral col-
umn are associated with at least one mammalian
skull. In addition to specimens of Morganucodon,
Hsing (ibid.) writes of others that possibly represent
new genera and species. Young (1978) described
some of this new material and established a new
specles. . Eozosrrom Mkuopemw wln:h is
bes!

oehleri. Later, Kermack and others (1973) published
a detailed analysis of its lower jaws. A similarly

t L] Lhe senus
The p of

detailed study of the cranium is being prep by
these authors.

Hsing (1976) announced the discovery of addi-
tional material in strata of the lower Lufeng Forma-

mMorg; in Ewrope, China, and Africa
permits the speculation that mammalian faunas in
the Late Triassic or Early Jurassic were essentially
pangaeic (see Chapter 14).

GOBlI DESERT
Al P

Figure 2-5.  Map of eastern Asia, showing positions {triangles) of Late Triassic (or Early Jurassic),
Early Creiaceous, and Late Cretaceous mammal localities: /, Late Triassic or Early Jurassic beds at
Lufeng; 2, "Early Cretaceous beds of the “*Sakasiyo™ coal mine; 3, ?Early Cretaceous beds of the
“‘Hsinchiu®' coal mine; and 4, Late Cretaceous dinosaur beds ot Tsondobein Khuduk (also sce Fig.

2.13).
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Figure 2-6. Map of North Carolina, showing position (iriangle) of the New Egypi coal mine in the
Late Triassic Newark Series.
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Figure 2-7. Map of Texas, showing positions (triangles) of Late ‘l‘rhﬂ.ic Early Cretaceons, and
Late Cretaceous localitics of mammals or closely mammal-like repiles: Late Triassic Dockum
Group of Crosby County; 2, Early Cretaceous *“Trinity sands mnlh“ hﬂ‘ﬂlr al “Greenwood
Canyon''; 3, Early ““Trinity sands mammals"* locality at the Butler farm; 4, early Late
Cretaceous Woodbise Formation of Tarrant County; and 5, Late Cretaceous Javelina Formation at

North Carolina

Two species (Dromatherium  sylvestre and
Microconodaon tenuirostris) of animals represented
by jaws from the New Egypt coal mine in the
Chatham coal fields of central North Carolina (Fig.
2-6) were described as mammalian by Ebenezer Em-
mons in 1857 and Henry Fairfield Osborn in 1886
and 1887. The beds are within the Late Triassic
Nmrl: Smrs Simpson (1926) refigured the material
and, a ugh restudy, Tuded that
the animals were more likely representative of ad-
vanced cynodont, therapsid reptiles, perhaps
phylogenctically near, but certainly not ancestral to
any known mammal, Hawem'. Kithne l1958] later

d that Miecr is might have
been & morganucodontid. It is possible that more
complete specimens might indicate that Micro-
comodon, at least, meets some current definitions of
the Mammalia. Repeated searches in the region of
the New Egypt mine have resulted in no new “‘near-
mammalian" specimens.
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Texas

New studies, as yet unpublished, have been in-
:ua’ted h)’ Bob Shushur of IM Shulet Museum of
Uni y into
thc Late Tnassr: Dockum Group of Crosby County
in west Texas (Fig. 2-7). So far Slaughter's efforts,
utilizing large-scale acid and heavy-liquid floatation
techniques, have resulted in discovery of a partial jaw
plus two isolated teeth of a vertebrate similar to
Microconodon from North Carolina (see Slaughter,
19752 and 1975b). As a result of these recent
discoveries, the future seems bright for finding
Triassic mammals in North America.

South America

A southern Brazilian skeleton from the Sania
Maria Formation (Fig. 2-8) at its type locality (Santa
Mnri-. Rio Grande do Sul) has been named Therio-

by parte and Barb (1975). The
posm'anlal skeleton has not been described, but as

OQcean

Pocific

Figure 2-8.  Maps of AlwlhuM southern Brazil, showing positions {Illn.ln] of *Late Triassic
and "Middle Jurassic localities of mammals or closely mammal-like reptiles: [, TLate Triassic Santa
Maria Formation near Sania Maria; 2, "Middle Jm-lc footprint loﬂll‘_r h the ﬁ!lllcil Laguna

Mansntisles
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the name “‘mammal-reptile” suggests, the skull could
be classified either as the most reptile-like mammal
or as the most mammal-like reptile known, depend-
ing on definitions of Reptilia and Mammalia. It
seems to be just on the line of transition between the
classes in grade of evolution. Bonaparte (1973) put
the Santa Maria F ion in his late Chafari
(late Middle Triassic) land reptile age, but it may be
closer to the Ischigualastian {early Late Triassic). In
cither case, if this is considered a mammal, it would
be the oldest one known by usual definition. How-
ever, this is not necessarily valid evidence for propos-
ing the origin of mammals in South America. Similar
cynodont reptiles have been described from the Mid-
dle Triassic Chanares Formation of Argentina by
Romer (1969).

malian fossils and associated dinosaurian fossils is

within the Kota Formation, just below one of these

limestones. Assignment of an early Jurassic

(probably Liassic) age to the Kota Formation is based

on studies of hypsomid fishes, a flying reptile, pro-
4 a4 a5 and 1

(see Datta and others, 1978, for references).

Study of the mammalian fossils is being under-
taken by P. Yadagiri and P. M. Datta. Their sample
includes a variety of well-preserved dental, cranial,
and postcranial elements. The few fossils illustrated
in the prelqmimry report (ibid. } suggest the presence
ofa or id and a tri
or early therian. The report of the recognition of
., . four to five different types of mammalian
pelvic girdles™' (ibid., p. 67), indicates a much greater

F: ints and ys from Los

Rio Nesro Province (Patagonia), Argentina (see Fig.
2-8), once thought to be of Middle Jurassic age, are
now assigned to the Late Triassic (Casamiquela,
1964, 19752). In addition to a chirotherioid theco-
dont and four other apparently reptilian trackways,
Casamiquela (ibid.) described two types, Pala-
ciosichnus zettif and Stipanicichnus bonnettii, which
he thought might be of therapsid or mammalian
origin.

EARLY JURASSIC
India

Just a few weeks before the manuscript of this
book was placed in the hands of the University of
California Press word was received from P. Yadagiri
{pers. comm. to Clemens, 1978) of the discovery of
Early Jurassic mammals in central India. A pre-
liminary report of this remarkable discovery has
now been published (Datta and others, 1978). This
information became available after the texts of this
and other chapters were essentially complete, and the
diswmy me :s not plotted on our maps.

fossils were d by
marl il during the of pod
skeletal remains. This excavation was in the Yaman-
palli area of the Pranhita Godavari Valley, Andhra
Pradesh, India. The geology of the area was studied
by Kutty (1969), who mogn.lzed among other units,

diversity. Additional descriptions and
analyses are eagerly awaited.

MIDDLE JURASSIC

Except for some Argentinian mammal foot-
prints to be discussed below, only five Middle
Jurassic mammal localities are known from the entire
world, all from Great Britain.

England and Scotland

Four localities are known from England in the
vicinity of Oxford and on the Dorset coast; a fifth is
on the Isle of Skye, Scotland. The Stonesfield Quar-
ries west of Woodstock in O produced the
Swonesfield Slate (so called from its use in roofing,
not its lithology). The commercial mines have been
abandoned since 1909. The mined rock is a sandy
limestone found stratigraphically near the base of the
Great Oolite Series, thought to be of the Bathonian
stage. Some of the mines are ancient, and workers
commonly found fossils and sold them as curiosities.
As far as is known, the first Mesozoic mammalian
fossil to be discovered came from there in or about
1764, Iis significance, however, was not appreciated
until 1828, In 1812 or 1814 *‘an ancient stonemason'’
brought two lian jaws from S 1d 10
W. J. Broderip, then a student of law at Oxford
Umversny Although he and his professor, W.

the Kota F ion and Di For-
mation. In addition to sandstones and clays, the Kota
Formation includes several richly fossiliferous
limestones conmmns remains of both vertebrates
and § The-marl-produci

g the mam--

kland, were i of the ian af-
finities (and later received confirmation from
Cuvier), Buckland waited until 1824 to announce the
discovery formally. The paper initially cavsed an
uproar within-the-natural sclences because mammals

were not supposed to occur in the ¥
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y with the d ! The
controversy was settled by the latter 18305, however,
with the general acceptance thereafter of the ex-
istence of Mesozoic mammals (sce Simpson, 1928a,
for further histori The
d from field include the ing

Order Triconodonta
Amphilestidae
Amphilestes broderipii
Phascolotherium buckiondi
Order Eupantotheria
Amphitheriidae
Amphitherium prevostii
No specimens have been recovered from the mines
since Simpson's (1928a) review of the fauna ap-
peared,
Three new mammal-bearing localities in the
Forest Marble were recently reported by Freeman
(1976a, 1976b). One locality, the Old Cement Works
Quarry at Kirtlington, is about 12 km north of Ox-
ferd on the east bank of the River Cherwell (Fig. 2-3)
and has produced 34 isolated teeth of mammals by
the ique of underwater

at the Old Cement Works
Quarry is a nonmarine clay bed within the domi-
nantly marine Forest Marble of the upper part of the
Bathonian stage, thought to be slightly younger than
the Stonesfield Slate (for references to general
geology, see Arkell, 1956; Richardson and others,
1946; and McKerrow and others, 1969). The second
locality (Fig. 2-3) is also in the Forest Marble Forma-
tion, but on the Dorset coast below West {or Watton)
CIiff, west of Bridport Harbour (Freeman, 1976a,

Ensom, 1977). To date, this locality has yielded
only a single, damaged mammalian tooth. The third
new locality is in a green clay bed that forms part of
the so-called ““Monster Bed" (see Palmer, 1973) of
the Hampen Marly Beds at Woodeaten Quarry, 5 km
northeast of Oxford. Although study of the fauna is
only in ¥ stages, the following taxa were
reported by Freeman:

Order T™Multitubereulata
Tharamiyid or multituberculate, isolated molar
Order Triconodonta
Morganucodontidas
morganucodentid lower molar (similar to Morganu-

P.
Seottish
i
(?‘

Sea

eﬁgﬁ

.

ng. The rock unit codon watseni, but larger) -
NS

Figure 2-9.  Map of Scotland and adjacent islands, showing the Iste of Skye. Although the precise
position of the locality is unknown to the authors, Middle Jurassic mammals have been recovered
Fram concial svnnenres af the Kireat Folnarine Sarles
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Order Docodonta
Dov:udonndue

mals have been documented from Europe, Africa,
and Nonh Ammca The future looks promising for

new d id by testh)
Order Symmetrodonta
symmetrodont lower molar (similar 1o Kuehneo-
therium and Middle Jurassic amphilestids)
‘Order Eupantotheria
Dryolestidae
iwo dryolestid lower molars
(1) Peramuridae
Palaeoxonodon ooliticus (5 molars)
second species, larger than P, coliticus (upper
molar)

The marlstone bands of the Ostracod
Limestones of the Great Estuarine Series on the Isle
of Skye of Scotland (Fig. 2-9) are of the mid to upper
Bathonian Stage and are approximately contem-
poranecus with the Stonesfleld Slate. Probably these
deposits were formed in large shallow lagoons not
directly open 1o lhesu Waldman and Same (1972)

in a number of places

Portugal

A coal pit at Guimarota just south of Leiria in
west-central Portugal (Fig. 2-10) has yielded fossil
mammals from deposits dated as lower Kim-
Im:rldglan on the basus of ostracodes and

h The i include
mughly 1,000 isolated teeth plus miscellaneous jaw
and skull fragments that have been recovered by
quarrying and screen-washing. A nearly complete
pantothere skeleton was discovered in 1976 (see
Henkel and Krebs, 1977). Several reasonably com-
plete multituberculate skulls were recently described
by Hahn (1977), and a complete docodont skull is be-
ing described by Georg Krusat (written comm, to

described a new
on the basis of premolar and molar teeth preserved in
two mandibles. Subsequently, two partial mammal-
jan one certainly o

have been discovered and are now being studied b)‘
R. 1. G. Savage (written comm. to Clemens, 1977).

Argentina

Footprints described in 1961 as mammalian and
di oy P i

Li 1977). The coal-swamp fauna has been
discussed by Kdhne (1961, 1968b, 1969) and Hahn
(1969, 1971, 1977). The assemblage suggests an age
somewhat oidsr l.han those from Pnrbcck or the
Fi (beth di below) and is
peculiar in that an
major groups common in most other later Jurassic
fossil suites, are so far lacking. The taxa described
from Guimarota to date include the following listing.

(see also 1964, 1975b) have been found in the Estan-
¢la Laguna Manatiales, south of the Rio Deseado,
roughly 140 km southeast of Jaramillo, Santa Cruz,
in Patagonia (Fig. 2-8). The age of the deposits was
initially described as “‘Matildense™ or “Complejo
Porfirico," supposedly “late-middle'” or “‘early-late
Jurassic.” Subsequent stratigraphic studies suggest a
Middle or Late Jurassic, Callovian or Oxfordian age
{Casamiquela, 1975b). No skeletal materials are
associated with the tracks, and the identification and
name are based solely on the footprints. The tracks
are interpreted as those of a jumping mammal that
Casamiquela (ibid.) suggested might be represen-

Order
Paulchoffatiidae
Pauichoffatia delgador
Pseudobolodon oreas
Kuehneodon dietrichi
K. simpsoni
K. dryas
K. sp.
Henkelodon naias
H. "3ummmuu
Family
G. Hahn, written comm. to Clemens, 1977)
Guimagrotodon leirlensls
Order Docodonta
Docodontidas

tative of the therian stock 110 and
possibly eutherians.

LATE JURASSIC

Order Eupantotheria
Peramuridae
cf. Peramus sp.
Eupantotheria incertae sedis
Butlerigale sp.

A much better record is
from deposits of Late Jurassic age, and so far mam-

Sreyt
Simpsonodon splendeéns

The deposits are still workable, thus the documented
diversity will probably increase in the l'utum

The Gui fauna is i ing in
that - || has the earliest known (non-haramiyid)
Although probably only one fam-

1,- is reglcsemed diversity at the generic level is con-
siderable. All are highly specialized, however, and
show no ancestral relationships with younger
multituberculate groups (fide Hahn, 1977). The
names Haldanodon, Simpsonodon, Butlerigale, and
Guimarota were used for the first time in Kohne's
1968h paper, and testh were figured, but only the
dentition of Haldanodon has been more fully
described (see Krusat, 1974, and Kohne and Krusat,
1972). Krusat's study was in the form of a doctoral
dissertation, and formal publication of the work on

{in P lation) is in process.
Krusat is also studying the skull of that genus. It is
not clear to which of the families mentioned by
Kihne in the 1968b paper (Paurcdontidae,
Dryolestidae, and Peramuridae) he meant the eupan-
tothere taxa to be assigned. Specimens of definite
dryolestids from Guimarota were discussed (without
naming them) by Krebs (1971).
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Two other Late Jurassic Portuguese localities
are known just to the west and southwest of
Lourinh#, one at Porto Pinheiro and the other at
Porto das Barcas (Fig. 2-10). Information is scanty
on these sites (see Krusat, 1969, and Kihne, 1968a).
Both seem to be slightly younger (upper Kim-
meridgian stage on the basis of ostracodes) than the
Guimarota fauna but with considerably less extensive
faunal lists. Porto Pinheiro was samp!ed by the use
of a technique of underwater screening (see Kithne,
1968a) and has :naldod triconodonts, mulmuber—
culates, and The
fauna is most similar to that from the Purbeck,
described below. Only two teeth are mentioned from
Porto das Barcas.

England

The sea-cliffs at Durlston (Durdlestone) Bay
near Swanage, Isle of Purbeck, in Dorset (Fig. 2-3)
have produced a mammalian assemblage of great in-
terest from the point of view of its diversity and
similarity with faunas from distant parts of the_

Ma‘nd

s P A

N

MEDITERRANEAN

A S5EA

Figure 2-10.  Map of Portugal and Spain, showing positions (triangles) of Late Jurassic and Early
Cretaceous mammal localities: J, Late Jurassic coal pit a1 Guimarota near Leria; 2 and 3, Late

Jurassic localities a1 Porto. Pinheiro and Porto das Bareas; 4, Early Cretaceous locality near Galve;

and 5, Early Cretaceous locality near Ufia.
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world. The local geological section at Durlston Bay is
given in part below (see Simpson, 1928a, and Arkell,
1933):

Chief Beef Beds
Corbula Beds

Upper Buikding Sione
(= Intermarine and

Middle Scallop Beds)
Purbeck
Reds Cinder Bed Durlston Beds
Lower Building Stone Lulworth Beds
(= Cherty and Marly
Freshwater beds. Latter
include the Mammal
Bed.)
Marls with gypsum, insect
Lower beds, and cockle beds
Purbeck Cypris Freestone
Beds Broken Beds
Caps and Dirt Beds

In 1854 the Rev. P. B. Brodie and a Mr. Wilcox sent
a collection of fossils from this locality, including
mammalian jaws, to Richard Owen (see Owen, 1871)
at the British Museum. Another large collection was
made over a period of years and sent to the same
destination by S. H. Beckles, and a few ul.hcr

Order Multituberculata
PaulchofTatildae

Plioprion minor
Bolodon crassidens

Spalacotherium tricuspidens
Peralestes longirostris (almost cerainly a synonym
of Spalacotherium tricuspidens)
Order Eupantotheria
Peramuridae
Peramius tenuirostris
Dryolestidae
Amblotherium nanum
A, pusillum
Kurtodon pusilius
Peraspalax talpoides
Phascolestes mustelula

The i fauna is bably tax-
onomically even more diverse than shown here
because, according to Hahn (1971), the species
Crenacodon falconeri and ?Bolodon elongarus are
distinct species that may belong in new, as yet un-
named, genera. Fragmentary cranial material, in ad-
dition to the dentition, is known for the tricon-
odonts Tri don and Tri from Durl
Bay (see Simpson, 1928a, and Kermack, 1963).

Attempts to correlate the Lulworth Beds with
the European chronn'loyes (Fig. 2-12) based on
marine i are fraught with difficulties.

specimens have been found since. All
recovered to date are from the Lulworth Beds with
only two specimens having come from the Lower
Building Stone; all others are from the Mammal Bed.
The known fauna from Durlston Bay includes the
following taxa (from scattered sources, but mainly
Simpson, 1928a; Clemens, 1963¢; and Hahn, 1969,

Order Triconondonta
Triconodontidae
Triconodon mordax
Trioracodon ferox
T. owenl
T. major
Order Docodonta
Docodontidae
Pergiocynodon inexpectatus (possibly referable to
Dacadon)

Toward the close of the Jurassic, enlargement of ter-
restrial areas divided the European seas into a north-
ern Boreal realm and a southern Tethyan realm, The
Purbeck Beds were deposited in a basin within the in-
tervening terrestrial area. Recent work by Casey
(1963, 1973) strongly suggests that the **Cinder Bed""
was formed during the initial Ryazanian trans:
gression that, coming from the north, flooded parts
of eastern England. The Cinder Bed is the base of the
Durlston Beds. The Lulworth Beds, source of the
mammalian fossils, lie beneath the Cinder Bed and
are thought to be a correlative of the Volgian. In the
Boreal realm, the Volgian-Ryazanian boundary is
used as the Jurassic-Cretaceous boundary. In the
Tethyan realm, however, the Tithonian-Berriasian
boundary is taken as the division between the
Jurassic and Cretaceous. There is 3 distinet possibil-
ity (Casey, 1973; Dodson and others, 1964) that this

latter boundary is slightly older than the Volgian-
Ryazanian and, by Tethyan standards, deposition of
the Lulworth Beds was a Berriasian (ie., Early
C ) event. Thus altk h by Boreal d;
the Purbeck mammals are nr Late Jurassic age, the
possibility exists that they are of the Early Cretaceous
by Tethyan standards. Because the issue is still moot
we will arbitrarily continue to use the Late Jurassic
age assignment.

Current studies of the Purbeck Beds, partic-
ularly the lower unit (West, 1975), suggest they were
formed in and about an extensive, hypersaline gulf
rimmed with broad tidal flats. Geologi and
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for the roots) eup
referred to the Peramuridae and named Bram-
catherulum tendagurense (see Dietrich, 1927, and
Simpson, 1928b). No Jurassic mammals have since
been found in Africa, and no Cretaceous mammals
have ever been found there. The beds have been
worked mainly for dinosaur remains, and the area is
mos( noted for the huge and magnificantly preserved

] Other land are
common as well, and further detailed prospecting,
washing, and quarrying will undoubtedly result in

known is a {except

paleontological data indicate the area probably was
semiarid and near or within the warm temperate
climatic zone. Forests grew along the margins of the
gulf. The Mammal Bed appears to be a deposit
formed in a water-logged marsh or swamp dotted
with freshwater pools.

In addition to calling this research on the
Purbeck Beds of Dorset tcuurmcntmu.l M. West

Rocky Mountains of North America

Late Jurassic mammals from North America are
known only from the Morrison Formation of Col-
orade and Wyoming. The Morrison it a geo-
graphically widespread rock unit that crops out from
1o New Mexico and western

pointed out the possibility that remains
had been discovered in Purbeck Beds in Wiltshire,
which might be contemporaneous with or older than
the oldest Purbeck Beds in Dorset (Barker and
others, 1975). On June 5 |876 Charles Moare
directed a Geologists' A to what
is now the Town Gardens Quarry in Swindon. In the
circular prepared for the excursion Moore noted the
discovery of ' Plagiaulax, Spalacotherium, and other
mammals" in the Purbeck Beds exposed in the
quarry. During the tour of the quarry he added
“Paralestes [sic]” to the faunal st (Hudleston,
1876). Many years later a search for these fossils in
the museums in Bath and Bristol proved fruitless
(Sylvester-Bradley, 1940), but the information at
that the for discovery of
mammalian fossils in **dirt beds™ of the Swindon
facies of the Purbeck Beds is great. (The Swindon
locality, which is not plotted on Fig. 2-3, is situated
approximately 40 km southwest of Oxford.)

Tanzania

_ An African Jurassic mammal from Tendaguru
in southeastern Tanzania was discovered before
World War I about 60 km northwest of Lindi (Fig.
24). The sediments have been dated as late Kim-
meridgian or early “*Tithonian' on the basis-of am-

_monites, and thus would M&Mﬂu&%ﬂ”&%a

correlative with the Durlston Bay section. The only

Oklahoma along the eastern Rockies. It is mainly
continental, but was deposited during, and a short
time after, the regression of the epicontinental Late™
Jurassic **Sundance Sea™ to the east. The thickness
of the rock unit varies from 0 to about 300 m, but
generally is 60 to 120 m thick. Despite the enormous
mass and geographic extent of the Morrison Forma-
tion, mammals are recorded from only five almost
pinpoint areas. One is at Garden Park in Fremont
County, Colorado, north of Canon City (Fig. 2-11)
near the Dilly Ranch. These mammalian specimens
were found in Marsh’s dinosaur quarry (sce Simp-
son, 1929) and include only two species to date:

Order Docodonta
Daocedontidae

Docedon sp.
Order Eupantotheria
Dryolestidae
Kepolestes coloradensis

The age of the deposits is probably close to those
from Wyoming discussed below,

A second Colorado locality was discovered in
the summer of 1976 by George L. Callison of
California State University, Long Beach, northwest
of Grand Junction in Mesa County (Fig. 2-11). The
site is in the Salt Wash Member of the Morrison For-
mation in the *‘Fruita Bowl' at a lower :mngnplnc

i 1 below) localiti
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date include three dible fi
one of which is tooth-bearing (probably a tnDDnﬂ-
dont). The locality seems to hold i prom-

ferent from other known Morrison sites in surround-
ing areas of Colorado and Utah and appnxmlt-y

ise for future work, as the mammal specimens were
found on the surface in association with partially ar-
ticulated skeletons of small reptiles.

A third Colorado locality, also in Mesa County,
is Iocated about 55 km west of Delta at the so-called
“Dry Mesa Quarry”’ (not plotted on maps in this
chapter). The only mammalian record to date is the
distal half of a humerus, found in 1977 associated
with the world’s largest known sauropod dinosaur.
The quarry is being worked by James A. Jensen of
Brigham Young University. He reports that, in addi-
tion to dinosaurian remains, the gquarry is also

a hitherto
setting; the probability of d.lsctwtr)‘ there of new
kinds of mammals thus seems high.

The Como Bluff fauna from the Morrison For-
mation in Albany County, southeastern Wyoming
(Fig. 2-11), contrasts markedly with the depauperate
nature of the Garden Park fauna. Como Bluff is
world-famous  for its spectacular dinosaur as-
semblage (about 20 genera), specimens of which were
first discovered in 1877; a mammal was found in
1879, Land animals recovered from the area include
a pterosaur, salamanders, frogs, turtles, croco-
dilians, fish, fresh-water invertebrates, and, of
course, The include at least 23

vielding lungfishes, turtles, crocodilians, p
and birds. The assemblage is taxonomically very dif-

genera and 40 named species (see Simpson, 1929,

MONTANA

foger
COLORADO
Canon nrf""""“’

Figure 2-11. Map of Montana, Wyoming, and Colorado, showing positions {iriangles) of Late
Jurassic, Early Cretaceous, and some Late Cretaccous mammal localities: {, Early Cretaccous
Cloverly Formation near Bridger; 2, Late Jurassic Morrison Formation al Como Blufl and Bone
Cabin Draw; 3, early Late Cretaceous Frontier Formation near Como Blulf; 4, Late Jurassic Mor-
rison Formation at Garden Park; and f, Late Jurassic Morrison Formation near Grand Junction

(also see Figs. 2-18 and 2-19).

1937), making it taxonomically the most diverse
Mesozoic mammal assemblage yet known from the
entire world. Most mammalian specimens were
recovered from *‘Quarry 9, but seven other
Jocalities nearby have vielded mammalian specimens.
The major collecting efforts were made for O. C.
Marsh of Yale University in the late 1800s (see Simp-
son, 1948, and Ostrom and Mclntosh, 1966, for
‘histories of collecting at Como Bluff). Less collecting
has been done at Wyoming Morrison exposures dur-
ing the wwentieth century, but undescribed mam-
malian specimens have been recovered by col-
laborating parties from Yale University and The
American Museum of Natural History led respec-
tively by Charles R. Schaff and Thomas H. Rich at
Como Biuff and at the nearby Bone Cabin Draw.
Also, Kenneth Carpenter of The Umvusuy of Col
orado in 1976 di a
1o0th {two cusps only) of uncertain aff‘mues from a
mudball conglomerate facies of the Morrison Forma-
tion in Carbon County on the southern flanks of the
Freezout Hills, roughly 25 km northwest of the
Como Bluff area. This last site is not plotted on the
maps herein.

The recorded mammalian fauna from Quarry 9
is as follows:

Order Triconodonta
Amphilestidas
Phascolodon gidleyi
Aplocorodon comoensis
Triconodantidae
Trieracodon bisulcus
Priacodon ferox
P. robustus
P lulli

D. superus
Order Multituberculata

Plagiaulacidae
Crengcodon serratus
C. scindens
C. laticeps
Psalodon potens
P. fortis
TP. marshi
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Order Symmetrodonta
Amphidontidae
Amphidon superstes
Spalacotheriidae?
Eurylambda aequicririus
Tinodon beilus
T. lepidus
Order Bupantotheria
Paurodontidae
Paurodon valens
Archaeotrigon brevimaxillus
A, distogmus
Tathiodon agilis
Araeodon infermissus
Dryolestidas
Dryolestes priscus
Lavlestes eminens
L. grandis
Amblotherium gracilis
A. debilis
Herperatrus arcuatus
TH. humilus
Melanodon oweni
M. goodrichi
Eurhlastus cordiformis
Miccyloryrans minimus
Malthacolestes osborni
Pelicopsis dubius

The taxonomic listing is somewhat inflated as
some of the species are named on the basis of dif-
ferent parts (i.e., upper dentition vs. lowers, anterior
parts of tooth-rows vs. posterior paris, etc.) that can-
not as yet be associated. Nevertheless, the
sily is greai, especialiy among ihe inerian
the eupantotheres had really come into their own as a
major group by :he Late Jurassic. Crenacodon,
Trior LA herium, and probably Doco-
don (under the guise of Pmmxymdon} occur both
at Como Bluff and in the Lulworth Beds (part of the
Purbeck Beds) at Du!]:stw: Bay, England. The gen-
erally d correl ing contem-
poraneity of these local faunas were based on faunal
similarity, but might be modified when more precise
methods of correlation can be utilized. '

Colbert (1973) made the point that the dinosaur
sumlanty bctwnn the Purbeck, Tendasun: and

localities is great, the ibill
that major intercontinental dispersal of land
vertebrates occurred between North  America,
Europe, and Africa during the Late Jurassic. Not
only were the Morrison and Purbeck formations of
nearly the same age, but North America and Europe
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were probably contiguous in the Late Jurassic. Other
evidence suggests that they did not separate until
toward the end of the early Eocene. Even with the
continents in contact, however, the present sites of
Como Bluff and the Isle of Purbeck (now actually a
peninsula) would have been distant from each other
(see Fig. 14-3), and this could account for some
observed faunal differences.

EARLY CRETACEOUS

Mammalian fossils of Early Cretaceous age are
from scattered localities in Europe, Asia, and North
America. In almost all cases the specimens are ex-
tremely rare and hard-won from the sediments.

England

Important Early Cretaceous localities are found
in southeastern-most England, The generalized
stratigraphic section seen in the area is presented in
Figure 2-12.

The Early Cretaceous section in the Wealden
district of southeastern England begins with the
Durlston beds, the upper part of the Purbeck Beds,
These strata pass into the Hastings Beds that are
overlain by the Weald Clay. The primarily non-
marine strata of the Hastings Beds and Weald Clay
are thought to have been deposited in a subsiding
graben-basin rimmed by horsts. The basin spas-
modically opened northwestward to the sea. Accord-
ing to Allen (1975, p. 339). “The ‘normal’ environ-
ment was a variabl ooasui dplain with
lagoons and sandy waru-aourses " Three mammal-
bearing localities have been deseribed (see Clemens,
1963b, and Clemens and Lees, 1971) and a fourth
was recently discovered, The most prolific is the
“'CIliff End bone bed,” a unit of the Wadhurst Clay
exposed in the sea cliffs northeast of Hastings (Fig.
2-3), On the basis of ostracode faunas it, and the
nearby Tighe Farm locality (Fig. 2-3), are of the
Valanginian stage (E. R. Shephard-Thorn, in
Clemens and Lees, 1971), A third locality at Pad-
dockhurst Park (Fig. 2-3) is stratigraphically higher
and is of the Valanginian or Hauterivian stage. The
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in the Wealden District of southeastern England.

Figure 2-12, Late Jurassic-Early C

The Grinstead Clay is not present throughout all y-m of the district. The Ashdown Sand and Fairlight Clay rock units are

it Jeast in part lateral facies equivalents. Combined

from Casey (1971), Gallois (1965), and Anderson and Hughes (1964).

fourth locality includes a few teeth from Wealden
beds on the Isle of Wight (Fig. 2-3) currently under
<udy by P. M. Butler and R. L. E. Ford. The Cliff
£nd mammalian fauna recorded to date is as follows:

Order Multituberculata

Plagiaulacidae

Loxaulax valdensis
Order Symmetrodonta
Spalacotheriidac
Spalacotherium tricuspldens
Order Eupantotheria
Dryolestidas
Melanodon hodsonl
Therian, order incertoe sedis
Acgialodontidae
Aegialodon dawsani

According to Clemens and Lees (1971) and
Hahn (1971), multituberculates in addition to Lox-
aulax valdensis are probably present in the fauna,
Note that Spalacotherium fricuspidens is a species
also recorded from the Purbeckian Durlston Bay
fauna.

Aegialodon dawsoni (see Kermack and others,
1965) s a very important mammal despite the fact
that it is represented by only a damaged and worn
isolated lower molar, It is the earliest known therian
mammal tooth having a complete three-cusped trig-
onid and basined heel, comprising a fully tri-
bosphenic design. Such a structure is required in an
immediate ancestor for all later marsupial and
placental mammals. As will be pointed out in more
detail in subsequent chapters, Aegiolodon may have
been close to the ancestry of modern therian mam-
mals.

A second locality in southeastern England is
found in the ““Telham pebble bed™* in the lower Nn
of the W Clay ing out in an
quarry on Tighe Farm near Wittersham on the Isle of
Omney in Kent (Fig. 2-3), Only a few teeth have been
recovered, including (Clemens and Lees, 1971):

Order Eupantatheria
Dryclestidae
Melanodon hodsoni

Another murmnat-bea.rlns locality for which
is the so-called
"Plddockhum Park chy pit"" southwest of East
Grinstead in north-central Sussex (Fig. 2-3). The
mammals come from a lens of grey, shell-rich
L in the Gri Clay. The P

Park locality is considerably younger than the other
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two Wealden levels and, unfortunately, the fossili-
ferous lens now seems to have been exhausted. The
fauna includes only the following (Clemens and Lees,
1971):

Order MMultituberculata (one incisor)
Order Symmetrodonta
Spalacotheriidae
Spalacothertum taylori (described as new by
Clemens and Lees in 1971, revising Clemens'
1963b identification of an isolated tooth as “'cf. 5.
tricuspidens’)

In view of the immediate succession of the
Wealden localities, it is not surprising that genera
persisting from the latest Jurassic are found in all
three assemblages. These include Spalacotherium,
which oceurs in the Purbeck fauna, and Melanodon,
which occurs in the Morrison fauna. The species,
however, are different. Although the material is
scanty, these faunas seem to have the same tax-
onomic composition as those of both North America
and Europe in the Late Jurassic. Aegialodon, known
only from a single lower molar, is slightly more ad-
vanced than its Jurassic relative, Peramus.

Spain

Sediments cropping out near Galve in the Prov-
ince of Teruel, east-central Spain (Fig. 2-10), have
yielded a variety of vertebrate fossils including the re-
mains of fishes, crocodilians, dinosaurs (Megalo-
saurus), and mammals. The fossils appear to have ac-
cumulated in & coastal swamp. This deposit has been
thought to be of Barremian age, although the possi-
bility that deposition continued into the Aptian can-
not be excluded.

The first mammalian fossil from Galve to be

d d is an eni| ic tooth that C) -Pairé
and Adrover um» also see 1966) id:mjfad.u part
of the dentition of a p and asthe
type of F i herreroi, Py dotherium is

certainly & mammal, but more precise identification
has been debated. F. 5. Szalay, in a personal com-
munication to M. C. McKenna (see McKenna, 1969,
p. 225, footnote 3), suggested that the type specimen
is probably an upper incisor of & multituberculate.
This was contested by Crusafont and Gibert (1976),
who maintain that the fossil is a premolar of a
dryolestid eupantothere.

Kithne (1966} reported the recovery of a few
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Galve area, Subsequently, an anonymous news item

(Anon., 1975) announced the completion of a study

of the multituberculates by Crusafont and Gibert.

This was published the following year. Their collec-

tions were obtained through washing and screening
15 tons of sedi The

An antiquity even this great has been challenged by
Fox umb) Only one snmcs of mammal has been
i and was (1947) as:
TEutherin, incertae sedis
Endotherium niinomil

L the i of the teeth
culates, known from isolsted teeth, include represen- 1o o o g e e ::
tatives of d species of Plagi not di and the aie e 1oat,

Paulchoffatia, Kuehneodon, and Ro!'ad(:n. This is
an interesting mixture of taxa. Prior to these
discoveries, Poulchoffatia and Kuehneodon were

Nevertheless, if the lllnnrmom are even vaguely ac-
curate, they depict lower teeth of remarkably ad-
vanced mcrpholm that strongly suggest affinities

known only from the Kimmeridgian, Gui
local fauna of Portugal, and Bolodon and Plagiaulax
were limited to the Purbeck Jocal fauna from the
Volgian, Lulworth Beds of England.

Mammalian fossils have also been found south-
west of Galve at Ua (Fig. 2-10) in the Province of
Cuenca, central Spain, east-southeast of Madrid (see
Ktihne and Crusafont-Paird, 1968). The sediments
have been dated as Early Cretaceous, but the age is
not precise and it could be as young as the Albian
Stage (Jate Early Cretaceous). The majority of the
fauna is now being studied by Siegfried Henkel and
Bernard Krebs, The sample of the fauna contains
isolated teeth of multituberculates and eupan-
totheres, Two complete lower jaws of a dryolestid
cupantothere have been formally described by
Henkel and Krebs (1969) as Crusafontia cuencana,
Details of dental wear in this species were discussed
by Krebs (1971).

Asia
Asiatic records of Early Ci li

with euth Thus En-
dotherium remains only as an ambiguous example of
a possible early eutherian.

Another mammalian species has been deseribed
by Yabe and Shikama (1938) from the *“Sakasiyo™ or
Chatzuyao (Zhaziyao) coal mine, 3.6 km east of the
railroad station known as “‘Gabdten”" or Wafangtien
(Wafangdian), now known as Fuhsien (Fuxian) city,
Lizoning Province (Fig. 2-5), as:

Order Symmetrodonta
Amphidontidae
Manchuroden simplicidens
The rock unit is referred to as the “'Husin Series"
and, like Endotherium with which it is probably a
time correlative, was originally thought to be of
Jurassic age on the basis of plant fossils. The
holotype of Manchuredon simplicidens is an un-
numbered mandible with nearly complete teeth and a
fragmentary scapula, possibly of the same in-
dividual. The fate of the specimens is unknown to us.

More recent efforts by members of the Soviet-
Monsollan Expeditions, as well as by Mongolian

ists working alone, have centered on

life are exceptionally tantalizing, but unfortunately
very little really usable information is yet available.
‘There are major problems associated with interpret-
ing each of the described finds.

A coal-bearing bed in the “Hsinchiu' or
Hsinch'iuyao (Xingiuyao) coal mine part of the
“Husin" or Fuhsin (Fuxin) coal field, about 10 km
northeast of the city of Fuhsin, Liaoning Province,
northeast China (Fig. 2-5), was originally described
by Shikama (1947) as being of Jurassic age. How-
ever, on the basis of vertebrate assemblages, and

fall I-TI: i the i

Early Cretaceous deposits in the Mongolian Gobi
Desert near the well of Khovboor in the Ubur-
Khangai area (Fig. 2-13) on the right bank of a dry
river, the Arguyin-gol (see Kalandadze and Reshetov,
1971b). The name Khovboor refers to the matted
clump of wool that hangs on the sides of sheep dur-
ing molting. The work has allowed the compilation
of the following faunal list (from Beliajeva and
others, 1974, and Dashzeveg, 1975). The locality is

given as . . . Guchin Us somon (county) in the prov-
ince (aymak) of Arvaykher . . ."" by Dashzeveg
(1975). A ing to (1974) the site is about

are now thought to be of Early Cretaceous age (see
Chow, 1953), perhaps as young as Aptian or Albian
stages (late Early Cretaceous; see Patterson, 1956).

15 km to the southeast of the county seat of Guchin
Us in the eastern part of the extensive Guchin depres-
sion.

Order Multituberculata
Plagiaulacidae
new genus and species
Order Triconodonta
Tricenodoatidae
“Gobiconodon borissigki™ (referred to in the Eng-
lish abstract by Beliajeva and others, 1974, p, 364,
s Neocosodon borissiaki Trofimov)
(for reference to subsequent work sce editors”
note to Table .13
Order Symmetrodonta
Amphidontidae
*Gobiodon infinitus'” (referred vo in the English ab-
siract by Beliajeva and others, 1974, p. 364, a3
Gobion infinituy Trofimov; according to a per-
sonal communication from B, A. Trofimov to M.
C. McKenna and Z. Kielan., Iaw:owl:a. he now
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Theria of metatherian-eutherian grade

Aegialodontidas
Kielantherium gobiensis
Unl‘onuna:d;.'. ml.h l.he e.mcpllun of Kielan-
therium d by Di ¢, ap-

pearance of the above names was unaccompanied by
descriptions or illustrations of the material and they
are thus noming Auda (enclosed by quotation marks)
and technically invalid. Precious little can be said
about most of the fossils at the present time. Details
useful in narrowing the likely age of the beds are not
given by Beliajeva and others (1974). Crompton and
Kielan-Jaworowska (1977) tentatively agreed with
Dashzeveg's interpretation of an TAptian Stage on
the basis of information received from Russian

thinks that the may k
be incorrect)
Smnmﬁnm: indet. (personal communication 1o Z,
ka from D. g, 1977)

Order Eupantotheria

using data from dinosaurs and fossil
turtles. Barsbold and others (1971) referred the
Khovboor to the Aptian or Albian stages. In any
case, although the Khovboor section seems to be
significantly older than the Djadokhta and other

TPeramuridae

Mon.gohan formations discussed below, its age is in
ne;mus and spedcs tn:;o:gmmwﬂmh;;g; question. The Khovboor fauna includes
Infraciass Eutheria some of the most primitive and perhaps earliest iden-
Tenrecidas tified cul.hr.nnn! It n!m |nl:1||du llu: latest known
**Prokennalestes kozlow" in Asia. and
Zalambdalestidas Reshetov (ISTIA}. more :Ilnn zm mnmma]ian ;nw;

“Prozolambdolestes simpsoni® plus P were

Figure 2-13. Map of southcentral
Cretaceous mammal

Mongolia,
localities: [, Late Cretaceons Inully of Toogreeg: 2,

showing positions (triangles) of Early and Late
Late Cretaceons

Djadokhta Formation ai Bayn Dzak; 3, Late Cretaceous Barun Goyol Formation at Khulsan; 4,
Late Cretaceous Barun Goyot Fomlllhu al Nemegt; Sand 6, localities from Late Cretaceous Barun
Cretaceous

Goyot Formation of Khermeen Tsav; 7, Late

or earliest Paleocene locality at Khaichin

Ula; and &, Early Cretacéand Iocality at Khovboor.
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from the screen-washing of about 70 metric 1ons of
rock.

Fox (1976a) argued that Dashzeveg (1975) did
not describe any diagnostic features of the solitary
lower molar of Kielantherium gobiensis that are
useful in distinguishing it from the only known tooth
(also a lower molar) of Aegialodon dawsoni from the
Wealden Cliff End fauna of England. T!Il!i Fox

jzed Kielantherium with Aegial and

only d the disti of the
speqes on the hasns or |hen' aemporzl differences and
The Khovboor

assemblage is pmhably significantly younger than the
CIiffl End fauna. Not only are the two localities
geographically disparate, but they were probably
isolated by seaways of considerable magnitude dur-
ing the Early Cretaceous (see Chapter 14). The
possibility that the very real similarities between the
two known teeth is due to the retention of primitive
features from an older common ancestor cannot yet
be climi d. We theref i Fox's
synonymy to be premature and do not accept it in the
formal classification used in this book.

Ce on the S ics of
Cretaceous Eutherians

choice cannot be made, we have removed taxa (o an
incertae sedis status but have not created nomina for
new groupings.

North America

Recent finds from the Lower Cretaceous Clov-
erly F ion in the Pryor M in Field of Car-
‘bon and Bighorn counties, Montana (Fig. 2-11), and
Bighorn County, Wyoming, promise to be very im-
portant for Mesozoic mammals. The Cloverly For-
mation directly overlies the Morrison and has yielded
a rich dinosaurian fauna, but, until recently, no
known mammals. In the 1970s, however, field par-
ties from the Museum of Comparative Zoology led
by F. A. Jenkins, Jr., and C. R. Schaff recovered
zrloonudom jaw and skull parts, plus skulls and ar-

of Is within
nodules (see Chapter 4). The materials are now under
preparation and have not yet been described, but it is
an understatement to say that the scientific potential
of these finds Ls exmmdmary

More h i have
been collected by parties led by Bryan Patterson,
formerly of the Chicago Field Museum of Natural
History, and B. H. Slaughuer, of Southern Methodi
University, in north-central Texas from the Pa]uxy

Not too many years ago, when
fossils of Early Cretaceous age were limited to a few
isolated teeth from sauﬂmsst:m England, no dif-

Fi fon {or more precisely, its lateral
the upper part of uu_- Amlm Formation; m
Langston, 1974, Table 1) of the Trinity Group, Com-

'+ Series. The Paluxy Formation is a ter-

i mecaa Ha i Yot fratadanis

&5 arose in
eutherians from Jurassic pantotheres. This conven-
ient and comfortable state of ignorance has been and
continues to be eroded by d‘lSDU\fﬂ'lcs of Early

< taﬂy grades in
the lution of the tribosphenic d lon and the
diversification ofculhcnans and mcrathmmls W'hen
bly good sp are i
parts of iti there is no p

difficulty in sorting them into definable species and
genera. Howw:r, these mamma!s all havt quite

1 d tribosph denti-
uuns The materials in hand commonly do not have
characters that can be used in later groups of mam-
mals to distinguish families or even, in some cases,
orders, Most of them have in fact been ascribed 1o
particular families and orders, but often on dubious
grounds, and taxonomic assignments by different
students are in radical di Ina
few cases in this and other chapters where a clear

restrial and brackish water clay and sand deposit
overlying the marine Glen Rose Formation. Age of
the Paluxy is based on invertebrate fossils in the Glen
Rose Formation, thought to be equivalent with the
lower 1o middle Albian Stage (latest Early
Cretaceous). It is younger than the Cloverly Forma-
tion, and the mammals have been used by Russell
(1975) to define the “*Paluxian” land mammal age,
Two important areas of localities are known, and
mammals from both are commonly referred to as the
“*Trinity sands mammals.” The first locality area is
in Greenwood Canyon, a name given for a stream
drainage on the land of Virgil Greenwood on Denton
Creek, a short distance southwest of the town of
Forestburg in Montague County (Fig. 2-7). The
fauna was first described by Patterson (1951, 1956)
and includes the following taxa:

Order Triconodonta
Triconodontidas

Astroconodon denisoni
Order Multituberculata
Plagiaulacidae (reference 1o this family has recently
been questioned by Richard C. Fox and Bob H.
personal
misc. isolated testh
Order Symmetrodonta
Spalacotheriidae
Spalacotheroides bridwelll
Theria of metatherian-eutherian grade
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dont Astreconodon, but no other mammal, has been
found in freshwater deposits at King’s Creek (Mon-
tague County), Lewis (Wise County), and Paluxy
{Hood County) by Slaughter (1969, further locality
data not given).

As an aside, the Texas Cretaccous mammal
localities were found in areas that were east of the
epicontinental sea dividing North America into
eastern and western parts; all other known Cre-
taceous localities on the continent are to the west of

The are the most ]
D[ the fauna (representing at least two forms), but are
as yet undmcnbnd The so-called “‘therians of

herian grade' have c been
referred to in the literature as the *‘Forestburg
therians.”” Their significance will be di in

the shoreline of the ancient seaway (see Chapter 14).

LATE CRETACEOUS

are best known from the

more detail in Chapter 10.

The second important Paluxy locality area is
found about 32 km south of Greenwood Canyon on
the farm of Lee Butler just northwest of Decatur in
Wise County (Fig. 2-7). The mammals comprise the
“Butler Farm™ fauna. The fossils have been

Late Cretaceous, but only from Europe, South

America, Asia, and North America; the record on

the first two of these continents is extremely scanty.

With a few minor i the record is i

to about the last one-third of Late Cretaceous time.

Thus ma,]or time £aps exist in presently avm]ab]e in-
Late C;

recovered from the bottom few i of an
18-10-20 meters-wide channel fill. The discovery of
and collecting at the sites were the accomplishments
of B. H, Slaughter, 1o whom the greatest credit must
be given for extraordinary persistence. From the best
of his five sites in the area, only about 50 mammal
teeth were recovered by screen-washing over 200 tons
of rock! The Butler Farm sites represent a fresh-
water deposit, with fishes and crocodilians being
common members of the fauna. The mammalian list
from the Butler Farm is as follows (modified from
Slaughter, 1971):

Order Triconodonta
possible occurrence
Order Multituberculata
undescribed
Theria of metatherian-eutherian grade
Acglalodontidae
Kermackia texana
Pappotheriidas
Pappotherium patiersoni
Family uncertain
Holoclemensia texana

&1

; (1971) idered P herium  and
Haloc fa 1o be ives of the Eutheria
and Metatheria, respectively, but we use a different

pproach that is descril in detail in
Chapter 10.

In addition to the above localities, the tricono-

evolution.

Europe

The entire Late Cretaceous mammalian record
from Europe available in the literature is a report on
a single isolated lower molar described by Ledoux
and others (1966). The specimen was collected in

France ar a locality called Chamo-Garimand in the
France at a locality called Champ-Garimond in the

valley of Saint-Mamert, 1.3 km northwest of the
village of Fons (Gard) in Languedoc (Fig. 2-14). Ac-
cording to a note by Berger (1974) associated with the
Le Vigan sheet of the geological map of France, the
age of the rocks is now considered to be late Senon-
ian (Valdo-Rognacien).

The wooth has not been formally named, but it is
commonly referred to in the literature as the
“Champ-Garimond tooth.” Affinities of the
specimen are uncertain, but :l is’ clearly from a
therian and Iy a lts.
general mofpholosy suggests similarities  with
primitive condylarths, the large group of early
Cenozoic mammals that ultimately gave rise to the
various ungulate (hoofed mammal) groups. Me-
Kenna (1969) sugsesl.ed that the tooth has all lhe
features ct istic of a didelphod
palacoryctid insectivore. Relationships, however,
cannot be proven with the existing evidence.
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Although some collecting by use of screen-washing
techniques has been done, further efforts in the area
should be strongly encouraged. Large dinosaur eggs
are also found at the locality.

Miguel Telles Antunes, in a written

northeastern shore of Laguna Umayo in the Peruvian
Andes (Fig. 2-15) at an elevation of about 3,900 m.
The area is about 20 km northwest of the village of
Puno near Lake Titicaca. The rocks are considered

to the ich Stage on the basis of

tion to Clemens (1977), announced the discovery of
Late Cretaceous mammalian fossils in western Por-
tugal. They come from deposits overlving Upper
Campanian marine strata containing the ammonite
Hoplitoplacenticeras that crop out in a belt from
north of the city of Aveiro to south of the Mondego
River. The associated fauna includes several kinds of
invertebrates and various fishes, including Lepi-
sosteus. A pelomedusid wrtle, Rosasia soutol, is
common, Mosasaurs, lizards, a snake, crocodylians,
at least two kinds of saurischian dinosaurs, and
pterosaurs comprise other elements of the fauna. The
locality is not plotted on maps herein,

South America

Mammals have been found by French collectors
near Atumcolla in a 300 m? gullied exposure on the

charophytes. The fossil-bearing rock unit is referred
to the Vilquechico Formation (see Portugal, 1974),
but the type section for the formation is about 75 km
from Laguna Umayo and the two sections are of
quite different lithology. Thus the use of the same
formational name in both areas may be questionable.
The mammalian fauna is scanty, represented pri-
marily by isolated teeth, tooth pams, and one
fragmentary jaw. The material was identified by
Grambast and others (1967), and Sigé (1968, 1971,
1972) as follows:

ENGLAND

Figure 214, Map of France, showing position (triangle) of Late CMMOL

*Champ-Garimond."

Order TCondylarthra
Perutherium aliiplanense
Theria indet.

The fauna is especially interesting in that
Alphadon is a genus of marsupial common in the
Late Cretaceous of North America. The ?pediomyid
record is based upon a single fragmentary lower
mollr nnd the query is certainly well deserved. The

are in North Ameri de-
pusm of Late Cretaceous age and any future confir-
mation of the identity of the Peruvian animal is
eagerly awaited, Perutherium is questionably iden-
tified as a condylarth, another group commen in
Holarctic deposits of the early Cenozoic. Peruth-
erium is quite unlike anything otherwise known from
the Late Cretaceous. Its lower molars are condylarth-

Where, When, and What 33

pean early Cenozoic and also the Didolodontidae of
the South American m]y 1o middle Cenaamc Con-
dylarths and
in the Late Cretaceous or urb‘ Palcoouls of Sanlh
America in light of the great evolutionary radiation
in or from those groups during the Cenozoic (see Pat-
terson and Pascual, 1968). The interesting aspect of
the Peruvian fauna is the apparent affinities with
assemblages better known from North America. The
fossils indicate that primitive marsupials (didel-
phines) were present and already somewhat differen-
tiated; they suggest a faunal connection with North
America. The marsupials could be used as evidence
for almost any of the now numerous speculations
about the early di 1 (see L

1974, and Keast, 197?] but do not pnrdmlnﬂy sup-
port any of the conflicting hypotheses. The presence

like, but not at all close o those of i
the most common condylarth in some lacest

of a primi it (Perutherium), perhaps
closely related to the ancestors of some of the Ibun
dant later South

Cretaceous local faunas of North Ameri
does the Phena-
mdnmidu of the North American and Euro-

independently suggests faunal comnections with
Holarctica. The geographic or lineal origin of this

VEN.

COLOMBIA

BRAZIL

BOLIVIA

—Figurs 2-15,Map of Bary_showing oosttion-{iriangic) of-Late-Cretascous-mammal-tocality near

Laguna Umayo.
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form, however, is completely unknown and is almost
beyond reasonable conjecture at present. Further col-
lecting at Laguna Umayo, and in South America in
general, is greatly needed.

Asia

Spectacular mammalian finds have been made in
rocks of Late Cretaceous age in the Mongolian Gobi
Desert by American, Polish, and Russian workers,
the latter two in conjunction with scholars of the
Mongolian People's Republic. The original dis-
coveries were made during a series of five Asiatic ex-
peditions between 1921 and 1930 organized by person:
nel from The American Museum of Natural History,
especially Roy Chapman Andrews and Walter
Granger. Extremely useful information on the ex-
peditions and on geographic pluenamcscube
found in the references by Andrews (1932), Gra
dzifiski and others (1969), and Gradzinski and .'I!e-
rrykiewicz (1972). The most famous early finds came
from the Djadokhta Formation of Bayn Dzak (also
spelled Bain-Dzak, meaning “'rich in Dzak," refer-
ring to Haloxylon, a forage plant) in south-central
Mongolia in the northern Gobi Desert (Fig. 2-13).
The general area was also referred to as Shabarakh
Usu, meaning *'muddy water," The classic site is
along a 10 km escarpment known as the Flaming
Cliffs from which the first known Mesozolc mam-
malian skulls were collected. The early discoveries
were described by Gregory and Simpson (especially
1926). Recently, Polish-Mongolian expeditions led
by Zofia Kielan-J ka have collected more
and better preserved specimens at the same locality,
The section is shown in Figure 2-16.

The upper conglomerate layers are known to
contain dinosaur eggs. The red sands of the ““Flam-
ing Cliffs"" have dinosaur eggs and mammalian re-
mains as well. The zTOnE WaS
thought to be relatively unfossiliferous, but the
Polish-Mongolian expeditions proved the presence of
mammalian specimens. The basal layer has provided

of F and other di

lizards, crocodiles, dinosaur eggs, and skulls of
mammals. In total, about 50 mammalian skulls are
now known from Bayn Dzak. The mammal fauna
from Bayn Dzak is given below, as compiled from
Kielan-Jaworowska (1969, 1970, 1971, !9’."4-,
1975a-d) and Gradzifiski and others (1977), with slight

for i with used in

this book:

Catopsalis marthew! (previously known as Djadock-
tatherium)
Kamprobaatar kuczynskil
Eucosmodontidae
Bulpanbaatar nemegibaataroides
Kryptobaarar dashrevegi
new genus and species
Sloanbaataridue
Sioanbaatar mirabills
new family i
new genus and species
Infraclass Eutheria
TLepticioidea, incertae sedis
Kennalestes gobiensis
Zalambdalestidne
Zalambdalestes lechel (including Z. grangeri and
Z. 5p. as junior synonyms, according to Szalay
and McKenna, 1971)

conglomerate layers
interspersed with sands

brick-red sands,
the "Flaming Cliffs"

}., concrefionary zone
}busd layer

Figure 2-16.  Schematic illustration of the section of the
Djadokhts Formation st Bayn Dzak (after Lefeld, 1965;
for more detail, see Lefeld, 1971). The thickness of the in-
dicated exposed section is about 60 m.

Theria of metatherian-cutherian grade
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locality, called Toogreeg (= Toogreegeen Shireh), is
about 30 km west-northwest of Bayn Dzak in poorly

d white and grey-yellow sands (see Gra-

dzifiski and Jerzykiewicz, 1972). The general region

was prospected by Mongo]im worims as w:ll as b'_v
L of the S

Delratheridiidae =
Deltatheroides cretacicus
Hyotheridium dobsoni
m Telee it 1 e & " and
the therians Deltatheridium and Hyoth have

not been found in the area subsequent to the original
American expeditions, but a whole suite of other
genera have. Differences in the collections are ap-
parently a reflection of a bias toward larger-sized
specimens on the part of the Americans; the smaller
specimens seem to have been overlooked. The fauna,
which may be typical of the uplands in the Late

(1969, 1970, nnd 1976} l.nd briel'ly in
1971 by the Polish-M 1 Ex-
pedition (K k

and Barshold, 1972; G 4
1972; Gradzidski and others, 1977; Kielan-
Jaworowska and Dashzeveg, 1978). A list of
‘mammals from Toogreeg has not yet been published.
Howev«. a skuii of a new genus and species of

Cretaceous of Asia, includes no clearly bl
fetatheria. The Deltatheridiidae, however, accord-
ing to Butler and Kielan-Jaworowska (1973), com-
bine some metatherian and eutherian characters
without being clearly referable to either. The rest of
:h: fauna and of others known from l.'he Late

Itituk 1 (Tugrighaatar

in 1974 by D % has

been described by Kielan-Jaworowska nnd him
(1978). Also, of the Soviet.

Paleontological Expedition of 1976 found more

il of multitub L and a eutherian (in-

of ia consist of relatively abun-
:lant and diverse multituberculates and snme primi-
tive proteutherian Eutheria.

As a miscellaneous point, the suffix “‘baatar"
on so many of the multituberculate generic names
means “‘a hero’ and alludes to the name of the
capital of the ian People’s Republic, Ulan

from Rinchen Barsbold). These specimens
are housed in Moscow at the Palacontological In-
stitute of the Academy of Sciences of the U.S.S.R.

The of the di P an—

d'nm:.f md Vefx.fnqp.ror ml:a!’km& (see Kielan-
and B 1972) at Toogreeg sug-

Best ity of the strata wlrhrheloealluu

Bator (Ulaan Baatar, “‘red hero,” in Mongolian).
The age of the Bayn Dzak fauna was thought by
Kielan-Jaworowska in 1970 to be equivalent to
7Coniacian or Santonian stages. Later (1975b),
however, she stated that it is more probable that 1I|e
Dijadokhta Formation is closer to the

at Bayn Dzak (Gradzifiski and others, 1977).
Another fossiliferous area was discovered in
1970 by the Polish-Mongolian Pal logical Ex-
pedition. These new localities are in the Memegt
Basin at Khulsan and Nemegt (Fig. 2-13), about 220

Stage. Unfortunately, no fossiliferous marine in-
tercbeds or radiometric ages from any of the
are yet The dating is
based mainly upon “'stages of evolution™ of the
Such an approach in dating
has been challenged by Fox (1972b, 1974) and he
belicves the Asiatic faunas 1o be cowdemlﬂy
younger. R ly, Grad i, Kielan-J;
and Maryanska (see Gradzinski and others, 1977), on
the basis of freshwater invertebrate, dinosaur, and
jan faunas, d that the Djadokh
Formati the 7late Santonian and/or
Tearly Campanian Stuy: Such an age for the
Djadokhta Formation is here tentatively accepted.
A new fossil area (Fig. 2-13) was discovered in
1961 by Rinchen Barsbold and Demberelyin Dash-
zeveg (see Dashzeveg, 1963) of the Geological In-

km south h of Bayn Dzak in the Barun
Goyot Formation (also known as the “‘Lower
Nemegt Beds'). The mammal-bearing sediments are
younger than those of Bayn Dzak, and underlie
dinosaur-bearing sediments of the Nemegt Forma-
tion (also known as the “‘Upper Nemegt Beds™).
So far, the Nemegt Formation has not yielded
mammalian fossils. The Barun Goyot Formation has
been called TMiddle Campanian Stage by Kie-
lan- Jawmrsh (ID?%) on the basis of oL . de
gree of of i
Intey, .. WM

Fossil mammals are also known from two local-
ities at Khermeen Tsav in beds of correlative age with
the Barun Goyot Formation, roughly 100 km south-
west of Nemegt (Fig. 2-13). About 100 mammalian
skulls have been recovered within the combined
Nemegt-Khulsan and Khermeen Tsav localities, some

stitute of the Mongolian Acad of Sciences. The

heing iated with, ial el Thus the
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Barun Gu)'at fossils are of great i in
of M i

and Jerzykiewicz (1974). They interpreted the

The wmbLned Nemegt-Khulsan-Khermeen Tsav
mammalian faunal list is presented below (from
Kielan-Jaworowska, 1974a, 1975a, 1975b, 1975d):

Order Multituberculata
Taeniolabididae
Coropsalis caropsafoides (previously assigned 1o
Djadochrathertum)
Kamptobaatar sp.
Eucosmodontbdae
Nemegthoatar gobiensis
Chulsanbaataridas
Chulsanbaatar vulgaris
Infraclass Eutheria
Palacoryctidae
Asioryctes nemeperensis
Zalambdalestidas
Barunlestes butleri
Theria of metatherian-cutherian grade
Deltatheridiidae
Deitatheridium pretrituberculare tardum

The and sedi 1l of the
badlands of redbed arkoses ml‘kms up the Barun
Goyot Fi were d by G

C local envi as having been desent-
like, on a well-elevated continental platform with
widespread aeolian dunes alternating with intermit-
tent lakes and streams. We hasten to peint out here
that such an environment is very different, indeed,
from that commonly reprmled in North American,
Late Ci g i In the
latter, Jowland, low hy, swampy conditi
dominated, with most localitics not far from the
western edge of the Cretaceous epicontinental seas,
These dramatic environmental differences must be
taken into account when one compares organisms
found in Asiatic and North American Late Cre-
taceous localities.

The body (centrum) of an axis identified as
mammalian on the basis of an open suture between
the odontoid process and main body was found in
association with dinosaurian remains in **Inner
Mongolia' during the Sino-Swedish Scientific Ex-
pedition of 1929-30. Bohlin (1953) gives the locality
as Tsondolein-Khuduk, about 250 km southwest of
Ulan-tsonch (Fig. 2-5), in brick-red Late Cretaceous
badlands at the eastern side of an extensive lava
plateau, The area is in what is now northern Kansu

Figure 2-17.  Map of the Middle East, showing position (mnm of the ?Late Crelaceous mammal

locality near Baybolat Well, Dzalagash Rayon, Kiyl-Orda O

Province, China. Judging by the dlw:rmy of
dinosaurian remains reported, the i
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srxcu:um were later found in the collections at the
logical Institute in Moscow and were

futare for Mesozoic rocks of northern China seems
excellent.

A fragmentary mammalian dentary with re-
mains of three heavily damaged teeth plus additional
alveoli was found in Kazakhstan, U.S.S.R. (Fig.
2-17), in rocks of the Beleutinskaya Svita (= Beleuty
Svita, Iy a name p pied by a
tithological unit of unknown age in the Pamir Moun-
tains; see Gradzinski and others, 1977, for discussion
of usage of the stratigraphic term *‘svita™).
Bazhanov (1972) described the locality as being on
the rise (Shakh-Shakh) near Baybolat Well of the
Karaysor Farm, Dzalagash Rayon, Kz}mm Ohlasa

described by Troflmw (1975), who concurred with
the assi to the i Thus there
appears 1o be no record of the Cimolomyidae from
Asiatic rocks.

North America

As was mentioned in the introduction to the sec-
tion on the Late Cretaceous, we know virtually
nothing of mammalian life during the first two-thirds
of the Late C Only two are
known, and both are from North America. The first
is a record of three mammalian bones (astragalus,
distal tibia, and phalanx) found on the surface of an
anthill on the Wall Creek Member of the Frontier
near Como Bluff in Albany County,

at a level desi d Cry* (Coni Ith

other inter suggest a Ci ian or San-

tonian Stage assignment. Probably little weight can

beplanrd upon present age designati but |.h¢
the only i

upcrlrﬁ from within the Soviet Union. The
diseovery may indicate a promising area for further
collecting, but this fossil is too poorly preserved to be
useful. Scrutiny of Figure 1 of Bazhanov (1972) sug-
gests that the anteroposterior orientation of the
specimen may have been misinterpreted; the teeth
1abd||:d P, and P, may actually be the lasl and
maolars, resp The
of the specimen according to Bazhanov is as follows:

“Infraclassis, Ordo [et] Familia incertae sedis™
Belewtinus origvi

Wyommg (Fig. 2-11). The three specimens have not
been described, but are in the vertebrate fossil collec-
tion of The Geological Museum of The University of
Wyoming. The Frontier Formation is equivalent to
the Cenomanian or Turenian (early Late Cretaceous)
Stage. The second exception is from the Arlington
Sandstone Member of the Woodbine Formation of
Tarrant County, north-central Texas (Fig. 2-7).
Records of *“Theria, Multituberculata ({eucos-
modontid)'” are presented in a faunal list by McNulty
and Slaughter (1968}, but are not discussed further.
No published desc.ripl:on of the material emLs

beyond the i that the euc
record is based on an incisor and that of the therian
on a The fl ¥ ion is con-

‘One last Asiatic locality appears in the ki
for the Late Cretaceous. This is at Khaichin Ula in
the Bugeen Tsav region of the Trans-Altaian Gobi
Desert of Mongolia (Fig. 2-13). The area is about 100
km north of Nemegt in the western extreme of the
Sheregeen Gashoon Basin. The only known specimen
is a partial multituberculate skull with lower jaws
found by members of the Soviet-Mongolian Geo-
logical Expedition of 1968. The skull (the lower jaws
II lhxt time having been mlsplued) was descnbed as

I by
Kielan- Jaworowska and Sbcha\'l (1969), who then
considered the deposits 10 be of the Maastrichtian

(larest C Stage. however,
Kielan-J ka (1974a) d that the age of
the rocks may be either Paleocene or Maastrichtian,
with the speci ferable to the dontid:

The previously misplaced lower jaws for the

sidered 1o be of about the Cenomanian Stage on the
basis of marine invertebrates. Thus although these
are the oldest known Late Cretaceous mammalian
fossils, they really help little in documenting evolu-
tionary events during that interval.

Although a single Late Cretaceous mammal was
found in South Dakota by J. L, Wortman in 1882, it
remained for J. B. Hatcher and his assistants to make
the first significant collections in eastern Wyoming.
In 1889.92 collecting was continued by J. B. Haicher
for 0. C. Marsh. Since then, collecting has been in-
creasingly intensive and has spread over a wide area
of the eastern Rocky Mountain region, especially in
New Mexico, Wyoming. Montana, and Alberta. The
result has been a fairly continuous sequence of
faunas through approximately the last 15 million
years of the Late Cretaceous, correlating with the
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P G i and M: et stages.
Russell (1964, 1975), on the basis of these faunas,
named the “Aquilan,” **Judithian," “Edmonton-
ian,” and *‘Lancian” North American “'stages” (see
Fig. 2-1) and gave a brief review of this sequence of
units. The units lack the rigorous definition and
precision of biostratigraphic stages, but have a
genesis and character similar to the Cenozoic “'land
mammal ages™ currently used in North America.
Here we utilize them in a similar sense.

Most of the early collections were made by sort-
ing through anthills to which the ants had brought
teeth and bits of bone along with pebbles from the
ground’s surface surrounding the colony, John Bell
Hartcher (1896) used a Mour-sifter for such purposes.
Lmer collections were largely made by mass

ion of the sedi by dr ing or
underwater screening techniques (the Lnll.cr was also
used by Hatcher). Although these methods have in-
creased collections hundreds-fold, they tend to

characters. Fox (1974) identified isolated upper and
lower molars from **Judithian' and “Lancian’ age
faunas as deltatheridiids close to Deltarheroides (of
probably greater age in Mongolia). He suggested
that this group dispersed from one continent to the
other, but argued that present evidence does not per-
mit choice as to the direction. Kielan-Jaworowska
(1975c) considered that reference to the Delta-
theridiidae was not proven, and suggested that
resemblance of these Lm]ned teeth could have
resulted from B . These i
cannot at present be taken as unequivocally substan-
tiating an Asian-North American faunal connection.
Fox (1972a, 1976a) also described tecth of a genus
Potamoteises in an "'Aquilan’’ fauna that is more
primitive than the clearly differentiated Metatheria
and Eutheria of this and later ages in North America
and is more like the therians of metatherian-
eutherian grade in the “‘Paluxian.”

We begin ou: systematic discussion of North
A Late localities with

disintegrate some larger and dissoci
weakly held teeth and jaw fragments. A complete
skull or skeleton has never been found in Late
Cretaceous rocks of North America, although for a
single genus (Mesodma, a multituberculate) so many
isolated parts were found that a partial composite
restoration of the skeleton was made (Sloan and Van
Valen, 1965). Also, a partial skull of the multituber-
culate Meniscoessus was found by Harley Garbani in
the Hell Creek Formation of Montana and was de-
scribed by J. D. Archibald (1977).

Definite changes occur in the faunas from
“Aquilan™ to “‘Lancian’ mammal ages, but their
broad characteristics are similar. All (except the
distinctly different local faunas from the so-called

the Upper Milk lhver beds (of Russell and Landes,
1940) of the Milk River Formation (occasionally in-
correctly referred to as the “Upper Milk River For-
mation"’) of “*Aquilan” age (of Russell, 1975) in
southern Alberta, Canada. Fox (1972a and carlier
papers cited therein, and IW&) developed a major
collection from three localities in Verdigris Coulee,
29 km east of the village of Milk Rwer (Fig. 2-18).
This is the cldest well-d d Late Ci
mammalian fauna from North America (or in the
world, as argued by Fox, 1976z) and includes the
following taxa:

“Bug Creek facies” described below) are dominated  *peponrsonaors®
bolhindjwrsuymﬂin bers of 1 by Al fon lindoel
and i The M i new 5

culates are usually somewhat more abundant. The Order Multituberculata e
earliest known fauna in the Late Cretaceous of North Neoplagiaulacidac
nmeriu (**Aquilan'") hus rare remains of lesodma senecia

i and but those orders M. sp.
are not known in any later fauna. Al the faunas have INeoplagiaulacidae

and ians, the latter Chvescais

less common than the former except in the latest cmc{n::"m
Cretactous (““Lancian”) localities, Some of the i
multituberculate groups may be aulochlhonuus m C. similis

Morth America, but others may rep Cimx
from Asia. The metatherfans are quite unlike any- TClmolomys sp. A
thing from Asia, including the Asiatic Delta- 1C 5p. B

theridiidae, which have some herian-like

ferax
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Family uncertain mew genus and species B
Viridomys orbatus Theria, incertae sedis
Symmetrodonta Potamotelses agquilensis
Spalacothertidae Theria, incertae sedis
Symmetrodonicides canadensis
Ovder Marsupialia It iz interesting to note that the fauna is
Didelphidae and ial-rich and pl !}
Alphadon creber poor from a taxonomic point of view. The fauna is
A. 5p. most mworlmt in showing that the North American
Albertatherium prins fauna was diverse from a tax-
Pedionyidae onomic point of view before the end of the
Paddiomps £ciguus Cretaceous and that & number of archaic or relict
Aguiladelphis incus species persisted nearly to the end of the Mesozoic.
A "'wf'! The Judith River Formation of north-central
%m Montana is slightly younger than the upper part of
Infraciass Eutheria the Milk River Formation and is considered

Order Insectivora
new genus and species A

equivalent 1o a part of the Campanian Stage
(**Judithian'* land mammal age of Russell, 1975) on

Figure 2-18. Ml'pl‘l'm Alberta, Montans, and South Dakots, showing positions (trianghes)

of Late Cretaceous mammal localities: 7, various Jocalities in the Scoltard ; 2, various
wm-.mwnuwntMMMh&mFmﬂnJ St. Mary River Formation
at Scably Butie; 4, S1. Mary River Formation north of L 3, Milk River in Ver-

digris Coulee; 6, Judith River Formation at Birch Creek; 7, Hell Creek Formation (Garfield
County), 7 near Jordan and 7b at Crooked Creek; 8, Hell Creek Formation at Flat Creek; 9, Hell
Creek Formation 1 Bug Creek (McCone County); /0, **Lance Formation equivalent” near Red
Lodge; /1, Hell Creek Formation, //a in Fallon County, /16 IlCInu'Cann.MHchhmln
River County; /2, “Joe Painter Quarry”” of the Hell Creek Formation; /3, *'Eareka Quarry"” of the
Hell Creek Formation; /4, Fox Hills Formation near Red Owl; and /5, Fox Hills Formation near
Trom
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the basis of marine invertebrates of the Claggett
Shale fauna below and the Bearpaw Shale fauna
above, The mammals were studied most recently by
Ashok Sahni (1972) at localities divided by the
Chouteau and Blaine county lines (Fig. 2-18). The
three primary sites are on Birch Creek near the
mouth of the Judith River at its junction with the
Missourl River and are called “Clayball Hill,”
“‘Clambank Hollow'* (the richest), and “*Ankylosaur
Point' (a locality with excellent potential, but dll’-

Although O. C. Marsh and J. Leidy did not person-
ally visit the area, they studied fossils collected there.
Mammals, however, were not collected in the area in
the early days, and it remained for Robert E. Sloan
to do so in 1963, When the railroads were completed
across the West, exploration interests shifted away
from the Judith River area. The mammalian faunal
list for the Judith River Formation is as follows:

Order Multituberculata

ficult to work). The general area was first
by Lewis and Clark, although they reported no
fossils. Later, because of the easy access via river-
boat, some of the most famous people in the history
of Morth i started
fossil explorations there, Thcse included F. V.
Hayden and E. D. Cope in the late 1860s and 70s.

Mesodma primaeva (bere emended from M, pri-
mogvus to provide agreement in gender)
Neoplagiaulacidac
Cimexomys judithae
C. magnus
Cimolodontidae
Cimolodon sp.

NEW MEXICO

I‘&Iu 219, Map of Wyoming, Utah, Colorado, and New Mexico, showing positions (irangles) of
at Dumbbell Hill; 2, *Lance

Late Cretaceous mammal localities: /, *‘Lance Fomlle- qululul"

Formation equivalent'” localities at Cottonwood Creek and Kirby Creek; 3, Heﬂnﬂh I'ar.llhl
near Alkali Butte; 4, “Lance Formation equivalent™ locality *‘somewhere north of the Cheyenne

River''; 5, uﬁm

of the type Lance Formation at Lance Creek; 4, ““Lance Formation

equivalent” near the Black Buites stage station; 7, North Horn Formation at Dragon Canyon; and
&, Fruitland and Kirtdand formations near the former position of the Bisti Trading Post.

Stagodontidae
“Boreodon matutinus" (Sahni, 1972, suggested that
Evdelphis cutleri 3 a junior synonym of Boreo-
don matutinus, the latter typified on 2 damaged
premolar, but this proposal was contested by
Clemens and Marshall, 1976)
Infraclass Eutheria
Superfamily Leptictoidea, new family
Gypsonictops lewisi
Note that placentals remain uncommon and that
Gypsonictops, a genus of eutherian commeon in
younger Late Cretaceous North American localities,
makes its first appearance in the Judith River fauna.
A small undescribed collection of isclated mam-
malian teeth was recovered after great effort by
screen-washing from the “Barwin Quarry.” This is
in the Mesaverde Formation east of Alkali Butte in the
Rattlesnake Hills of Natrona County, central Wyo-
ming (Fig. 2-19), and was worked by Malcolm C.
McKenna and Thomas H. Rich of The American
Museum of Natural History. According to Me-
Kenna, the fauna is similar to that of the Judith River
Formation with which it is partly contemporaneous.
The discovery in 1977 of another ““Judithian"
Jocal fauna lian fossils
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railroads. Early explorers included L, M. Lambe, C.
H. Sternberg, W. E. Cutler, and B, Brown. Although
major emphasis was on the dinosaur faunas, two
species of mammals were described by Lambe in
1902. Mammals have more recently been recovered
from the Oldman Formation in outcrops along the
Red Deer River near Steveville, along the South
Saskatchewan River north of Medicine Hat, and near
Manyberries on the Canadian Agriculture Depari-
ment Range Experiment Farm south of Medicine Hat
(Fig. 2-18). Some of the mammalian fossils from the
area were reported by Russell (1952) and Fox (1974,
1976b); a sample of several thousand specimens col-
lected by R. C. Fox awaits formal description. All
specimens up to 1974 were recovered from the upper
parts of the formation and include at least the follow-
ing taxa:

Order Multituberculata
MNeoplagiaulacidae
Mesodma primaeva
Cimolomyidas

Eodelphis
Eodelphis cutleri (possibly a synonym of Boreodon
marutinus; see Clemens and Marshall, 1976, and
discussion above for Judith River Formation)
Theria of metatherian-cutherian grade
ef, Deitatheroides sp.

A l'ield party from The University of Alberta

is the result of the work of Robert Makela and Lamry
French of Rudyard, Montana, assisted by Jack
Horner of Princeton University. The sites are in out-
crops of the Judith River Formation in the north-
n:ul:al part of Momm They give promise o.fbr_u:s
vet discovered in the United States. The sites are not
plotied on the maps herein.

The Oldman Formation of the Belly River
Group in southeastern Alberta is also considered a
partial equivalent of the Campanian Stage and is, at
least in part, a stratigraphic equivalent of the Judith
River Formation. It is placed in the **Judithian"* land
mammal age. The Oldman Formation was a key rock
unit in the second great burst of fossil collecting,
after the abandonment of riverboats for the

lian fossils in 1974 in a single
locality from the lowest part of the Oldman Forma-
tion, and the first results of these finds were reported
by Fox (1976b). The site is in rock exposures along
the South Saskatchewan River north of Medicine
Hat, roughly 4 m above the contact with the
Foremost Formation. A large rock sample was col-
lected for puposes of screen-washing, but the work
has not yet been completed. The mammalian fauna
reported to date includes the following:
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The lower part of the St. Mary River Formation,
exposed on Scabby Butte 114 km south of Kehoe
Lake, roughly 5 km northeast of Nobleford, Alberta
(Fig. 2-18), has yielded & few mammals. The 5t
Mary River faunal list given by Sloan and Russell
(1974) and amended by Russell (1975) is as follows:

Order Multiruberculata
Neoplagiaulacidae
Mesodma cf, thampsonl
Cimolomyidae
Cintalomys gracills
Meniscoessus conguistus (T, see Chapter &)
Order Marsupialia
Pediomyidae
Pediomys cf. cooki
P of, krejeit
Stagodontidac
Dideiphodon? sp.
Eodelphis? sp.
Infraclass Eutheria
Superfamily Leptictoidea, new family

Cirnolesies sp.
Order Carnivora? (higher category assignments here con-
sidered doubtful)
Miacidae?
genus and species undetermined
Russell (1964) originally based the

carnivore. Russell (1975) reiterated his view that the
trigonid is referable to the Miacidae, a group gener.
ally thought to have had its origin in the Paleocene.
Identification of the specimen remains a moot point,
and we do not recognize here the existence of
Cretaceous miacids.

A single multituberculate M, referred to
Cimolodon nitidus (Cimol i was found in
1951 by E. T. Tozer about 24 km north of Lund-
breck, Alberta, near the top of the S5t. Mary River
Formation on the south bank of the Oldman River.
The specimen was referred by Sloan (in Russell,
1975) to a species common in “‘Lancian® faunas, but
Russell refers the specimen and its stratigraphic level
1o the “*Edmontonian’’ land mammal age.

Farther south in the southwestern part of the
San Juan Basin of New Mexico, mammals have been
found in the upper part of the Fruitland Formation
and the lower part of the Kirtland Formation.
Roughly 15 mammal-producing localities are known
east of the site of the Bisti Trading Post (now burned)
in San Juan County (Fig. 2-19). The best localities
are in Hunter Wash, and the following listing of
species was presented by Clemens (1973b):

Order Multituberculata
Neoplagiaulacidae
Mesodrma sp.

fan"" age on a defining assemblage of terresirial
vertebrates (lacking mammals) and invertebrates
from the lower part of the Edmonton Formation (in
its original sense as discussed below). He later (1975)
referred mammals of the Scabby Butte local fauna
from the St. Mary River Formation {thought to be
contemporaneous with the lower part of the Edmon-
ton) to the “Edmontonian' age. Other than an
isolated protocone of a molar, however, the mam-
malian fauna of the lower part of the Edmonton For-
mation remains undocumented. Thus the charac-
terizing faunal of the ian™
age is composed of largely terrestrial organisms other

Cimexontys, ¢f. C. judithae
Ptilodontidae

ef. Kimbetohia campi
Cimeladontidas

Cimoladan sp.
Eucosmodontidae

new genus and species

Order Marsupialia

Didelphidae

Alphadan cf. marshi

Alphadaon?, new species

than mammals. Sloan and Russell (1974)
the Scabby Butte local fauna to be of the latest Cam-
panian Stage. Russell's (1975) correlation diagram
shows the “Edmontonian” as incleding both the
latest Campanian and the ecarliest Maastrichtian
stages.

The “Miacidae?" record is represented by the
trigonid of a lower molar. The trigonid was thought
by Clemens (1966, p. 95 in reference 1o Russell, 1962)
to be from a pediomyid marsupial, not a miacid

Pediomyidae
Pediomys cf. cooki
Infraclass Eutheria
& family Leptictoidea, new family
Gypsoniciops, new species
Palacoryctidae

ef. Clmolestes sp.
cutherian of uncertain ordinal affinities

The fauna, composed almost entirely of isolated
teeth, is probably of the “*Edmontonian’’ land mam-
mal age. Genera that are common in the more north-
ern areas are rare or absent in the Hunter Wash
fauna. A briel comparison of the Humer Wash

fauna with others of roughly contemporancous age
was provided by Clemens (1973b).

Subsequently Armstrong-Ziegler (1978) reported
on samples of four other local faunas found in the
Fruitland Formation. The collecting localities are
about 50 km southwest of Farmington, New Mexico.
Following is a revised faunal list of the mammals
found at three of these localities (A, B, and C of
Armstrong-Ziegler, bid.):

Order Multituberculata

Neoplagiaulacidac

Mesadma? sp.

new genus? and new species?
Cimalodontidae

Cimolodon sp.
Eucosmodentidae

new genus and species
Family incertoe sedis

Essonodon? sp.
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Order Marsupialia
Didelphidae
Alphadon cf. marshi
of. Peradecres sp.

All of the North American localities described
above are from the Western Interior, in which the
sediments were deposited near the western shore of a
Late Cretaceous epicontinental sea. The next two
localities, however, are west of the present Rocky

ins, in areas and envi previ un-
sampled. The “El Gallo Formation," on the north-
west coast of Baja California del Norte, Mexico (Fig.
2-20), crops out mainly to the west and north of the
village of El Rosario (Arriba). The beds are equated
with the Campanian Stage on the basis of ammonites
found in marine deposits within and above the “El
Gallo Formation." In addition to a fairly diverse
lower vertebrate assemblage, the following list of

Figure 2-20. Map of Nevada, California, and Baja California del Norte, showing

(irian
wd I

positions
les) of Late Cretaceons mammal localities: /, Newark Canyon Formation of Eurcka County;
Ei-Galto-Fomions -roriveesi-e-E-Rosane.
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T blished (Lill 1972, fittibacek ) (Cim-
1976): olomyidac), an unidentified marsupial, and cf,
! Pediomys (Pediomyidae) (pers. comm. to Lillegraven
Order Multituberculata
D e from 1. H. Ostrom, 1976).

Mesodma sp. cf. M. formosa
Eucosmodontidae
Siygimys sp.
Order Marsupialia
Pediomyidae
Pediomys sp.
Infraclass Eutheria
Order Insectivora, family indefinite

Gallolestes pachymondibularis
11»5 is the mlh\\este.rn.mos; of Icnnwn North
ies. It was
babl: dlsl.Lnn logically as well as hi

The most th d i
fauna from North Amcncan Mesozoic deposits is
from the Lance Formation, considered by some
to be in part equivalent in age to the Fox Hills
Formation. The type area of the Lance Formation is
north of the town of Lance Creek in Niobrara
County, southeastern Wyoming (Fig. 2-19). Its total
thickness exceeds 600 m, and the mammals form the
basis for the ‘'Lancian'’ land mammal age. J. B,
Hatcher found mammals there in 1389 and collected
lhem for O. C, Marsh until 1892, Numerous other

cally in the Late Cretaceous. With the exception of
Gallolestes, for which affinities cannot yet be deter-
mined, the fauna is quite similar to that of Lhc Noﬂh

have since been made. The mammalian
fauna was most recently described by Clemens
{1963a, 1966, 1973a). The faunal assemblage from
the type area was recovered from roughly 40 separate

American Western Interior; no profi

'_ litis ullintltevaLleyol‘LamCrtekaudiu

of the “El Gallo" I fauna is

A ng to Clemens, a single fauna

The second locality af wmeliy seosmphlc in-
ecth

seems 1o be lcwuemed throughout the various

terest yielded two und
from the Newark Canyon Formation (see Sm:th and
Ketner, 1972) of Eureka County, east-central Nevada
{Fig. 2-20). The surface of an abandoned anthill was
collected by Clemens in 1970, and lht teeth were
by i Un-
forwnately, neither specimen can be referred with
confidence to known taxa, The age of the beds is also

Most of the localities are found in the up-
per one-third of the Lance section. The taxonomic
list is as follows {from Clemens, 1973a and Fox,
1974):
Order Multituberculaa
Neoplagiaulacidae
Mesodma formosa
M. hensleighi

in question and cannot be narrowed to a refi
greater than *‘Late Cretaceous™ at the present time.
Returning to the North American Western In-
terior, taxonomic studies are now in progress by
Robert W. Wilson on P col-

M.
Neoplagiaulacidas

Cimexomys minor
Prilodontidae

Kimbetohia campi
Cimalodontid:

lected from the Fox Hills F ion a few kil

north of Red Owl in Meade County, west-central
South Dakota (Fig. 2-18). The Fox Hills Formation
was deposited as a predominantly sandy unit along
the strand of the Cretaceous epicontinental sea as it
made its last eastward regression from the Western
Interior. Many teeth and jaw fragments have been
recovered though nothing has yet been found in ar-

Cirnol nitidus
Cimolomyidae
Cimolomys grocilis
Meniscoessus robustus
Family incertae sedis
Essonodon browni
Order Marsupialia
Didelphidae
I rmarshi

The I-bearing unit is-eq w0
part of the Maastrichtian Stage. Workers from Yale
University (see Waage, 1968, pp. 117 and 127) also
made a small collection of mammals from the Iron
Lightning Member of the Fox Hills Formation near
the Indian village of Iron Lightning in Ziebach
County, South Dakota, south of the Moreau Rwer
(Fig. 2-18). Speci include uni

A. wilsoni
Al lulll
A. rhaister
A. ef. rhaister
Glashius intricatus
Pediomyidae
Pediomys elegans
P. cooki

Infraclass Eutheria
Superfamily Leptictoidea, new family
Gypsonictops Rypoconus
Palaeoryctidae
Cimolestes incisus
C. stirtoni
. magnus

Theria of metatherian-eutherian grade
cf. Deltatheroides sp.

MNote that this fauna, as those of the other North
Ame.rwan Lal: Creraceous loealmes described above,
of and mar-

supuﬂs For the first time, however, the diversity of
placentals has increased markedly over those of older
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reported by John Dyer (1948). H: also found a
ining three I 1 Jaws
(1dcnuf‘ed by Robert E. Sloan as Mesodma formosa
and Cimeolodon nitidus). Further collecting was done
for Princeton University by David C. Parris and
pa in 1971; their collections included the
Itituberculates Cimole gracilis, ima far-
mosa, and ef, Cimexomys sp. plus the marsupial
Alphadon cf. A. marshi and a possible leptictoid in-
sectivore (identified by W. A. Clemens).

A third “Lance equivalent” locality was men-
tioned by Jepsen (1931) in a report dealing with
dinosaur eggs found near Red Lodge on the northern
flank of the Beartooth Mountains in Carbon County,
southcentral Montana (Fig. 2-18). Jepsen mentioned
only the presence of “a mammal tooth™ taken from
the Lance beds. Van Valen (1967) reported the
presence of arctocyenid, leptictid-like, and
Cimolestes-like teeth from beds mapped as Lance
Formation in northeastern Wyoming. The small col-
lection w&s made by Wortman and Peterson in 1892

North American faunas. This may be idered a
““typical” latest Cretaceous fauna for the North

bly came from north of the
Ch!}m!le River (Fig. 2-19). It includes forms **.
in area, although  all belonging to otherwise unk species or even

American mtern Rocky M
the i d genera ch istic of the
highest Ievds at Bug Creek (see below) are absent.
Clemens (1973a) pointed out that several of the
multituberculates in the Lance fauna (and also a1 Bug
Cresk) have close relatives or descendants in the

genera” (Van Valen, 1967, p. 3). Finally, in 1974
Douglas A. Lawson collected a small sample of eeth
(mainly ituberculates and ials) from beds
in southwestern Wyoming east of Rock Springs and a
few kilometers west of the railway station of Bitter
Creek. The strata are mapped as Lance Formation,

North ican P Maost ials became

extinct at or about the end of the C but bably er 1
species of Afphadon could have bv:n ancestral lo the

New World and E Tops

is currently dasa Railroad,

50. The locality is north of the
ruins of the Black Buttes siage station (Fig. 