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ABSTRACT
New records of mammalian fossils that are associated with non-avian dinosaurs from a quarry in the upper Hell Creek
Formation of Powder River County, Montana, are described and include the following taxa: Meniscoessus robustus;
Mesodma spp.; ?Cimolodon sp.; Turgidodon rhaister; Glasbius twitchelli; Protolambda mcgilli new species; Pediomys
elegans; ?Leptalestes cooki; ?Leptalestes sp.; Didelphodon vorax; cf. Eodelphis sp.; Procerberus sp. (large); ?Procerberus
sp. (small); Cimolestes sp.; Baioconodon sp., cf. B. nordicus; and Paleoungulatum hooleyi new genus and species.
Stratigraphic evidence suggests that the mammalian and lower vertebrate taxa from the quarry are contemporaneous and
late Cretaceous (Maastrichtian) in age.

INTRODUCTION

METHODS

The upper Hell Creek Formation and the
overlying Tullock Member of the Fort Union
Formation of eastern Montana have long been known
for their latest Cretaceous (Lancian North American
Land Mammal Age) and early Paleocene (Puercan
North American Land Mammal Age) mammalian
assemblages, respectively (e.g., Sloan and Van
Valen, 1965; Archibald, 1982; Lofgren, 1995; Cifelli
et al. 2004). Lane's Little Jaw Site (LLJS) occurs in
the upper Hell Creek Formation on deeded, private
land owned by Lewis and Tawny McGill of the
McGill Land and Livestock Corporation, Powder
River County, Montana. The site was named after
the landowner's son, Lane McGill, because he found
the first small mammal jaw at the site. Subsequently,
Kurtis W. Hooley, a local collector, and Lewis
McGill opened a commercial quarry at the site. After
realizing the scientific significance of the their finds
at the quarry, Hooley and McGill graciously donated
the specimens described in this study. The LLJS
Quarry has yielded well preserved mammal
specimens
along
with
representatives
of
Chrondrichthyes,
Actinoptergyii,
Allocaudata,
Testudines, Crocodylia, Choristodera, and non-avian
dinosaurs. The entire fauna from the LLJS Quarry is
referred to the McGill Ranch Local Fauna in honor of
Lewis and Tawny McGill. The purpose of this report
is to describe the mammal specimens recovered from
the LLJS Quarry and discuss their probable
chronologic relationship to the specimens of nonmammalian taxa in the fauna.

Measurements of teeth were made with an
optical micrometer to the nearest 0.01 mm, whereas
dentary measurements were made with vernier
caliper to the nearest 0.1 mm. Dental terminology for
Metatheria and Eutheria follows Nessov et al. (1998),
for Multituberculata follows Clemens (1963), and for
isolated teeth of non-avian dinosaurs follows Larson
and Currie (2013). Upper and lower teeth are
designated by capital and lowercase letters,
respectively. All specimens are deposited in the
collection of the Department of Vertebrate
Paleontology at the Natural History Museum of Los
Angeles County and detailed locality data are
available at this institution.
Cladistic analyses using parsimony were
performed using Hennig86, V1.5, with explicit
enumeration and all character states unordered.
Abbreviations are as follows: ap, greatest
anteroposterior length; CI, consistency index; L, left;
LACM, Natural History Museum of Los Angeles
County; ln, natural log; OR, observed range; R, right;
RI, retention index; tal, talonid; tr, greatest transverse
width; tra, anterior transverse width; tri, trigonid; trp,
posterior transverse width; UCMP, Museum of
Paleontology, University of California, Berkeley.
GEOLOGIC SETTING
The LLJS Quarry (= locality LACM 7942)
occurs at the base of a filled channel cut in the upper
Hell Creek Formation near the southeastern end of
Sixmile Ridge (Figure 1). A measured section was
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taken from the top of a mesa about 0.6 km east of the
LLJS Quarry down section to where the local base of
the Hell Creek Formation is covered by Quaternary
alluvium (Figure 1, Appendix 1). The fossiliferous
horizon at the quarry occurs in a distinctive layer
along the base of the channel cut. This layer is
characterized by yellowish-buff, fine-grained
sandstone matrix with numerous rounded claystone
clasts and occasional pebble clasts. Iron oxide
incrusted small root casts are common in this layer,
which were derived from smectitic claystone that the
channel is cut into. The fossils are distributed
throughout this layer, unsorted by size, and consist
primarily of isolated elements less than 10 cm in size.
Within the channel cut and overlying the basal
fossiliferous horizon the following layers are present
in ascending stratigraphic order (Appendix 1): 1) a
light gray, fine-grained sandstone; 2) a layer
consisting of yellowish-gray sandstone matrix with
rounded claystone clasts and occasional pebble clasts,
similar lithologically to the fossiliferous horizon; and
3) a layer of light gray, fine-grained sandstone.
Fossils are lacking in all of the layers above the
fossiliferous horizon.
The occurrence of two
distinctive sandstone layers containing rounded clay
clasts that are each overlain by fine-grained
sandstone, indicates that a least two major flood
events occurred during the cutting and filling of the
channel.
Above the channel cut and the smectitic
claystone that the channel is cut into is a 3.3 m thick,
structureless, yellowish-buff, fine grained sandstone.
Overlying this sandstone is a distinctive 1.5 m
resistant, ledge-forming, well-cemented, fine-grained
sheet sandstone. This resistant, capping sandstone
can be traced laterally for at least 1.5 km northeast
and 0.6 km southeast of the quarry, where it varies
from 0.9 m to 2 m thick. There is no evidence that
this capping sandstone was breached when the fossil
bearing channel was cut into the underlying smectitic
claystone, strongly suggesting that the channel cut
occurred prior to the deposition of the capping
sandstone. This scenario appears to be further
supported because the sandstone matrix of the
fossiliferous horizon appears to have been derived
from the yellowish-buff sandstone overlying the top
of the channel cut and the clay clasts appear to be
ripped up from smectitic claystone that the channel
cuts into. If this scenario is correct, then the
fossiliferous horizon predates the deposition of the
resistant, capping sheet sandstone.
Overlying the sheet sandstone is a thick, buff to
brown sandstone that weathers to form moderately
gentle, sagebrush covered slopes. Capping this
sandstone is a thick, resistant, cross-bedded, ledgeforming, yellowish brown sandstone. This capping
sandstone is extensive and exposed along most of the
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higher ridges throughout the area east of the Powder
River in the Powderville 30' x 60' Quadrangle (Vuke
et al, 2001). Vuke et al (2001) referred to this unit as
the boundary sandstone of the Hell Creek Formation
because it has yielded non-avian dinosaurs within the
Powderville 30' x 60' Quadrangle (E.S. Belt, oral
communication in Vuke et al. [2001]). Vuke et al.
(2001) stated that "it is unlikely that the Cretaceous
dinosaur bones and teeth were reworked into a
Paleocene basal Fort Union sandstone because a
similar sandstone bed at the same stratigraphic
position within the south-adjacent Broadus 30' x 60'
Quadrangle contains Cretaceous palynomorphs (D.
Nichols, written communication, 1992) as well as
dinosaur fossils (U.S. Bureau of Land Management,
Miles City)." Results of a field examination during
2013 of most of the higher ridges surrounding and
including Sixmile Ridge (e.g., Rattlesnake Ridge,
Cedar Ridge, Oliphant Butte, Pine Hill, and Soldier's
Mount) appear to confirm Vuke et al.'s (2001)
working hypothesis of a relatively consistent
stratigraphic position for their boundary sandstone.
Vuke et al. (2001) mapped the sediments
exposed on the mesa above the boundary sandstone
and east of the LLJS Quarry as the Tullock Member
of the Fort Union Formation (Figure 1). No distinct
outcrops typical of the Tullock Member were found
on field examination in the 8-12 m of sediments on
this mesa above the boundary sandstone. Instead, the
mesa surface consists of a yellowish-brown, sandy
soil that is covered with grass and sagebrush.
However, assuming that the top soil was derived
from the Tullock Member, which is probably present
below the surface soil, this unit is shown hesitantly as
the Tullock Member on the stratigraphic column in
Figure 2.
A second locality, McGill 1 (= locality LACM
7943), occurs on the McGill Ranch in a sandy
claystone just below a resistant, ledge-forming flaggy
sandstone within the Hell Creek Formation that is
lower in the section and about 0.7 km north of the
LLJS Quarry (Figure 2). It has yielded a partial
Triceratops skull, an ungual of Pachycelphalosaurus, a partial dentary of a crocodilian, and a
vertebral centrum of Champsosaurus.
AGE OF FAUNA
The McGill Ranch Local Fauna from the LLJS
Quarry is composed of fish, amphibians, reptiles, and
mammals (Table 1).
The most common taxa
represented in the fossiliferous layer are turtle shell
fragments, gar scales and crocodilians followed by
non-avian dinosaurs, with ceratopsian teeth
particularly common. Teeth of chondrichtyians and
actinopterygians are relatively common. Mammals,
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FIGURE 1. Geologic map showing study area along Sixmile Ridge, Powder River County, Montana, and geographic location of measured
section (see Appendix 1) in vicinity of Lane's Little Jaw Site Quarry (= locality LACM 7942, detailed locality data are available at the LACM).
Base map modified after Vuke et al. (2001).

____________________________________________________________________________________________
which usually consist of partial dentaries with well
preserved teeth, are the rarest specimens from the
quarry.
Representative specimens of the nonmammalian taxa from the LLJS Quarry are shown in
Figure 3.
The mammal fauna from the LLJS Quarry
includes a combination of taxa that are typical of the
late Cretaceous (Lancian) and the early Paleocene
(Puercan, Pu1).
Protolambda, Turgidodon and
Glasbius have their last occurrences in the Lancian
and Meniscoessus robustus, Didelphodon vorax,
Cimolestes, Pediomys elegans and ?Leptalestes cooki
are characteristic Lancian taxa (Cifelli et al., 2004;
Clemens, 2010; Wilson, 2014). The first occurrence
of Baioconodon along with other archaic ungulates
not present at the quarry (e.g., Protungulatum,
Oxyprimus and Mimatuta) are usually regarded as
immigration events that mark the beginning of the
Puercan (Cifelli et al., 2004; Lofgren et al., 2004;

Clemens, 2010). Procerberus, a taxon that was
probably derived from a resident Lancian cimolestid,
is also regarded as having its first occurrence at
beginning of the Puercan (Cifelli et al., 2004;
Clemens, 2010).
Most investigators accept that non-avian
dinosaurs became extinct at the Cretaceous/Paleocene
(K-Pg) boundary (e.g., Nichols et al., 1992; Lofgren,
1995; Hunter et al., 1997; Lillegraven and Eberle,
1999; Sheehan et al., 2000; Johnson et al., 2002;
Wilson, 2013), although Fassett (2008) argued for
their Paleocene occurrence. The presence of nonavian dinosaurs in the McGill Ranch Local Fauna
indicates a late Cretaceous age (Maastrichtian) for the
non-mammalian taxa. Certain other faunas that
include non-avian dinosaurs and typical early
Puercan mammals, such as the Bug Creek "faunas" of
eastern Montana, have been shown to be time
averaged assemblages that resulted from deep,
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FIGURE 2. Generalized stratigraphic section and enlarged section through LLJS Quarry (see Figure 1 for geographic location of measured
section). Vertical scale exaggerated relative to horizontal scale for clarity. Abbreviation; MBR, member.

____________________________________________________________________________________________
Paleocene channels cutting into the upper Hell Creek
Formation and mixing late Cretaceous and Puercan
taxa (Archibald, 1982; Lofgren et al., 1990; Lofgren,
1995; Cifelli et al., 2004). However, two other
problematic faunas from Saskatchewan, Canada, the
Long Fall and Frenchman-1 (Fr-1) Faunas (Johnson,
1980; Johnston and Fox, 1984; Fox, 1989, 1997;
Clemens, 2002, 2010), also contain taxa typical of the
Lancian and Puercan, including Catopsalis,
Cimexomys, Cimolodon, Meniscoessus, Mesodma,
Stygimys, Didelphodon,
Alphadon, Pediomys,
Cimolestes, Gypsonictops, Protungulatum, Mimatuta,
Baioconodon, Oxyprimus and Procerberus. Cifelli et
al. (2004:36) provided a detailed discussion of the
arguments as to the chronological ages of the
Saskatchewan faunas and provided the following
possible scenarios: "1) one or both of these

transitional assemblages are of Cretaceous age and
are therefore older than Puercan fossils from
elsewhere (notably the Tullock Formation and the
uppermost strata of the Hell Creek Formation in
some areas of Montana); 2) the beginning of Puercan
time is diachronous between the prairie provinces and
northern Montana, at the level of resolution currently
available; and 3) Protungulatum and a few other
mammalian genera thought to be exclusively
Paleocene in age apparently occur in the late
Cretaceous
of
southwestern
Saskatchewan."
Subsequently, Archibald et al. (2011) described a
new species of Protungulatum, P. coombsi, based on
a single upper premolar from the late Cretaceous
Spigot-Bottle Locality of Carter County, Montana.
This generic assignment was somewhat questioned
by O'Leary et al. (2013, supplemental data), but, if

54

PALUDICOLA, VOL. 10, NO. 1, 2014

valid, would indicate also that the first occurrence of
the archaic ungulate Protungulatum occurred before
the K-Pg boundary because the Spigot-Bottle
Locality occurs within sediments deposited within
Chron C30n (Hicks et al., 2002; Archibald et al.,
2011; Wilson, 2013; Renne et al., 2013). Wilson
(2014) documented large samples of fossil mammals
from Garfield County, Montana, that span the K-Pg
boundary, which he regards as isochronous with the
Puercan/Lancian boundary in the study area. He
reported that the archaic ungulates Protungulatum
donnae, Baioconodon engdahli, B. nordicus,
Mimatuta morgoth, M. minuial, and Oxyprimus
erikseni first appear as immigrants in the early
Puercan (Pu1) in the study area. However, Wilson
(2014) noted that the occurrence of Protungulatum
coombsi in late Cretaceous of southeastern Montana
(Archibald et al., 2011) would lend support to a
scenario in which this genus and possibly other
archaic ungulates may have migrated from a regional
source area with different environments from that of
the study area (i.e., upland environments).
___________________________________________
TABLE 1. Faunal list of the McGill Ranch Local Fauna from the
LLJS Quarry (= locality LACM 7942).
Chrondrichthyes
Rajiiformes
Platyrhinidae
Myledaphus bipartitus
Sclerorhynchidae
Ischyrhiza sp.
Hybodontiformes
Lonchidionidae
Lonchidion selachos
Orectolobiformes
Orectolobidae
Brachaelurus estesi
Squatirhina americana
Actinopterygii
Lepisosteiformes
Lepisosteidae
Lepisosteus sp.
Amiiformes
Amiidae
amiid sp. undet.
Elopiformes
Albulidae
Coriops amnicolus
Amphibia
Allocaudata
Albanerpetontidae
Albanerpeton nexuosus
Reptilia
Testudines
Trionychidae
cf. Axestemys sp.
Crocodylia
Allogatoridae
Brachychampsa montanus
Crocodylidae
cf. Borealosuchus sp.
Choristodera
Champsosauridae
Champsosaurus sp.

Ornithischia
Hadrosauridae,
cf. Edmontosaurus sp.
Ceratopsidae
cf. Triceratops sp.
Saurischia
?Dromeosauridae
cf. Richardoestesia isosceles
Dromeosauridae
cf. Dromaeosaurus sp.
cf. Sauronitholestes sp.
Family undetermined
cf. Paronychodon sp.
Troodontidae
cf. Pectinodon sp.
Tyrannosauridae
Tyrannosaurus rex
Mammalia
Multituberculata
Cimolomyidae.
Meniscoessus robustus
Neoplagiaulacidae
Mesodma spp.
Cimolodontidae
?Cimolodon sp.
Didelphomorphia
Alphadontidae
Turgidodon rhaister
Glasbius twitchelli
Pediomyidae
Protolambda mcgilli
Pediomys elegans
?Leptalestes cooki
?Leptalestes sp.
Stagodontidae
Didelphodon vorax
cf. Eodelphis sp.
Didelphodonta
Cimolestidae
Procerberus sp. (large)
?Procerberus sp. (small)
Cimolestes sp.
"Condylartha"
"Arctocyonidae"
Baioconodon sp., cf. B. nordicus
?Periptychidae
Paleoungulatum hooleyi

___________________________________________
The mixture of typical Lancian and Puercan
mammals in the McGill Ranch Local Fauna begs the
question as to whether the channel cut they occur in
is Paleocene in age resulting in a mixing of Lancian
and Puercan taxa. Several facts argue against this
scenario. The channel cut is not deep (only 6.7 m) or
extensive (about 43 m wide) and is solidly capped by
a laterally extensive sheet sandstone with no
indication that this sandstone was incised when the
channel formed (Figure 2, Appendix 1). The channel
cut is filled with sand that was apparently derived
from the thick, yellowish-buff sandstone that lies
below the capping, sheet sandstone and the rounded,
claystone clasts appear to have been ripped from the
upper part of the smectitic claystone, which the
channel cuts through. Twenty-seven to thirty-five
meters of sandstones overlie the sheet sandstone,
including the top, ledge-forming boundary sandstone
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FIGURE 3. Representative specimens of non-mammalian taxa from LLJS Quarry. A, Myledaphus bipartitus, tooth, LACM 157232; B,
Lonchidion selachos, tooth, LACM 157229; C, Ischyrhiza sp., tooth, LACM 157233; D, Brachaelurus estesi, tooth, LACM 157230; E,
Squatirhina americana, tooth, LACM 157231; F-G, Lepisosteus sp., F, tooth cap, LACM 157236, G, scale, LACM 157237; H, Coriops
amnicolus, partial basibranchial tooth plate, LACM 157235; I-J, amiid sp. undet., partial dentary (I, occlusal view; J, lateral view), LACM
157234; K, Champsosaurus sp., vertebral centrum, LACM 157239; L, Albanerpeton nexuosus, atlas, LACM 157238; M, cf. Borealosuchus sp.,
tooth, LACM 157245; N-R, Brachychampsa montanus, N, partial dentary with erupting tooth, LACM 157240, O, tooth, LACM 157241, P, tooth,
LACM 157242, Q, dermal scute, LACM 157243, R, tooth, LACM 157244; S, cf. Axestemys sp., shell fragment, LACM 157261; T, cf.
Edmontosaurus sp., tooth, LACM 157247; U, cf. Richardoestesia isosceles, tooth, LACM 157255; V-W, cf. Dromaeosaurus sp., V, tooth,
LACM 157248, W, tooth, LACM 157249; X, cf. Triceratops sp., tooth, LACM 157246; Y, cf. Paronychodon sp., partial tooth, LACM 157260;
Z-AA, cf. Sauronitholestes sp., Z, tooth, LACM 157256, AA, tooth, LACM 157257; BB, cf. Pectinodon sp., tooth, LACM 157258; CC,
Tyrannosaurus rex, partial tooth, LACM 157259. Thin scale bars = 1 mm, thick scale bars = 5 mm.
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of the Hell Creek Formation of Vuke et al. (2001),
which they regard as late Cretaceous in age (see
above). There is no evidence that an extensively,
deep Paleocene channel cut through all of the
overlying sandstones into the Hell Creek Formation
and deposited or mixed Puercan fossils with Lancian
fossils when the channel was filled. Moreover,
although the mammalian fauna contains typical early
Puercan Baioconodon and Procerberus along with
typical Lancian taxa (Meniscoessus, Turgidodon,
Glasbius, Protolambda, Pediomys, Leptalestes,
Didelphodon, Cimolestes and possibly Cimolodon), it
is distinctive from other known early Puercan faunas
with the inclusion of a new genus of archaic
ungulate, a new species of Protolambda, a probable
new species of Procerberus, and a species that
represents either Eodelphis or a very closely related
genus. These facts suggest that the mammalian and
lower vertebrate taxa of the McGill Ranch Local
Fauna are contemporaneous or nearly so and are
provisionally regarded as late Cretaceous in age.
However, a scenario in which these assemblages are
of mixed Lancian/Puercan ages by some
unrecognized geologic process cannot be entirely
ruled out.
Another scenario may be that the
Puercan/Lancian boundary is not isochronous with
the K-Pg boundary in all areas of western North
America (scenario two of Cifelli et al., 2004, see
above; also see Clemens, 2010), but extends into the
late Cretaceous at the LLJS Quarry and the Long Fall
and Fr-1 faunas of Saskatchewan. In this scenario,
the McGill Ranch Local Fauna and the Saskatchewan
faunas would be assigned to an earliest Puercan
North American Land Mammal Age of latest
Cretaceous age because they contain certain taxa
(e.g., Procerberus, Protungulatum, Mimatuta,
Oxyprimus, and Baioconodon) whose first
occurrences have been generally used to define the
beginning of the Puercan (Cifelli et al., 2004;
Clemens, 2010; Wilson, 2014). Archibald et al.
(2011) did not assign the Spigot-Bottle Locality of
Montana to any land mammal age, but the rare
occurrence of Protungulatum coombsi at this locality
indicates that at least one of these taxa was present in
strata well documented as late Cretaceous in age.
However, they noted that their discovery would not
affect the definition of the beginning of the Puercan if
the first occurrence of Protungulatum donnae was
specifically used instead of simply the first
occurrence of the genus. However, Archibald et al.
(2011) did not discuss the occurrence of
Protungulatum cf. P. donnae in the Fr-1 and Long
Fall Faunas of Saskatchewan. Clemens (2010) noted
that palynological evidence and stratigraphy at these
localities suggested a late Cretaceous age, which if
supported by further investigations and along with

the presence of P. cf. P. donnae in these faunas
would indicate that the Lancian/Puercan boundary is
time transgressive. Needless to say, further research
of the LLJS Quarry section is needed, including
paleomagnetic stratigraphy and palynomorph
analysis, which might provide additional insight
regarding the resolution of the Lancian/Puercan
boundary.
SYSTEMATIC PALEONTOLOGY
Class Mammalia Linnaeus, 1758
Subclass Allotheria Marsh, 1880
Order Multituberculata Cope, 1884
Family Cimolomyidae Sloan and Van Valen, 1965
Genus Meniscoessus Cope, 1882
Meniscoessus robustus Marsh, 1889
Figures 4A-I, Table 2
Referred Specimens―Partial right upper
incisor, LACM 157313; RP2, LACM 157309; RP4,
LACM 157314; LM1, LACM 157315; partial right
dentary with p3-m2, LACM 157310; partial left
dentary with partial p4 and partial m1, LACM
157308; partial right lower incisor, LACM 157311;
partial left lower incisor, LACM 157312.
Discussion―Although the tip of the crown of
the upper incisor has a portion of the labial enamel
broken away, the following characters can be still be
discerned: 1) moderate curvature with some
constriction of the root just below the crown; 2) a
distinct ventrolabial cusp that is separated from the
main dorsal portion of the crown by a moderately
deep valley, which gives the tooth a glove-like
appearance in labial view; 3) the dorsal portion of the
crown is expanded transversely with some slight
notching along the occlusal boarder, indicating that
small cusps were present when the tooth was less
worn; and 4) the enamel is thick and surrounds the
crown both labially and lingually.
The P2 is characterized by having the
following: 1) two-roots that are closely appressed; 2)
three primary cusps on the crown; 3) a moderatelydeveloped posterior cingulid; and 4) crenulated
enamel. The P4 is characterized by having the
following: 1) four medial cusps with vertical
striations (crenulated) that increase in height
posteriorly; 2) two basal cusps, one posterolingually
positioned and one posterolabially positioned; 3) a
low cingulum that extends anteriorly from the base of
the posterolingual basal cusp to about half way along
the lingual edge of the tooth; and 4) an anterolabial
cusp that is positioned opposite of the second medial
cusp.
The M1 is characterized by having the
following: 1) cusp formula 6:7:5; 2) the medial row
cusps become increasingly more crescentic
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posteriorly; 3) the medial and labial rows of cusps are
equal in length, whereas the lingual row is slightly
shorter; and 4) all of the cusps increase in size
posteriorly.
___________________________________________
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posteriorly; and 4) m2 cusp formula 4:2 with the
lingual crescentic cusps unequal in size and
significantly larger than the labial crescentic cusps.
In size, the specimens of Meniscoessus from the
LLJS Quarry agree well with those of other samples
referred to M. robustus (e.g., compare measurements
in Table 2 with those of Clemens, 1963:table 10,
Archibald, 1982:table 13 and Lofgren, 1995:table
17). Similarly, their occlusal morphology also agrees
well with those of M. robustus (Clemens, 1963, 1968;
Archibald, 1982), so they can be confidently referred
to the species.
Family Neoplagiaulacidae Ameghino, 1890
Genus Mesodma Jepsen, 1940
Mesodma spp.
Figures 5A-H, Table 2

FIGURE 4. Meniscoessus robustus from LLJS Quarry. A, upper
incisor, LACM 157313. B-C, lower incisor, 157311. D-E, RP2,
LACM 157309. F, RP4, LACM 157314 (reversed); G, LM1,
LACM 157315; H-I, partial right dentary with p3-m2, LACM
157310. A, C, I, labial views. B, E, lingual views. D, F, G, H,
occlusal views. Scale bars = 1 mm.

___________________________________________
One lower incisor is complete (LACM 157311),
but well worn, while the other (LACM 157312) has
much of the root and part of the crown broken away.
They are characterized by having the following: 1)
moderate curvature with the tip of the root
constricted; 2) enamel surrounding the crown that is
equally thick on the labial and lingual surfaces and
extends posteriorly slightly further along the ventral
margin of the tooth; and 3) distinct ridges extending
from the labial base of the crown to the tip.
The p3-m2 are characterized by having the
following: 1) p3 small, single-rooted with its crown
positioned under the anterior base of p4; 2) p4
relatively high-crowned with nine serrations; 3) m1
cusp formula 5:4 with the first labial cusp small and
conical, and all other cusps crescentic and deflected

Referred Specimens―P1s, LACM 157317,
157320; LP4, LACM 157321; partial p4, LACM
157319; Lm2, LACM 157318; left lower incisor,
LACM 157316.
Discussion―There are two P1s in the sample,
both of which are characterized by having a threecusped crown (one external and two internal cusps)
and two well-developed roots. LACM 157317
differs from LACM 157320 by having the following:
1) the cusps are more acute and are better separated
near the base of the crown; 2) a small anterior
cingulum; and 3) slightly smaller size.
The P4 is characterized by having the
following: 1) a cusp formula of 3:7; 2) a small
accessory cusp at the anterior base of the crown; 3)
the external cusps are slightly lower in height than
the medial cusps; 4) the medial cusps form a gradual
slope with the individual cusps about equal in size;
and 5) small size.
The p4 has the anterior half of the tooth
missing, so little details of its morphology can be
discerned. However, there are four, posteriorlydirected ridges present and, based on its broken
dimensions (ap = 1.40 mm, crown height = 1.99
mm), the whole tooth was small.
The m2 is moderately worn and characterized
by having the following: 1) cusp formula 3:2; 2)
crescentic cusps with the apices directed posteriorly;
3) a distinct groove along the labial aspect between
the two labial cusps; and 4) small size.
The lower incisor is characterized by having the
following: 1) very small size; 2) moderate curvature
with the root tip slightly constricted; 3) the enamel
surrounds the crown with an anterior-lingually
positioned wear facet; and 4) a proximal crown
height-width ratio of 1.38.
In size and morphology, the teeth are
indistinguishable from those of Mesodma (Jepsen,
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TABLE 2. Dental measurements (in mm) of specimens from LLJS
Quarry (a = approximate; tri = trigonid).
Taxon/
LACM number
Meniscoessus robustus
157313
157309
157314
157315
157312
157313
157310

?Cimolodon sp.
157306
157307
157300
157301
157302
157303
157304
157305
Mesodma sp.
157317
157320
157321
157316
157318
Turgidodon rhaister
157287
Glasbius twitchelli
157286
Pediomys elegans
157291
?Leptalestes cooki
157289

Position

ap

tr

tra

trp

I2
P2
P4
M1
i2
i2
p3-m2
p3
p4
m1
m2

4.00
3.81
3.31
9.92
5.02
5.01
22.30
1.20
6.95
8.49
7.95

3.0
2.55
5.41
4.00a
3.30
1.21
3.42
4.29
5.27

-

-

I2
P1
i2
i2
i2
i2
i2
i2

1.90
2.00
3.15
3.37
3.35
3.18
3.19
3.21

2.85
1.49
2.05
2.35
2.14
2.19
2.20
2.18

-

-

P1
P1
P4
i2
m2

1.17
1.22
3.05
0.80
1.46

0.98
1.07
1.46
1.10
1.30

-

-

-

-

m

3.05 -

1.85 1.80

m3

2.04 -

1.64 1.82

m1
m2

1.92 2.08 -

1.08 1.28
1.33 1.54

p2
p3
m1
m2
m3

1.77
2.03
2.03
2.33
2.54

1.10
1.51
1.80

?Leptalestes sp.
157288
p3
Protolambda mcgilli
157292 - holotype m2
m3
157293
m3
Didelphodon vorax
157295
Rm4 tri
157294
Lm tri
157296
Lm3
Lm4
cf. Eodelphis sp.
157299
Rm4
Procerberus sp. (large)
157283
p3
p4
m1
m2
157313
m2
m3
?Procerberus sp. (small)
157285
p4

0.62
0.93
-

1.13 0.65 -

-

1.18
1.62
1.82
-

3.82 4.39 4.30 -

2.06 2.23
2.45 2.50
2.25 2.45

3.75
3.66
6.15
6.94

4.93
5.90
4.40
4.81

-

4.15
3.73

5.10 -

2.77 2.46

3.56
4.16
3.99
4.14

2.05
4.57a -

2.14
2.54
2.83
2.55a

2.56 -

1.03 0.96

1.94
2.36
2.23
2.46
2.25a

1940; Clemens, 1963; Lillegraven, 1969; KielanJaworowska et al., 2004). However, there may be
more than one species represented in the sample
because of the occlusal differences between the two
P1s and minor differences in the relative sizes of the
other teeth. For example, the P4 is within the
observed size ranges of the P4s of M. thompsoni
reported by Clemens (1963) from the Lance
Formation (OR = 2.3-3.2 mm ap and 1.00-1.50 mm
tr) and those of M. garfieldensis reported by
Archibald (1982) from Garfield County, Montana
(OR = 2.42-3.24 mm ap and 1.13-1.63 mm tr). Also,
the occlusal morphology and cusp formula of the P4
is most similar to those of M. thompsoni and M.
garfieldensis (Clemens, 1963; Lillegraven, 1969;
Archibald, 1982) and, thus, may represent one of
these species. The m2 is smaller than the m2s of M.
thompsoni (OR = 1.90-2.00 mm ap and 1.50-1.60
mm tr), but within the size range of m2s of M.
garfieldensis (OR = 1.22-1.66 mm ap and 1.03-1.39
mm tr) and M. formosa (OR = 1.25-1.60 mm ap and
1.00-1.40 mm tr) and could represent either of these
species (Lillegraven, 1969; Archibald, 1982).
However, considering the amount of individual
variation in the cheek teeth of species of Mesodma
(Clemens, 1963; Lillegraven, 1969; Novacek and
Clemens, 1977; Archibald, 1982; Kielan-Jaworowska
et al., 2004), all that can be said is that the genus is
present at the LLJS Quarry and might possibly be
represented by two species.
Family Cimolodontidae Marsh, 1889
?Cimolodon sp.
Figures 6A-K, Table 2
Referred Specimens―Right upper incisor,
LACM 157306; upper premolar, LACM 157307; left
lower incisors, LACM 157300-157305.
Discussion―The right upper incisor is in early
wear and exhibits the following characters: 1) slightly
curved; 2) the enamel surrounds the crown and
extends posteriorly slightly further labially than
lingually; and 3) a groove that is positioned labial to
the center of the tooth that extends from the posterior
base of the crown to about half way across the
anterior face and forming a shallow furrow or notch
on the occlusal surface. The lower incisors are
characterized by having the following: 1) lanceolate
shape with a mean proximal crown height-width ratio
of 1.50; 2) enamel that surrounds the crown, but
thinner on the labial side than on the lingual side and,
in moderate to late wear, the labial enamel is worn
away; 3) small cuspids present along the lingual edge
of the crown tip during early wear; 4) a distinct
central ridge extending posteriorly from the occlusal
surface to the base of the enamel on the labial side
and several smaller ridges along the anterolabial

KELLY—MAMMALS FROM HELL CREEK, MONTANA

margin; and 5) the root is slightly to moderately
restricted just below the crown and has a depression
along the mid-lingual side. The upper incisor is
compatible in size to the lower incisors and they are
tentatively regarded as conspecific.
___________________________________________

FIGURE 5. Mesodma spp. from LLJS Quarry. A, P1, LACM
157317. B-D, LP4, LACM 157321. E, Lm2, LACM 157318. F,
partial p4, LACM 157319. G-H, Li2, LACM 157316. A, B and E,
occlusal views. C and G, labial views. D, F, and H, lingual views.
Scale bar = 1 mm.

___________________________________________
The upper premolar is characterized by having
the following: 1) three-cusped crown arranged in a
triangle with the cusps well-defined, sharp and
vertically grooved; 2) two large roots; and 3)
moderate size. In size and occlusal morphology, the
upper premolar is indistinguishable from the P1s of
Cimolodon nitidus (Clemens, 1964; Lillegraven,
1969). However, the range of variation of anterior
upper premolars of cimolodontan multituberculates is
poorly documented, so a confident assignment to C.
nitidus cannot be made.
The lower incisors from the LLJS Quarry differ
from those of Meniscoessus by having the following:
1) significantly smaller size; 2) the enamel is thinner
on the lingual surface; 3) a pronounced ridge on the
lingual side of the crown with a groove superior to it;
and 4) a depression along the mid-lingual side of the
root. They are similar in size to those of the
eucosmodontids Stygimys and Eucosmodon (Sloan
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and Van Valen, 1965; Fox, 1980; Kielan-Jaworoski
and Hurum, 1997; Weil, 1999; Lofgren et al., 2005;
Weil and Krause, 2008), but can easily distinguished
from them. In Stygimys, the lower incisor is strongly
compressed laterally (mean transverse width of S.
kuszmauli = 1.34 mm, mean height/width ratio =
2.38) and the enamel is restricted to a band along the
ventrolabial surface (Sloan and Van Valen, 1965;
Fox, 1980; Johnson and Fox, 1984; KielanJaworowska and Hurum, 1997; Weil, 1999; Lofgren
et al., 2005; Weil and Krause, 2008). The lower
incisor of Eucosmodon also has restricted enamel like
that of Stygimys and is laterally compressed, but
slightly less so than Stygimys (Weil and Krause,
2008). The ventrolabially restricted enamel pattern is
also seen in Microcosmodontidae, Taeniolabididae,
Cimexomys, and Neoliotomus (Granger and Simpson,
1929; Middleton, 1982; Montellano, 1992; Weil,
1998, 1999; Kielan-Jaworowska and Hurum, 2001;
Kielan-Jaworowska et al., 2004; Fox, 2005; Weil and
Krause, 2008).
In Mesodma, Cimolodon, and
Ptilodus, enamel covers the lower incisor crown both
labially and lingually (Lillegraven, 1969; Weil, 1999;
Clemens, 1963; Lofgren et al., 2005; KielanJaworowska et al., 2004; Weil and Krause, 2008), but
is thicker on the labial surface than on the lingual
surface and, with wear, the lingual enamel can be
worn down giving the tooth the "pseudo appearance"
of a restricted enamel pattern (pseudo-eucosmodontid
condition of Lillegraven, 1969). The lower incisors
from the LLJS Quarry differ from those of Stygimys
and Eucosmodon by being significantly less laterally
compressed (mean transverse width = 2.18 mm, mean
height/width ratio = 1.50) and by having the enamel
covering the entire crown (both labial and lingual
surfaces) in early wear. The lower incisors are most
similar to those of Cimolodon nitidus by having the
following (Lillegraven, 1969): 1) the crown is
completely enamel covered, but with the enamel
thinner labially than lingually; 2) a superior-lingually
positioned wear facet, which, with wear, becomes
entirely lingual in position giving the incisors in
moderate to late wear a "pseudo restricted" enamel
pattern; 3) a pronounced ridge on the lingual side of
the inferior border with a groove just superior to it;
and 4) small cuspids along the labial side of the
occlusal tip during early wear. They differ from
those of C. nitidus by being slightly less transverse
(mean height/width ratio = 1.50, whereas C. nitidus =
1.20). The morphological similarities of the lower
incisors from the LLJS Quarry to those of Cimolodon
differentiate them also from those of Mesodma and
other Neoplagiaulacidae, and Ptilodontidae (Jepsen,
1940; Szalay, 1965; Clemens, 1963; Krause, 1982a,
1982b; Kielan-Jaworowska et al., 2004; Scott, 2005;
Weil and Krause, 2008). They are also larger, more
robust and slightly more laterally compressed than
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those of Mesodma formosa, which has a height/width
ratio of 1.15 (Clemens, 1963). Two other relatively
large late Cretaceous multituberculates are the
cimolomyid Cimolomys and Essonodon, which is
only questionably referred to Cimolomyidae (KielanJaworowska et al., 2004). Comparison of the LLJS
Quarry lower incisors to these genera cannot be made
because their lower incisors are unknown (Eaton,
2002; Kielan-Jaworowska et al., 2004). However,
considering the relative size of cheek teeth of these
two genera, the LLJS Quarry lower incisors could be
compatible in size with them.
In summary, the dental specimens are very
similar in size and morphology to those of
Cimolodon, suggesting that they might represent the
genus. However, the incisors and upper premolars of
certain other late Cretaceous multituberculates are
unknown or poorly documented, so comparisons of
the LLJS Quarry specimens to them cannot be made,
which makes a definitive generic assignment
difficult. To reflect their putative similarity to
Cimolodon, they are only very questionably referred
to the genus as ?Cimolodon sp.
___________________________________________

Infraclass Metatheria Huxley, 1880
Order Didelphomorphia Gill, 1872
Family Alphadontidae Marshall et al., 1990
Turgidodon Cifelli, 1990
Turgidodon rhaister (Clemens, 1966)
Figures 7A-C, Table 2
Referred Specimen―Right lower molar,
LACM 157287.
Discussion―The lower molar is characterized
by having the following: 1) the trigonid only slightly
wider than the talonid; 2) a moderately welldeveloped anterior cingulid that extends around the
labial base of the protoconid to terminate near the
base of the hypoconid; 3) a robust protoconid that is
taller than the paraconid and metaconid, which are
about equal in height; 4) the entoconid and
hypoconulid are positioned close to each other
(twinned) and about equal in height; 5) the cristid
obliqua joins the posterior trigonid wall lingually,
below the postprotocristid notch; 6) a well-developed
hypoconid; and 7) moderate size.
In size and occlusal morphology, LACM
157287 is indistinguishable from the lower molars
(m2-4) of Turgidodon rhaister (Clemens, 1966;
Archibald, 1982; Cifelli, 1990; Lofgren, 1995;
Marshall et al., 1990), and is referred to the species.
Family uncertain (see Williamson et al., 2012)
Glasbius Clemens, 1966
Glasbius twitchelli Archibald, 1982
Figures 7D-E, Table 2

FIGURE 6. ?Cimolodon sp. from LLJS Quarry. A-C, RI2,
LACM 157306.
D-E, P1 or 2, LACM 157307. F-K, Li2s
showing various stages of wear; F-G, LACM 157303; H-I, LACM
157301; J-K, LACM 157302; J-K, LACM 157300. A, G, I, K,
labial views. B, E, anterior views. C, posterior view. D, occlusal
view. F, H, J, lingual views. Scale bars for A-E = 1mm, D-K = 5
mm.

___________________________________________

Referred Specimen―Lm3, LACM 157286.
Discussion―The m3 is complete except for a
small portion of the enamel surface missing along the
anterolabial edge of the labial cingulid. It is
characterized by having the following: 1) the
paraconid is smaller and lower in height than the
metaconid; 2) the paraconid and metaconid are
positioned close to each other where they are
separated by a narrow, relatively shallow valley; 3)
the talonid is basined and significantly wider than the
trigonid; 4)
the hypoconulid is positioned
posterolingually near the well developed entoconid
(twinned condition); 5) a continuous cingulid that
extends from the anterior base of the paraconid
across the labial edge of the tooth to the posterior
base of the hypoconulid; and 6) two cuspulids on the
labial portion of the cingulid (a small one positioned
just anterior to the protoconid apex and a large, welldeveloped one positioned just anterior to the
hypoconid apex).
Two species of Glasbius are currently
recognized, G. intricatus from the Lance Formation
of Wyoming and G. twitchelli from the Hell Creek
Formation of Montana (Clemens, 1966; Archibald,
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1982; Lofgren, 1995). The m3 of G. twitchelli differs
from that of G. intricatus by its slightly larger size
and by having two cuspulids present consistently
along the labial cingulid with the posterior one
especially well developed. The m3 from the LLJS
Quarry is indistinguishable in size and the
development of the cingulid cuspulids from those of
G. twitchelli and is referred to the species.
___________________________________________
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significantly anterior to the molars and the depth of
dentary below m2 = 4.6 mm; 4) the molar trigonids
are narrower than the talonids; 5) the molar
paraconids are smaller and lower than the metaconids
with the paraconids relatively closely positioned to
the metaconids; 6) the molar entoconids are taller
than the hypoconids and are closely positioned near
the hypoconulids at the posterolingual corners of the
teeth, resulting in a labially sloped talonid; 7) the
molar cristids obliqua are labially positioned, joining
the posterior trigonid walls at a point below and just
labial of the apices of the protoconids; 8) distinct
anterior and posterior molar cingulids; and 9) single
small accessory cuspulids on the entocristids. In size
and dentary and molar occlusal morphology, LACM
157291 is indistinguishable from those of Pediomys
elegans (Clemens, 1966; Davis, 2007a) and is
referred to the species.
___________________________________________

FIGURE 7. Turgidodon and Glasbius from LLJS Quarry. A-C,
Turgidodon rhaister, lower right molar, LACM 157287. D-E,
Glasbius twitchelli, Lm3, LACM 91190. A and D, occlusal views.
B, labial view. C, lingual view. E, oblique lingual view. Scale bar
= 1 mm.

___________________________________________
Family Pediomyidae Simpson, 1927
Genus Pediomys Marsh, 1889
Pediomys elegans Marsh, 1889
Figures 8A-C, Table 2
Referred Specimens―Partial left dentary with
partial p3 and complete m1-2, LACM 157291; partial
edentulous dentary, LACM 157290.
Discussion―The partial left dentary includes
the alveoli for c-p2, a partial p3 and well worn m1-2.
It is characterized by having the following: 1) two
mental foramina, the anterior one below the anterior
root of p2 and the posterior one below the m1; 2) the
symphyseal scar terminates posteriorly below the
posterior root of the p2; 3) the dentary tapers

FIGURE 8. Pediomys elegans from LLJS Quarry. A-C, partial
left dentary with partial p3 and m1-2, LACM 157291. A. occlusal
view of m1-2. B and D, labial view. C, lingual view. Scale bars =
1 mm.

___________________________________________
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A small edentulous dentary with an inflected
angular process is also very similar in size and
morphology to those of Pediomys elegans and is
questionably included in the referred sample. The
depth of dentary below m4 = 4.5 mm and estimated
m4 total alveolar length = 2.2 mm. The posterior
alveolus for the root of the m4 talonid is relatively
small, only slightly larger than the anterior alveolus
for the root of the trigonid.
Genus Leptalestes Davis, 2007a
?Leptalestes cooki (Clemens, 1966)
Figure 9A-B, Table 2
Referred Specimen―Partial left dentary with
p2-m3, LACM 157289.
Discussion―The partial dentary includes the
alveolus for p1 and p2-m3. It is characterized by
having the following: 1) two mental foramina, the
anterior one below the posterior root of p1 and the
posterior one below the posterior root of m1; 2) the
symphyseal scar terminates posteriorly below the
root of p2; 3) the dentary tapers anterior to the molars
and the depth of the dentary below m2 = 4.7 mm; 4)
the premolars with a tall protoconid whose apex is
positioned anteriorly and a well-developed accessory
talonid cusp; 5) the molar trigonids are narrower
transversely than the talonids, but about equal in
length; 6) the molar paraconids are smaller and equal
in height to the metaconids with the paraconids
positioned relatively close to the metaconids; 7) the
molar cristids obliqua are labially positioned and
joining the posterior walls of the trigonids between
the protoconid apices and the postprotocristid
notches; and 8) the molar hypoconulids are small and
positioned close to the entoconids forming a twinned
appearance for these cusps.
Clemens (1966) first clarified the taxonomy of
the small pediomyids from the Lance Formation,
wherein he described two new species, Pediomys
cooki and Pediomys krejcii. Subsequently, P. cooki
was also recognized from the Hell Creek Formation
of Montana (Archibald, 1982; Cifelli et al., 2004).
Most recently, Davis (2007a) revised the
Pediomyidae and erected the genus Leptalestes for
certain species that were previously assigned to
Pediomys (P. prokrejcii and P. krejcii). Davis
(2007a) also questionably assigned P. cooki to
Leptalestes. LACM 157289 agrees well in occlusal
morphology and size with ?Leptalestes cooki and is
referred to the species. It can be easily distinguished
from the specimen of Pediomys elegans from the
LLJS Quarry by having the following (Clemens,
1966; Davis, 2007a): 1) slightly larger size; 2) the
molar paraconid is equal in height to the metaconid;
3) less reduction of the paraconid relative to the
metaconid (very reduced in P. elegans); and 4) the

anterior connection of the cristid obliqua to the
trigonid is positioned more lingually, between the
protoconid apex and postprotocristid notch, whereas
that of P. elegans is nearly to the labial edge of the
protoconid.
?Leptalestes sp.
Figure 9C, Table 2
Referred Specimen―Lp3, LACM 157288.
Discussion―An isolated p3 was recovered
from the LLJS Quarry and is characterized by having
the following: 1) a tall protoconid with its apex
orientated anteriorly; 2) a distinct, single-cusped
talonid that is much lower than the protoconid; and 3)
very small size. The p3 differs from those of
Pediomys elegans and ?Leptalestes cooki by its much
smaller size. The p3 is most similar in size and
occlusal morphology to those of Leptalestes krejcii
(Clemens, 1966; Kielan-Jaworowska et al, 2004;
Davis, 2007a) and is questionably assigned to the
genus.
Genus Protolambda Osborn, 1898
Protolambda mcgilli new species
Figures 10A-C, 11C, Tables 2-3
Holotype―Partial right dentary with m2-3,
LACM 157292.
Referred Specimen―Partial left dentary with
m3, LACM 157293.
Type Locality―Lane's Little Jaw Site Quarry
(= locality LACM 7942), Powder River County,
Montana, latest Cretaceous?
Diagnosis―Differs
from
Protolambda
hatcheri and P. florencae by having anterior
connection of the molar cristid obliqua more labially
positioned and molar trigonid and talonid transverse
widths narrower relative to the tooth lengths. Further
differs from P. hatcheri by having angle of molar
trigonid more obtuse and larger size.
Etymology―Named in honor of Lewis McGill
for his considerate support of this study and allowing
access to the LLJS Quarry on his ranch property. In
addition, Lewis donated many of the specimens
reported on herein.
Description―The
partial
dentaries
are
characterized by having the following: 1) large size;
2) the dentary is rather gracile (depth below m4 =
4.50 - 4.53 mm) with the angular process notably
inflected and the root of the horizontal ramus
originating at a point just labial to the middle of the
alveolus for the m4 trigonid root; 3) the m2-3
trigonids are moderately taller and somewhat
narrower than the talonids; 4) the m2-3 talonid
transverse widths are narrow relative to the tooth
lengths; 5) the m2-3 paraconids and metaconids are
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FIGURE 9. Leptalestes from LLJS Quarry. A-B, ?Leptalestes cooki, partial left dentary with p2-m3, LACM 157289. C, ?Leptalestes sp., p3,
LACM 157288. A, occlusal view. B-C, labial views. Scale bar = 1 mm.

____________________________________________________________________________________________
Table 3. Comparison of m2-3 lengths to m2-3 anterior transverse
and posterior transverse widths of Protolambda hatcheri (hatch),
Protolambda florencae (floren) and Protolambda mcgilli (mcgil).
N = number of specimens; OR = observed range.
Tooth/ratio N
m2
ap/tra mean 4
ap/tra OR 4
ap/trp mean 4
ap/trp OR 4
m3
ap/tra mean 7
ap/tra OR 7
ap/trp mean 7
ap/trp OR 7

hatch

N

floren

N

mcgil

1.71
1.64 1.81
1.59
1.59 1.60

3
3

1.56
1.421.68
1.47
1.36 1.63

1

1.85

1

1.71

1.59
1.44 1.67
1.55
1.351.60

2
2

1.695
1.691.70
1.68
1.62 1.70

2
2

1.85
1.791.91
1.76
-

3
3

2
2

2
2

___________________________________________
subequal in height and length; 6) the m2-3 paraconids
are positioned lingually, just slightly labial to the
metaconids; 7) the m2-3 angles of the trigonids are
obtuse; 8) the m2-3 entoconids are significantly
larger than the hypoconulids; 9) the lingual sides of
the m2-3 talonids are slightly taller than labial sides;
and 10) the m2-3 cristids obliqua meet the labial
margins of the trigonids at the base of the
protoconids, just labial to the protoconid apices.

Discussion―Davis (2007a, 2007b) recently
revised the Pediomyidae, wherein he clarified the
phylogenetic relationships of a number of species that
were previously lumped into the genus Pediomys
(e.g., Clemens, 1966; Lillegraven, 1969; Archibald,
1982; Lofgren, 1995; Hunter et al., 1997). In his
analyses, Davis (2007a, 2007b) provided convincing
evidence that "Pediomys" hatcheri and "P." florencae
represent a monophyletic clade, and reassigned to
them to the genus Protolambda Osborn, 1898.
LACM 157292 and 157293 can be confidently
assigned to Protolambda because they exhibit the
following characters (Davis,2007a): 1) large size; 2)
the lower molars have robust primary cusps with the
paraconids and metaconids about equal in height and
length; and 3) the connections of the cristids obliqua
to the trigonids are labially positioned.
Protolambda florencae can be differentiated
from P. hatcheri by its slightly larger size and by
having a more obtuse (greater) angle of the trigonid
(Davis, 2007a), which is measured from the
entoconid to the protoconid with the metaconid as the
vertex (Figures 11A-C). The angle of the trigonid of
157292 and 157293 is obtuse, like that of P.
florencae (Figure 11B). Although LACM 157292
and 157293 are similar in dental morphology to P.
hatcheri and P. florencae, certain dental characters

64

PALUDICOLA, VOL. 10, NO. 1, 2014

FIGURE 10. Protolambda mcgilli new species from LLJS Quarry. A-C, Holotype, partial right dentary with m2-3, LACM 157292. A, occlusal
view. B, labial view. C, lingual view. Scale bar = 1 mm.
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Genus Didelphodon Marsh, 1889
Didelphodon vorax Marsh, 1889
Figures 12A-C, Table 2

FIGURE 11. Comparison of lower molar angle of trigonid and
cristid obliqua connection to trigonid in species of Protolambda.
A, m2-3 of Protolambda hatcheri; B, m2-3 of Protolambda
florencae; C, m2-3 of Protolambda mcgilli (LACM 157292,
reversed) from LLJS. Angle of trigonid measured from entoconid
to protoconid with metaconid as vertex. In P. florencae and P.
mcgilli, the angle is more obtuse (greater) than that of P. hatcheri.
In P. florencae and P. hatcheri, the anterior connection of cristid
obliqua is more lingually positioned, whereas in P. mcgilli the
connection is just labial to the protocone apex. Specimens
adjusted to equal scale. Drawings after macrophotographs of P.
hatcheri and P. florencae from Davis (2007a).

___________________________________________
clearly separate them from these species and they are
referred to a new species, P. mcgilli.
Protolambda mcgilli differs from both species
by having the anterior connection of the molar cristid
obliqua more labially positioned (Figure 11C). In P.
hatcheri and P. florencae, the anterior connection of
the cristid obliqua to the posterior talonid wall occurs
at the base of the protoconid and lingual to the apex
of the protoconid (Clemens, 1966; Hunter and
Archibald, 2002; Davis, 2007a), whereas in P. mcgilli
the connection occurs at the base of the protoconid
and just labial to the protoconid apex. P. mcgilli
further differs from P. hatcheri and P. florencae by
having the molar trigonid and talonid transverse
widths narrower relative to the tooth lengths (Table
3). P. mcgilli differs also from P. hatcheri by being
slightly larger in size.
Family Stagodontidae Marsh, 1889

Referred Specimens―Partial left dentary with
m3-4, LACM 157296; partial right lower molar
(trigonid), LACM 157295; partial left lower molar
(trigonid), LACM 157294; partial lower canine,
LACM 157297.
Discussion―The partial left dentary is well
preserved with m3-4 and the alveoli for the c-m2.
The alveoli of the antemolars indicate that the canine
and p1-3 were crowded with the premolars obliquely
orientated relative to the horizontal ramus. The p1
has two very small roots positioned close to the
posterolabial edge of the canine alveolus. The p2 is
two-rooted with the anterior alveolus much smaller
and positioned much more labially than the posterior
root. The p3 is two-rooted with the anterior root
smaller and positioned more labially than the
posterior root. The alveoli for the p3 are significantly
larger than those of the p2, especially that of the
anterior root, indicating that the p2 was smaller than
the p3. The premolar dental formula, relative sizes
and positioning of the premolar alveoli agree well
with those of Didelphodon vorax described by
Clemens (1963, 1968).
The partial right and left molars from the LLJS
Quarry consist of the trigonid with the talonid broken
away. In size and occlusal morphology, the molars
are indistinguishable from those of those of
Didelphodon vorax (Clemens, 1966, 1968;
Archibald, 1982; Fox and Naylor, 1986, 2006;
Wilson, 2004), including well-developed anterior
cingulids, metaconids that are smaller and lower in
height than the paraconids, protoconids that are equal
in height to the paraconids, and talonids that are
narrower than the trigonids with the hypoconulids
positioned close to the entoconids (twinned
condition). The partial lower canine from the LLJS
Quarry is also indistinguishable from those of D.
vorax.
Genus Eodelphis Matthew, 1916
cf. Eodelphis sp.
Figures 13A-C, Table 2
Referred Specimens―Partial right dentary
with m4, LACM 157299; partial edentulous dentary
with alveolus for m3, LACM 157298.
Discussion―Two partial dentaries, one with a
well-worn m4 and an edentulous one, were recovered
from the LLJS Quarry that represent a large
metatherian. They are characterized by having the
following: 1) large size (depth of dentary 8.50 - 8.54
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FIGURE 12. Didelphodon vorax from LLJS Quarry. A-C, partial left dentary with m3-4, LACM 157296. A, occlusal view. B, lingual view.
C, labial view. Scale bars for A = 1mm and B-C = 5 mm.
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FIGURE 13. Stagodontid, cf. Eodelphis sp. from LLJS Quarry, partial right dentary with m4, LACM 157299. A, occlusal view. B, labial view.
C, lingual view. Scale bar = 5 mm.
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mm below m4); 2) an inflected angular process on
the dentary with the internal mandibular foramen
positioned at the base of the coronoid process, just
above the anterior aspect of the inflected angle; 3) a
deeply incised masseteric fossa; 4) a moderately
steep ascending coronoid process; and 5) a small
foramen (nutritive or posterior mental foramen)
positioned below the m2 alveolus. Although the m4
of LACM 157299 is very worn, the following
characters can still be discerned: 1) an oblique wear
facet (prevallid) that extends across the anterior face
of the trigonid from the paraconid and paracristid to
the anterior base of the protoconid; 2) the paraconid
is significantly larger than the metaconid; 3) a
carnassial notch between the protoconid and
paraconid; 4) the trigonid is slightly wider than the
talonid with the primary cusps moderately
compressed anteroposteriorly; 5) an apparently welldeveloped anterior cingulid because, even with the
heavy wear, it is still present on the anterolingual
base of the protoconid; 6) a worn talonid consisting
of a central dentine surface surrounded by an enamel
border with remnants of the hypoconulid and
entoconid, which are closely positioned to each other
(twinned) at the posterolingual corner of the talonid;
7) a labially positioned cristid obliqua that joins the
posterior wall of the trigonid labial to the protocristid
notch; and 8) and the talonid is significantly lower
the trigonid.
The dentaries are significantly larger than those
of Protolambda (depth of dentary below m4 50%
larger than P. mcgilli) and significantly smaller and
more gracile than those of Didelphodon vorax (depth
of dentary below m4 20% smaller). They further
differ from those of Didelphodon by having the
posterior portion of the horizontal ramus with less
dorsal curvature resulting in a more horizontally
positioned angular process. Didelphodon is the
largest metatherian known from the Lancian (KielanJaworowska et al, 2004). Previously, Protolambda
was thought to be the second largest Lancian
metatherian, but the specimens from the LLJS Quarry
document the presence of a larger taxon. The
stagodont Eodelphis, which is known only from the
upper part of the Oldman Formation of Alberta,
Canada (Aquilan age), the Judith River Formation of
Montana (Judithian North American Land Mammal
Age) and St. Mary River Formation of Alberta
("Edmontonian" North American Land Mammal
Age), is intermediate in size between Didelphodon
and Protolambda (Matthew, 1916; Woodward, 1916;
Fox, 1971, 1981; Sahni, 1972; Sloan and Russell,
1974; Montellano, 1992; Kielan-Jaworowska et al.,
2004). Two species of Eodelphis are currently
recognized, E. cutleri and E. browni, which are
morphologically very similar and differ only by
minor differences in the relative sizes of their p3s,

slight overall size differences, and the steepness of
the coronoid process relative to the horizontal ramus
(Matthew, 1916; Woodward, 1916; Clemens, 1966;
Fox, 1981; Montellano, 1992; Kielan-Jaworowska et
al., 2004).
The two specimens from the LLJS Quarry
exhibit characters that closely ally them with
Eodelphis. In size, the m4 ap from the LLJS Quarry
is very near the mean and well within the observed
range for Eodelphis (Fox, 1981). Although, the m4
tra and trp are slightly less than those of Eodelphis,
which has a tra observed range of 3.0 - 3.4 mm and
trp observed range of 2.6 - 3.0 mm, the maximum
transverse dimensions of the trigonid and talonid
were probably slightly wider when the m4 was less
worn. The morphology of the dentaries of the LLJS
Quarry specimens is also very similar to that of
Eodelphis, including the following (Fox, 1981): 1) a
well-incised masseteric fossa; 2) the internal
mandibular foramen position relative to the inflected
angle of the dentary is the same; 3) a moderately
steeply inclined coronoid process, which is especially
like that of E. cutleri; and 4) equal in size and outline
with a more gracile morphology than that of
Didelphodon.
Although the m4 of LACM 157299 is very
worn, it shares certain dental characters with those of
Eodelphis, including the following (Clemens, 1966;
Fox, 1981; Kielan-Jaworowska et al., 2004): 1) the
trigonid is much higher and slightly wider than the
talonid;
2)
the
trigonid
is
compressed
anteroposteriorly; 3) the metaconid is significantly
reduced in size relative to the paraconid and the
paracristid was apparently well developed with a
distinct carnassial notch; 4) the cristid obliqua is
more lingually positioned than those of Didelphodon;
5) the hypoconulid and entoconid are twinned and
similarly positioned at the posterolingual corner of
the talonid margin; and 6) an anterior cingulid. The
occlusal wear patterns of the m4 are also similar to
those of Eodelphis. As typical of stagodontids, the
wear pattern of the molar trigonid of Eodelphis
exhibits a vertical shearing mode (prevallid), which
results in a large, oblique wear facet on the anterior
wall of the trigonid across the paraconid, paracristid
and protoconid where cusp C, the postmetacrista and
metacone of the upper molar (postvallum) occlude
(Fox, 1975, 1981; Crompton and KielanJaworowska, 1978; Kielan-Jaworowska et al., 2004;
Fox and Naylor, 2006). This type of wear pattern
(postvallum/prevallid) correlates to the degree of
development of the lower molar anterior cingulid
(Crompton and Kielan-Jaworowska, 1978; KielanJaworowska et al., 2004). The m4 anterior wear facet
of LACM 157299 is almost identical to that in the
holotype of E. browni (see Matthew, 1916:Plate II,
figures 1-2). Fox (1981) noted that, in stagodonts, a
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grinding mode on the occlusal surface of the talonid
follows the initial postvallum/prevallid shearing
mode on the trigonid resulting in a talonid surface
that consists of dentine surrounded by enamel
margins, which is also the condition of the worn
talonid surface of LACM 157299. The resemblances
of the specimens from the LLJS Quarry to those of
Eodelphis are so striking that they are either
assignable to the genus or a very closely related
genus within the same lineage. Therefore, they are
compared provisionally to the genus as cf. Eodelphis
sp. Eodelphis has only been previously recorded
from the Judithian and "Edmontonian," which spans
approximately from 79 to 71 Ma. If correctly
referred, then the specimens represent a
geochronologic range extension upwards of about 5
Ma for the genus and/or the Eodelphis lineage into
the latest Cretaceous.
Infraclass Eutheria Huxley, 1880
Mirorder Cimolesta McKenna, 1975
Order Didelphodonta McKenna, 1975
Family Cimolestidae Marsh, 1889
Genus Procerberus Sloan and Van Valen, 1965
Procerberus sp. (large)
Figure 14, Table 2
Referred Specimens―Partial right dentary
with p3-m2, LACM 157283; partial right dentary
with m2-3, LACM 157284.
Discussion―LACM 157283 consists of a
partial right dentary with p3-m2 (Figure 14).
Although well-worn, it is morphologically
indistinguishable
from
representatives
of
Procerberus including the following (Sloan and Van
Valen, 1965; Van Valen, 1967; Archibald, 1982;
Lofgren, 1995; Middleton and Dewar, 2004): 1) the
depth of the dentary is relatively deep (depth below
m1 = 8.8 mm); 2) the caudal mental foramen is
positioned below the posterior root of p4; 3) the p4 is
molariform, including a distinct paraconid,
protoconid, and metaconid (three separate root canals
present on p4 worn trigonid occlusal surface), and a
three cusped (hypoconid, hypoconulid and entoconid)
and basined talonid; 4) lingually open talonids on p4m2; and 5) m1 talonid with three distinct cusps
(hypoconid, hypoconulid, and entoconid). The m2
talonid of LACM 157283 probably also had three
cusps present, but because of its extreme wear this
cannot be confirmed. The enamel surfaces on the
m2-3 of LACM 157284 are abraded, obscuring
details of their occlusal morphology. However, in
size (depth of dentary below m2 anterior root = 8.9
mm, see also Table 2) and arrangement of the
primary molar cusps, LACM 157284 agrees well
with LACM 157283 and they are regarded as being
conspecific.
The only difference that can be

69

discerned between the m3 and m2 is that the m3
trigonid is slightly narrower relative to the talonid.
Part of the posterior portion of dentary is present in
LACM 157284, which is very similar to that of
Procerberus formicarum described by Archibald
(1982), including an inflected angular process, very
similar relative positions of the masseteric fossa and
mandibular foramen, and a nearly identical angle of
the ascending ramus relative to the alveolar border.
The p4 of LACM 157283 exhibits some
similarity to dp4s of Lancian Cimolestes (Clemens,
1973) and the cimolestid Puercolestes simpsoni from
the middle to late Puercan (Pu2-3) of New Mexico
(Reynolds, 1936; Williamson et al., 2011), taxa in
which the dp4 is much more molariform than p4 (see
Clemens, 1973:figures 18a-c, 23a-c and Williamson
et al., 2001:figures 5b-c). The fourth premolar of
LACM 157283 can be eliminated as deciduous
because of the following facts: 1) it has very robust
roots; 2) the equally heavy wear of p2-m2 indicate
that LACM 157283 was an old individual and would
not be expected to have any deciduous premolars
present (there are no cimolestids known whose fourth
premolars are not diphyodont); and 3) high kVp
radiographs were taken of LACM 157283 and no
tooth was found underlying the p4. Thus, the p4 of
LACM 157283 is not deciduous and can easily be
distinguished from the p4 of Cimolestes and
Puercolestes by having the following: 1) molariform
with a wide trigonid and remnants of a distinct
paraconid, protoconid and metaconid, whereas in
Cimolestes and Puercolestes it is premolariform with
a relatively narrower trigonid and lacks a metaconid;
and 2) a much wider, basined talonid with the
remnants of a distinct hypoconid, hypoconulid and
entoconid, whereas in Cimolestes and Puercolestes
the talonid is much narrower, not basined and usually
single cusped. Additional characters that distinguish
LACM 157283
from Cimolestes include the
following: 1) lack of a diastema between p3-4; 2) p4
paraconid better developed (in Cimolestes it is either
lacking or weakly developed); 3) the m1-2
paraconids are positioned relatively closer to the
metaconids; and 4) a deeper, more robust horizontal
ramus (in Cimolestes and Puercolestes, the horizontal
ramus is more gracile).
The p3-m2 of LACM 157283 are much larger
(Table 1) than those of Procerberus formicarum, P.
plutonis from Purgatory Hill, Montana, and P.
andesiticus from the Denver Formation, Colorado
(Sloan and Van Valen, 1965; Van Valen, 1978;
Middleton and Dewar, 2004). It differs further from
P. formicarum by having a relatively smaller p4
paraconid that is positioned slightly more labially.
Based on a partial palate with upper cheek teeth and
associated appendicular fragments, Middleton and
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FIGURE 14. Procerberus sp. (large) from LLJS Quarry. A-C, partial right dentary with p3-m2, LACM 157283. A, occlusal view. B, labial
view. C, lingual view. Scale bar = 1mm.
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Dewar (2004) described Procerberus grandis from
the Denver Formation of Colorado. Only one lower
molar (?Lm1) is known for P. grandis, which is
almost twice the size of those of P. formicarum. The
m1 of LACM 157283 is significantly smaller than
that of P. grandis and appears to represent a new
species of Procerberus. However, until additional,
less worn specimens of this taxon are recovered from
the LLJS Quarry, LACM 157283 is referred to
Procerberus sp. This is the first record of a
moderately large species of Procerberus from
Montana.
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Cimolestes (Clemens, 1973) by being significantly
smaller in size (the dp4 ap observed range of
Cimolestes incisus, the smallest late Cretaceous
species, is 3.0-3.6 mm). Therefore, the generic status
of LACM 157285 is difficult to determine, but since
it is more similar in size to Procerberus than
Cimolestes, it is very questionably assigned to
Procerberus, as ?P. sp.
___________________________________________

?Procerberus sp. (small)
Figures 15A-C, Tables 2 and 4
Referred Specimen―Rp4 or Rdp4, LACM
157285.
Discussion―LACM 157285 is moderately
worn and has a small portion of the enamel missing
at the apex of the paraconid, which gives it an
artificial notched appearance near its apex. It is
characterized by having the following: 1) a robust
and anteriorly projecting paraconid; 2) a tall
protoconid; 3) a moderately developed metaconid
that is shorter than the protoconid and positioned
slightly posterior to the protoconid apex; 3) a notch
between the cristid obliqua and the base of the
posterior ridge of the protoconid; 4) a moderately
well-developed talonid with a distinct entoconid,
hypoconulid and hypoconid; 5) a talonid that is
basined and open anterolingually; and 6) small size.
LACM 157285 is molariform and most similar
to the p4s of Procerberus formicarum. The p4s of
Procerberus andesiticus, P. plutonis and P. grandis
have not been described (Van Valen, 1978;
Middleton and Dewar, 2004). In length (ap = 2.56
mm), it is within the observed range of the p4s
referred by Archibald (1982) to P. formicarum from
Worm Coulee 1 (UCMP V-74111), which occurs 2.1
m above the K-Pg boundary in Garfield County,
Montana. However, it is shorter than the p4s referred
to P. formicarum by Lofgren (1995) from the Bug
Creek sample, which have a mean ap of 2.88 mm. It
differs from the p4 of Procerberus formicarum
(Sloan and Van Valen, 1965; Lillegraven, 1969;
Archibald, 1982; Lofgren, 1995) by being relatively
narrower transversely, especially the relative width of
the talonid (Table 4), which could indicate that it
represents a dp4 rather than p4. If LACM 157285 is
deciduous, then it could represent P. formicarum, but
then it would also exhibit similarities to the dp4s of
Cimolestes (Clemens, 1973). If LACM 157285 is not
deciduous then it is distinct from P. formicarum and
clearly not referable to Cimolestes. It also differs
from dp4s of late Cretaceous representatives of

FIGURE 15. ?Procerberus sp. (small) from LLJS Quarry, Rp4 or
Rdp4, LACM 157285. A, occlusal view. B, labial view. C,
lingual view. Scale bar = 1 mm.

___________________________________________

Genus Cimolestes Marsh, 1889
Cimolestes sp.
Figures 16A-D
Referred Specimen―Partial RM1, LACM
157282.
Discussion―The partial unworn M1 has the
parastylar and metastylar regions plus the labial edge
of the stylar shelf broken away. It is characterized by
having the following: 1) the paracone and metacone
are tall, sharp cusps with the paracone larger and
significantly taller than the metacone; 2) the
protocone is tall and compressed anteroposteriorly; 3)
a distinct paraconule that is slightly larger and more
lingually positioned than the metaconule; 4) weaklydeveloped anterior and posterior cingula; and 5)
moderate size (broken measurements are ap = 2.05
mm and tr = 3.39 mm, the whole tooth was larger).
The M1 exhibits some similarity to the M1s of
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the cimolestid Puercolestes simpsoni from the middle
to late Puercan of New Mexico (Reynolds, 1936;
Williamson et al., 2011), but differs by having the
following: 1) the paracone and metacone are more
widely separated with the metacone relatively taller
(unworn metacone height = 75% of the height of the
paracone, whereas in Puercolestes = ~50%); 2) the
paraconule and metaconule are slightly less
developed; and 3) the lingual portion below the
paracone and metacone is more mesiodistally
compressed (relatively narrower).
In occlusal
morphology, the M1 is most similar to M1s of
species of Cimolestes, especially C. stirtoni and C.
incisus (Lillegraven, 1969; Clemens, 1973).
Cimolestes stirtoni is slightly larger than C. incisus
(Clemens, 1973). The full size of the partial M1
from the LLJS Quarry is unknown, but its broken
dimensions could be compatible with either species.
Upper molar anterior and posterior cingula are
usually present in C. stirtoni and occasionally present
in C. incisus (Clemens, 1973), so this character
cannot be used to differentiate the species. The M1
could represent either species and, thus, is referred to
an undetermined species of the genus.
___________________________________________
TABLE 4. Comparison of ratios of length (ap) to trigonid width
(tra) and talonid width (trp) of two samples of P. formicarum from
Montana (Archibald, 1982; Lofgren, 1995) and ?Procerberus sp.
from the LLJS Quarry.
P. formicarum _
?P. sp.
Ratio
Bug Creek Worm Coulee 1
LLJS
p4 ap/tra
2.4
2.2
2.5
p4 ap/trp
2.2
2.4
2.7
_____________________________________________________

Grandorder Ungulata Linnaeus, 1766
Order "Condylartha" Cope, 1881
Family "Arctocyonidae" Giebel, 1855
Subfamily Loxolophinae Van Valen, 1978
Genus Baioconodon Gazin, 1941
Baioconodon sp., cf. B. nordicus (Jepsen, 1930)
Figures 17A-F and 18A-F, Tables 5-6
Referred Specimens―Partial right dentary
with p4-m2, LACM 157278; partial left dentary with
m1-2, LACM 157277; partial left dentary with m2,
LACM 157275; partial left dentary with m1-2 and
partial m3, LACM 157279; partial left dentary with
m2-3, LACM 157274; partial left dentary with m1-3,
LACM 157276; partial right dentary with m1-3,
LACM 157281; partial left dentary with m3, LACM
157280.
Discussion―Two "condylarth" taxa are present
in the specimens from the LLJS Quarry that can be
easily separated by size and dental morphology. The
larger-sized "condylarth" specimens are confidently
assigned to Baioconodon (= Ragnarok Van Valen,

1978) because they exhibit the following diagnostic
characters (Gazin, 1941; Van Valen, 1978; Johnson
and Fox, 1984; Archibald, 1982, 1998; Middleton,
___________________________________________

FIGURE 16. Cimolestes sp. from LLJS Quarry, partial RM1,
LACM 157282. A, occlusal view. B, lingual view. C, anterior
view. D, posterior view. Scale bar = 1 mm.

___________________________________________
1983; Hunter et al., 1997; Eberle and Lillegraven,
1998; Middleton and Dewar, 2004): 1) relatively
large, as compared with other early Puercan
"condylarths;" 2) the cheek teeth are relatively lowcrowned and bulbous; 3) the lower molar trigonids
are inflated with the paraconid lingual to protocristid
notch; 3) the lower molar talonids are relatively small
with rugose basins; 4) labially positioned connections
of the m1-3 cristids obliqua to posterior walls of the
trigonids; 5) the m2 trigonid is wider and longer than
the talonid; and 6) the m3 is relatively unreduced.
Measurements of the specimens are presented in
Table 5.
Seven species of Baioconodon are currently
recognized (B. denverensis Gazin, 1941, type species;
B. nordicus [Jepsen, 1930]; B. wovokae [Van Valen,
1978]; B. engdalhi [Archibald, 1982]; B. cannoni
Middleton, 1983; B. middletoni, Eberle and
Lillegraven, 1998; B. jeffersonensis Eberle, 2003)
plus several species left in open nomenclature
(Johnston and Fox, 1984; Hunter et al., 1997; Eberle
and Lillegraven, 1998). Eberle and Lillegraven
(1998) provided the most recent review and revised
diagnosis of Baioconodon. Species of Baioconodon
are differentiated primarily by size, minor differences
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TABLE 5. Dental measurements (in mm) of Baioconodon sp., cf.
B. nordicus from LLJS Quarry.
LACM #
157275

position

ap

tra

trp

m2

6.05 5.12 5.10

m1
m2
m3

5.10 4.00 4.22
5.85 5.54 5.05
4.80 -

p4
m1
m2

4.54 3.50
5.10 3.85 3.98
5.76 5.15 4.60

m1
m2

5.15 4.05 4.00
5.97 5.60 5.41

m1
m2
m3

5.14 3.95 4.12
5.92 5.40 5.04
6.91 4.70 4.05

m1
m2
m3

4.94 3.95 4.05
5.31 4.94 4.46
6.02 4.32 3.65

m2
m3

5.92 5.45 5.21
6.90 4.94 4.25

m3

6.20 4.23 3.62

157279

157278

157277

157281

157276

157274

157280

___________________________________________
in the positions and relative sizes of the premolar and
molar cusps, and minor differences in the relative
sizes of the premolar and molar talonids and trigonids
(Van Valen, 1978; Archibald, 1982; Middleton and
Dewar, 1984; Eberle and Lillegraven, 1998; Eberle,
2003). The LLJS Quarry Baioconodon specimens
are equal in size to B. nordicus (including B.
harbichti [Van Valen, 1978], synonym of B.
nordicus, see Lofgren [1995]), larger than B.
middletoni and B. engdahli, and significantly smaller
than B. denverensis, B. jeffersonensis and B. cannoni
(Jepsen, 1930; Gazin, 1941; Van Valen, 1978;
Archibald, 1982; Lofgren, 1995; Middleton, 1983;
Eberle, 2003).
Baioconodon wovokae
is a
questionable species known only from an upper
molar (Van Valen, 1978), so a size comparison of it
to the LLJS Quarry Baioconodon specimens cannot
be made. In the occlusal morphology, size of p4
relative to m1 and lower molar trigonid and talonid
proportions (Table 6), the LLJS Quarry Baioconodon
specimens are most similar to B. nordicus, but a few
slight differences can be seen as follows: 1) on
average, the m1-2 trigonid length is slightly longer
relative to the talonid length (compare observed
ranges of m1-2 tri ap, tal ap and tri ap/tal ap in Table
6); and 2) on average, the m2 trigonid width is
slightly wider relative to the talonid width (compare
observed ranges of m2 tra and trp in Table 6).
Whether these differences should be considered
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significant is questionable because the observed
ranges of all of the dental measurements and ratios
overlap (Table 6). Moreover, no large samples of
any of the recognized species of Baioconodon are
known, so adequate knowledge of individual
variation is not available. However, since there are
slight differences observed the LLJS Quarry
Baioconodon specimens, they are referred to B. sp.,
cf. B. nordicus recognizing that they represent a
species very close to or even possibly conspecific
with B. nordicus.
___________________________________________
TABLE 6. Comparison of observed ranges of measurements (in
mm) and relative proportions of p4-m3 of Baioconodon sp., cf. B.
nordicus from LLJS Quarry to those of B. nordicus (including
holotype of B. harbichti, synonym of B. nordicus, see Lofgren
[1995]). Measurements of B. nordicus combined from Jepsen
(1930), Archibald (1982) and Lofgren (1995). Abbreviations: tri,
trigonid; tal, talonid.
Dimension/
ratios
B. nordicus
B. sp., cf. B. nordicus
p4 ap
4.22-4.93
4.54
p4 tr
3.20-3.82
3.50
p4 ap/m1ap
0.87-0.95
0.91
m1 ap
4.78-5.13
4.94-5.15
m1 tra
3.62-3.94
3.85-4.05
m1 trp
3.65-4.06
3.98-4.12
m1 tri ap
2.73-2.80
2.60-3.10
m1 tal ap
2.30-2.56
1.96-2.36
m1 tri ap/tal ap
1.07-1.22
1.17-1.41
m1 tra/trp
0.97-1.02
0.95-1.03
m2 ap
5.29-5.92
5.10-5.92
m2 tra
4.58-5.38
4.94-5.60
m2 trp
4.07-4.90
4.46-5.41
m2 tri ap
3.25-3.27
3.15-3.60
m2 tal ap
2.65-2.86
2.16-2.55
m2 tri ap/tal ap
1.14-1.23
1.16-1.41
m2 tra/trp
1.06-1.19
1.00-1.12
m3 ap
5.98-6.98
6.04-6.91
m3 tra
4.20-4.67
4.23-4.94
m3 trp
3.20-3.82
3.62-4.25
m3 tra/trp
1.06-1.19
1.16-1.18
______________________________________________________

Family ?Periptychidae
Paleoungulatum new genus
Type and Only Species―Paleoungulatum
hooleyi
Distribution and Age―Known only from
Lane's Little Jaw Site Quarry (locality LACM 7942),
Powder County, Montana. Upper Hell Creek
Formation, latest Cretaceous?
Diagnosis―A "condylarth" that is similar in
size to Protungulatum donnae Sloan and Van Valen,
1965, Mimatuta morgoth Van Valen, 1978, and
Mimatuta minuial Van Valen, 1978, larger than
species of Oxyprimus Van Valen, 1978, and
Protungulatum sloani Van Valen, 1978, and smaller

74

PALUDICOLA, VOL. 10, NO. 1, 2014

FIGURE 17. Baioconodon sp., cf. B. nordicus from LLJS Quarry. A, partial left dentary with m2, LACM 157275; B, partial right dentary with
p4-m2, LACM 157278; C, partial left dentary with m1-2 and partial m3, LACM 157279; D, partial left dentary with m1-2, LACM 157277; E,
partial left dentary with m2-3, LACM 157274; F, partial left dentary with m1-3, LACM 157276. All labial views. Scale bar = 1 mm.

____________________________________________________________________________________________
than Protungulatum gorgun Van Valen, 1978, and
Protungulatum coombsi Archibald et al., 2011.
Paleoungulatum is characterized by having the
following: 1) c, p1, p2, p3, p4 and m1 closely
appressed (no diastemata); 2) p3 with small
metaconid and labial cuspid on labial transverse
talonid cristid; 3) p4 paraconid small, metaconid
moderately small, and talonid crested (= trenchant)
with labial cuspid on labial transverse cristid; 4) m12 talonids moderately transverse (mean m1 tra/trp =
0.98) and relatively short; 5) m1-3 primary trigonid

cusps moderately inflated, paraconids labially
positioned and moderately separated from
metaconids, labial cingulids strongly convex, and
anterior cingulids well developed; 6) m3 hypoconulid
procumbent; 7) M2 protocone long with lingual slope
strongly inclined labially and moderately inflated, 8)
M2 trigon moderately large, protoconule and
metaconule moderately large and crested; 9) M2
anterior and posterior cingula long and slightly
flared, not extending across the lingual base of
protocone; and 10) M2 lacking hypocone on
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FIGURE 18. Baioconodon sp., cf. B. nordicus from LLJS Quarry. A, partial left dentary with m1-3, LACM 157276; B, partial left dentary with
m2-3, LACM 157274; C, partial left dentary with m1-2, LACM 157277; D, partial left dentary with m1-2 and partial m3, LACM 157279; E,
partial right dentary with p4-m2, LACM 157278; partial left dentary with m2, LACM 157275. All occlusal views. Scale bar = 1 mm.

____________________________________________________________________________________________
posterior cingulum.
Differs from species of
Protungulatum Sloan and Van Valen, 1965,
Mimatuta Van Valen, 1978, and Oxyprimus by
having p3 metaconid and p3-4 labial talonid cuspid
present.
Further differs from species of

Protungulatum and Mimatuta by having c, p1, p2 and
p3 closely appressed (lacking diastemata between
these teeth) and greater dorsal curvature (greater
indentation) on dentary where horizontal ramus gives
rise to angle of dentary. Further differs from species
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of Protungulatum by having the following: 1) m2-3
paraconids more labially positioned with slightly
greater separation; 2) m1-2 labial cingulids more
strongly convex; 3) M2 lingual portion of crown
more compressed mesiodistally; 4) M2 conules
crested and less bulbous; and 5) M2 preprotocrista
and postprotocrista straighter. Further differs from P.
donnae by having m1 trigonid width slightly
narrower relative to talonid width and m1 talonid
width slightly wider relative to tooth length. Further
differs from species of Mimatuta by having the
following: 1) p4 talonid crested; 2) m1-2 talonid
lengths slightly shorter relative to tooth length; 3) M2
trigon basin larger; and 4) M2 protocone less labially
positioned with slightly shorter lingual slope. Further
differs from species of Oxyprimus by having the
following: 1) p4 paraconid and metaconid relatively
smaller; 2) m1-2 talonid widths narrower relative to
trigonid widths; 3) m1-3 cingulid wall strongly
convex; 4) m1-3 trigonid heights lower relative to
talonid heights; 5) m3 hypoconulid procumbent; and
6) M2 trigon basin larger and protocone more labially
positioned with longer lingual slope.
Etymology―Greek palaios, old or ancient, in
reference to its presumed occurrence in the late
Cretaceous; and Latin ungula, hoof, in reference to
archaic ungulates.
Paleoungulatum hooleyi new species
Figures 19-28, Table 7
Holotype―Partial left dentary with roots of p3
and complete p4-m3, LACM 157265.
Referred Specimens―LM2, LACM 157264;
partial right dentary with p2-m1, LACM 157263;
partial right dentary with p3-m1, LACM 157267;
partial right dentary with m1, LACM 157273; partial
right dentary with m1-3, LACM 157262; partial left
dentary with partial m1 & m2-3, LACM 157266;
associated m2 and m3, LACM 157272; partial
edentulous dentaries, LACM 157268-157271.
Type Locality―Lane's Little Jaw Site Quarry
(locality LACM 7942), Powder River County,
Montana, latest Cretaceous?
Diagnosis―Same as for genus.
Etymology―Named in honor of Kurtis W.
Hooley, who discovered the holotype and referred
specimens at the LLJS Quarry with the permission of
Lewis and Tawny McGill of McGill Land and
Livestock Corporation. Without Hooley's and the
McGill family's support, these specimens would not
have been available for scientific study.
Description―Six partial dentaries including
teeth representing p3-m3, an associated m2-3 and an
isolated M2 were recovered from the LLJS Quarry
(Figures 20-23). The dentary is moderately robust
(mean depth of dentary below m1 = 8.2 mm) with

the root of the ascending ramus originating below the
hypoconulid of m3. Two mental foramina are
present with the larger one positioned below and
between the p3 and p4 and the smaller one below the
posterior root of p2. One specimen (LACM 157267)
has alveoli for the canine and p1 present. The canine
alveolus is moderately large and slightly inclined
anteriorly. The p1 is single-rooted with the base of
the root still present in the alveolus. Diastemata are
lacking between the c-p1, p1-2, p3-4 and p4-m1. The
horizontal ramus is moderately curved and exhibits a
distinct dorsal curvature (indentation) at the origin of
the angle of the dentary.
The p2 is characterized by having the following
(Figure 21): 1) the paraconid is small, but distinct,
and is positioned almost directly anterior to the
protoconid; 2) the protoconid is the largest and tallest
cusp, slightly lower in height than the p2 protoconid;
3) the talonid is slightly wider than the trigonid with
a cristid that extends posteriorly from posterior aspect
of the protoconid to a well-developed hypoconulid;
and 4) a metaconid is lacking.
The p3 is characterized having by the following
(Figure 21): 1) the paraconid is a small, sharp,
distinct cusp that is positioned lingual of the
protoconid; 2) the protoconid is the tallest and largest
cusp; 3) a small, distinct metaconid that is lower in
height than the protoconid and positioned along the
posterior lingual wall of the protoconid; 4) the talonid
is wider than the trigonid with a relatively tall crest
that extends directly posteriorly from the posterior
aspect of the protoconid to a well-developed
hypoconulid; 5) a low, curved cristid extends
lingually from the hypoconulid towards the
posterolingual base of the protoconid and the talonid
is not basined; and 6) a moderately-tall, curved cristid
extends labially from the hypoconulid to join a low
posterolabial cingulid and a small, distinct cuspid is
present along the cristid that is positioned just labial
of the protoconid apex.
The p4 is characterized by having the following
(Figures 20-21): 1) the paraconid is well developed
and labially positioned; 2) the protoconid is the tallest
and largest cusp, and is about equal in height to the
m1 trigonid; 3) a distinct, moderately-sized
metaconid is present that is lower than the protoconid
and positioned either directly labially or slightly
posterior to the apex of the protoconid; 4) the talonid
is wider than the trigonid with a tall, well-developed
crest extending directly posteriorly from the
protoconid to a well-developed hypoconulid; 5) a
moderately-developed, curved cristid extends
lingually from the hypoconulid towards the posterior
lingual base of the protoconid and the talonid is not
basined; 6) a moderately-tall, curved, transverse
cristid extends labially from the hypoconulid to join
the posterolabial cingulid and a distinct, well-
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TABLE 7. Dental measurements (in mm) and ratios of Paleoungulatum hooleyi from LLJS Quarry (1length of lingual slope given as length from
postcingulum to protocone apex, after Luo [1991] and as A-length from base of protocone to protocone apex, after Archibald [1982]; 2talonid
length of m3 given as length from posterior talonid wall to hypoconulid apex/and posterior talonid wall to posterior end of tooth, same for ratio of
m3 trigonid length/talonid length; a = approximate).

Upper tooth

LACM #
157264

trigon
width
1.62

length
of lingual
slope1
1.61

trigon
area
3.2

A-length
of lingual
slope1
2.09

A/tra
0.34

tooth ap
tra
trp
M2 4.44 6.15 6.00

M2 area
27.31

trigon
ap
2.00

ratio
tooth ap
tra
trp
tra/trp
m1 3.70 2.68 2.80 0.96
m2 4.00 3.15 3.05 1.03
m3 5.20 2.95 2.50 1.18

molar
area
ap x tra
10.36
12.60
15.34

trigonid
length
2.30
2.30
2.42

talonid
length2
1.36
1.34
1.74/2.56

trigonid length/
talonid length
1.69
1.72
1.39/0.95

molar
ap/tra
1.38
1.27
1.76

molar
ap/trp
1.32
1.31
2.08

p2
p3
p4
m1

1.50
1.90
2.45
2.70 2.68 1.01

10.24

2.27

1.44

1.57

1.41

1.43

2.68 2.79 0.96

10.43

2.28

1.54

1.48

1.45

1.39

2.70
2.90 2.90 1.00
3.40 3.10 1.10
3.10 2.70 1.15

11.31
13.60
15.04

2.44
2.55
2.16

1.64
1.50
1.64/2.69

1.49
1.70
1.32/0.91

1.34
1.18
1.56

1.34
1.39
1.80

2.72 2.74 0.99
2.64 2.32 1.14

11.30
12.96

2.46
2.54

1.34
2.05/2.37

1.84
1.30/1.01

1.43
1.86

1.42
2.11

3.05 2.75 1.11
2.95 2.50 1.18

12.17
13.57

2.50
2.51

1.49a
1.71/2.45

1.68a
1.46/1.03

1.31a
1.31

1.45a
1.84

2.01
2.54
2.66 2.77 0.96

10.17

2.17

1.45

1.50

1.38

1.32

Lower teeth

LACM
157262

157263
2.50
3.05
3.35
3.82

157273
m1 3.89
157265 (holotype)
p4
3.74
m1 3.90
m2 4.00
m3 4.85
157266
m2 3.90
m3 4.91
157272
m2 3.99a
m3 4.60
157267 (well-worn)
p3
3.00
p4
3.30
m1 3.67

____________________________________________________________________________________________
developed cuspid is present along the cristid that is
positioned just labial of the protoconid apex; and 7) a
low posterolabial cingulid that extends from the
anterior base of the paraconid to the anterolabial base
of the protoconid.
The m1-2 are very similar in their occlusal
morphology and are characterized by having the
following (Figures 20-22): 1) the primary cusps of
the trigonid are robust and somewhat bulbous; 2) the
paraconid is the smallest of the trigonid cusps,
moderately separated from the metaconid resulting in
the trigonid being open lingually, and positioned
labial to the metaconid apex and just lingual of the
protocristid notch; 3) the talonid is well developed,
basined, with its length relatively short as compared
to the trigonid length; 4) the hypoconid is the largest
talonid cusp; 5) the hypoconulid is well developed,
slightly taller or equal in height to the well-developed
entoconid, and positioned closer to the entoconid
than the hypoconid; 6) the cristid obliqua extends
from the hypoconid to join the posterior talonid wall

at about the level of the protocristid notch; 7) the
anterolabial cingulid is moderately developed,
extending from the anterolabial base of the paraconid
to the anterolabial base of the protoconid; and 8) the
labial cingulid is strongly convex and extends from
the posterolabial base of the protoconid to the
anterolabial base of the hypoconid.
The occlusal morphology of the m3 is similar to
that of the m1-2, but differs by having a relatively
much longer and relatively narrower talonid with a
large, procumbent hypoconulid (Figures 20, 22).
The M2 is characterized by having the
following (Figure 23): 1) the paracone and metacone
are robust, moderately separated, and about equal in
size; 2) the protocone is large and strongly inclined
labially with a long lingual slope; 3) the paraconule
and metaconule are relatively large, somewhat
rounded cusps with low, but distinct crests
(postparaconule crista and premetaconule crista) that
extend labially to the base of the paracone and
metacone, respectively; 4) the parastylar lobe has a
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single, central, small parastyle that is connected to
the anterolabial base of the protocone by a thin
preparacrista;
5)
the
preprotocrista
and
postprotocrista extend as almost straight crests from
the apex of the protoconid to the paraconule and
metaconule, respectively; 6) the preparaconule crista
extends anterolabially from the apex of the
paraconule to the lingual base of the parastylar lobe;
7) the postmetaconule crista extends posterolabially
from the metaconule to the base of the postmetacrista
at the anterolabial base of the metacone; 8) the stylar
shelf is narrow with a moderately developed
ectoflexus; 9) the precingulum is long and slightly
flared, and extends labially from the about the middle
of the anterior base of the protocone to a point below
about the middle of the preprotoconule crista; 10) the
postcingulum is long, slightly flared, and extends
labially from the posterior aspect protocone to a point
below the middle of the postparaconule crista; 11) the
lingual portion of the crown is relatively narrow
mesiodistally; and 12) a hypocone is lacking on
postcingulum.
Measurements of specimens are
presented in Table 7.
___________________________________________

FIGURE 19.
Single most parsimonious cladogram using
character states and character state matrix presented in Appendices
2 & 3 (length 81 steps, CI = 0.67, RI = 0.76). The cladogram is
supported by the following hypothesized ancestral synapomorphies
(character to left of period, character state to right of period, r at
end assumes reversal): Node 1: 1.1, 20.1, 21.1, 22.1, 28.1; Node 2:
4.1, 6.1, 8.2, 25.1, 26.1; Node 3: 1.2, 4.2, 24.2; Node 4: 1.3, 2.1,
7.2, 14.1, 15.3, 21.2, 23.2, 25.2, 26.2, 27.1, 29.1; Node 5: 18.1,
20.0r, 22.2, 25.3: Node 6: 2.2, 17.1, 24.2; Node 7: 3.1, 4.3, 5.2,
6.2, 9.1, 10.1, 22.1r.

___________________________________________
Discussion―Although many investigators have
preformed cladistic analyses that included
Protungulatum and/or Mimatuta and Oxyprimus to

determine higher ungulate relationships or
Cretaceous eutherian relationships (e.g., Prothero et
al., 1988; Archibald, 1996, 2011; Nessov et al., 1998;
de Muizon and Cifelli, 2000; Archibald et al., 2001;
Giallombardo, 2009; Wible et al., 2009; Zack, 2009;
Archibald and Averianov, 2011; Tabuce et al., 2011),
Archibald (1982) and Luo (1991) provided the most
detailed dataset of differentiating character states in
their analyses of these genera. In order to clarify the
phylogenetic relationships of Paleoungulatum
hooleyi to species of Oxyprimus, Mimatuta and
Protungulatum, a cladistic analysis using parsimony
was performed (Figure 19, Appendices 2-3).
Following Luo (1991), four taxa (Cimolestes incisus,
Procerberus formicarum, Gypsonictops illuminatus,
and Purgatorius unio) were used as outgroups and
Oxyprimus erikseni, Mimatuta morgoth and
Protungulatum donnae as ingroups. The analysis
presented herein differs from that of Luo (1991) by
including also Mimatuta minuial and Protungulatum
gorgun. All of Archibald's (1982) and Lou's (1991)
characters/character states were incorporated into the
analysis presented herein plus additional characters
that have been traditionally used for specific
identification of the species (e.g., Lillegraven, 1969;
Clemens, 1973; Archibald, 1982; Lofgren, 1995). It
should be noted that Mimatuta makpialutae (known
only from m2-3), Protungulatum coombsi (known
only from P4) and Protungulatum sloani (known
only from m1-3 and isolated m2) were not included
in the analysis because so many of their character
states are unknown (Van Valen, 1978; Eberle and
Lillegraven, 1998; Archibald et al., 2011). The
analysis resulted in a single most parsimonious tree
(length 81 steps, CI = 0.67, RI = 0.76), wherein
Paleoungulatum hooleyi is placed as the closest sister
taxon to a Mimatuta clade (Figure 19). The analysis
also supports Lou's (1991) contention that Oxyprimus
is the most pleisomorphic taxon among the three
genera of "condylarths."
In the analysis,
Paleoungulatum hooleyi lacks the following
hypothesized ancestral synapomorphies that unite
species of Mimatuta (Node 6, Figure 19): 1) the M2
has a very long lingual slope (2.2) with the protocone
more labially positioned; 2) the p4 talonid is basined
(17.1); and 3) the m1-2 talonid length relative to
tooth length is very short (24.2). It also lacks the
following hypothesized ancestral synapomorphies
that unite species of Protungulatum (Node 7, Figure
19):1) M2 conules very large (4.3); 2) M2 conules
rounded and lacking crests (5.2); 3) the lingual
portion of the M2 is more expanded mesiodistally
(6.2); 4) a short c1-p1 diastema present (9.1); 5) a
short p1-2 diastema present (10.1); and 6) the m1
width ratio is greater (22.1). Paleoungulatum hooleyi
exhibits two presumed apomorphic character states
relative to Oxyprimus, Mimatuta and Protungulatum;
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FIGURE 20. Holotype of Paleoungulatum hooleyi new genus and species, partial left dentary with roots of p3 and p4-m3, LACM 157265. A,
occlusal view. B, labial view. C, lingual view. Scale bars = 1 mm.

____________________________________________________________________________________________
a metaconid on p3 and the p3-4 have a distinct, labial
cuspid present on the labial talonid transverse cristid.
One additional apomorphy for Paleoungulatum
hooleyi relative to Mimatuta morgoth may be the
close appression of the c, p1, p2 and p3 (presence or
absence of diastemata for M. minuial and M.
makpialutae are unknown). Considering all of the
above
differences,
Paleoungulatum
hooleyi
represents a clade separate from Protungulatum and
Mimatuta and cannot be referred instead to either of
these genera without resulting in paraphyly,
justifying its referral to a new genus and species.
In the cladistic analyses presented by Nessov et
al. (1998) and Archibald et al. (2001), the zhelestids,
Avitotherium and Alostera, were regarded as the
closest successive sister taxa of the archaic ungulates
Oxyprimus and Protungulatum, respectively.
However, Wible et al. (2009) and Archibald and
Averianov (2011) recently challenged this view,

placing Zhelestidae as a stem eutherian clade outside
of the crown clade Placentalia with Avitotherium as a
zhelestid, Alostera as a eutherian of uncertain
affinities, and Gypsonictops and Purgatorius as
successively more closely related to Protungulatum
and Oxyprimus than Zhelestidae or Cimolestidae.
Interestingly, the cladistic analysis presented herein
also places Gypsonictops and Purgatorius as
successively more closely related to an OxyprimusProtungulatum-Paleoungulatum-Mimatuta
clade
with Cimolestes and Procerberus in a unresolved
dichotomy, but further removed from the other taxa.
All of these analyses only indicate that the early
primate Purgatorius is closer to the archaic ungulates
than are the other taxa and that the actual closest
sister taxon to archaic ungulates among the late
Cretaceous eutherians has not been adequately
resolved.

80

PALUDICOLA, VOL. 10, NO. 1, 2014

FIGURE 21. Paleoungulatum hooleyi new genus and species, partial right dentary with p2-m1, LACM 157263. A, occlusal view. B, labial
view. C, lingual view. Scale bar = 1 mm.
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FIGURE 22. Paleoungulatum hooleyi new genus and species. A, partial left dentary with partial m1 and m2-3, LACM 157266. B-C, partial
right dentary with m1-3, LACM 157262. A, B, occlusal views. C, labial view. Scale bar = 1 mm.
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more appressed; 5) the lower molar talonid basins are
relatively shorter; 6) the lower molar paraconid is
shifted labially, closer to the midline; and 7) a
general tendency to enlarge and inflate the posterior
premolars. This list was basically repeated in a later
publication by Archibald (1998). Paleoungulatum is
similar to Mimatuta in four (2, 3, 6, and 7) of the
seven character states listed by Archibald et al.
(1983), suggesting also that it is closer to the basal
periptychid Mimatuta than to Protungulatum. In the
cladistic analysis, the following hypothesized
ancestral synapomorphies support Paleoungulatum as
the closest sister taxon to a Mimatuta clade (Node 5,
Figure 16): 1) the p4 is widest across the talonid; 2)
the p4 length is larger relative to the m1 length; 3) the
m2-3 paraconids are labially positioned ; 4) the m1
talonid width relative to the tooth length is larger; and
5) the m1-3 cingulid wall is more strongly convex.
Considering all of the above data, Paleoungulatum is
very questionably regarded as a basal periptychid.
However, there are many character states (dental,
cranial, and appendicular) that are unknown or poorly
known for each genus. Confident determination of
the phylogenetic relationships of these taxa will
require the discovery of additional, more complete
specimens of each genus.
___________________________________________

FIGURE 23. Paleoungulatum hooleyi new genus and species. AB, LM2, LACM 157264. A, occlusal view. B, posterior view.
Scale bar = 1 mm.

___________________________________________
Mimatuta and Protungulatum are regarded by
some investigators as belonging to Periptychidae
(Anisonchinae) and an undetermined clade of archaic
Ungulata outside of Arctocyonidae, respectively
(e.g., Van Valen, 1978; Prothero et al., 1988;
Lofgren, 1995; Archibald, 1998, 2011). Oxyprimus
has been regarded as a basal hyopsodontid (e.g.,
Archibald, 1998). Van Valen (1978) first proposed
that Mimatuta represented a basal anisonchine
periptychid, but provided little discussion regarding
this assignment. Archibald (1982) and Archibald et
al. (1983) provided much more detailed comparisons
of Mimatuta to anisonchine periptychids and
Protungulatum. Archibald et al. (1983) listed the
following shared, derived character states of
Mimatuta and Anisonchinae that differ from
Protungulatum and tend to support its assignment to
the subfamily: 1) the protocone base is slightly more
expanded lingually with the apex shifted slightly
further labially; 2) a discontinuous, narrow internal
cingulid develops below the paraconid (especially
m2); 3) the lower molars have shorter lengths relative
to their widths; 4) the lower molar cusps are slightly

FIGURE 24. Chart plotting ratios of m1 tra/m1 trp for Oxyprimus
erikseni, Paleoungulatum hooleyi, Mimatuta morgoth, M. minuial,
and Protungulatum donnae. Includes combined measurements
from Archibald (1982) and Lofgren (1995). Horizontal bars =
observed ranges and short vertical bars = means.

___________________________________________
P. hooleyi is similar in many dental characters
to those of the early Puercan (Pu1) representatives of
Oxyprimus, Protungulatum and Mimatuta, but
exhibits a combination of characters that easily
separates it from species of these genera as outlined
in diagnosis and cladistic analysis presented above.
However, a more detailed discussion is warranted to
further clarify these differences.
The canine and lower premolars of P. hooleyi
are closely appressed, lacking any diastemata. In M.
morgoth, moderate diastemata occur between the c-
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p1 and p1-p2, whereas in P. donnae, short diastemata
are present between these teeth. In P. gorgun, these
diastemata are short and moderate, respectively. The
p3 of P. hooleyi is derived relative to those of
Protungulatum, Mimatuta, and Oxyprimus in having
a small, but distinct, p3 metaconid present
(Archibald, 1982; Lofgren, 1995).
___________________________________________
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appression facet. The relative sizes of the p4
metaconid and paraconid of P. hooleyi are like those
of Mimatuta and Protungulatum, differing from those
of Oxyprimus, which are relatively larger (Archibald,
1982; Luo, 1991; Lofgren, 1995). The length of p4
relative to the length of m1 of P. hooleyi is similar to
that of Mimatuta and Protungulatum, but differs from
that of Oxyprimus, wherein its p4 is relatively longer.
___________________________________________

FIGURE 25.
Chart plotting ratios of m1ap/m1trp for
Paleoungulatum hooleyi, Mimatuta morgoth, M. minuial, and
Protungulatum donnae. Includes combined measurements from
Archibald (1982) and Lofgren (1995). Horizontal bars = observed
ranges and short vertical bars = means.

___________________________________________
The p3-4 talonids of P. hooleyi are distinctive in
that they have small, but distinct, cuspids on the
labial portions of the transverse, talonid cristids that
are positioned just labial to the protoconid apex.
These cuspids might be regarded as incipient
hypoconids except their relationships to the
anteroposterior crests (cristids obliqua) from the
protoconids are not in the usual arrangement. In P.
hooleyi, the p3-4 cristids obliqua extend directly
posteriorly from the protoconids to the hypoconulids
as tall, well developed crests, whereas the cristids
obliqua of eutherians with a hypoconid usually
extend posterolabially from the posterior trigonid
wall to join a labially positioned hypoconid and not
the hypoconulid. In Oxyprimus, Protungulatum and
Mimatuta, p3-4 labial talonid cuspids are lacking.
However, Archibald (1982) noted that in some p4s of
M. morgoth, the cristid obliqua extends
posterolabially to an incipient hypoconid and the
talonid has also a small hypoconulid and slightly
larger entoconid present. As in eutherians with a
hypoconid present, the orientation of the cristids
obliqua and the positions of the talonid cuspids on
these specimens of M. morgoth differ from those of
P. hooleyi. Luo (1991) noted that the p4 talonid of
Mimatuta differs from those of Protungulatum by
having a basined talonid, a higher lingual transverse
crest, and a flat appression facet. The overall
morphology of the p4 talonid of P. hooleyi is more
similar to those of Protungulatum than those of
Mimatuta, by being crested (= trenchant of
Archibald, 1983) with no basin and having a convex

FIGURE 26. Chart plotting natural log of the m1 area (ap x tr) to
natural log of the talonid length for Protungulatum donnae,
Mimatuta morgoth, Oxyprimus erikseni, and Paleoungulatum
hooleyi.
Horizontal/vertical bars = observed ranges and
intersections = means.

___________________________________________
The m1 anterior transverse width relative to the
posterior transverse width (m1 tra/trp) and the m1
length relative to the posterior transverse width
(m1ap/trp) of P. hooleyi are more similar to that of
Mimatuta than to that of Protungulatum donnae.
Although Oxyprimus, Protungulatum, and Mimatuta
overlap slightly in their observed ranges of m1 tra/trp
ratio, their mean m1 tra/trp ratios show subtle
differences, with that of Oxyprimus being
significantly less than 1, P. hooleyi and Mimatuta
being about 1, and P. donnae being significantly
greater than 1 (Figure 24). Similarly, Protungulatum
and Mimatuta overlap in their observed ranges for
m1ap/trp, but the ratio of Paleoungulatum is slightly
lower than that of Protungulatum, more similar to
those of Mimatuta (Figure 25). The m1 talonid
length relative to the m1 area of P. hooleyi is more
similar to that of P. donnae than that of Mimatuta and
Oxyprimus (Figure 26). The m1-2 talonid lengths
relative to the tooth lengths of P. hooleyi are more
similar to those of Protungulatum, wherein the
talonids are slightly longer relatively than those of
Mimatuta. The m2-3 trigonids of P. hooleyi are more
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similar to those of Mimatuta than those of
Protungulatum.
In Protungulatum, the m2-3
paraconids are positioned lingually relatively close to
the metaconids, whereas those of P. hooleyi and
Mimatuta are positioned more labially with greater
separation from the metaconids.
___________________________________________

and Mimatuta. In P. hooleyi, the dentary exhibits a
marked upward (dorsal) curvature along its
posteroventral margin where the horizontal ramus
gives rise to the angle of the dentary.
In
Protungulatum and Mimatuta, this portion of the
dentary is much straighter (Lofgren, 1995; KielanJaworowska et al., 1979).
Van Valen (1978) named Maiorana noctiluca,
based on a skull fragment with the canine and P3-M3
from the early Puercan Mantua Lentil of Wyoming
with little discussion of its diagnostic characters.
Subsequently, Lillegraven and Eberle (1998)
described a second species of Maiorana, M.
___________________________________________

FIGURE 27. Chart plotting ratio of length of M2 lingual slope
(measured from the postcingulum to protocone apex, see Luo
[1991]) to M2 anterior transverse width for Protungulatum
donnae, Mimatuta morgoth, M. minuial, and Paleoungulatum
hooleyi. Horizontal bars = observed ranges and short vertical bars
= means.

___________________________________________
The M2 of P. hooleyi exhibits similarities to
both Protungulatum and Mimatuta. In the relative
length of the protocone and area of the trigon, P.
hooleyi is most similar to Protungulatum (Figures 2728). However, the morphology of the conules is
more similar to those of Mimatuta than those of
Protungulatum (Figure 23). In Protungulatum, the
conules are notably inflated, rounded and lack
postparaconule and premetaconule cristae.
In
Mimatuta, the conules are relatively smaller, less
rounded
and
possess
postparaconule
and
premetaconule cristae. The conules of P. hooleyi are
relatively smaller and possess low, but distinct
cristae. Also, the preprotocrista and postprotocrista
of P. hooleyi are most similar to those of Mimatuta,
differing from those of Protungulatum by being
slightly straighter. Although the presence of a
hypocone on the posterior cingulum of
Protungulatum and Mimatuta is variable, it is more
commonly better developed in Protungulatum and
Mimatuta minuial. The M2 of P. hooleyi is lacking a
hypocone. The lingual portion of the M2 crown of
Paleoungulatum is like that of Mimatuta, differing
from that of Protungulatum in being slightly more
compressed mesiodistally.
Late Cretaceous Protungulatum coombsi is
only known from an isolated last upper premolar that
is much larger than those of P. donnae (Archibald, et
al., 2011). The upper premolars of P. hooleyi are
unknown. However, considering that its known teeth
are similar in size to those of P. donnae, then it can
be assumed that P. hooleyi is also smaller than P.
coombsi.
The lateral outline of the dentary of P. hooleyi
also distinguishes it from species of Protungulatum

FIGURE 28. Chart plotting M2 area (ap x tra, after Luo [1991]) to
area of M2 trigon (distance between protoconule and metaconule
apices x distance from lingual wall of trigon to protocone apex,
after Luo [1991]) for Oxyprimus erikseni, Protungulatum donnae,
Mimatuta morgoth, M. minuial, and Paleoungulatum hooleyi.
Horizontal/vertical bars = observed ranges and intersections =
means.

___________________________________________
ferrisensis, from the early Puercan upper Ferris
Formation of the Hanna Basin, Wyoming. They
provided a much, more complete revised diagnosis
for the genus based on a referred lower dentition.
Both Van Valen (1978) and Lillegraven and Eberle
(1998) regarded Maiorana as belonging to
Periptychidae, whereas Archibald (1998) only
questionably referred it to the family. Van Valen
(1978) considered Maiorana as belonging to the
subfamily Periptychinae, whereas Lillegraven and
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Eberle (1998) assigned it to the Anisonchinae.
Paleoungulatum can be easily distinguished from
species of Maiorana by having the following: 1) the
M2 has the lingual portion much more mesiodistally
compressed, the parastylar lobe relatively larger, the
metastylar lobe relatively smaller, the conules
relatively larger, and is lacking a hypocone; 2) the p4
is smaller, shorter and narrower relative to the m1
with a relatively larger paraconid, a relatively smaller
metaconid, and lacks a continuous labial cingulid; 3)
the m1-3 primary cusps are more bulbous (inflated);
4) the m2 talonid is wider relative to trigonid; and 5)
the m1-3 entoconids are positioned further
posteriorly and closer to the hypoconulids.
Lillegraven and Eberle (1998) regard Maiorana to be
morphologically intermediate between Mimatuta and
Oxyacodon, and less derived than the latter genus.
Some investigators have regarded Protungulatum as less derived than Mimatuta (e.g., Sloan
and Van Valen, 1965; Archibald et al., 1983;
Archibald, 1998), whereas Lou (1991) considered
Protungulatum as more derived than Mimatuta. If
future investigations confirm that Mimatuta is
actually more derived than Protungulatum, as the
cladistic analysis presented herein suggests, then a
morphotype similar to P. hooleyi would fit well as an
ancestor of Mimatuta.
CONCLUSIONS
The LLJS Quarry (= locality LACM 7942) in
the upper Hell Creek Formation of southeastern
Montana has yielded a wide variety of taxa including
Chrondrichthyes,
Actinoptergyii,
Allocaudata,
Testudines, Crocodylia, Choristodera, non-avian
dinosaurs and mammals, which are referred to the
McGill Ranch Local Fauna (Table 1).
The
mammalian taxa within the fauna are composed of a
combination of characteristic Lancian and Puercan
taxa and include Meniscoessus robustus, ?Cimolodon
sp., Mesodma spp., Turgidodon rhaister; Glasbius
twitchelli, Protolambda mcgilli new species,
Pediomys elegans, ?Leptalestes cooki, ?Leptalestes
sp., Didelphodon vorax, cf. Eodelphis sp.,
Procerberus sp. (large), ?Procerberus sp. (small),
Cimolestes sp., Baioconodon sp., cf. B. nordicus, and
Paleoungulatum hooleyi new genus and species.
Most other North American faunas that contain a
combination of typical Lancian and Puercan
mammals have been shown to be mixed assemblages
due to reworking of fossils from Paleocene deposits
into late Cretaceous deposits (e.g., Lofgren et al.,
1990; Lofgren, 1995). However, two problematic
faunas, Long Fall and Fr-1 of Saskatchewan (Fox,
1997; Cifelli et al., 2004), which also include a
combination of taxa that are generally regarded as
restricted to either the Lancian or Puercan, have not
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been adequately proven to be the result of mixing of
deposits of different ages (Lerbekmo, 1985; Sloan,
1987; Fox, 1989,1997; Cifelli et al., 2004; Clemens,
2010). Interestingly, the mammalian assemblage of
the McGill Ranch Local Fauna is dissimilar in its
taxonomic composition from the known mixed
Lancian/Puercan assemblages of Montana by having
a new archaic ungulate, a new species of
Protolambda, a probable new species of
Procerberus, and a taxon that is either cogeneric
with/or closely related to Eodelphis.
The following stratigraphic evidence suggests
that all of the taxa from the channel cut containing
the LLJS Quarry are contemporaneous or nearly so
and late Cretaceous in age: 1) the channel cut is not
extensive or deep; 2) the channel cuts into the top of
a smectitic claystone layer and the channel fill
consists of sandstones and rounded clay clasts that
appear to have been derived from a 3.3 m overlying
sandstone layer and from the smectitic claystone,
respectively; 3) a resistant, ledge-forming sheet
sandstone that is laterally extensive (can be traced
well beyond the limits of the channel cut in both
directions) completely caps the 3.3 m sandstone layer
and shows no evidence of being incised; 4) overlying
the sheet sandstone are up to thirty-seven meters of
sandstones that also show no evidence of being
incised, including the upper boundary sandstone of
the Hell Creek Formation, which is reported to
contain non-avian dinosaur remains and, at a similar
stratigraphic level further south, late Cretaceous
palynomorphs (Vuke et al., 2001). Thus, it appears
that incision of the channel cut containing the LLJS
Quarry predates the deposition of the capping
sandstone layer and the overlying sandstones. If
further research confirms this scenario, including
paleomagnetic stratigraphy and palynomorph
analysis of the quarry section, then the McGill Ranch
Local Fauna, which includes Baioconodon and
Procerberus whose first occurrences are generally
regarded as marking the beginning of the Puercan,
and possibly the Long Fall and Fr-1 faunas of
Saskatchewan could be regarded as earliest Puercan
faunas of latest Cretaceous age. This scenario may
not be unreasonable because Clemens (2010) noted
that the boundary between the Lancian and Puercan
does not necessarily have to coincide with the K-Pg
boundary throughout western North America as
generally assumed and may be time transgressive.
.
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APPENDIX 1. Measured section in vicinity of LLJS
Quarry (NE 1/4 of SW 1/4 Section 17, T2S, R54E,
see also Figure 1 for geographic location).
Fort Union Formation
8 - 12 m - Mapped as Tullock Member of Fort Union
Formation by Vuke et al. (2001). This unit caps the
mesa about 0.6 km east of the LLJS Quarry. All of
the exposed surface on the mesa appears to be
Quaternary sandy soil covered by grass and
sagebrush. No distinct outcrops typical of the
Tullock Member are exposed, but following Vuke et
al. (2001), this sedimentary unit is hesitantly regarded
as derived from erosion of the Tullock Member,
which caps many of the highest ridges east of the
Powder River.
Hell Creek Formation
(total of about 80- 85 m exposed in vicinity of LLJS
Quarry)
2 -7.5 m - Resistant ledge-forming, thick, yellowishbrown, cross-bedded sandstone that caps the Hell
Creek Formation. This capping unit can be traced
northwest and southeast of the LLJS Quarry along
Six Mile Ridge and is also present on all other higher
ridges east of the Powder River.
Non-avian
dinosaurs have been recorded from this unit and late

Cretaceous
palynomorphs
from
the
same
stratigraphic level south in the Broadus 30' x 60'
Quadrangle (Vuke et al., 2001). This unit is the
boundary sandstone of Vuke et al. (2001)
20 - 25 m - Buff to brown sandstone with occasional
lenses of gravel to pebble conglomerates that
weathers to form moderately gentle, sage brush
covered slopes.
1.5 m - Resistant ledge-forming, well-cemented,
structureless, buff, sheet sandstone. This unit can be
traced unbroken along the ridge from the LLJS
Quarry for at least 1.5 km northeast and 0.7 km
southeast to southeastern most edge of Sixmile
Ridge.
3.3 m - Yellowish-buff, structureless, fine grained
sandstone.
9.8 m - Reddish-gray to dark greenish-gray, smectitic
claystone with "popcorn-like" surface weathering. A
40 m wide by 6.7 m deep channel is cut into the top
this unit. The fossiliferous horizon of the LLJS
Quarry occurs along the base of the channel cut in a
layer composed of yellowish-buff to gray, fine
grained sandstone with rounded claystone clasts, iron
oxide stained root casts, and occasional pebble clasts.
The fossiliferous layer is 0.31 m thick near the center
of the channel cut, but thins laterally at the edges of
the cut. Covering the fossiliferous layer within the
channel cut are, in ascending stratigraphic order : 1) a
0.54 m layer of light gray, fine grained sandstone; 2)
a 0.46 m layer composed of yellowish-gray sandstone
with rounded claystone clasts and minor amounts of
pebble clasts, similar lithologically to the basal
fossiliferous horizon, but lacking fossils; and 3) a
0.65 m layer of light gray sandstone.
1.5 m - Coarse to fine grained, minor ridge forming,
flaggy sandstone.
30.7 m - Massive gray to brownish-buff, smectitic
claystone with minor sandy siltstones. The upper 3
m of this unit, just below the flaggy sandstone and
about 0.7 km north of the LLJS Quarry, contains
locality McGill 1 (= LACM 7943) and yielded
Triceratops, Pachycephalosaurus, Champsosaurus
and an undetermined alligatorid.
Covered

APPENDIX 2.
List of dental characters and
character states
used in cladistic analysis.
Characters/character states follow Archibald (1982)
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and Luo (1991) with additional characters/character
states and taxa added in this analysis.
Character/Character states
1. M2 labial inclination of protocone: vertical (0),
slight (1), moderate (2), strong (3).
2. M2 length of lingual slope: short (0), long (1),
very long (2) .
3. M2 size of trigon basin: small (0), large (1),
very large (2).
4. M2 size of conules: very small (0), intermediate
(1), large (2), very large (3).
5. M2 morphology of conules: no crest (0), weak
crest (1), strong crest (2), no crest, rounded (3).
6. M2 lingual mesiodistal compression: strong (0),
moderate (1), slight (2).
7. M2 anterior cingula: absent (0), short (1), long
(2).
8. M2 posterior cingula: absent (0), short (1), long
(2).
9. c-p1 diastema: absent (0), short (1), moderate
(2).
10. p1-2 diastema: absent (0), short (1), moderate
(2).
11. p2-3 diastema: absent (0), short (1).
12. p3 metaconid: absent (0), present (1).
13. p3 labial talonid cuspid: absent (0), present (1).
14. p4 paraconid relative size: large (0), small (1).
15. p4 metaconid relative size: absent or vestigial
(0), large (1), moderate (2), small (3).
16. p4 labial talonid cuspid: absent (0), present (1).
17. p4 talonid morphology: crested (0), basined (1).
18. p4 widest transversely: trigonid (0), talonid (1).
19. p4 length relative to m1 length (mean p4 ap/m1
ap): <1 (0), ~1, (1), >1 (2).
20. m2-3 paraconids: labial (0), lingual (1).
21. m1 width ratio (mean m1 tra/ trp: ≥ 1.1 (0), <1
(1), ~1 (2).
22. m1 tooth length relative to talonid width (mean
m1 ap/trp): >1.60 (0), 1.40-1.50 (1), <1.40 (2).
23. m3 hypoconulid: vertical (0), reclined (1),
procumbent (2).
24. m1-2 talonid length relative tooth length: long
to very long (0), short (1), very short (2).
25. m1-3 convex cingulid wall: constricted (0),
weak (1), strong (2), very strong (3).
26. m1-3 trigonid height relative to talonid height:
high (0), intermediate (1), low (2).
27. m1-3 separation paraconid and metaconid:
moderate (0), small (1)
28. m1-3 lingual cingulid development: absent (0),
very weak (1), weak (2).
29. Relative molar size (for detailed discussion of
this character and character states see Lou
[1991]): small (0), moderate (1), large (2).
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APPENDIX 3. Character state matrix for Cimolestes
incisus, Procerberus formicarum, Gypsonictops
illuminatus, Purgatorius unio, Oxyprimus erikseni,
Protungulatum donnae (synonym P. mckeeveri),
Protungulatum gorgun, Paleoungulatum hooleyi,
Mimatuta morgoth, and Mimatuta minuial used in
cladistic analysis.

Taxon
C. incisus
P. formicarum
G. illuminatus
P. unio
O. erikseni
P. donnae
P. gorgun
P. hooleyi
M. morgoth
M. minuial

Character states
1-10
11-20
0001200000 1001000000
00000011?? 0000101020
1000101100 0001101011
10211212?? 1000001011
20021112?? 0000100011
3113322211 0001300001
3113322212 1001300011
3112112200 0111310100
3202112222 0001301100
32021122?? ?001201100

Taxon
C. incisus
P. formicarum
G. illuminatus
P. unio
O. erikseni
P. donnae
P. gorgun
P. hooleyi
M. morgoth
M. minuial

Charatcter staes
21-29
000000000
000000001
220000010
111011110
110111000
212122111
212122112
222132121
222232121
222232111

