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ABSTRACT 

A new fossil mammal fauna h m  Canada is describeci. The locality, caiîed Who 

Nose?, occurs in strata pertaiaing to the Paskapoo Formation, exposed on Nose Creek in 

northeast Calgary, Alberta. A sedimentological profile suggests deposition was 

fluviodeltaic in origin, and iikely occumd in a chamel-fiwoxbow complex. To date, 

some 400 dental specimens representing nine mammalian orders have been recovered, 

among them nurnerous well-preserved jaws. Biostratigraphic correlation suggests a Latest 

Torrejonian age for the fauna based on the presence of the index taxon Pronothodectes 

matthewi. Faunal compositional analysis indicates a close similarity to the 

penecontemporaneous Gidley Quarry fauna of Montana Recent 

magnetopaiynostratigraphic analyses of strata containhg the Who Nose? locality resulted 

in correlation with magnetic anomaly 28r, which correlates instead with early Torrejonian 

faunas in the Western Interior of the United States. The implied homotaxial diachroneity 

is here considered improbable, with local geologicai phenomena likely accounting for the 

discordant faunal correlation. 
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INTRODUCTION 

Fossil mammals h m  Alberta have ken hown since the d y  twentieth century 

and have figured prominently in the understanding of local and regional geology, 

stratigraphy, and mnmmnlian evolution and paleofaunal composition (Fox, 1 WOa; 

Jerzykiewicz, 1997). The widespread distribution of mammalian localities across the 

province has pedt ted  both intra- and extrabasid correlations, resulting in 

reconstructions of the georneûies of the depositional mits within the Aiberta Basin, the 

identification of local and regionai unconfonnities, and fine-scale biostratigraphic 

aaalyses (Jenykiewicz, 1997) 

Biostratigraphic work in the Calgary and Foothills regions has received 

comparatively little attention, even though some of the earliest discovered fossil mammal 

sites in Canada are in this area. A debt is owed to the late Loris S. Russell, who, while 

working in the vicinity of Calgary and Cochrane in the early 1900's, discovered many of 

what were to become important fossil mammal sites (Russell, 1926, 1929, l93îa, 1948, 

1958; Russell, in Rutherford, 1927; Fox, l99Oa). Russell's pioneering fieidwork, 

descriptions. and subsequent attempts at biocorrelation using mammals were instrumental 

to the understanding of the local and regional geology, stratigraphy, and early Cenozoic 

mammal evolution. 

This paper reports the r d t s  of my study of a new fosd  mammal locality fiom 

the late Torrejonian of Calgary, Alberta. The site was discovered in 1989 by Dr. Don 

Brinkrnan of the Royal Tyri'ell Mwum of Palaeontology and subsequently brought to 

the attention of Dr. Richard C. Fox at the Laboratory for Vertebrate Pdeontology, 

University of Alberta The locdity, christened Who Nose?, was fïrst worked in the 



SuIllILler of 1989 by Dr. Fox and a field party fiom the University of Alberta Subsequent 

trips in 1991 and 1996 ttuough 1999 by field parties fiom the University of Alberta 

resulted in a large collection of m a d  fossiis. Since the commencement of 

excavations at the locality, approximately 400 specimens of have been recovered, among 

these, over 10 weli preserved jaws. Additionally, the locality has yielded hgmentary 

remains of non-mammalian vertebrates including fish, crocodyiians, and amphibians. 

The specirnens fiom the Who Nose? locality constitute the largest collection of fossil 

mammals of this age fiom Canada, and offer a unique perspective on rnammalian 

diversity fkom an otherwise poorly represented period of tirne in western Canada. 



GEOLOGICAL ASPECTS 

Location 

The Who Nose? locality is located approximately three lcm east of Nose Hill in 

south central Alberta, Canada. The site is located at SW 114 S23, T25, RI, WS, at 

approximately 51°08'N and 1 14*03'W, at approximately 1065m above sea level 

(Lerbekmo and Sweet, in press). The locaiity is exposed as a cutbank on the east side of 

West Nose Creek, some 300m north and upstream of the confluence of the wea and no& 

branches of Nose Creek (Figs. 1,2). 

Geological Setthg 

Regional Geology 

Upper Mesozoic and lower Tertiary paralic and continental sediments of western 

Canada were deposited as a series of tninsgressive and regressive cycles associated with 

two depocentres: the Alberta Basin in the West and the Williston Basin in the east, with 

the two being separated in southeasterri Alberta by the Bow Island Arch (Dawson et al., 

1994). The Alberta Basin is a segment of a large foreland basin extending fiom Alaska 

to New Mexico that was filled by clastic debris derived fiom erosion of the orogenic 

highlmds to the West (Jenykiewkz, 1997). The uppermost Cretaceous and Paleocene 

strata within the basin form esstward-thinning clastic wedges deposited during the final 

stages of the Laramide ûrogeny and subsequcnt Tertiary tectonic quiescence (Dawson et 

al., 1994). These rocks form the bedrock in the Interior Plains of southern Alberta and 

extend throughout the FoothilIs to the Front Ranges of the Rocky Mountains (Bally et al., 

1966). 



Since Dawson's (1 883.1 8 84) and Tyrrell's (1 8 87) early sttatigraphic 

classifications, an increasingly complex system of formational nomenclature has been 

used for non-marine strata in the Alberta Basin. Formational names M e r  throughout the 

basin and the application of local lithostratigraphic terms and changes in original 

meanings have hampered attempts at basinwide correlations (Jerzykiewicz, 1997). 

Tertiary strata of the centrai plains have k e n  traditionally divided among three unie: 1) 

the upper member of the Scollard Formation; 2) the Porcupine HiIls Formation; 3) the 

Paskapoo Formation (Jerzykiewicz, 1997); fossil rnammds are known from ail three 

(Fox, l99Oa). Jerzykiewicz (1 997) has recently proposed a second order sequence, the 

Entrante-Paskapoo Sequence, encompassing the aforementioned fomations. 

Because end-member facies of both the Pwkapoo and Porcupine Hills formations 

appear similar in lithic characteristics, consistent identification and application of 

nomenclature to these lithologies has always been problematic (Jerzykiewicz, 1997; 

Lerbekmo and Sweet, in press). As a resuit, referring the Who Nose? locality to the 

appropriate formation has proven dinicult. 

Geographical Distribution of the Paskapoo Formation 

The name "Paskapoo Series" has been used for a series of discontinuous outcrops 

dong the BLindman and Red Deer rivers (Paskapoo is the Cree term for "blind man") 

(Selwyn, 1874; Tymll, 1887; Carrigy, 1970). The type locality was not recorded; as 

such, the Paskapoo Formation is considered a composite ( C e ,  1970). Sûata of the 

Paskapoo Formation are extensive throughout the central Alberta Plains, comprisiog most 

of the surface bedrock (Demchuk and MIS, 1991). The Paskapoo strata are ".. .preserved 



in an asymmetricai syncline or homoche" (Carrigy, 1971 : 1 S), with steep dips to the West 

near the Foodiills, and low, gradual dips eastwardly. The thickness varies nom zero at 

the erosional edge of the plains, to 240x11 (787 fi) in the type area, to an excess of i OOOm 

(3280 fi) westward (Carrigy, 1971; McLean, 1990a). Because the upper surface of the 

formation is the present erosional d a c e ,  thicknesses are of little interpretive value 

(McLean, 1 WOa). Tyrreli (1 887) proposed the terni "Paskapoo Series" for outcroppings 

in the central Alberta Plains region. He correlated this series with the "Porcupine Hills 

Series" of Dawson (I883), the "Willow Creek Series" and ail but the lowest 200m of the 

"St. Mary's River Series", and proposed that the contact between the "Paskapoo Series" 

and the underlying "Edmonton Series" represented the Cretaceous-Tertiary boundary 

(Dawson et al., 1994). The concept of the "Paskapo Series" was extended to the 

Foothills region by Russe11 (1932a), but he was unable to correlate the foothills outcrops 

directiy with the type sections in the Red Deer River Valley. Indeed, Russell (1929, 

l932a, 1 WZb, 1958) considered the outcrops in the foothills of southwestem Alberta a 

western extension of the "Paskapoo Series", an hypothesis apparently supported by 

Tozefs (1953, 1956) studies of uppermost Cretaceous and early Tertiary non-marine 

molluscan faunas. In fact, based on these molluscan assemblages, Tozer (1 956) 

" . . .arbitrarily defued al1 Paleocene beds no& of Township 13 in western Alberta as 

Paskapoo, thus obscuring the true relationship between the Porcupine HUS and Paskapoo 

formations" (Carrigy, 1 97 1 : 12). Man and Sanderson (1 945) fomaliy recognized the 

Edmonton and Paskapoo senes as separate formations. In extensive studies of the 

lithostratigraphy and petrography of the uppermost Cretaceous (Lancian) and Pdeocene 

strata of the Alberta Plains, Carrigy (1 970,1971) delimiteci the Paskapoo Formation fiom 



the Pompine Hills Formation based on petrographic différences, but never estabiished a 

tnie boundary, laterally or vertically, between the two @emchuk and Hills, 1 99 1). Most 

recently, Demchuk and Hills (1991) subdivided the Paskapoo Formation into three 

members, but did not elucidate iithostratigraphic clifferences between any of these units 

and the Porcupine Hills Fonnation. hdeed, in ment studies of the urban geology of 

Calgary, Osbom and Rajewicz (1 998) upheld Carrigy 's (1 970) division of the Paskapoo 

and Porcupine Hills Formations within Calgary, stating that ". . .it is likely that both 

formations occur in Calgary" (Osbom and Rajewicz, 1998:94), but proffered no opinion 

as to the southem extent of the Paskapoo, the northem extent of the Porcupine Hills, or 

the overlap, if any, of the two. 

Geographical Distribution of the Porcupine HiIls Fonnation 

The Porcupine Hills Fonnation is a relatively narrow strip of non-marine stnita 

ninning southeast-northwest dong the foothills of westem Alberta, roughly paralleling 

the Rocky Mountains and the Alberta-British Columbia border (Youzwyshyn, 1988). 

The type section for the formation is in the Porcupine Hills, a prominent topographical 

feahw in the southwest corner of the province. The depositional belt is narrow, and 

ranges in elevation fkom approximately 1006m (3300 ft.) to 1768m (5800 ft) above sea 

level. The western extent of the Porcupine Hüls Formation is tnmcated by a belt of thrust 

fadts located west of the foreland basin (Canigy, 1971). Northwardly, the unit grades 

into the Paskapoo Formation at some unknown distance within or north of the city of 

Calgary (Carrigy, 1971). The Porcupine Hills Formation is laterally equivdent to the 

east with the Ravenscrag Formation of southeastern Alberta and southern Saskatchewan 



(McLean, 1990b). The Porcupine Hiils Formation forms ". . .an asymmetrical syncline 

with 25 degree dips to the east on the western limb, and low dips to the west on the 

eastem limb." (Carrigy, 1971: 12), and naches a rrmimum thickness of some 1 2 2 h  

(4000 R) in the type area (McLean, 1990b). Dawson (1 883) essignecl the name 

"Porcupine Hills Senes" to the massive, cross-bedded sandstone and shaly layers 

cropping out in the Porcupine Hills, and named the underlying beds cropping out in the 

plains the " Willow Creek Series". C h g y  (1 97 1 : 17) disthguished the Porcupine Hills 

Formation &om the laterally equivdent Paskapoo Formation on the basis of detailed 

petrography, and extended the geographical range of the Porcupine Hills Formation fiom 

its type area in the southwest corner of the province to ". . .an unkDown distance no& of 

the city of Calgary". Canigy (1 97 1 : 17- 19) included dl vertebnite fossil localities in the 

Calgary a m  within the Porcupine HUS Formation, and stated that the " . . .Porcupine Hills 

Formation, which overlies the Willow Creek Formation in southwestern Alberta, also 

overlies the Paskapoo Formation on the Bow River", implying that stnita in the Porcupine 

Hills Formation, at least in the Calgary area, were younger than strata in the Paskapoo 

Formation. Further, Carrigy (1971) emphasized that the exact geographical location of 

the laterai boundary beween the Porcupine Hills and Paskapoo formatons rem& 

problematic. Investigations into vertebrate paleontology (Krause, 1978) and pdynology 

(Jerzykiewicz and Sweet, 19864 1986b; Demchuk, 1987,1990) have since refbted 

Carrigy's hypothesis regarding the overlap of strata of the Paskapoo Formation by those 

of the Porcupine Hus Formation, but contributed litîle to resolving the laterai Porcupine 

Hilis Foramtio~~Paskapoo boundary. Recent work in the Calgary ana (Osbom and 



Rajewicz, 1998) reconfirmed the presence of both Porcupine Hilis and Paskapo strata 

within the city. 

Descriptive Lithology of the Paskapoo Formation 

McLean (l99Or48 1) described strata of the Paskapoo Formation as displayhg 

". . .interbedded hard to soft mudstone, siltstone and smdstone, with subordinate 

Limestone, coal, pebble congiomerate and bentonite." Additiody, thin coal beds are 

present (for example, the Obed-Marsh coal zone northeast of Hinton), and lenses of 

quartzite pebbles become common wemvardly (Locker, 1973). Prominent massively- 

bedded or disturbed to cross-bedded, buff-weathering, medium to coarse grained 

sandstones characterize the majority of Paskapoo strata (McLean, 1990a; Demchuk and 

Hills, 1991). with subordinate chocolate brown to greenish-grey siltstone and mudstone, 

shale and coal. Conglomerates are a minor constituent (Demchuk and Hills, 199 1). 

Primary sedimentary structures are absent, with the exception of minor trough cross- 

bedding and rare planar and ripple cross-lamination (Demchuk and Hills, 199 1). 

Demchuk and Hiils (1 99 1) recently designated and diagnosed three mem bers of the 

Paskapoo Formation on the bais of lithologic information retrieved h m  outcrops and 

core samples. These members (Haynes, Lacombe, and Dalehurst, in ascending 

superpositional order) are identifiable in outcrop and are usefûl in placing isolated 

outcrops in their propcr stratigraphie conte% 

Descriptive Lithology of the Porcupine HUS Fonnation 

McLean (1990h503) descri'bed strata in the Porcupine HiUs Formation as having 

characteristic ". . .olive brown shales interbedded with fine to coarse grained brownish 



grey, cross bedded b y  sandstone and calcareous siltstone, in fairly weil indurateci beds. 

" Additiody, Carrigy (1 97 1 : 19) characterized strata in the Porcupine HilIs Formation 

as kquently being " . . .caicareous siltstones and hani, lenticular, crossbedded calcareous 

sandstones." Cod zones are absent. Jerzykiewicz and Sweet (1988:35) used the term 

"caliche" or "calcrete facies" to describe a persistent feature of both the Willow Creek 

and Porcupine Hilis formations in the southeastem Alberta Foothills. Caüche, as 

described by Jerzykiewicz and Sweet (1988) infomaily refers to temstrial calcium 

carbonate, usually in the form of caliche graebules (Brewer and Sleeman, 1964), 

rhizocretions (Kindie, 1 923) and hardpan. Jerzy kiewicz and Sweet (1 98 8) characterized 

the Porcupine Hills Formation as containing weathering mudstone with small, scattered 

graebules, and sandstone layes with redeposited caliche debris as a constituent of 

channel lag deposits. Additiondly, the strszta may contain authigenic calcium carbonate 

in the form of pellets, ooids, and pisolites (Jerzykiewicz and Sweet, 1988, figs. 1 OC, D). 

Stnta of the Porcupine Hills Formation are also characterized by so-called "red beds", 

pink to red coloured mudstone indicative of warrn, semi-arid environments, within which 

the caliche facies is best developed, although lesser developed caliche features can also 

occur in grey-green süty to sandy mudstone (Jenykiewicz and Sweet, 1988). Primary 

sedimentary structures are common in strata of the Porcupine Hills Formation, 

particularly trough-type cross stratification. 

Formational Affinties of the Who Nose? Locality 

The Who Nose? locality crops out on the east bank of West Nose Creek in the 

northeastem quadrant of Calgary (C. S. Scott, 1997; Lerbekmo and Sweet, in press). 



C&gy (1970,1971), Osborn and Rajewicz (1998), and Lerbekmo and Sweet (in press) 

have demonstrated that strata of both the Paskapo and Porcupine Hills formations crop 

out within the city; givm the Iithic similanties of both, the assigning of Paleocene 

vertebrate fossil localities to one formation or the other has been difficult and often 

arbibtary. By virtue of Carrigy's (1970,1971) petrographic work, vertebrate fossil 

locaiities within and near the city of Calgary have been assigned to the Porcupine Hills 

Formation, hcludhg Dunbow Road (south of Calgary), Cochrane Sites 1 and 2 (west of 

Calgary), and R.C.A. Corehole 66-1 (north of Calgary) (Fox, 1 WOa). The absence of 

detailed petrographic analyses of these vertebrate-bearing outcrops, however, suggests 

that the formational assignments of these localities be tentative. I referred the Who 

Nose? locaiity to the Haynes member of the Paskapoo Formation of the Paskapoo- 

Porcupine HiUs sequence (sensu Jerzykiewicz, 1997) based on the following criteria: 

Gmss lithologic characteristics of the -ta containhg the Who Nose? locality are 

consistent with those of the Paskapoo Formation. These include a richly organic, 

chocolate brown coloured fossiliferous siltstone/mudstone layer, and massively 

bedded, b&weathering sandstone. 

Lack of primary sedimentary structures. 

Absence of cdiche/calctete and red-bed facies. 

Although less compehg, a northerly location of the Who Nose? locality with respect 

to the type section of the Porcupine Hills Formation suggests a more confident 

refend to the Paskapoo Formation. 



The above criteria can only serve to tentatively assign the Who Nose? lodity to the 

Paskapoo Formation. A lack of d c i e n t  outcrop in the Calgary and Foothiils regions 

makes correlation difficult, if not impossible. 

Lerbekmo and Sweet (in prws:35), in their discussion of the problems associated 

with formationai nomenclature in the Calgary area, place the Who Nose? locality within 

the Paieocene portion (upper member) of the Scollard Formation. The authors suggest 

that the usage of Paskapoo Formation be restricted to the " . . . youngest strata in the region, 

including those at Cochrane and northward where thin coals are present in 26r", but 

emphasize the arbitrary and transitional nature of the formational boundaries. For the 

present study 1 prefer to retain the Nose Creek locality within the Paskapoo Formation, in 

contradiction to the recent work of Lerbekmo and Sweet, on the basis of overall lithic 

similarity of the Who Nose? locality to sediments of known typical Paskapoo strata in the 

Red Deer area. Additionally, the use of age-specific critena for characterizing 

formationai boundaries by Lerbekmo and Sweet do not visually distinguish Scollard 

mata fiom Paskapoo strata, Formationai uaits and their boundaries, in a 

lithostratigraphic sense, are defined by observable lithic criteria and stratigraphie position 

alone (NACSN, 1983). By ushg age-specific (biostratigraphic or magnetostratigraphic) 

criteria to identiQ formatiod boundaries, Lerbekmo and Sweet are, in essence, 

describing biostratigraphic and magnetostratigraphic llILits respectively. Until more 

precise lithic cntma are established for sepmathg the P8skapo0, Porcupine Hills, and 

Scollard formations in the Calgary area, the Who Nose? locality is best referred to the 

Paskapoo Formation. 



Sedimentology 

The Who Nose? locality consists of a laterally variable, two meter thick section of 

siltstone and silty sandstone units with a thin interbedded sheii coquina. Four distinct 

microstratigraphic uits are reco-d in cross section through the quarry (Fig. 3). 

Fossil vertehate remains have been found exclusively in the middle two layers. 

The basal unit (unit 1) consists of a coarse lag conglomerate, containhg poorly 

sorted clay and pebble clasts bound by a soft, darkly coloured silty matrix. The lower 

extent of this basai layer is h o w n ,  because it is poorly exposed throughout the area. 

The upper contact of this unit is gradational with unit 2. 

The iowest fossiliferous unit (unit 2) above the basal lag is a coquina, comprised 

predominantly of cmhed and didculated gastropod shelis, bound by a soft, brown 

coloured matrix. The vertical thickness of this unit is variable: at its thickest, unit 2 

comprises about l Ocm (about 17 percent) of the productive horizon, and seems to thin 

distal fiorn the main quarry. Vertebrate remains are present, although not as abundant as 

in the overlying unit. Unit 2 grades verticdy into unit 3. 

Unit 3 comprises the bulk and most productive portion of the fossiliferous 

horizons. The unit is cornposed of argiUaceous sütstones, aad very fine grained silty 

sandstones, chocolate brown in colour, weathering to light brown/b&. This horizon is 

variable in thickness, ranging fiom less than lOan to greater than 70cm at its maximum 

(about 83 percent of the productive horizon). As with unit 2, this horizon tends to thin 

dÎstaUy. Primary sedimentary structures are lacking. Vertebrate remauis and root traces 

are abundant in this horizon, with evidence of differentiai sethg (Buckley, 1994). 



Unit 4 caps the Who Nose? locaiity* It consists of massively bedded, brown 

coloured, medium &ed sandstone lacking organic remains. As with the underlying 

units, the thickness of this unit is l a t edy  variable, ranging h m  less than 80cm to 

greater than two meters. Contact with the underlying unit 3 is sharp. 

Depositionai Histo y 

The naturr of the Who Nose? deposit is one of fluvial hydraulic transport, as 

evidenced by the concentration of vertebrate remains, which include whoiiy aquatic 

(Amia, Le~isosteus, Esox) and serniaquatic (crocodyliaas, salarnanders, 

?albanerpetontids) organisms. The sequence of microstratigraphic units at the Who 

Nose? locality suggests a deposit of fluviodeltaic origins, with physical processes 

anecting accumulations, including h y h d i c  settling andlor winnowing, with slow or 

pulsed vertical aggredation (Behrensmeyer, 1991). The sedimentological evidence of the 

Who Nose? deposit indicates three possible depositional models: crevasse splay, 

fioodplain deposit, or chamel-fill/oxbow complex. Although al1 three models can be 

supported in part by the evidence, the channel-fill/oxbow complex is preferred, because it 

confonns to the greatest number of lines of evidence. 

Crevasse splay deposits are generated when channel flow cuts through a localized 

bnach in channe1 levees during flooding events, depositing the bedoad in sequence 

dong the floodplain, the coarser matenal king deposited proximal to the breach and 

f ier  matenal being deposited distal to the main channel (Buckley, 1994). It is rmlikely 

that the Who Nose? deposit represents such an event, at least prommal to the splay, 

because size sorting is prominent (Le., recovered specimens h m  the Who Nose? locality 



are sized-biased towards small-sized specimens). Additionally, sedimentary structures 

and weil-preserved plant fossils, mid of splay deposits, are absent (Behremneyer, 

1992). 

Floodplain deposits are denved h m  a flooding event, be it a chanml breach 

splay, overbank flooding, or other scenario wherp the autochthonous clastic component is 

deposited on aieas distai to the main channel. As with the splay scenario, it is unlikely 

that the Who Nose? deposit represents such an event. Although floodplain deposits are 

typicaily lacking in obvious sedimentary stnicture, smd-scale ripple marks are often 

present. Plant matenal, pdeosol formation, and bioturbation resulting h m  prolonged 

aerial exposure are also comrnon. The Who Nose? deposit may have been initially 

derived fiom a floodplain environment, with small, more easily transported specimens 

being washed into an abandoned charme1 or oxbow lake. 

The chel-fill/oxbow complex is the favoured model, because it appears to 

conform most closely to the sedimentological evidence. A likely model could be: 

Rapid channel abandonment, likely a neck cut-off, inducing a breach of a neck 

between two meanders, with the entrance to, and exit fiom, the meander loop quickly 

being plugged ("Walker and Cant, 1984). 

Subsequent f i lhg of the resultuig oxbow. Autochthonous sediments are deposited 

ftom the channel itselfor, e q d y  likeiy, dochthonous sediments fiom adjacent 

overbank environments. 

Sporadic, yet fiequent flooding h m  adjacent channels contriiutes to the vertical 

accretion. The resultant till may be from simple overbank fi ooding, or distal crevasse 

splaynevee breach scenarios. 



4) Flooding and subsequent filhg of the channel is fiequent enou* to inhibit paleosol 

funnation. 

Hypotheses similar to this have been poshilated for fossiliferous sites in the Eocene 

Wdlwood Formation of Wyoming (Bartek, 1990) and in the Permian Belle Plains and 

Arroyo formations of Texas (Behrensmeyer, 1988), although the Who Nose? locality 

does not show evidence of the paleosol formation seen of the latter two units. Although 

the channel-Woxbow complex conforms to the evidence observed at the locality, some 

important pieces of evidence for the mode1 are lacking, most notably the absence of 

coarse-grained plugs at the distai ends of the quarry. It should be pointed out, however, 

that the Who Nose? locaiity represents only a twodimensional depiction of a three- 

dimensional phenornenon, thus obscuring many aspects of the nature of the deposit. 

Sedimentation Rates and Tempoirl Resolution 

Estimated sehentation rates for the middle Paleocene Paskapoo Formation are 

around 7.5cm/1000 years (Lerbekmo et al., 1992). This suggests that the fossil layer at 

Who Nose?, at a maximum thickness of 80cm, was deposited in a little under 1 1000 

years, assuming a constant rate of sedimentation. Behrensmeyer (1992) has pointed out, 

however, that many depositional systems are of considerably longer or shorter durations, 

depending on sedimentation rate and fluvial processes. Additi~nally~ temporal averaging 

of such deposits can be on the scale of loO-l 0' years. The sorting of specimens at the 

Who Nose? locality (i.e., the bias towards d - s i z e d  specimens) could uidicate a pa te r  

interaction of fluvial pnmsses and, as mch, a pater degree of temporal averaging 



@ehrrnsmeyer, 1992). Contrarily, the pnservationai state of the specimens and lack of 

transport abrasion might indicate a more rapid deposition and limited t h e  in transit. 

Temporal resolution at the Who Nose? locality is relatively high, because most 

taxa present are consistent with a late Torrejonian age. Taxa characteristic of this age 

include, at the generic level, Mesodma Neoplaeiauiax. Ectvpodus, Parectvwdus, 

Ptilodus, Anconodon. Lmtacodon. Prodiacodon. Protictis, Chriacus and Litomylus 

(Archibalci et ai., 1987). Although these taxa are present in the Who Nose? deposit, they 

are, for the most part, long-ranging, and convey little information regarding fine-scale 

temporal resolution. More important taxa include Pronothodectes matthewi, 

Elpido~horus minor. Paienochtha minor. Protlvmtacodon albertensis, and Sim~sonictis 

javnanneae. These taxa are restncted to the late Tomjonian, and as such, are indices for 

that tirne interval (Archibald et al., 1987). Many taxa at the Who Nose? locality represent 

first app-ce datums (sensu Woodburne, 1987), indicating evolutionary fint 

occurrences or immigration events. First appeanuice daiums are a powerful tool for 

temporal resolution in biostratigraphy, particularly the use of concurrent and consecutive 

first appearance events. Additionally, stratigraphie range extensions at Who Nose? are at 

a minimum, providing more evidence for a late Tomjonian age and less evidence for 

significant temporal averaging. Of 55 described taxa, only two (Styaim~s sp. 1 and 

Rocaberus sp.) are known to occur exclusively in strata 01der than those of Who Nose?, 

and two (Navaiovius sp. and Cvriacotherium sp.) occur exclusively in strata younger than 

those of Who Nose? As many of the taxa fiom Who Nose? are identified to the generic 

level only, additional sampIing would likeIy increase temporal resolution. 



TAXONOMIC ASPECTS 

Techniques of Study 

Methods 

F o d s  from the Who Nose? locality were collected by on-site hand quarrying. 

Rock matrix was split into dime-sized pieces in an attempt to preserve delicate and 

possibly articuiated specimens. The residual ma& was then sacked and retumed to the 

laboratory for underwater screening, following Krause's method (Johnson et al., 1994). 

Resistant matrix was immersed in 10 percent industrial detergent and rescreened in order 

to inmase fossil yield. M e r  drying, the concentrate was sorted and identifiable 

elements were removed for identification. 

Specimens were photographed using a Zeiss Tessovar macrophotographic unit. 

The remiting negatives were digitized using a Polaroid Sprint Scanner 35 slide scanner 

and Adobe Photoshop 5.0 software. The images were printed using a Lexmark Optra L 

black and white laser p ~ t e r  at a resolution of 600 dpi. Images are as photographed and 

digital enhancement was restricted to homogenization of background tones. 

The superimposition and orientation of tracings of multituberculate p4s follows 

Krause (1977). The drawings of multituberculate p4s were made by tracing digitized 

images of specirnens using CoreIDraw 8.0 software. 

Higher level classification follows McKenna and Bell (1997). For completeness 

and historical interest, original diagnoses of taxa are included for specimens identified 

confidently or tentatively to species level. Where considered useful, appended diagnoses 

appear following the original diagnoses Unpublished taxonomie names appear in 

quotation marks. 



Abbreviations, Definitions, and Symbols 

A. Institutions: 

AMNH-American Museum of Naturai History, New York. 

CM-Camegie Museum of Natinal History, Pittsburgh. 

KUVP-Museum of Naturai History, University of Kansas, Lawrence. 

NMMNH-New Mexico Museum of Natural History, Albuquerque. 

PU-Museum of Natural History, Princeton University, Rinceton. 

Specimens now housed in the Yale Peabody Museum, Yale University, 

New Haven. 

TMM-Texas Mernorial Museum, Austin. 

UALVP-Laboratory for Vertebrate Paleontology, University of Alberta, 

Edmonton. 

UMVP-Vertebrate Paleontology Collection, University of Minnesota, 

Minneapolis. 

USNM-Smithsonian Institution, National Museum of Naturai History, 

Washington. 

W-Geological Museum, University of Wyoming, Laramie. 

B. Localities: 

Rav W-1-Medicine Hat Brick and Tile Quarry, Ravenscrag West-1 horizon. 

UADW-1-University of Alberta, Denais Wighton Locality 1. 

UADW-2-University of AIberta, Dennis Wighton Locality 2. 



C. Dentitions: 

I, i-Upper or lower incisor, respectively. 

C, c-Upper or lower canine, respectively. 

D, d4Jpper or lower deciduous tooth, respectively. 

P, p-Upper or lower premolar, respectively. 

M, LIE-Upper or lower molar, respectively. 

X x-Tooth unidentifiable as to position. 

L, R-Left or right, respectively. 

D. Measurements: 

H-Height of tooth, recorded as the "perpendicular distance between [the first 

true serration] and the baseline." (Krause, l987:596). Fertainhg to 

multituberculate p4s only. 

Length 1-A meesun of length dong the baseline between perpendiculars drawn 

fiom the mesial crown margin and fiom the first tnie serration. Pertaining to 

multituberculate p4s only. 

Lg-Maximum mesiodistal length of tooth. 

Lh-Mean mesiodistal length of tooth. 

L-Modal mesiodisral length of tooth. 

TaWd-Maximum labiohgual width of talonid. 

TrW&Maximum IabiolinguaI width of trigonid 

Wd--Maximum labiolingual width of tooth. 



E. Statistics: 

CV-Coefficient of variation. 

M-Mean. 

N-Sample size. 

OR-Observed range. 

P-Parameter. 

SD-Standard deviation. 

F. Symbols: 

*-indicates the value is an estimate. 

G. De£înitions: 

cf;-Used to indicate tentative taxonomic referral of specimen. 

?-When preceding a tooth position or taxonomic name, used to hdicate a 

questionable identification of tooth locus or taxonomic referral of specimen, 

respective1 y. 

Local faulta4ïhroughout this work, local fauna as defined by Tedford (1970) 

refers to m a d s  fkom the Who Nose? locdity. 

Dental Measurements and Terminology 

AU measurements were made by the author using a Wild M3 Zoom binocular 

microscope with 10X ocdars fitted with a micrometer calirated against a millimeter 



scale. Measurements were estimateci to the ne- tenth of a millimeter, the hest degree 

of accuracy that could be reproduccd consistendy. 

Multituberculate dental nomenclature and measurement techniques follow b u s e  

(1982, 1987). The blade-like lower teeth of multituberculates are considered p4s and not 

"rnbs" of Schiebout (1 974) and Sloan (1 98 1). Dental nomenclature and measurements of 

mdtitubercdate dentitions other than p4 foiiow b u s e  (1977,1982,1987). 

Therian dental nomenclaime foliows Van Valen (1966) as modified by Szalay 

(1 969). Therian incisor nomenclature foliows Gingench (1 976). M a n  dental 

measurement techniques follow Clemens (1 966) and Luo (1 991). Camivoran dental 

nomenclature follows Machme (1966) and Fox and Yowwyshyn (1994). The tems 

premolariforrn, semimolariform, and submolarifom are used as per Krishtalka (1 976a). 

The terms mesial and distal are used as per Van Valen (1994a). 



Systematic Pileontology 

Class Mammalia L h u s ,  1 758 

Subclass Theriiformes Rowe, 1988 

hfhclass Allotheria Marsh, 1 8 80 

Order Multitubenulata Cope, 1884a 

Suborder Cimolodonta McKenna, 1975 

Superfhmily Ptilodontoidea Cope, 1 887 

Family Ptilodontidae Cope, 1887 

Subfamily Neoplagiauiacinae Ameghino, 1 890 

Genus Mesodrna Jepsen, 1940 

Mesodma pvemaea Sloan, 1987 

(Fig. 5, A-E; Table 1) 

HOLOTYPE: AMNH 35298, incomplete lefi dentary with +m2. 

TYPE LOCALITY: Gidley Quarry, upper Lebo Formation, C r a y  Mountain Field, 

Sweetgrass County, Montana. 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of Montana 

(type locaiity [Sloan, 19871); late Torrejonian of Wyoming (Cedar Mountain [locality 

U W  V-8 10561, Polecat Bench Formation, southern Bighom Basin, Hot SprhgdWashakie 

Cotmties [Harûnan, 19861; Rock Bench Quarry [Locality No. q, Fort Union Formation, 



Bighom Basin, Park County [Rose, 19811; Swaia Quarry, Fort Union Formation, 

Washakie Basin, Carbon Co- [Rigby, 1980D; late Torrejonian of Texas (Eastern 

Tomillo Flat [T2; TMM 40147; Middle Peak; Alligator Ney], Black Peaks Formation, 

Brewster County [Schiebout, 19741); latest Tomjonian (late middle Paleocene) of 

Montana (Medicine Rocks Site 1, Tongue River Formation, Ekalaka, Carter County 

[Gingerich, 1976; Krause, 19871); latest Torrejonian of Wyoming (Shotgun [UW V- 

600 14, V-600 16; Keefer Hill; Twin Buttes; Jenkins Mountain; New AnthiU], S hotgun 

Member, Fort Union Formation, Fremont Comty [Guaneii, 19891); earliest Tiffanian 

(late Paleocene) of Alberta (Aaron's Locality, Paskapoo Formation, Alberta Syncline, 

Wsfail  [pers. obs.]; Cochrane Site 2, Porcupine Hills Formation, Alberta Syncline, 

C o c b e ,  Bow River [Youzwyshyn, 1988; Fox, 1990aI); earliest Tiianian of Montana 

(Douglass Quarry [Simpson's Locality 631. Crazy Mountain Basin, Sweetgrass County 

b u s e  and Maas, 19901); early Tiffanian (late Paleocene) of Montana (Scarritt Quarry 

[Simpson's Locality 561, Melville Formation, eastem Crazy Mountain Basin, Sweetgrass 

County [Krause and Maas, 19901; early Tiffanian of Wyoming (Saddle Locaiity, Fort 

Union Formation, Bison Basin, Fremont County [Gazin, 1956a; Sloan in Holtpnan, 

1978; Sloan, 19871); midde Tiffanien (late Paleocene) of Alberta (Joffre Bridge Roadcut 

Lower Level, Paskapoo Formation, Alberta Synciine9 Red Deer Fox l99OaI; UADW-2 

Iocaiity, Paskapoo Forxnation, Alberta Syncline, BIackfalds Fox, 1990al); middle 

T0i8I11lan (late Pdeocene) of Noah Dakota (Brisbane Locality9 Slope Formation, Grant 

County [Holtzman, 19781); middle Toinanian of Wyoming (Hallelujah Hill [locality UW 

V-770051, Fort Union Formation, east Bank Rock Springs Uplift, Sweetwater County 

[Witerfeld, 19821); late Tiffanian (late Paleocene) of Alberta (Police Point locality , 



Ravenscrag Formation, Williston Basin, Elkwater [Krishtalka, 19731; Swan Hills Site 1 , 

Paskapoo Formation, Alberta S yncline [Stanley, 1 9881); late Tiffanian of Saskatchewan 

(Roche Percée local fauna, Ravenscrag Formation, Williston Basin [Kreuse, 1977). 

REFERRED SPECIMENS: UALVP 4405 1, P4; UALVP 44052, M2; UALVP 44049, 

44050, p4s (total: 2); UALVP 44053,44054, mls (total: 2). 

DIAGNOSIS: "The smallest species of Paleocene multituberculate in North Amena. 

Probably derived fiom Lancian Mesodma hensleighi fiom which it daers in unifody 

mialler size and relatively larger blade" (Sloan, 1987:188). 

DESCRIPTION: P4-Cusp formula is (0)2:6:0. In lateral aspect the crown resembles a 

scalene triangle with the cusps forming a smooth arc distally, creating a convex dorsal 

margin to the crown. The ultimate cusp is the highest above the base of the enamel. Two 

cusps are present on a well-defined mesiolabial lobe, and occur nearly opposite the fïrst 

and second cusps of the medial row. Cusp size increases distaily in both the media1 and 

extemal rows, as do the intercusp ridges and grooves. The enamel overhangs both the 

mesial and distal mots, particularly the distolinpuai surface. 

p4-p4 has nine (one specirnen) or ten (one specimen) semtions; the tooth is 

low-crowned, being taiier rnesially than distally. The distal slope of the crown is 

Whially straight, descending distally fiom the third semtion at a dechation of 

approximately 30-35 degrees h m  the horizontal. The third serration is highest above the 

baseliae. The exodaeneodont lobe is prominent and peaked ventdly. An incipient 



serration is present on both specimens; a single labial and lingual ndge descend 

mesioventrally h m  the fïrst serration, and join with respective labial and Lingual ridges 

fiom the second serration just distal to the incipient serration. AU serrations, Save the last 

three, possess weH-defined ridges that descend &oventraUy dong the labial and 

lin@ sides of the crown. The distance between ridges becomes progressively greater 

distally. The distolabid shelf is formed by a ridge of enamel turning ventraUy, and 

bulging labially, h m  the ultllnate serration; the shelf is short, spanning the mesiodistal 

length of the ultimate and pendtirnate senations only and bears no cusps or cuspules. 

The mesiobasal concavity is notched for reception of p3. 

m l-Cusp f o d a  is 6:4 (mode=6:4). The crowns are quacirate to subquadrate in 

occlusal aspect. The two rows of cusps faintly diverge distally, and ail cusps lean 

distally. Cusp size increases distally, with the intemal row being taller and more robust 

than the extemal mw. The first cusp in the extenial row is circular in horizontal section, 

with the rernaining cusps becoming more nearly crescentic distally. The cusps of the 

intemal row are subcrescentic. A single specimen displays incipient conical cuspules at 

the mesial margh of the crown, mesial to the fim cusps of the extemal and intemal rows 

respectively. The labial d a c e s  of the intemal cusps are wom nearly flat, and possess 

strong medial grooves that descend into the traamerse valley. 

COMPARISONS: The Nose Creek specimens compare most favourably with material 

described fiom the type locality (Sloan, 1987) and with specimens fiom the earliest 

Tiffaaian Cochrane Site 2 of Alberta (Youzwyshyn, 1988). Specimens from the Who 

Nose? locaiity ciiffer h m  simira teeth h m  bot6 of these samples in king slightly 



smder (for example, L h  e 2 . 3 5  mm, N=2, Who Nose?, as compared to Lg, w2.54 

mm, N=9, Cochrane Site 2 Pouzwyshyn, 19881, and Lg, p4 =2.40 mm, Gidiey Quarry 

[Sloan, 19871); having fewer p4 serrations @4 mean senation counH.5, N=2, Who 

Nose?, as compared to p4 mean serration count=ll, N=9, Cochrane Site 2 [Youzwyshyn, 

19881, and p4 modal s e d o n  count=lO, Gidiey Quarry [Sloan, 19871); and in king 

slightly more robust. Teeth referred to M. OvPJnaea fiom Who Nose? differ M e r  from 

homologous teeth of the Cochrane Site 2 sample in having lower crowned P4s and p4s. 

The referred teeth d . e r  nom late Tiffanian specimens of M. wgmaea fiom the Police 

Point locality, Ravenscrag Formation, Alberta (Krishtallca, 1973) and Roche Percée 

locality, Ravenscrag Formation, Saskatchewan (Krause, 1977) in being significantly 

smaller (for example, Lg, w2.35 mm, N=2 h m  the Who Nose? Locality, as 

compared to L b  *2.62 mm, N=l 1 fiom Roche Percée [Krause, 19771); and in having 

fewer p4 serrations and P4 cusps. 

DISCUSSION: Sloan's (1987) diajposis of pymaea continues the problems 

associated with Mesodma, namely that the genus carmot be diagnosed effectively by 

synapomorphies (Buckley, 1994). Rather, the genus is differentiated fiom other 

neoplagiaulacines on the basis of plesiomorphic dental characters (such as low p4 

profile), and its member species are deLimitecl by size critena alone. 

The teeth from Who Nose? are referred to Me pypaea  on the basis of features 

described in Sloan's diagnosis, and through comparisons with material from Cretaceous 

and PaIeocene Iocalities in Alberta and Saskatchewan. The specimens fiom the Who 

Nose? locality are d e r ,  more robust in overall proportions, and possess fewer cusps 



than theù T i ian  counterparts. They are most sunilar in both qualitative and 

quantitative characters to the type material h m  the Gidiey Quarry and to specimens 

fiom the Cochrane Site 2 l d t y  h m  Aiberta. Additionally, the Nose Creek specimens 

are close in size and morphology to teeth nfened to Lancian M. hensleidi Liilegraven, 

1969 fiom the upper Edmonton Formation, Alberta, but are Merentiated h m  these by 

possessing higher-crowned p4s with a higher positioned first serration, and in having a 

more poorly developed mesiolabiai lobe with a greater cusp count on P4. 

Sloan (1 987) proposed an amestordescendant rrlationship between M. hensfeiahi 

and M. pyzmaea. The similarity of morphologies of teeth from Who Nose? and those of 

M. hensleighi fiom Alberta appears to strengthen such an hypothesis. M. gyzmaea is a - 
long-ranghg taxon, both stratigraphicdy (iate Tomjonian to late Tiffanian) and 

geographicaiIy (Alberta to Texas). The Who Nose? sample represents the eariiest 

occurrence of the taxon in western Canada. 



Genus Xmnomvs Rigby, 1980 

Xvronomys sp. 

(Fig. 5, F-K; Table 2) 

REFERRED SPECIMENS: UALVP 44055, P4; UALVP 44056,44057,44058, p4 

fragments. 

DESCRIPTION: P4-The crown of UALVP 44085 is subquadrate in occlusal aspect, 

bearing four cusps on the mesiolabial lobe, and six discemable cusps on the medial row. 

The crown is exceedingly low in lateral aspect, with aimost no drop dong the distal 

margh. Post-mortem breakage and a large Wear facet dong the distal dope have 

obscured the original length and proportions of the crown, but the apogee appears to have 

been the dtimate or penultimate cusp, if an apogee existed at ail. The enamel overhangs 

the mesial and distal roots lingually (moderate mesially, prominent distally). 

p4-Two mesial Mves and a single distal half coastitute the sample of p4s 

refenable to this mon. A total senation count is not possible; however, it is estimated 

that between ten and thixteen senations were probably present Serrations become stouter 

distafly, and the aatepenultimate and pendtirnate serrations do not appear to give nse to 

lingual ridges. The mwn is low, with the apogee occUmng at the fourth or fifth 

semtioa The height of the fkst serration is nmly the same height as the remaining 

serrations. The exodaeneodont lobe is W o w  and moderately peaked ventrally. The 

mesial margin of the crown does not protmde as a distinct "beak"; rather, it is smoothly 

m u t e ,  and it bears a single incipient serration. The ridges of the labial and lingual faces 



progress mesially at an acute angle h m  the horizontai, and are deflected ven tdy  as 

they approach the mesial rn8cgi.n of the crown. Labially, the ridges terminate at the 

baseline, except the first four, which terminate more dorsally towards the mesial margin 

of the crown. Distal curvanire of the apical crest is slight, with the distal part of the tooth 

being low. The distolabial shelf is poorly developed and terminates ventrai to the 

antependtirnate serration. The distai mot is stout and oriented nearly vertically to the 

longitudinal avis of the crown and the region between the mesiai and distal roots appears 

to have been horizontal. A notched mesiobasal concavity suggests the presence of a p3 

on complete dentaries. 

COMPARISONS: The Who Nose? specimens are referred to Xvronomvs based on the 

low p4 profile and poorly developed exodaeneodont lobe, as per Rigby's (1 980) 

diagnosis, and on the Iow-crowned nature of P4. The Nose Creek sample compares rnost 

favourably with descriptions of the type material fiom the Torrejonian Swain Quarry, 

Fort Union Formation, Wyoming and specimens fiom the Puercan Rav W-l locality, 

Ravenscrag Formation, Saskatchewan (Johnston and Fox, 1984) in lacking a distinct 

mesial "beak", poorly developed distolabial shelf, and similar serration counts on p4. 

The Who Nose? specirnens differ from both the Swain Quarry and Rav W-1 specimens, 

however, in having a betterdeveloped, ventrally peaked exodaeneodont lobe, and a lower 

d i a  margin of@. Additiody, the mesiobasal concavity is shallower on the Who 

Nose? specimens, and the labial ridges nui at a more acute angle fiom the horizontal. 

The single P4 is refmed with question, as teeth h m  this locus are yet to be 

confidently refemd to Xvronomys. Rigby (1980) and Johnston and Fox (1984) 



d i s c d  the probabiliîy of confishg such elements with those of other srnall 

neoplagiauiacids, such as Mesodma Younvyshyn (1 988:39) descnbed an isolated P4, 

UALVP 24486, fiom the Cochrane Site 2 locality, and referred it to an unidentified 

neoplagiaulacid, stating that " . . . [thel low apical crest..might be predicted on the P4 of a 

neoplagiaulacid with a low-crowned p4", in reference to the hypothesized P4 morphology 

of Xvronomvs. I concur with this hypothesis, and believe that the morphology of 

UALVP 44055 may be closer to what would be expected on the P4 of Xvronomvs than 

that seen on UALVP 24486. UALVP 44055 M e r s  h m  the Cochrane Site 2 specimen 

in having lower, more gently sloping mesial and distal margins. 

DISCUSSION: Because of the paucity of specimens, the extent of variation in the Nose 

Creek sample cannot yet be ascertabed. The oiforementioned teeth are therrfore referred 

to Xvronomvs sp., rather than to X. swaini Rigby, 1980. The differences in p4 

morphology between the Who Nose? specimens and those fiom Swain Quarry and Rav 

W-1 are slight, but may prove taxonomically signifcant upon additional sampling. The 

more ventrally peaked exodaeneodont lobe on p4 is primitive for the genus, based on 

Sloan's (1987) hypothesized ancestor-descendant relationship wîth Mesodma hensIei@. 

Rigby originally refewd Xpnomvs to the Eucosmodontidae, based on a low p4 

profile, similar to that observed in p4, Stvpimvs Sloan and Van Valen, 1965. Johnston 

and Fox (1984) questioned this refend, based on the absence of eucosmodontid P4s from 

Swain Quarry, and the possibility of confiising upper dental elements of Xmnomvs with 

those of the diminutive neoplagiaulacid Mesodma. Although fa fiom conclusive, 

refend of UALW 44055 to Xvronomvs suggests neoplagiaulacid, rather than 



eucosmodontid affinities, agreeing with Johnston and Fox. Pending M e r  anaiysis of 

the Cochrane Site 2 material, the presence of Xvronomvs sp. fiom the Who Nose? 

locaiity putatively represents the first known occurrence of the taxon in Alberta. 



Genus Mimetodon Jepsen, 1940 

Mimaodon silberlingi (Simpson, 1935a) 

(Fig. 6, A-F; Table 3) 

HOLOTYPE: USNM 9798, incomplete left dentary with Il, p4-m2. 

TYPE LOCALITY: Gidey Quarry, upper Lebo Formation, Crazy Mountain Field, 

Sweetgrass County, Mont- 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of Montana 

(type locality [Rose, 198 11); late Torrejonian of Wyoming (Cedar Mountain [locality UW 

V-8 10561, PoIecat Bench Formation, southem Bighom Basin, Hot SpringdWashakie 

C o d e s  [Hartrnan, 19861); Rock Bench Quarry [Locality No. 61, Fort Union Formation, 

Bighom Basin, Park County [Rose, 198 11); Iate Torrejonian of Texas (Eastern TomilIo 

Flat [n; TMM 40 147; Middle Peak; Alligator Alley], Black Peak Formation, Brewster 

County [Schiebout, 19741); latest Torrejonian (late middle Paleocene) of Wyoming 

(Shotgun V-60014, V-60016; Keefer Hill; Twin Buttes; Jenkins Mountain; New 

Anthill], Shotgun Member, Fort Union Formation, Fremont County [Gunnell, 19891); 

earliest Tiffanian (late Paleocme) of Alberta (Cochrane Site 2, Porcupine Hills 

Formation, Alberta Syncline, Cochrane, Bow River [Youzwyshyn, 1988; Fox, 1 WOa]); 

early Tiffanian (late Paleocene) of Alberta (Hand Ws West Lower Level, Paskapoo 

Formation, Alberta Syncline, NE of DnunheUer FlafDonaId, 19961); middle Tiffanian 

(late Pdeocene) of AIberta (Birchwood locality, Paskapoo Formation, Alberta Syncline, 



Drayton Vdey Webb, 19961; Hand Hills West Upper Level, Paskapoo Formation, NE 

of Drumhe11er WDonald, 19961; Joffre Bridge Roadcut Lower Level, Paskapoo 

Formation, Alberta Synciine, Red Deer Fox, 199Oal; UADW-1 and UADW-2 locaiities, 

Paskapoo Formation, Alberta Syacline, Blackfalds Fox, 1990al); late Tiffanian (late 

Paleocene) of Alberta (Police Point locality , Ravenscrag Formation, Williston Basin, 

E h t e r  pshtalka,  19731; Swan Hills Site 1 , Paskapoo Formation, Alberta Syncline 

[Stanley, 19881); laie Tiffanian of Saskatchewan (Roche Percée local fama , Ravensmg 

Formation, WiIliston Basin [Krause, 19771); late Tiflanian of North Dakota (Red Spring 

locality [L3236], Sentinel Butte Formation, near Riverdale, south of Gmison Dam, 

Mercer County [Kihm et al., 19931); late Tiffanian of Texas (Joe's Bonebed [TMM 

4 1 3 66,4 1 3651, Black Peaks Formation, western Tornillo Flat, Brewster County 

[Schiebout, 19741); latest Tiflaaian (late Paleocene) of Montana (Olive Locality, Tongue 

River Member, Fort Union Formation, Powder River Basin, Powder River County 

[Wolberg, 19791). 

REFERRED SPECIMENS: UALVP 44060,44061, P4s (total: 2); UALVP 44062, 

44063,44064, Mls (total: 3); UALVP 44065,44066,44067, p4s (total: 3); UALVP 

44069,44070,44071, ml s (total3). 

DIAGNOSIS: "Similar to Ec~podus musculus but smailer and more cusps on ml. Sue 

close to ?Ptilodus sinclain, but ml significantly longer absolutdy and relative to its width 

and with more cusps. Length p4 3.3 mm. Length ml 2.3 mm. Ratio length p4:lengt.h ml 



1.4. Length ml :width ml 2.6. Sexratiom p4 12. Cusps ml 9 5  (or perhaps, counting 

rudiments, 105). Crest of p4 relatively low" (Simpson, 193 5a:226). 

DESCRIPTION: P4-Cusp formula is (0)2:7-8:O. In lateral profile, the distal dope is 

nearly straight whüe the mesial slope is slightly convex. The ultllnate and penultimate 

cusps are subequal in height and are highest h m  the base of the enamel. In occlusal 

aspect, the medial row of cusps c w e s  linguolabially. The mesiolabial lobe contains two 

cusps. Accessory cuspules are absent on both the mesiolabial lobe and the distal slope. 

Ml-Cusp formula is 7-9: 10-1 235-6. The crown is concave v e n d y .  The 

interna1 cusps are subcrescentic to crescentic in horizontal section, and increase in size 

disMy. The first intemal cusp is small, barely more than a swelling. The fust  four cusps 

of the medial row are subpyramidal and four-sided, and are subequal in size and height. 

The extemal cusps are subcrescentic to crescentic in horizontal section, increase in size 

and height distally, and are rounded labially and fiat lingually. The mesial root is sirnilar 

to Krause's (1977) description, being mesiodistaUy elongate and transversely flat. The 

distal root is short and mesiodistaily compressed. 

p4-p4 has 10 or 1 1 senations (modecl O). AU specimens bear a single incipient 

serration. The crown is low in lateral profile with the apogee occUmng at the third 

serration. The topographicd featiires of the referred p4s are nearly identical to those 

descnbed by Krause (1977) and need not be elaborated on M e r .  

ml-lusp formula is 7-85 The morphology of this tooth position has been 

adequately descn'bed by b u s e  (1977), and need not be elaborated fùrther* 



COMPARISONS: The Nose Creek sample compares most favombly with described 

teeth referred to silberlinpi h m  the type locality (Simpson, 1935% 1937), and 

specimens fiom the Cochme Site 2 locality of Alberta (Youzwyshyn, 1988), particularly 

with respect to the low profile of p4, and the robust nature of P4. The sample fiom Who 

Nose? differs from those of later Tiffimian silberlinni, including the Roche Percée 

sample (Krause, 1977), in specimens being slightly smaller and in having lower-crowned 

p4s* 

DISCUSSION: M. silberlinai was orighally assigned to Ectvpodus silberlingi by 

Simpson (1 93 5a), reassigned to Mesodma silberlinpi by Van Valen and Sloan (1 966), 

then finally to M. silberlinjzi by Schiebout (1974) and b u s e  (1977). The teeth from the 

Who Nose? locaiity are most like those of silberlinai fiom Torrejonian, rather than 

T iffanian, localities. The low-crowned lateral profile and less ventrally peaked 

exodaeneodont lobe on p4 suggea f i t i e s  with Lancian Mesodma thom~soni Clemens, 

1964, a possible aacestor (Sloan, 1987). M. silberlingi is a long-ninging taxon. both 

stratigraphicaiiy (late Torrejonian to latest Tiffanian) and geographicdy (Alberta to 

Texas). The Nose Creek sample represents the earliest discovered occurrence of the 

taxon in western Canada. 



Genus Ectpodus Matthew and Granger, 1921 

Ectv~odus sp., cf. & d a *  Sloan, 1981 

(Fig. 6, G-H; Table 4) 

HOLOTYPE: AMNH 35536, left and nght associated dentaries, each with Il-m2. 

TYPE LOCALITY: Gidley Quarry, upper Lebo Formation, Crazy Mountain Field, 

Sweetgrass County, Montana 

KNOWN AGE AND DISTRIBUTION: Middle Torrejonian (middle Paleocene) of New 

Mexico (Big Pocket locality [Angels Peak; KUVP Loc. 13; Locality NM 13; NMMNH 

2635; UALP 7435,7436,751441, Nacimiento Formation, Kutz Canyon, San Juan Basin, 

San Juan County paylor, 198 11); late Tomjonian (middle Paleocene) of Alberta 

(Cochrane Site 1, Porcupine Hills Formation, Alberta Syncline, Bow River @en. obs.]); 

late Tomjonian of Montana (type locality [Rose, 198 11); late Torrejonian of Wyoming 

(Swain Quarry, Fort Union Formation, Washakie Basui, Carbon County [Rigby, 19801); 

earliest Tiffanian (late Paleocene) of Alberta (Cochrane Site 2, Porcupine Hills 

Formation, Alberta Syncline, Cochrane, Bow River ~ouzwyshyn, 1988; Fox, 1990al); 

early Tiffanian (late Paleocene) of Alberta (Hand Hilis West Lower Level, Paskapoo 

Formation, Alberta Syncline, NE of DnunheIIer WacDodd, 1996l); rniddle Tiffanian 

(late Paleocene) of Alberta @and E U S  West Upper Level, Paskapoo Formation, NE of 

DrumheUer WDonaId, 19961). 



REFERRU) SPECIMENS: UALVP 44072,44073, p4s (total: 2). 

DIAGNOSIS: "p3 present; [p4] length 2.69 mm, range 2.6-2.8 mm, 10-13 serrations 

(1 1 modal); ml length 1-91 mm, range 1.8-2.0 mm, width 1 .O mm, range 0.9-1.1 mm, 

cusp fonnulae 8-9:4-6; m2 length 1.1 mm, range 1 .O- 1.1 mm, width 1.1 mm, range 1 .O- 

1.1 mm, cusp formulae 4:2-3; mb [p4] :ml length ratio 1 3 3  - 1 -5 1, modal ratio 1 -40" 

(Sloan, 1 98 1 : 1 45). 

DESCRIPTION: p4-Semtion count is 1 1 for both specimens. The crown is smoothly 

arcuate in lateral profile, forming a near symmetrical arc mesiodistaily. The apogee of 

the crown is at the third or fourth serration. The fim labial ridge descends mesioventrally 

and joins with the second labial ndge ventrally, and slightly mesiai to, the fm serration. 

Labial and linpuai ndges extend mesioventrally in a straight line at a declination of about 

45 degrees nom the horizontal, and senations and ridges becorne more prominent 

distally. The uitimate and penultimate serrations bear no prominent ndges labially or 

lingudy; the antepenultimate s e d o n  bears a rnoderate ndge labidy, but the lingual 

ridge is abrupdy truncated. The exodaeneodont lobe is rouaded ventraliy, and is 

mesiodistally elongate. A prominent distolabial shelf is present, bearing no cusps or 

cuspules. The mesiobasal concavity is relatively deep and clearly notched for reception 

of p3. 

COMPARISONS: The Who Nose? p4s are w i t .  measwed ranges of the type matenal 

(Sloan, 1 98 1,1987), and appear to generaly match the description and figure provided 



by Sloan (198 1) and the figure in k b a r y a n  and Kielan-Jaworowska (1 995). 

Additionaily, the Nose Creek p4s are nearly identical to a single p4 h m  Cochrane Site 1 

of Alberta, referred ais0 to sp., cf. E. szaiavi (pers. obs.). The p4s h m  both Who 

Nose? and Cochrane Site 1 M e r  fiom simiiar referred p4s from Cochrane Site 2 locality 

of Alberta (Youzwyshyn, 1988) in king slightly smaller and higher crowned; in having a 

higher first serration; in having a less distinct mesial "beak"; and in possessing a more 

nearly rounded, l e s  v e n m y  peaked exodaeneodont lok. 

DISCUSSION: The morphology of the p4s refemd to sp., cf. szalavi fiom the Who 

Nose? and C o c h e  Site 1 locaiities is closer to that of the type material fiom Gidley 

Quarry than the p4s fiom Cochrane Site 2, particularly with respect to their mialler sizes 

and less ventrally peaked exodaeneodont lobes. The Cochrane Site 2 p4s are of a 

morphology intermediate between that of Torrejonian - szalavi and late Tiffanian 5 

powelli Jepsen, 1940, its putative descendant (Sloan, 1987; Youtwyshyn, 1988). 

The Who Nose? sample constitutes the earliest discovered occurrence in western 

Canada of this geogmphicdy extensive taxon. 



?Ecmdus  sp. 

(Fig. 7, A-B; Table 5) 

DESCRIPTION: p4-UALVP 44074 (Lg=2.6 mm, Wd=1.7 mm) is smali, low-crowned 

in lateral profile, and bars 10 serrations. in mesial or distal view, the tooth is strongly 

sinusoidal, with the crown leanhg prominently labidly. The mesial and distal dopes are 

smoothly arcuate, forming a subovate crown margin. The mesial crown margin forms a 

distinct "beak. The labial side of the crown is nearly flat, wMe the lingual side is 

moderately convex. nie  crown possesses ten tme serrations and one incipient senation. 

The f h t  true serration lacks a descending ridge labially, but a short lingual ridge 

descends mesioventrally, joining with the ridge fiom the third serration ventral to the 

incipient serration. The distance between the fht and second m e  serrations is 

approximately 1.5 times the distance between other adjacent serrations. The labial and 

lingual ridges descend at a declination of about 40 degrees fiom the horizontal, and 

become m e r  apart fiom one another distally. The penultimate and antepenultimate 

serrations bear no ndges, and the serrations become Iarger and more bulbous distally. A 

prominent distolabid shelf is present, containing a single, tuiy cuspule. The enamel near 

the shelf is cmiulated. The exodaeneodont lobe is large and mesiodistally expansive, and 

the mesiobasal concavity is shdow. The mesial root appears to have k e n  robust, while 

the distal root is 1abiolinguaUy flattened and leans mesially. 



COMPARISONS: UALVP 44074 is reminiscent of p4s of other d neoplagiaulacids, 

including those of Mesodma Mimetodon, and Ectmodus. The relatively high, arcuate 

profile precludes its referral to Xwonomvs, and a relatively high tirst serration (height of 

fht seriziion=0.6,23 percent standard length of crown [Sloan, 198 11) seems to suggest 

affinities with Ectymdus, rather than Mesodma or Mimetodon. UALVP 44074 m e r  

diEers from p4s of penecontemporaneous Mesodma -a in being larger, having a 

less ventrally peaked exodaeneodont lobe, and havhg a more prominent distolabial shelf. 

UALVP 44074 is similar to p4s of Mimetodon silberlinai fiom the Who Nose? locality, 

but dif5ex-s in having an exodaeneodont lobe that is mesiodistally long and ventrally 

rounded, and a more distinct mesial "beak". The Who Nose? p4 moa closely 

approximates descriptions of p4s of Echmodus szalayi fiom the Gidley Quarry (Sloan, 

1 98 1) and Ectwodus sp., cf. & szalavi, fiom the Who Nose? locality. The similar crown 

profiles, distolabial shelf development, and exodaeneodont lobes suggest, at the very 

least, m t i e s  to EctvDodus (Sloan, 198 1). UALVP 44074 differs from p4, Ectvwdus 

szalavi, primarily in king loweraowned and having a less symmetrical crown profile. 

DISCUSSION: Pending m e r  samphg, UALVP 44074 is best referred to ?Echmodus, 

because its morphology is closest to that of p4s referred to Ectyodus szalayi, particularly 

with respect to its arcuate profile, distolabial sheifdevelopment and high first serration. 

It is, however, relatively low-crowned, perhaps indicating a more primitive grade of 

development Additional sampIing is requKed to ascertain the taxonomie signincance of 

UALVP 44074's rnorphology. 



Genus Parectwodus Jepsen, 1930 

Parecpdus sp., cf. E. mlviae (Rigby, 1980) 

(Fig. 7, C-H; Table 6) 

HOLOTYPE: AMMI 100939e, isolated p4. 

TYPE LOCALIW: Swain Quarry, Fort Union Formation, Washakie Basin, Carbon 

County, Wyoming. 

KNOWN AGE AND DISTRIBUTION: Middle Tomjonian (middle Paleocene) of New 

Mexico (Big Pocket locality [Angels Peak; KUVP LOC. 13; Locality NM 13; NMMNH 

2635; UALP 7435,7436,75 1441, Nacimiento Formation, Kutz Canyon, San Juan Basin, 

San Juan County [Taylor, 198 11); late Torrejonian (middle Paleocene) of Montana 

(Gidey Quarry, upper Lebo Formation, Cray Mountain Field, Sweetgrass County 

[Sloan, 19871); late Torrejonian of Wyoming (type locdity [Rigby, 19801); latest 

Torrejonian (late middle Paleocene) of Montana (Medicine Rocks Site 1, Tongue River 

Formation, Ekalaka, Carter County [Gingench, 1976; Krause, 1987); earliest Tiffanian 

Gate Paleocene) of Alberta (Cochrane Site 2, Porcupine Hills Formation, Alberta 

Syncbe, Cochrane, Bow River [Youzwyshyn, 1988; FOX, 1990al); earliest Tiffanian of 

Wyoming (Halfway Hill Locality, Hama Formation, Carbon Basin, Carbon County 

[Secord, 1 9981). 



REFERRED SPECIMENS: UALVP 44235,44075, P4s (total: 2); UALVP 44077, 

incomplete dentary with +ml; UALVP 44078,44079, mls (total: 2). 

DIAGNOSIS: "Mb [P4] short, penultimate cusp highest; a steep straight posterior slope. 

There are 4 major cusps on the extemal row, with 1-2 small questionable posterior 

swellings. Mb w] is smaii with an extremely high even arcuate profîle and a persistent 

posterior labial cuspular shelf. Cusp formulae foilow: M~ [P4] 4-6:7-9, mode 4:8; Ml, 

0: 1 1-1 2:9, mode 0: 1 1 :9; M2 1 :4:2; Mb [p4] 10-12, mode 1 1 ; m l  8-1 0:5-6, mode 10:6; m2 

4:2" (Rigby, 1980:40-41). 

DESCRIPTION: P4-Cusp formula is (0)5-6:7:0. In lateral profile, the distal slope is 

nearly straight while the mesial slope is slightly convex.. The penultimate cusp in the 

medial row is highest above the base of the enamel. In occlusal aspect, the crown is 

onented nearly straight mesiodistally, with little or no labiolingual flexion of the cusp 

rows. The mesiolabial lobe is faintly developed, and contains no cusps extemal to the 

labial row. 

p4-In laterai view, the mesial slope resembles a smooth, sweeping arc, creating 

a near circular profile to the crown. The mesial slope breaks below the baseline of the 

tooîh and descends distoventraUy, forming a veneally peaked, mesiodistaliy expansive 

exodaeneodont lobe. The apogee occm at the third or fourth senation. The distolabid 

margin of the crown f o m  a neariy vertically onented shelf, extending to the baseline of 

the crown; the shelf contains a large, prominent Wear facet The distances between ridges 

remah subequal throughout the mesiodistal extent of the aown. 



ml-Cusp formula is 8-95 (mode=8:5). In occlusal aspect, the crown of ml is 

subquadrate. The labid cusps are subcrescentic in cross section, wearing fiat apicaily, 

and have flat labial and Lingual sides. The lingual cusps are more massive than the labial 

cusps, are subpyramidal, and wear flat apicdy. The first two lin@ cusps are fused at 

their bases, and Wear to form a single, mesiodistally elongate c g .  'Ihe ultirnate linguai 

cusp is mesiodistally long. Wear is prominent on the medial side of the lingual cusps, 

particulariy the ultimate cusp. 

COMPARISONS: The referred specimens fkom Who Nose? compare favourably with 

material described by Rigby (1980) fiom the Swain Quarry, differing ody in the referred 

p4 having a smoother, more muate mesial profile. The referred P4s are more similar to 

those descnbed and figured by Rigby (1980), and less like those nom the Medicine 

Rocks 1 locality figured in Sloan (1987). The Swain Quarry and Who Nose? P4s differ 

fiom simiiar teeth fiom the Medicine Rocks Site I locality in having a steeper distal slope 

with the apogee of the crown occurring at the penultimate cusp. The refened P4s differ 

fiom teeth referred to sp., cf. P. svlviae h m  Cochrane Site 2 in being larger, lacking 

an external row of cusps; having a l e s  arcuate mesial profile; and in havhg a steeper, 

more vertically oriented distal slope. 

DISCUSSION: This tamn was originaIly refemd to Ectvpodus svlviae by Rigby (1980), 

and reassigned to P. sy1via.e by Sloan (1 987). Secord (1 998) has recently synonymwd o. 
pattersoni Sloan, 1987 h m  the Shotgm fauna of Wyoming with mlviae. The Who 

Nose? specimens are most similar to the type material as described by Rigby (1980), 



more so 1 believe than the material from Cochrane Site 2 (Youzwyshyn, 1988) and h m  

described and figured specimens h m  Medicine Rocks Site 1 ( S l o q  f 987). The Nose 

Creek sample represents the earliest discovered occurrence of the taxon in western 

Canada. 



Parectwodus "corystes", new species 

(Fig. 8, A-F; Table 7) 

ETYMOLOGY: corystes, Greek (korystos, adjective, masculine), meaning "helmeted, 

crested" in allusion to the distinctive lateral profile of p4. 

HOLOTYPE: UALVP 40679, hcomplete ri@ dentary having p3-4, ml-2. 

TYPE LOCALITY: Diss Locality, Coalspur Formation, Alberta Syncline, Alberta. 

HYPODIGM: Type specimen and UALVP 44080,43356, P4s (total: 2); UALVP 24377, 

44081,44082,44083, p4s (total: 4); UALVP 24541, ml. Hypodigm specimens include 

those fiom the Who Nose?, Cochrane Site 2, and Diss localities. 

KNûWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of Alberta 

(Who Nose? locality, Alberta Synclhe, Calgary [Scott, 19971); latest Tomjonian (middle 

Paleocene) of Alberta (type locality [Fox, 1990al); earliest Tifîaoian (late Paleocene) of 

Alberta (Cochrane Site 2, Porcupine W s  Formation, Alberta Syncline, Cochrane, Bow 

River [Youzwyshyn, 1988; Fox, 199Oal). 

DIAGNOSIS: Medium-sized Parectwodus distinguished h m  a l l  other species of the 

genus by its unique p4 profile; p4 cornpmbIe in size to those of P. vanvaleni Sloan, 198 1 

and sloani Schiebout, 1974, but much smder than those o f .  trovessartianus (Cope, 



1882) and o. armstrongi Johnston and Fox, 1984. DBers from vanvaleni and sloani 

in p4 king larger, with steeper meshl and distal mwn matgins, and in having a greater 

serration count. DBers fiom p4, clemensi Sloan, 198 1, P. sinclairi (Simpson, 1935a), 

P. lavtoni (Jepsen, 1940), and s~tviae in being larger and in haWig a greater serration - 

count. Distinguished fkom Eocene species of P a r e c t ~ ~ d u s  in retaining p3. 

DESCRIPTION: P4-Cusp formula is (0)4:7:0. The crown is subrectangular in occlusal 

aspect, with the mesial margin tmcated labiolingually and nearly perpendicular to the 

longitudinal axis of the tooth. The mesiolabial lobe is angdar labially, not smoothly 

arcuate, protmding as a triangular extension from the labial side of the media1 cusp row. 

The mesiai dope is smoothiy convex and arcuate, while the distal dope is steep and 

slightly concave. The penultimate cusp is highest fiom the base of the enamel. 

p3-The referred tooth is short and peg-like, and leans distaliy. The apex of the 

tooth inserts into the mesiobasal concavity of p4. 

p4-p4 is high-crowned and arcuate in lateral aspect. The mesial slope forms a 

semi-circuiar arc, progressing distally to the fifth or sixth semtion; the distal dope gently 

descends fkom the apogee at about a 45 degree declination h m  the horizontal. The 

mesial slope breaks at the level of the baseline and progresses distoventrally, fonning a 

shallow, mesioventially elongate exodaeneodont lobe and a moderate "beak" mesially. 

The crown bears 14 or 15 me semtions, with a single incipient serration; the second or 

third smtion is often offset distally, creating a larger distance between it and the 

preceding senation. The incipient senation OCCLUS mesial and slightly ventral to the first 

semation; a shoa ridge descends mesidy fiom the incipient senation, forming a 



continuance with the mesial marpin. The firsâ serration bears a distinct ndge Iabially, 

which terminates just distai to the incipient serration; linguaily, the ndge is more 

prominent and descends mesioventrally in a sinusoidal path until it terminates just mesial 

and ventral to the incipient serration. The second through twelfth labial ridges are 

prominent and progress more or less in a gentle mesioventral arc dong the face of the 

crown. The second and third lingual ridges intersect ventmi to the first senation; the 

remaining linguai ndges follow snoothly m u t e  mesioventral paths dong the face of the 

crown. The labial and lingual ridges become less prominent and more vennally truncated 

distally, with the antependtirnate though ultimate cusps bearing no ridges. Serrations 

become larger and coaner distally. The distolabial shelf is mesiodistally short and 

crendated below the penultimate and ulthnate serrations. The mesiobasal concavity is 

moderately deep. 

ml-Cusp f o d a  is 10- 1 1 5. The referred specimens are mesiodidly elongate 

and subquadrate in occlusal aspect. The cusps of the extemal row are nibcrescentic in 

horizontal section and are subequai in height, Save the last two or three, which are 

slightly lower. The last four intemal cusps are subequal in size and height; the fint 

internai cusp is short, nearly half the height of the remaining four cusps, but is 

appreciably longer mesiodistally. Grooves are present on the intemal faces of both cusp 

rows. 

COMPARISONS: FolIowing Sloan's (1981) criteria, the p4s are assigned to 

ParectvDodus based on: 

1) High fht serration. 



2) The apogee of the apical crest occlrrring at the fifth serration. 

3) nie labial height of the enamel at the exodaeneodont lobe king greater than the 

standard length. 

4) The distal angle between the plane of occlusion of ml and the mesial face of p4 is 

nearly 90°. 

The referred p4s deviate fiom Sloan's generic diagnosis in having a low p4:ml ratio 

(1.3 8), considerably lower than the suggested 1 -8-2.0 values. The refemd P4s arr 

questionably assigned to Parecty~odus based on: 

1) Lg P4 is 81 percent of Lg p4. 

2) Mesial slope is short, slightly concave, and relatively steep. 

3) Apical crest is slightly arcuate. 

The morphology of the refened P4s differs fkom Sloan's genenc diagnosis in having the 

penultimate cusp, rather than the antepenultimate cusp highest above the base. 

"corvstes" is disthguished fiom congeners as per the diagnosis. 

DISCUSSION: Youzwyshyn (1988) descnbed teeth fiom the Cochrane Site 2 locality of 

Alberta and referred them to E., new species, but deferred naming and formal diagnosis 

until a larger sample was obtained. Similar teeth fkom the Diss locality of Alberta were 

referred to E., new species by Fox (1990a). Cleariy, the specimens ftom these two 

localities and from Who Nose? are referable to the same mon, being quite distinct fiom 

other species of Parectpodus. 

Younvyshyn (1988) noted the similarity of morphology between p4, . "corystesn 

and that of an unnanieci species of Parectvwdus from the Puercan Rav W-l locaiity of 



Saskatchewan (Johnston and Fox, 1984). p4s of these taxa exhibit similarities in length, 

lateral profile, serration number, and the apogee of the apical crest occuring at the fourth 

senation. They Mer, however, in the Puercm p4 having its greatest height located more 

mesially relative to the rest of the crown, being bigber-crowned, having a higher fïrst 

serration, and having a larger, more ventrally roundcd exodaeneodont lobe (Fig. 4). 1 

believe these merences likely to be taxonomically significant, and as such, do not 

consider the Puercan p4 as pertaining t o .  "corvstes". 

The morphology of p4, P. "corystes", may be unique among species of 

Parecrrpodus in the Tertiary of North A k c a  and is not easily derivable nom other 

known species of the genus. p4s of clemensi nom the Swain Quarry of Wyoming and 

KU locality 13 of New Mexico generally approximate the condition observed in p4, P. 

"corwtes"; as such, it is likely that E. "corvstes" was derived fiom an ancestor possessing 

this generalized morphology. 



Parectvwdus sp., cf. 0. new p i e s  

(Fig. 9, A-E; Table 8) 

REFERRED SPECIMENS: UALVP 44084, P4; UALVP 44085,44086, p4s (total: 2). 

DESCRIPTION: P 4 4 u s p  formula is (0)4:8:0. Laterally, P4 is high-crowned with the 

penultimate cusp highest h m  the base of the enamel. The mesial dope is gently 

concave, whiie the distal dope is moderately convex. The labial cusp row bears three 

distinct cusps and one tiny, mesidIy positioned cuspule. The ultimate labial cusp is 

tmnsversely opposed to the antependtirnate lingual cusp. Labial cusps are strongly 

compressed labiolîngually. The lingual basal enamel overhangs both labidly canted 

roots. 

p4-In lateral profile the crown resembles a high-crowned (WLg ratid.6) 

quarter circle with the mesial margin nearly vertically oriented. The apical crest is 

süghtiy convex dorsally, and the distal m a r e  descends steeply. p4 has a serration count 

of 14 with a single incipient serration fomed fiom the mesially directed labial ndge 

descending fiom the first tme serration. LinpuaiIy, the first ndge is short, curves 

mesioventraily, and joins the third ridge distal to the incipient semition. The second 

serration bears wefldeveloped labial and hgual ridges: labially, the ridge descends 

rnesioventdy for a short distance and teTminates before the nrst serration; iinpuaily, the 

rîdge descends rnesioventdy and joins the third ridge distai to the first senation. 

Labially, the third ridge descends the mwn face past the second ridge, and terminates 

distd to the first serration and adjacent to the incipient senation. Lingually, the third 



ridge joins the second and £kst ridges respectively, then ben& abruptly ventrally at the 

mesial margin of the tooth, joining the fourth ridge weli ventral to the first serration. The 

labial ndge of the fouah serration is abruptly truncated at the second serration. 

Serrations five through ten bear strong labial and lingual ridges. The valleys between 

ridges become wider distally. The distolabid sheifis not well developed, king no more 

than a bulge of the enamel, and the exodaeneodont lobe is dorsoventrally long and 

peaked ventrally. The mesiobasal concavity is notched for reception of p3. 

COMPARISONS AND DISCUSSION: The muate profile of p4, as well as a high first 

serration suggests &inities with Parectvpodus. The referred teeth from Who Nose? most 

likely represent a new species, based on the unique morphology of p4. The features 

observed in the Nose Creek p4s are, at best, only vaguely simiiar to those of E. sinclairi 

and lavioni with respect to the mesial profile of the crown. The mesial margin of the 

Nose Creek p4 is, however, much more vertically oriented than p4s of either of these 

taxa, and has a higher WLg ratio. The single P4 is questionably referred to this taxon 

based on criteria provided by Sloan (1 98 1), including a short, relatively steep, concave 

distal dope, a cuspidate extemd row, end the antependtirnate cusp being highest above 

the base of the enamel. The generally highnowned nature! of the refened P4 would be 

predicted to occlude with a similarly high-crowned lower p4. Formai diagnosis is 

deferred until a larger sample is obtained and the extent of variability can be assessed. 



Genus Neodaniadax Lemoine, 1882 

Neda~aulax nelsoni Sloan, 1987 

(Fig. 9, F-H; Table 9) 

H O L O m E :  UMVP 6030, left p4. 

TYPE LOCALITY: Purgatory Hill, McCone County, Montana. 

KNOWN AGE AND DISTRIBUTION: Late Puercan (early Paleocene) of Montana (type 

locality [Sloan, 19871); late Torrejonian (middle Paleocene) of Alberta (Diss Locality, 

Coalspu. Formation, Alberta Syncline, Robb Fox, 1990al); late Torrejonian of Wyoming 

(Rock Bench Quarry [Locality No. 61, Fort Union Formation, Bighom Basin, Park 

County [Rose 1 98 1 1; S wain Quarry, Fort Union Formation, Washakie Basin, Carbon 

Co- wgby, 19801); laten Torrejonian (late middle Paleocene) of Montana (Medicine 

Rocks Site 1, Tongue River Formation, near Ekaiaka, Carter County [Gingench, 1976; 

Krause, 1 9871); latest Torrejonian of Wyoming (Shotgun V-600 14, V-600 16; 

Keefer Hill; Twin Buttes; Jenkins Mountain; New Anthill], Shotgun Member, Fort Union 

Formation, Fremont County [Gunneli, 19891); earliest Tiffanian (late Paleocene) of 

Alberta (Aaron's Locality, Paskapoo Formation, Alberta S yncline, Innisfail [pers. O bs.] ; 

Cochrane Site 2, Porcupine Hills Formation, Alberta Syncline, Cochrane, Bow River 

[Youzwyshyn, 1988; Fox, 1990al); eariiest Tiffanian of Montana @ouglass Quany 

[Simpson's Locality 631, Crazy Mountain Basin, Sweetgniss County m u s e  and Maas, 



19901); earLiest Tiffanian of Wyoming (Halfway Hill Locality, Hanna Formation, Carbon 

Basin, Carbon County [Secord, 19981). 

REFEFUED SPECXMEN: UALVP 44087, P4. 

DIAGNOSIS: "This species differs from its larger descendant, 1 

fewer senations, and lower cusp formulas. The very largest specimens of & nelsoni 

overiap the very smallest specirnens of N. hunten in size and counts, but the mean values 

are significantiy different as are the ages" (Sloan, 1987: 188). 

DESCRIPTION: P M u s p  formula is (0)2:9:0. In lateral view, the mesial dope is 

slightly convex, while the distal dope is modenitely concave. The pendthnate and 

antepenuitimate cusps are highest above the base of the enamel. The mesiolabial lobe is 

prominent and contains two cusps, traosversely opposed to the second and fourth cusps of 

the medial row, respectively. 

COMPARISONS: The P4 fiom Who Nose? is referred to Neodaaiauiax based on 

Sloan's (1981) &teria, including a distal slope that is less steep and a lower number of 

cusps in the extemal row relative to P4, Parrctwodus. The Nose Creek specimen 

compares favourably with Sloan' (1987) description of P4s refened to N. nelsoni fiom 

the Putgatory Hill locality, with respect to both topographical and statistical criteria. 

Additionally, UALVP 44087 is s idar  to P4s refened to & nelsoni h m  the C o c h e  



Site 2 locality (Youzwyshyn, 1988), mering only in king slightly larger. hence closer 

to the mean values presented by Sloan (1 987). 

DISCUSSION: Sloan (1987) hypothesized an ancestor-descendant relationship between 

H. nelsoni and N. hunteri (Simpson, 1936). citing d l e r  sizes and lower cusp counts in 

the former, and noting that the ciifference in ages of the two taxa was significant. The 

putative sympatry of N. nelsoni and N. hunteri at Nose Creek, in addition to similar 

occurrences at the earliest T i f f i an  Cochrane Site 2 of Alberta and Douglass Quarry of 

Montana, refutes the validity of age as a criterion for distinguishing these taxa Although 

the sympatry of these taxa does not in itselfruie out the amestor-descendant relationship 

hypothesized by Sloan, it fiiils to demonstrate temporal isolation, indicating a divergence 

prior to the late Torrejonian, and most probably, a more cornplex evolutionary history. 



Neo~laIiaulax hunteri (Simpson, 1936) 

(Fig. 10, A-F; Table 10) 

HOLOTYPE: A M M I  33865, right dentary with il-m2. 

TYPE LOCALITY: Swntt Quarry (Simpson's Locality 56), Melville Formation, eastem 

Cray Mountain Basin, Sweetgrass C o q ,  Montana. 

KNû WN AGE AND DISTRIBUTION: Earliest T i d m  (late Paleocene) of Alberta 

(Cochrane Site 2, Porcuphe Hills Formation, Alberta Syncline, C o c h e ,  Bow River 

~ o u y s h y n ,  1988; Fox, 1 WOa]); earliest Tiffanian of Montana (Douglas Quarry 

[Simpson's Locality 631, Crazy Mountain Basin, Sweetgrass County [Krause and Maas, 

19901); early Tiffanian (late Paleocene) of Montana (type locality m u s e  and Maas, 

19901); early Tiffanian of North Dakota (X-X Locality [L28], lower Tongue River 

Formation, Golden Valley County [Hunter, 19991); middle Tiffaaian (late Paleocene) of 

Alberta (JO& Bridge Roadcut Lower Level, Paskapoo Formation, Alberta Syncline, Red 

Deer Fox 1990al; UADW-2 Locaüty, Paskapoo Formation, Alberta Syncline, Blackfâids 

Fox, 1990al); middle Tiffanian of North Dakota (Brisbane Locality, Slope Formation, 

Grant County [Holtzman, 19781; Iudson Locality [L6; L8] Tongw River Formation, 

Morton Couaty [Holtzman 19781; Wannagan Creek Quarry, Bullion Creek pongue 

River] Formation, Billings County [Enckson, 19911); midde T ~ ~ a n  of Wyoming 

(Cedar Point Quarry, Polecat Bench Formation, Bighom Basin, 9 d e s  south of Lovell, 

Big Hom Co- [Rose, 19811; Chsppo Type Locality CType Chappo; Chappo Gulch; 



Chappo-171, Chappo Member, Wasatch Formation, LaBarge Creek, LaBarge, Lincoln 

County [Gunneli, 19941); late Tiffidan (late Paleocene) of Alberta (Police Point locality 

, Ravenscrag Formation, W W o n  Basin, Elkwater [Krishtalka, 19731; Swan Hills Site 1 

, Paskapoo Formation, Alberta Syncline [Stanley, 19881); iate Tiffanian of Saskatchewan 

(Roche Percée local fauna, Ravenscrag Forxnation, WilIiston Basin [Ktause, 19771); late 

Tiffanian of Montana (Circle Locality, Tongue River Formation, Glen Waller Ranch, 

McCone County (Wolberg, 19791). 

REFERRED SPECIMENS: UALVP 44088, P4; UALVP 44089, ml. 

DIAGNOSIS: "Length p4, mean 4.55H.05 mm, SD 0.2kû.04. Length rn 1, type, 2.6 mm. 

Length P4, mean (4 specimens) 3.0 mm. Ratio length p4:length ml ,  type, 1.8. Ratio 

Iength m1:width ml, type, 2.0, one paratype 2.5. Serrations p4 14-16, mode 15. Cusps, 

shearing edge P4 8-9. Cusps ml, one paratype 8:4" (Simpson, 1936:6). 

DESCRIPTION: P4-Cusp fornula is (0) 1 :%O. In lateral aspect, UALVP 4408 8 is 

exceedingiy high-crowned, with the antependhate cusp fiirthest fiom the base of the 

enamel. The mesial dope is highly convex, while the distal slope is more nearly straight. 

The mesiolabial lobe is prominent, traveaing neerly halfthe length of the crown. Post- 

mortem damage has removed the cusp on the mesiolabial lobe; the dimensions of the 

base of the cusp, however, suggest that it was large, conical, and opposite the third and 

fourth cusps on the medial row. 



ml-Cusp formula is 9 5 .  The morphology of UALVP 44089 is ncarly identical 

to simila, teeth fiom the Roche Percée locality of Saskatchewan (Krause, 1977), and, as 

such, offers nothing of sipnincance to the description. 

COMPARISONS: The specirnens fiom Nose Creek compare most favourably with 

similar teeth nom the Roche Percée locality of Saskatchewan (Krause, 1977), d i f f e ~ g  

mainly in king siightly smaller (for example, Lg Pb3.1 mm, N=1, Who Nose?, vernis 

Lg, P4=3.52 mm, N=6, Roche Percée) and in haWig a fewer cusps in the labial row on 

ml (cusp fomula=9:5, N=l, Who Nose? versus modal cusp fomda=l1:4, N=6, Roche 

Perde). The referred P4 differs further fiom P4s in the Roche Percée sample, as well as 

from similarly descnbed teeth fiom Scarrîtt Quarry and Douglass Quarry in having the 

antepenultimate cusp highest fiom the base of the enamel, as opposed to the ultimate or 

pendtirnate cusps (Krause, 1977; Krause and Maas, 1990). 

DISCUSSION: The strong similanties in morphology between the Who Nose? specimens 

and those fiom the Roche Percée locdity likely indicate conspecificity, although the 

smaller &es and lower ml cusp count on the Who Nose? teeth seem to suggea a more 

primitive grade. N. hunteri was origiaally refened to Ectvwdus hunteri by Simpson 

(1 936a), then reassigned to its cumnt position by Krause (1 977). The Nose Creek 

sample putatively represents the eariiest discovered occurrence of the taxon in western 

canada. 



cf. Neo~laniaulax sp. 

(Fig. 1 O, 0-1; Table 1 1) 

REFERRED SPECIMEN: UALVP 44092, P4. 

DESCRIPTION: P4-Cusp formula is (0)0:9:0. UALVP 44092 is high-crowned, with a 

mildly convex mesial dope and a distindy concave distd margin. The ultimate cusp is 

highest frorn the base of the enamel. A mesiolabial lobe is absent and the medial cusp 

row is onented mesiodistaüy; as such, the tooth has an elongate, Iabiolingually slender, 

trenchant appemce in occlusal Mew. 

COMPARISONS AND DISCUSSION: UALVP 44092 is tentativeiy refemd to 

Neodapiaulax, based on the criteria of Sloan (1981) and on structural similarity to P4s of 

penecontemporaneous. nelsoni fkom both the Who Nose? locality and the Cochrane 

Site 2 locality. The Nose Creek specimen, however, is distinctly different than P4s of 

this taxon, in being considerably more slender and gracile, in lacking an extenial cusp 

row, and in king more mesiodistally elongate. These differences most likely preclude 

conspecinc ~ferral, and may be significant at the genenc level. Additional sarnphg is 

required to elucidate the affinities of this taxon. An identical uncatalogued P4 from the 

Diss locality of Alberta indicates a distribution for this taxon north of the Who Nose? 

iocaiity @ers. obs.). 



?Ne0~18Pjad8~ q. 

(Fig. 1 1, A-B; Table 12) 

REFERRED SPECIMENS: UALVP 44090,44091, p4s (total: 2). 

DESCRIPTION: p4-Serration count is 13. In lateral view, the crown is relatively 

arcuate mesidy, with the apogee of the apical crest occurrîng between the third and sixth 

serrations. The distal dope is nearly straight, descending fiom the sixth serration at a 

dechation of about 35 degrees £iom the longitudinal axis of the tooth. The base and top 

of the crown are nearly parallel, creating a subtrapezoidal shape to the tooth. The labial 

ridges descend mesioventrally in a smoothly arcuate manner; the fim serration lacks a 

labial ndge. The second h u g h  eleventh serrations bear ridges that are more or Iess 

equidistant fiom one another. Lingually, the first ridge joins the second ndge ventrai and 

mesial to the nrst serration, while the second through ninth ndges descend mesioventrally 

at a relatively acute angle to the longitudinal axis of the tooth. Serrations become larger 

and more bulbous distally. The exodaeneodont lobe is mesiodistally compressed and 

distindy v-shaped ventrally. The distolabid shelf is moderately developed, formed h m  

a labial swelling of the enamel at the ultimate serration, and bars heavy apical Wear. 

The mesiobasal concavity is moderately deep. 

COMPARISONS AND DISCUSSION: UALVP 44090 and 44091 are referred with 

question to k l a a i a u l a x  based on the fo1Iowing aiteria (Sloan, 198 1): 



1) m g  ratio of 0.36, within range of Ns, Neo~laniadax and Hs, E c t y ~ ~ d u ,  but 

d e r  than p4s, Parectvwdus, and larger than p4s, Mesodma and Mimetodon. 

2) Relative height of the first serration is greater than one-third the standard length of the 

tooth. 

3) Labial height at the exodaeneodont lobe is less than the standard length of the tooth. 

4) WeakIy developed distolabial shelf. 

The referred p4s are closest in morphology to p4s of Ectvwdus powelli Jepsen, 1940 

fiom the Roche Percée fauna of Saskatchewan, and to described and figured p4s of 

Neoiilaaiaulax macrotomeus Wilson, 1956 fiorn the Little Pocket locality of the San Juan 

Basin, New Mexico (Sloan, 1 987). p4s of both of these taxa are low-crowned, with a 

relatively straight distal margin. The Nose Creek p4s are closer to similar teeth of & 

powelli in size, but are closer to those of N. macrotomeus in overall morphology. Krause 

(1977) pointed out the difficulties in distinguishing isolated p4s of Ectmodus and 

Neo~laniaulax, but stated that in p4, Neodaaiadax, the apogee generally occurs at the 

fifth, sixth, or seventh serratiom, as compared to the fourth serration in p4, Ectpodus. 

With this criterion and the aforementioned criteria of Sloan (198 l), the Nose Creek 

specimens are refened with question to Neodaeiadax with the recognition that 

additionai sampling may result in an dtemative refend. 



Neoplagiaulacinae, genus and species unidentified 

(Fig. 1 1, C-E) 

REFERRED SPECIMENS: UALVP 44093,44094, P4 hgments. 

DESCRIPTION: P4-Both UALVP 44093 and 44094 preserve the distal portions of 

teeth from the P4 locus of a srnall neoplagiaulacid multituberculate. UALVP 44094. the 

better preserved of the two, preserves the final three cusps and the distal slope. The 

antepenultimate and pendtirnate cusps are coaical and nibequal in height; the ultimate 

cusp is conical and greatly hyperirophied, nearly twice the height and width of the 

preceding two cusps. The distal margin of the crown is smoothiy concave, and flares 

linpuaily, producing a large enarnelous expansion. This distolingual expansion is wom 

nearly fiat in one specimen, and apical Wear is noted on the lingual side and dorsal 

surface of the ultimate cusps in both specimens. 

COMPARISONS AND DISCUSSION: Insofar as 1 am aware, the morphology of these 

teeth is unique among neoplagiaulacids, and likely represents a new taxon. The concave 

distal margin seerns to prechde refenal to Ecwdus,  and the subequal, non-arcuate 

nature of the mesid dope seems to negate r e f d  to Parectmodus or Neo~ianiauiax 

(Sloan, 198 1). The straight, low-crowned nature of these specimens probably occluded 

with a low-crowned p4, such as that seen in X-mnom~s or Stvghvs; the morphology of 

these specimens, however, is quite Werent than that seen in P4s refened to Xvronomvs 

sp. ficm Who Nose?, and considerably different fiom P4s of typical eucosmodontids. 



The paucity of specimens pedts  only subfamiiiai referral, with the anticipation that 

further coiiecting will allow a more precise estimate of taxonomie affinity. 



Subfamily Ptilodontinae Cope, 1887 

Genus Ptilodus Cope, 1 88 1 a 

Ptilodus "pomus" Youzwyshyn, 1988 

(Fig. 1 1, F-O; Table 13) 

HOLOTYPE: UALVP 18669, left P4. 

TYPE LOCALITY: Cochrane Site 2, Porcupine Hills Formation, Alberta Syncline, 

Cochrane, Bow River, southwestern Alberta. 

KNO WN AGE AND DISTRIBUTION: Earliest Tiflanian (late Paleocene) of Alberta 

(Aaron's Locality, Paskapoo Formation, Alberta Syncline, Innisfail [pers. obs.]; type 

locality ~ouzwyshyn, 1988; Fox, 1 WOa]); earliest Tiffanian of Montana (Douglass 

Quarry [Simpson's Locality 631, Crazy Mountain Basin, Sweetgrass County [Krause and 

Maas, 19901); Scarritt Quany [Simpson's Locality 561, Melville Formation, eastem Crazy 

Mountain Basin, Sweetgrass County [Krause and Maas, 19901); early Tiffanian of 

Wyoming (Saddle Locality, Fort Union Formation, Bison Basin, Fremont County [Gazin, 

1 X6a; Sloan in Holtzman, 1 978; Sloan, 19871). 

REFERRED SPECIMENS: UALVP 44262, P2; UALVP 44260, P3; UALVP 44261, Ml; 

UALVP 44095, M2; UALVP 44096, p4; UALVP 44097, ml. 



DIAGNOSIS: "P4 mers fiom P4 in al1 other species of Ptilodus in being substantially 

srnaller (approximately 20 percent smaller than P4 of frsictus Don, 1952, the smallest 

recognized species of the genus [Krause, 19821). Further di£€ers fiom P. hctus in 

possessing a teardrop-shaped P4; higher, more arcuate, crown on p4, with less obtuse and 

more evenly curved slope dong the anterior margin; p4s with anterobasal concavity 

mincating to a peak dorsally; and consistently bears at least one fewer serration on p4 

(1 1, five specimens; 10, one specimen) compared with P. hctus (12, two specimens)" 

(Youzwyshyn, 1988:47). 

DESCRIPTION: PZ, P3-Cusp number is four or five. The morphologies of these teeth 

are of typicd ptilodontid condition, similar to those described by Younvyshyn (1 988). 

The Nose Creek specimens are of comparable size to the Cochrane Site 2 material. 

M2-Cusp formula is 1:3:4. Notwithstanding the extra cusp in the lingual row, 

the referred specirnen is identicai in morphoIogy to similar teeth fiom the Cochrane Site 2 

locaiity. Nothing m e r  need be added to Youzwyshyn's (1 988) description. 

p4-Semtion count is estimated to be 1 1 wiîh a single incipient serration. In 

lateral profile, the apical crest is nearly symmetricai and arcuate throughout its extent, 

ascending smoothly from the top of the mesiobasal concavity and reaching the apogee at 

the fourth or fifth senation. The distal margin descends ftom the apogee in roughG the 

same mamer as the mesial slope, creahg the strongly symmetrical appearance of the 

CTOWLL The crown mugin tums distoventrally fhm the mesiobasal concavity, formllig a 

moderately wide exodaeneodont lobe; the distoventral enamel margin overhangs the 

distal mot, mating the characteristic kidney-shaped crown profile typicd of ptüodontid 



p4s. The mesial labial and lingual ndges are obscmed by pst-mortem abrasion, but 

appear to increase in distance h m  adjacent ridges distally. The uitimate and penultimate 

semations bear no ridges, and serrations become larger and more bulbous distaliy. A 

smali distolabid shelf is present, and the mesiobasal concavity is moderately peaked 

dorsaUy. 

ml-Cusp formula is 6:4. In occlusai aspect, the referred ml  is rectangular in 

shape. The labial cusps are nearly pyramidal in longitudinal section, while the lingual 

cusps are subcrescentic. The labial faces of the Lingual cusps are deeply grooved. 

COMPARISONS: The referred specimens are nearly identical to similar teeth fkom 

Cochrane Site 2. The p4 fiom Nose Creek d . e r s  fiom p4s of the hypodigm in being 

slightly smailer (for exarnple, Lg p4=-5.3 mm, N=l, Who Nose? v e m  Lg, w5.46 

mm, N=8, Cochrane Site 2). in having a mesiodistally narrower exodaeneodont lobe, and 

in having a more distinct mesial "beak". 

DISCUSSION: The Who Nose? specimens are bea referred to "pomus", king nearly 

identical to similar teeth fkom the Cochrane Site 2 locality of Alberta. The slight 

ciifferences in p4 morphology are accommodated by the variation in the hypodigm fiom 

Cochrane Site 2. The Who Nose? sample represents the eariiest occurrence of the faxon, 

and indicates an origin earlier in the Tonejonian or Puercan. 



Modus montanus Douglass, 1908 

(Fig. 12, A-F; Table 14) 

HOLOTYPE: CM 1673, incomplete lefi dentary with p4-ml. 

TYPE LOCALITY: Silberling Quarry (Simpson's Locality 1 ; Fish Creek; Bear Butte; 

Widdecombe Creek; Widdecombe Ranch), upper Lebo Formation, Cray Mountain 

Basin, near Bear Butte, Sweetgrass County, Mon- 

KNOWN AGE AND DISTRIBUTION: Torrejonian (middle Paleocene) of Montana 

(School Well locaüty, Ludlow Member of the Fort Union Formation, Williston Basin, 

GLendive, Dawson County [Hunter et al., 19971); late Torrejonian (rniddle Paleocene) of 

Montana (Gidley Quarry, upper Lebo Formation, Cray Mountain Field, Sweetgrass 

County [Sloan, 19871; type locality [Shpson, 1937; Upper Lebo Locality 50, upper 

Lebo Formation, Crazy Mountain Basin, Sweetgrass County [Simpson, 19371; Upper 

Lebo Locality 5 1, upper Lebo Formation, Crazy Mountain Basin, Sweergrass County 

[Simpson, 19371); late Torrejonian of Wyoming (Little Muddy Creek Locality, Evanston 

Formation, Niobrara County [Gunnell, 19891). 

REFERRED SPECIMENS: UALW 44098,44099,44100,44101, PIS (total: 4); 

UALVP 44102.44 lO3,44UM, 441 05,441 06, P2s (total: 5); UALVP 44107, P3; UALVP 

44108,441 10, P4s (total: 2); UALVP 441 11, M2; UALVP 441 12, il; UALVP 441 13, 

441 14, incomplete dentaries with p4-ml (total: 2); UALVP 441 15,44 1 16,441 17,44 1 1 8, 



p4s (total: 4); UALVP 441 l9,4tl2Os 4412 1,44122, mls (total: 4); UALVP 441 23, 

44124, m2s (total: 2). 

DIAGNOSIS : "Crown ofp4 semi-elliptical in a laterd view; crown not high, and upper 

portion of cutting-edge not extremely convex; eleven distinct and two posterior indistinct 

ridges on the crown; ml  nearly one half the length of P4, with four external and six 

intemal tubercles; antenor portion of the tooth narrower than postenor portion" 

(Douglass, 1908: 14-1 5). 

APPENDED DIAGNOSIS: "Medium shed species of Ptilodus, much smaller than P. 

titanus and much larger than tsosiemis, kummae, and P. hcnis. Differs fiom o. 
mediaews in having a relatively low-crowned p4 and relatively small anterior upper 

premolars (Pl -3). Diffea fiom P. wvomineensis in slightly larger size and in having a 

more evenly arched profile of p4. Differs fiorn P. cedm in consistently possessing fewer 

cusps in the lingual row of ml  and usually having fewer cusps at other tooth positions as 

well" (Krause, 1982:104). 

DESCRIPTION AND COMPARISONS: Pl, P2, P3-The referred mesial premolars are 

of typical ptilodontid morphology, and are most similar to those o f .  montanus and 5 

mediaevus Cope, 1881a Modal cusp values are as follows: Pl (2: 1); P2 (2:2); P3 (3:3). 

The reduced nature of these prernolars, relative to those of rnediaenis, suggest 

ailinities with montanus (Krause, 1982). 



P4-Cusp formula is (2)* 8:V:O. The Nose Creek specimens are of typical 

ptilodontid morphology, being uniformly low-crowned and bearing large, coarse cusps. 

UALVP 44108, the most nearly complete specimen, bears a mesiolabial lobe supporhg 

two prominent c u q  labial to the external row. The referred specimens are similar to P4s 

of both P. mediaevus fiom the Swain Quany of Wyoming (Rigby, 1980) and P. 

montanus; they are, however, smder and display l e s  robust proportions relative to 

homologous teeth of P. mediaews, and as such are referred to P. montanus. 

Lower dentitioe'ïhe refened lower dentition is nearly identical to similar teeth 

from Gidley and Silberling Quames of Montana assigned to P. montanus (Simpson, 

1937; Krause, 1982). The referred p4s have a modal semtion count of 15, are lower- 

crowneà, and display a more nearly kidaey-shaped lateral profile than homologous teeth 

of P. mediaevus. Of special note, one specimen possesses an incipient serration, a feature 

typical of p4s of Baiotomeus Krause, 1987. Insofar as 1 am aware, this is the first 

documented occurrence of an incipient serration on p4s referred to E. montanus. 

DISCUSSION: The referred teeth fiom Who Nose? are nearly inseparable fiom similar 

dental elements fiom Silberhg and Gidley Quanies of Montana. Statistically, the Who 

Nose? specimens are closer to the recorded sues of the Silberling Q q  teeth, being 

smaller than those h m  Gidley Quarry. 

P. montanus is represented in late Tomjonian and middle to late Tiffanian faunas - 

in the United States. Gumeil(1994) has recenùy reassigned the T i ' a n  occurrences of 

P. montanus to P. "cednisn Krause, 1982, thus restricting the taxon to the late - 

Torrejonian; as such, p. montanus may prove useful in biostratigraphic correlations. 



The sample of p. montanus at the Who Nose? focality constitutes the first 

discovered occurrence of the taxon in Canada. 



Ptiiodus sp., cf. wvominnensis Jepsen, 1940 

(Fig. 12,G-1; Table 15) 

HOLOTYPE: PU 142 19, incomplete right dentary with p3-ml and alveolus for i 1. 

TYPE LOCALITY: Rock Bench Quany, Fort Union  orm mat ion, Bighom Basin, Fremont 

County, Wyoming. 

KNOWN AGE AND DISTRIBUTION: late Torrejonian (middle Paleocene) of 

Wyoming (type locality [Rose 198 11); latea Torrejonian (late middle Paleocene) of 

Montana (Medicine Rocks Site 1, Tongue River Formation, Ekalaka, Carter County 

[Gingerich, 1976; b u s e ,  19871); middle Tiffanian (late Paleocene) of North Dakota 

(Judson Locaiity [L6; L8] Tongue River Formation, Morton County [Holtmian 1 9781; 

Wamagan Creek Quany, Bullion Creek pongue River] Formation, Billings County 

[Erickson, 199 1 1). 

REFERRED SPECIMENS: UALVP 44125 (hgment), 44126, P4s (total: 2). 

DIAGNOSIS: "Very long i-p3 diastema Incisor crown mgdate dong niperior infernal 

edge. Incisor crown ridged on superior labial edge. Root ends beneath p4. Crown of p3 

has enamel only on supra-anterior face, and 1 ridgeform cusp, no anterior groove. 13-1 5 

serratiom on p4" (Jepsen, 1940:284). 



APPENDED DIAGNOSIS: *Medium-swd species of Ptilodus, much smaller than P. 

titanus and much larger than . tsosiensis, kummae, and 0. fhctus. DifEers fiorn 

mediaevus in having a reiatively low-crowned p4 and relatively smaii upper premolars 

(Pl-3). Differs fiom o. montaous in slightly d e r  size and in having a more 

posteriorly canted profile of p4. DBers fkom cedrus in consistently possessing fewer 

cusps in lingual row of ml and in usually havhg fewer cusps at other tooth positions as 

well" (Krause, 1982: 1 18- 1 19). 

DESCRIPTION: P4-Cus-p formula is (2)6: 10:O. The crown is mesiodistally straight in 

occlusal aspect. The external row is smoothly and subtly convex labially, while the 

internai row is more nearly mesiodistally straight. A prominent, yet shoa mesiolabid 

lobe is present, terminating at the fourth cusp in the internal row, and between the second 

and third cusps of the extemal row. The mesiolabial lobe contains a mail cuspule 

mesidy, foilowed by a larger cusp distolabid in position with respect to the cuspule. 

The external cusp row traverses nearly the length of the crown, terrninating at the eighth 

cusp of the intemal row. The externd row consists of six, relatively kgularly spaced 

cusps; the first two cusps are large and robust, the second being considerably larger than 

the fllst and remaining four, while the last four cusps are subequal in height. The intemal 

row coasisits of ten cusps, more or less subequd in height and equidistant from each 

other. All cusps are conical; those of the internal row and fint three of the external row 

have mesiodistally directed crests travershg the intercusp vdeys. The lingual face of the 

crown is relatively flat, and the basal margin enamel is smooth. nie enamel of the apical 



part of the cmwn is somewhat crenuiated The mesial root is wide, while the distal root 

is rnesi0distai.l~ stout and IabiolinguaUy compressed. 

COMPARISONS: The referred specimens are morphologically similar to P4s of P. 

wominaensis fiom the Rock Bench Quarry of Wyoming, and to P4s of & kummae 

Krause, 1977 from the Roche Percée locality of Saskatchewan. UALVP 44126 differs 

from P4s assigned to E. kummae in having a more prominent mesiolabial lobe containing 

cusps. The Nose Creek specirnens appear to approximate descriptions of the type 

material (Krause, 1982,1987) and similar P4s fiom the Medicine Rocks localities of 

Montana (Krause, 1987) and Judson locality of North Dakota (Holtpnan, 1978). The 

Nose Creek specimens differ plesiomorphically h m  P4s fiom these localities in 

retahing a more prominent mesiolabial lobe. Referrai to P. wvominpensis is tentative, as 

the smail sarnple size cannot effectively dismiss the similarity of morphology to P4s of 

other species of Ptilodus, particularly those of kummae. 

DISCUSSION: The putative presence of this taxon at the Who Nose? locality may 

document the first sympatric occurrence of both womin~ensis and P. montanus. 

Krause's (1987) use of ptilodontid mdtituberculates as age estimators of late Torrejonian 

locaiities in Montana and Wyoming may be less valid in light of the evidence fkom Who 

Nose?. 



Genus Baiotomeus Krause, 1987 

Baiotomeus "rhothonion", new species 

(Fig. 13, A-G; Table 16) 

ETYMOLOGY: rhothonion, Greek (rhothonion, masculine), rneaning small nose, in 

reference to the Nose Creek adjacent to the type locality and in allusion to the diminutive 

size of the species. 

HOLOTYPE: UALVP 44132, lefi p4. 

TYPE LOCALITY: Who Nose? Locality, Paskapoo Formation, Alberîa Synciine, 

Calgary, Alberta. 

KNOWN AGE AND DISTRIBUTION: Late Tomjonian (middle Paleocene) of Alberta 

(Calgary 2W7E localities, Porcupine W s  Formation, Alberta Syncline, Elbow River 

bers. obs.]; Cochrane Site 1, Porcuphe Hills Formation, Alberta Syncline, Bow River 

[pers. obs.]; type locality [Scott, 19971). 

HYPODIGM: UALVP 44127,44128,44129,441 30, P4s (total: 4); UALVP 4413 1, Ml; 

UALVP 44132, NMC 9103, p4s (total: 2); UALVP 44133,44134, mls (total: 2). 

Hypodigm inchdes specirnens fiom the Who Nose? and Calgary W 7 E  lodties. 



DIAGNOSIS: SmalIest species of the genus, p4 length approximately 57 percent smaller 

than that of B. douelassi (Simpson, 1935a), 51 percent srnailet than that of & lamberti 

Krause, 1987, and 20 percent srnalier than that of & "russelli" Youzwyshyn, 1988; Lg 

p4:Lg ml =1.61, miailest ratio for the genus. Differs m e r  fiom al1 o k  species of 

Baiotomeus in possessing a p4 with a more smoothly arcuate profile and lower serration 

DESCRIPTION: P4-Cusp formula is (0-1):4-5:8-9:O (mode=(O):5:8:0). In occlusal 

aspect, the crown is subquadrate; both the extemal and intemal cusp rows are slightly 

convex labialiy, and appear to converge mesially. A weak mesiolabial lobe is present, 

housing a tiny, conical cusp on one specimen. The cusps of the extemal row are larger 

and more robust than those of the intemal row, conical, and bear prominent mesiodistally 

directed ridges in the intercusp vdeys. The second and third cusps of the extemal row 

are the largest, and cusps decrease in size and height distally. The cusps of the intemal 

row are conical and increase in size and height distally. The crown is low throughout its 

mesiodistal extent. Wrinkling of the enamel is noted on the labial faces of the cusps and 

Wear appears prominently in some specimens at the distal end of the crown, fomiing 

apical and interstitial facets, particularly at the distalmost margh. 

M1-Cusp formuia is 6:8:3. The referred specimen is of typical ptilodontid 

morphology, being tea~drop-shaped in occlusal aspect, and somewhat concave dorsally. 

The e x t e d  cusp row bars six cusps that are conicd mesially, but become more nearly 

pyramidal d i d y .  The antependhate cusp is the largest and highest cusp in this row. 

The cusps of the mediat row are pyramidal to subqiiadrate mesially and become 



subcrescentic distaily. The ultjmate cusp in the medial row is the tallest on the mwn.  

The inteniai cusp row bears t h e  distinct cusps mesially and one cuspule distally. The 

cusps of this row hcrease in height mesiodistaUy and the mesial margin is somewhat 

papillate. 

p4-Serration count is 1 1. In lateral profile, p4 is smoothly arcuate mesially, with 

the apical crest progressing to its full height at the fourth serration, whereupon it 

descends gently, in a relatively straight manner. The distd ma@ of the crown is not 

vaulteâ, as in p4, Ptilodus or Prochetodon (Krause, 1987). The apical crest contains 1 1 

serrations and one incipient senation. Labiaüy, the first ridge descends mesioveneally, 

forming the mesial rnargin of the crown, and terminates approximately halfway between 

the dorsal margki of the mesiobasal concavity and the first serration. The second ndge is 

short, descending somewhat obliquely mesioventrally, nearly forming the apical margin 

between the fïrst and second serrations. The second ridge terminates ventral to the h t  

semtion. The third through ninth serrations bear strong labial ridges that progress 

mesioventrally at about a 45 degree declination from the longitudinal axis of the tooth; 

the ndges span nearly the entire Iength of the crown, terminating progressively lower 

towards the exodaeneodont lobe at the mesid margin of the tooth. Serrations 10 and 11 

are more nearly conid, and bear no ndges Iabially or linguaUy. An abemint ridge is 

present on the enamel between the mesiai and distal mots, ventral to the ninth ridge. 

Lingually, the nrst and second ndges join one snob mesioventral to the first serration. 

Ridges one through six terminate far mesiaIIy near the mesiobasal concavity. AU 

serrations become larger and more bulbous distally. The distoiabid shelf is poorly 

developed, formed at the distalmost margin of the crown and terminating ventral to the 



tenth serration The enamel is moderately wrinkied at the level of the shelf The 

exodaeneodont lobe is ventdy long and pointed, forming a distinct "V". The 

mesiobasal concavity is deep and short, and tnincated dordly with a prominent 

overhanging of enamel. 

ml-Cusp formula is 6:4. The refened specirnens are of typical ptiiodontid 

morphology. The first two cusps of the extemal row are conicCal, while the remaining 

four are variably subcrescentic to crescentic in horizontal section. The intemal cusps are 

nearly conical. The crown is somewhat dorsaily flexed in laterai aspect. 

COMPARISONS: The aforementioned specimens are best referred to Baiotomeus, 

following the criteria of b u s e  (1987), including: 

1) p4 profile is Iow and unvaulted distally. 

2) Presence of an incipient serration on p4 (but see p4, Ptilodus montanus, this paper). 

3) Prominent and ventralIy angular exodaeneodont lobe on p4. 

4) P4 with pootly developed mesiolabid lobe. 

5) P4 with welldeveloped labial cusp row (in terms of both size of cusps and 

completeness of the row). 

6) Lg p4: Lg ml lower than in Ptiiodus or Prochetodon. 

The Nose Creek specimens are referred to 8. "rhothonionf', new species, following the 

criteria of the diagnosis. 

DISCUSSION: The distinctive p4 profle and diminutive nature of the referred speciniens 

clearly sepmte this taxon h m  other species of Baiotomeus. Youzwyshyn (1988) 



referred materiai h m  the Cochrane Site 2 Iocality of Alberta to 5 "nweili", new 

species, noting its Aiminutive size. The referred elements of "rhothonion", nearly 20 

percent smaller than those of & "nisselli", may be of ideal ancestral morphology to the 

latter, requVing only increases in overall size, serration count and cusp count to achieve a 

B. "russelli"-like morphology. - -  

B. "rhothonion" repnsents the earliest known occurrence of the genus in Canada, - 

and possibly North Amenca 



Family CimoIodontidae Marsh, 1889 

Genus Anwnodon Jepsen, 1940 

Anconodon cochranensis (Russell, 1 929) 

(Fig. 14, A-B; Table 17) 

HOLOTYPE: UALVP 129, left p4. 

TYPE LOCALITY: Cochrane Site 1, Porcupine Hiiis Formation, Cochrane, Bow River, 

AI berta. 

KNûWN AGE AND DISïXBUTION: Iate Torrejonian (middle Pdeocene) of Alberta 

(Calgary 2U7E localities, Porcupine Hilis Formation, Alberta Syncline, Elbow River 

[Fox 1990al); late Torrejonian of Montana (Gidley Quarry, upper Lebo Formation, Crazy 

Mountain Field, Sweetgrass County [Sloan, 1987; Silberling Quarry [Simpson's Locality 

1; Fish Creek; Bear Butte; Widdecombe Creek; Widdecombe Ranch], upper Lebo 

Formation, Cray  Mountaia Basin, near Bear Butte, Sweetgrass County [Simpson, 

19371); Iate Torrejonian of Wyoming (Cedar Mountain [localities UW V-82004, UW V- 

8 1054, U W  V-820 151, Polecat Bench Formation, southem Bighorn Basin, Hot 

SpringdWashakie Counties [Hartman, 19861; Rock Bench Quarry [Locality No. q, Fort 

Union Formation, Bighorn Basin, Park County [Rose 19811); earliest Tikniian (late 

Pdeocene) of Alberta (Aamn's Locality, Paskapoo Formation, Alberta Synciine, Innisfail 

[pers. obs.]; Cochrane Site 2, Porcuphe Hilis Formation, Alberta Synche, Cochrane, 

Bow River ~ouzwyshyn, 1988; Fox, 1990al); earliest T'iimian of Montana (Douglass 



Quarry [Simpson's Locality 631, Crazy Mountain Basin, Sweetgrass County [Krause and 

Maas, 19901); early Tiffimian (iate P h c e n e )  of Wyoming (Saddle Locality, Fort Union 

Formation, Bison Basin, Fremont County [Gazin, 1956% Holtpnan, 1978; Sloan, 19871). 

REFERRED SPECIMENS: UALW 44135,44137, p4s (total: 2). 

DIAGNOSIS: "p4 about 5 mm long; 14 marginal serrations; laterai ridges close together 

and nearly parallel to the long axis of the tooth; superior margin high and rounded; 

anterior excavation for p3 slight" (Russell, 1929: 172). 

DESCRIPTION AND COMPARISONS: p44Adequate descriptions of the morphology 

of p4, A. cochranensis, occur in Russell (1 929,l93îa), Simpson (1 937), Jepsen (1 Ml), 

and Vianey-Liaud (1 986). The taxonomie history of the group is summarized in 

Youzwyshyn (1988). The Nose Creek specimens are referred to Anconodon by vimie of 

a highiy arched p4 profile, and straight mesial margin (Krause and Gingerich, 1983). The 

specimens are best refemd to & cochranensis, being smailer in overail s k ,  and in 

having a shorter, more nearly vertical mesial rntugin as compared to contemporaneous A 

gidievi (Simpson, 1935a). UALVP 44 135, the only complete referred p4, is nearly 

identical to described and figured teeth f?om the Douglass Quarry, Montana, and the 

Cochrane Site 2 locality, Alberta (Krause and Gingerich, 1983; Youwyshyn, 1988). 

DISCUSSION: Originally referred to Ptilodus cochranensis (Russeil, 1929), the taxon 

was reassigned to EctvDodus cochtanensis by Simpson (1937), and subsequently referred 



to 8. cochranensis by Van Valen and Sloan (1966). A. cochranensis is a ubiquitous 

taon in late Torrejonian fa- of Canada and the Western Interior of the United States. 



Superfamily Taeniolabidoidea (Granger and Simpson, 1929) 

Family Eucosmodontidae (Jepsen, 1940) 

Subfamily Eucosmodontinae Jepsen, 1940 

Tnbe Eucosmodontini Jepsen, 1940 

Genus &@nvs Sloan and Van Valen, 1965 

cf. stveimvs sp. 1 

(Fig. 14, C-F; Table 18) 

REFERRED SPECIMENS: UALVP 44140, ?P3; UALVP 44141, il; UALVP 44142, 

ml. 

DESCRIPTION: il-The referred specimen is a distal fragment of about 7.3 mm in 

length, preserving a portion of the enamel band. The maximum diameter is 3.75 mm, 

whiie the minimum diameter is 1.6 mm, producing a maximwn/minimum diameter ratio 

of 2.34. The crown is curved doaoventrally and l a t edy  compressed. The enamel is 

restricted to the rnesioinferior surfâce of the crown, and progresses more dorsally on the 

labial side, to a height of approxirnately one third the dorsoveneal height of the crown. 

In cross section, the crown is subovate, with the ventral surface turning slightly towards 

the mitiline. 

ml-Çusp formula is 65 .  The referred ml is moderately wom fiom post-mortem 

abrasion. The crown is subrectangufar in occlusal view, with the two cusp rows 

diverging distalIy. The extemal cusps inmase in Sue and height, although heavy wear 

has obscined the original dimensions of the mwn. The cusps are conicd mesidy, but 



becorne more neariy crescentic distaily. The third and fourth cusps are large and 

massive; the penultimate and antependtirnate cusps are confluent about their bases. The 

interna1 cusps are taller than the extemai cusps, and are subcrescentic thughout the row. 

COMPARISONS: The two described specimens are referred to the same taxon based on 

size and a lack of compeliing evidence fiom the Nose Creek s&ple that would support 

the presence of another, sllnilarly sized eucosmodontine. m e r  penecontemporaneous 

eucosmodontines, including Eucosmodon americanus Matthew and Granger, 192 1 and 

Neoliotomus ultimus (Granger and Simpson, 1929), are considerably larger with respect 

to similar dental elements. 

Isolated eucosmodontine lower molars are f'nistratingly difficult to refer 

coddently to taxa. The Nose Creek specimen resembles ml s of Stvnimvs generally in 

occlusal profile, diverging cusp rows, and cusp shape. These features, however, are 

plesiomorphic, being shared by most eucosrnodontids and primitive multituberculates in 

generd (Weil, 1998). The referred ml is similar to mls of Stvnimvs kusmauli Sloan 

and Van Valen, 1965 and Cimexomvs pratus (Jepsen, 1930) from the Bug Creek Anthills 

(Archibdd, 1982) and various Lancian and Puercan localities in the United States. 

UALVP 44 142 is also similar to m 1 s of S. "cu~~ssus"  (S., new species, of Fox, 1 99Oa), 

from the Lancian Long Fall Iocality of Saskatchewan. Lower moIars of & camptorhiza 

Johnston and Fox, 1984 h m  the Rav W-1 locality of Saskatchewan are unknom but 

are uudoubtedly of similar morph01ogy. The Torrejonian species of Stvnimvs are 

restricted to & iaseni (including Eucosmodon marsus Simpson, 1937 and Parectvpodus 

jaseni Simpson, 1935a) h m  the Gidley Quarry, and & tielhardi (including Eucosnodon 



tielhardi Granger and Simpson, 1929) fiom the Nacimknto Formation of New Mexico. 

The referred ml ciiffers fiom mls of the former taxon by being considerably largu and in 

h a h g  fewer cusps in the labial and linpuai rows; the refrrrod ml ciiffers fiom mls of the 

latter taxon in being signifi~aatiy smdier. The referred tooth, then, bears closest 

resemblance to the Cretaceous and Puercan species of Stveimvs. UALVP 44142 differs 

h m  m 1 s referred to Stynimvs kuszmadi in having one Iess cusp on the extemal row, 

and in having e x t e d  cusps that are more nearly crescentic (as opposed to conical to 

subquadrate [Archibalci, 19821). In this regard, UALVP 44142 seems somewhat 

advanced. 

Johnston and Fox (1984) consider a low maximum diameter: minimum diameter 

ratio a primitive character for i 1s of Stvaim~s. nie calculated ratio of 2.34 for the 

referred il suggests an intermediate phylogenetic position, being more denved than i 1 s of 

Lancian S. carn~torhiza (rnax: min il diamete&. 12). and more primitive than those of 

Lancian Cimexomvs granis (max: min il diameter2.49), Torrejonian S. tielhardi (rnax: 

min i 1 diameter=3.25) and jemeni (rnax: min i 1 diamete~2.86). 

DISCUSSION: The obvious paucity of specimens, the wom nature ofthe ml, and the 

hgmentary state of i l  prechdes definitive refenal of these teeth, even to the generic 

level. Referrd to the Lancian or Pue- species of Stv@ws seems premature at this 

time conside~g the scant evidence. Based on W t e d  morphological information, the 

specimens are best referred tentatively to S. sp. 1, with the understanding that the 

observed features suggest a doser relationship with earlier members of the genus. It is 



anticipated that Mure sampling will provide additionai information on the affinities of 

these specimens. 



cf. stv*s sp. 2 

(Fig. 14, G, Table 19) 

REFERRED SPECIMEN: UALVP 44143, Ml. 

DESCRIPTION: Ml-Cusp formula is 7:*9:3 . The aown is moderately convex 

dorsally. In occlusal aspect, the intemal cusp row terminates at the fourth cusp of the 

medial row; the cusps are subcrescentic throughout their extent. ïhe  cusps of the medial 

row are obscured by Wear at the mesial margin, but become strongly crescentic distally. 

The cusps of the external row are subconicai. Ridges in the intercusp valleys are absent. 

COMPARISONS: The referred Ml possesses a number of characters considered 

plesiomorphic for M 1 s of Cimolodonta generally, including a short, ndge-like lingual 

cusp row, paralle1 medial and labial cusps rows, and lacking ridges in the intercusp 

valleys (Weil, 1998; Montellano et al., 2000). As such, UALVP 44143 is sirnilar to Mls 

of primitive cimolodontans such as Paracimexomvs Archibald, 1982, Cimexomvs Sloan 

and Van Valen, 1965, and primitive ptilodontoids. B&g size Werences, the referred 

MI is closest in morphology to similar teeth referred to &@YS kuszmauli fkom the 

Cretaceous Bug Creek Anthills of Montana (Archibald, 1982). UALVP 44143 diffen 

fiom Mls, S. kuspnauli, in being signifïcantly smaller, more cuspidate, and in possessing 

crescentic, ratha than subcrescentic, cusps in the medial row. In temis of size, only & 

jemeni (Simpson, 1935a) of the Lebo Formation, Montana, is close. Simpson's 

descriptions of the specimens did not include Mls; the recorded ranges for p4 (Lg4.3 



mm) and ml (Lr3.1 mm), however, seem to be approximated by the dimensions of the 

Nose Creek Ml. 

DISCUSSION: UALVP 44143 seem best referred to cf. sp. 2, based on o v e d  

morphological sirnilady to Ml, & kuszmauli. The aforementioned differences, 

particuiatly a higher cusp count and crescentic media1 cusps, may be indicative of an 

advanced morphotype. The putative sympatry of two distinct species of Stvnimvs in 

sediments of this age is, insofar as 1 am aware, novel. 



Subfamily Microcosmodontinae Holtzman and Woiberg, 1977 

Genus Acheronodon Arcbibdd, 1982 

Acheronodon sp. 

(Fig. 15, A-C; Table 20) 

REFERRED SPECIMEN: UALVP 44 144, ml. 

DESCRIPTION: m I-Çusp formula is 6:4. The crown is subquadrate in occlusal aspect, 

with the two cusp rows converging mesidy, effectively "pinching off' the mesial 

margin. The labial and lingual cusps are staggered, rather than opposite to one another. 

The cusps of both rows lean slightly distally in laterai view, and the crowu is linear 

dorsally, not convex. The external row has six cusps; the first cusp is mesiodistally 

elongate, and may be considered two distinct cusps, but Wear has obscured their original 

relationship. nie antependthnate and penultimate cusps are confluent about their bases; 

the ultimate cusp is small, being about half the size and height of the antepenultimate and 

pendhate cusps. Cusps of the extemal row are subquadrate mesially, become more 

nearly crescentic distally, and i n c w e  slightly in size and height distaily. The interna1 

row contauis four labiolingually-compressed curps, al1 taller than the cusps of the 

extemai row. The first intemal cusp is short (but not as short as the first e x t e d  cusp), 

and conical. The remaining cusps are subequal in height and pyramidal in horizontal 

section; the dtimate intemal cusp is massive, being nearly twice the mesiodistai Iength of 

the penultimate or antepenultimate nisp. Distal to the ultimate lingual cusp is the so- 

caüed sigmoid notch (Krause, 1977; Weil, 1998). The notch in UALVP 44144 is highly 



anguiar, forming an angle of approximately 135 degrees between the distal margin of the 

crown and the discal side of the uitimate cusp in the lingual row. The vailey between the 

two cusp rows is narrow, gmoving is present on the valley-facing àdes of the intemal 

cusps. 

COMPARISONS: The morphology of UALVP 44144 seerns closest to that of mls of the 

Microcosmodontinae, an enigmatic group comprised of Acheronodon Archibdd, 1982, 

"AUocosmodon" (=Microcosmodon woodi Holtzman and Wolberg, 1977; Fox, pers. 

comm.), Microcosmodon Jepsen, 1930 (sensu stricto), Pentacosmodon Jepsen, 1940 and 

Microcosmodon arcuatus Johnston and Fox, 1984. Lower mls of this goup are 

characterized generally by low cusp number, stout, robust cusps; cusp rows converging 

mesially; and presence of the sigmoid notch (Krause, 1 977; Weil, 1 998). Although the 

mls of the hcluded taxa are similar, some notable differences exist: 

ml, "Allocosmodon", has externai cusps that are quadrate to subquadrate throughout 

the extent of the row, in cornparison with the subcrescentic extemai cusps of ml, 

Acheronodon spp., and the mon nearl y crescentic external cusps of m 1, 

Microcosmodon. 

m 1, " Allocosmodon", possesses a poorly developed sigmoid notch; m 1, 

Acheronodon, possesses a more distinct notch, psrticdarly ml, Acheronodon - 

"vossaen, that possesses a highly anguiar notch; ml, Microcosmodon, possesses a 

sigmoid notch close to that obsemed in ml, Acheronodon. 

The mwn of ml, Microcosmodon, is highly convex d o d y ;  those of both 

Acheronodon and "AUocosmodon" are more nearly linear dorsaily. 



4) ml cusp rows, Microcosmodon, converge strongly mesialiy; those of Acheronodon 

converge modenitely; those of "Aliocosmodonl' converge slightly. 

5) Cusps of ml, Microcosmodon, lem d i d y ;  cusps of ml, Acheronodon and 

"Allocosmodon", lean distaliy, but to a much lesser degree than those of 

Microcosmodon. 

UALVP 44144 seems morphologically closest to lower ml s of Acheronodon with respect 

to the aforementioned criteria. The Nose Creek specimen is stnilar to ml  s fiom the 

Cochrane Site 2 locality referred to & "vossae" (Younvyshyn, 1988), differing primarily 

in being slightly d e r .  UALVP diffen m e r  fiom mls of A. "vossae" and 

Microcosrnodon in having a sigmoid notch that is arcuate, rather t h a  angular, 

approaching the condition observed in ml  s of "Allocosrnodon" and Microcosmodon 

arcuatus. In this respect, UALVP 44 144 may be considered primitive relative to m 1 s of 

A. "vossae" and Microcosmodon. With respect to size, the Nose Creek m 1 more nearly - -  

approximates an ml expected for A. parbai [sic] Archibald, 1982 fiom the Garbani 

Quarry (=Worm Coulee 1) of the Tullock Formation of Montana. 

DISCUSSION: UALVP 44144 is best referred to Acheronodon sp., sharing features with 

lower molars of A. "vossae" and microcosmodontines in general. Archibald (1982) f h t  

described Acheronodon fiom an isolated p4 from the early Paleocene Garbani Quaffy, 

Montana To date, Acheronodon is known only from the type locality, and fiom the 

Cochrane Site 2 and Aaron's localities of Alberta. Fox (pers. comm.) hypothesizes 

Acheronodon to be in a position phylogenetically intermediate between that of 

"Allocomiodon" woodi and Microcosmodon conus Jepsen, 1930, based on, among other 



criteria, I2 morphology. The ml morphologies of Acheronodon sp. nom Nose Creek and 

A. "vossae" h m  Cochrane Site 2 seem to support such an hypothesis. Referral of - -  
UALVP 44144 to Acheronodon sp. marks the first known Torrejonian occurrence of the 

genus. 



hûaclass Holotheria Wible, Rougier, Novacek, McKenna, and Dashzeveg, 1995 

Supercohort Theria Parker and Haswell, 1897 

Cohort Placentalia Owen, 1 837 

Magnorder Epitheria McKenna, 1975 

Superorder Leptictida McKenna, 1975 

Order Uncertain 

Family Leptictidae GU, le872 

Sub family Leptictinae Gill, 1 872 

Genus Prodiacodon Matthew, 1929 

Prodiacodon sp., cf. furor Novacek, 1977 

(Fig. 15, D; Table 21) 

HOLOTYPE: AMMI 3 529 1, partial right dentary with p2-p4. 

TYPE LOCALITY: Gidey Quarry, upper Lebo Formation, C r a y  Mountain Field, 

Sweetgrass County, Montana 

KNOWN AGE AND DISTRIBUTION: late Torrejonian (midde Paleocene) of Montana 

(type locality [Novacek, 19771); latest Tomjonian of Wyoming (Shotguu [UW V-60014, 

V-60016; Keefer Hill; Twin Buttes; Jenkllis Mountain., New Anthill], Shotgun Member, 

Fort Union Formation, Fremont County [GunneU, 19891); earliest Tiffanian (late 

Paleocene) of Aiberta (Cochrane Site 2, Porcuphe Hills Formation, Alberta Syncline, 

Cochrane, Bow River ~ouzwyshyn, 1988; Fox, 1990al); eadiest Tiffimian of Montana 



(Douglass Quersr [Simpson's Locality 631, Cray Mountain Basin, Sweetgrass County 

muse and Maas, 19901); middle Tiffanian (late Paleocene) of Wyoming (Chappo Type 

Locality pype Chappo; Chappo Gulch; Chappo-171, Chappo Member, Wasatch 

Formation, LaBarge Creek, LaBarge, Lincoln County [Gunnell, 19941). 

REFERRED SPECIMEN: UALVP 4145, P3. 

DIAGNOSIS: "Similar to Prodiacodon concordiarcensis but 28 percent larger with p2 

and p4 of simpler construction, consisting only of a hi& recurved cusp and a minute 

basai posterior heel. p2 subequai to p4 in height. p4 slightly lower than p5. Paraconid in 

p5 blade-like, directly antenor to the protoconid. Talonid of p5 and molars short 

anteroposteriorly as in P. concordiarcensis but not in P. puercensis or tauricinerei. p5 

metaconid of much larger basal dimensions and situated more postenorly than 

protoconid. Metaconid on lower molars much higher and more swollen than protoconid. 

Four cusps are present on molar talonids, as in P. puercensis and P. tauricinerei" 

(Novacek, 1977:27-28). 

DESCRIPTION: P3-In occlusal aspect, the crown is triangular, with a mesiodistally 

elongate labial region and a mesiodistdy compressed lingual region. A tall, 

labiolingwlly compressed paracone dominates the crown. The metacone has been 

broken away by post-mortem disturbance, but h m  the dimensions of its base, it appears 

to have been lower, more labiolingually compressed, and distinctiy separate from the 

paracone. A small accessory cuspuie is present mesial to the paracone on a weakly 



developed parastylar region. A sharp, acutely angled cenwaista is presmt between the 

paracone and metacone. Post-mortem damage has removed the metastylar area distai to 

the metacone; the presaice or absence of a distally positioned accessory cuspule cannot 

be determined. The protocone is short, about half the height of the paracone and 

distinctly lower than the rnetacone, and is subcrescentic in horizontal section; it is 

positioned distolingui to the paracone. Heavy Wear is noted on the distal face of the 

protocone, forming a broad, flat Wear surface. The extemal cingulum is well developed, 

but is incomplete labially. 

COMPARISONS: The referred tooth is similar to P3s of primitive Late Cretaceous and 

early Tertiary leptictids, including those of Gpsonicto~s Simpson, 1 

Mmecoboides Gidley, 19 15, and particdarly Prodiacodon Matthew, 1929. UALVP 

44145 is most similar to P3, P. furor fkom the Cochrane Site 2 locality of Alberta, and the 

Gidley Quany of Montana. The Nose Creek specimen differs fiom these teeth in being 

slightly smaller, having a greater separation of the paracone and metacone, and in having 

a Iarger, more distally pointing metacone. 

DISCUSSION: The tentative referral of UALVP 44145 to E. furor marks the earliest 

known occurrence of the taxon in Canada- 



cf. hodiacodon sp. 

(Fig. 15, E; Table 22) 

REFERRED SPECIMEN: UALVP 4-4217, ?M.. 

DESCRIPTION: ?M2-The crown of UALVP 4421 7 is labiolinguaily elongate and 

mesiodistally compressed. The parastyiar mgion is prominent and mesially directed; a 

small cupule (?stylocone) is noted at the confluence of the preparacrista and 

ectocinguium. The metastylar ngion is moderately developed, receiving a distolabially 

directed, high postmetacrista The ectocingulum is high and ndge-like and the ectoflexus 

is shallow. The paracone and metacone are both nibconical in cross section, with the 

paracone king taller, and more lingually expansive than the metacone at theh bases. The 

conules are well developed, with the paraconule positioned well lingual relative to the 

metaconde. The protocone is well wom, but appears to have been taIl and spire-like and 

nearly circular in horizontal section. The hypoconal salient is spur-like and prominent; 

the hypocone is wom, but appears to have been srnd and conical, and distinctly separate 

fiom the base of the protocone. The precingulum is weakly developed, barely spanning 

the mesial face of the protocone. The postchgdum is prominent but discontinuous with 

both the hypoconal salient and the lingual margin of the crown. 

COMPARISONS: UALVP 44217 is similm to M ~ s ,  Prodiacodon concordiarcensis 

Simpson, 1935a fiom the Gidley Quany of Montana and the Cochrane Site 2 Iocality of 

Alberta (Youzwyshyn, 1988). In addition to ôeiig nearly 50 percent d e r ,  the Nose 



Creek specimen dB' plesiomorphically h m  M2s of this taxon in having a more 

lingually positioned paraconule, in having a weli-developed parastylar region and in 

having a more lingually expandeci paracone base (Fox, 1984a). With respect to the 

position of the paraconule, UALVP 44217 resembles the condition observed in M2s of 

both Mvnnecoboides montanensis Gidley, 1915 and Prodiacodon furor Novacek, 1977, 

but daers  in king significantly smaIier and having a shallower ectoflexus. 

DISCUSSION: UALVP 4421 7 is best referred tentatively to Prodiacodon sp. until a 

larger sample is acquired. The more lingual placement of the paraconule is primitive for 

leptictids and placentals in general (Fox, 1984a), similarly occurring in upper molan of 

Prodiacodon ~uercensis, Prodiacodon furor, and Mvrmecoboides montanensis. The Nose 

Creek specimen, however, seems advanced relative to the upper molars of these taxa in 

king lower-crowned and haWig a shallow ectoflexus. 



Superorder Preptotheria McKenna, 1975 

Grandorder Lipotyphla (Haeckel, 1866) 

Order E~aceomorpha Gregory, 19 10 

Erinaceomorpha inseriae sedis 

Genus McKematherium Vaa Valen, 1965 

cf. McKennatherium sp. 

(Fig. 15, F-H; Table 23) 

REFERRED SPECIMEN: UALVP 44146, ml  or m2 trigonid. 

DESCRIPTION: ml  or m2-UALVP 441 46 preserves the trigonid of a small molar 

tooth, presumed to be ml  or m2. The crown is tnangular in occlusal aspect, 

Iabiolingually transverse and mesiodistally compressed. A protoconid and metaconid of 

subequal size and height dominate the trigonid. The paraconid is tiny and conical, 

positioned at the lingualmost extent of a hi& panicristid. The metaconid is subconical, 

large, and leam distaily; the protoconid is large and pyramidal in horizontal section. The 

trigonid notch is moderately well developed. The trigonid basin is deep, with the inner 

walls of the paraconid and protoconid being flat, while that of the metaconid being . 

convex internally. The paraconid is somewhat appressed to the metaconid A well- 

developed e x t e d  cingdid is present on the mesial face of the trigonid, ending at the 

base of the protoconid. The cristid obliqua apparently joined the postvallid at a position 

slightly labial to the midliw. 



COMPARISONS: UALVP 44146 bears closest resemblance to molar teeth of small, 

early Tertiary erinaceomorphs, including McKennatherium. Scenooams McKenna and 

Simpson, 1959, and Diacocherus Gingerich, 1983. Additionaiiy, the referred trigonid 

superficially resembles those of smaller hyopsodontid condylarths, such as Hadaletes 

Simpson, 193%. The crestiform paracristid and the appression of the paraconid to the 

metaconid clearly differentiates this specimen fiom molar trigonids of nyctitheriids such 

as Le~tacodon Matthew and Granger, 1921 and Nvctitherium Marsh, 1872. The large 

labiolingual dimension of the trigonid and relatively uninfiated cusps Merentate 

UALVP 44 146 fiom molar teeth of erînaceids such as Litolestes lepsen, 1930, 

Leimanolestes Simpson, 1928, and Cedrocherus Gingerich, 1983 and primitive 

hyopsodontids. The referred specimen differs plesiomorphically from lower molars of 

closely related Diacocherus and Adunator Russell, 1964 in king higher-crowned; in 

being labiolingually more transverse; in having less bulbous cusps; and in having a more 

lingually positioned paraconid (Krishtdca, 1 W6a; Fox, l984a). 

DISCUSSION: The Nose Creek specimen is referred to the Erinaceomorpha, following 

the criteria as outlined in Novacek, Bown, and Schankler (1985), including the 

compressed and crestiform nature of the paraconid and paracristid, and the more . 

bunodont condition of the cusps as compared to molar teeth of palaeoryctids, leptictids, 

and primitive placentah in general. UALVP 44146 is tentatively referred to sp. based 

on the mesiodistal compression and linpuai position of the paraconid, and the incomplete 

appression of the paraconid to the metaconid. The Nose Creek specimen is siightly 



smaller in trigonid dimensions as compared the Fort Union Formation specimens nferred 

to M. ladae (Simpson, 1935a)(for example, TrWd4.8 mm, N=l , Who Nose? versus 

TrWdzl.3 mm, N=6, Gidley Quarry). Rigby (1980) described two new species of 

McKematheriusn, M. kdricki and u. xnartine* from the Swain Quany of Wyoming. 

The trigonid dimensions of UALVP 44146 are closer to those recorded for the Swain 

Quarry sample (for example, TrWd 4 . 8  mm, N=1, Who Nose? versus Tt Wd = 1 .O mm, 

N-1, M. fieciricici, Swain Quarry). Additionally, the two Swain Quarry taxa display 

molar paraconids that are more distinct, conical, and mesiaily projecting, similar to that 

of UALVP 44146. Specific referral is defened untii a larger sample size is amassed, and 

direct observation of the Swain Quarry material can be made. 



Order Soricomorpha Gregory, 19 1 O 

Superfamily Soncoidea Fischer de Waldheim, 1 8 1 7 

F d y  Nyctitherüdae Simpson, 1928 

Subfamily Nyctitheriinae Simpson, 1928 

Genus Latacodon Matthew and Granger, 192 1 

Leptacodon munusculurn Simpson, 193 Sa 

mg. 16, A-C; Table 24) 

HOLOTYPE: USNM 9819, lefl dentary with ml and m3. 

TYPE LOCALITY: Gidley Quany, upper Lebo Formation, Crazy Mountain Field, 

Sweetgrass County, Montana 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of Montana 

(type locality [Krishtalka, 1 W6b; Simpson, 1 9371); late Torrejonian of Wyoming (Rock 

Bench Quarry [Locality No. 61, Fort Union Formation, Bighom Basin, Park County 

[Rose, 198 11); earliest Tianian (late Paleocene) of Alberta (Cochrane Site 2, Porcupine 

Hills Formation, Alberta Syncline, Cochrane, Bow River Iyouzwyshyn, 1988; Fox, 

1990al); earliest Tiffanian of Montana (Bangtail locality, Fort Union Formation, Crazy 

Mountain Basin, Park County [Gingerich et al., 19831; Douglass Quany [Simpson's 

Locality 631, Cray  Moutain Basin, Sweetgrass Co* m u s e  and Maas, 19901); 

middle Tiffanian (late Paleocene) of Alberta (Birchwood locaiity, Paskapoo Formation, 

Alberta Syncline, Drayton Valley [Webb, 19961; UADW-2 locality, Paskapoo Formation, 



Alberta Syncüne, Blackf'aldsm. obs.]); middle Tiffcaniao of Wyoming (Cedar Point 

Quarry, Polecat Bench Formation, Bighom Basin, Lovell, Big Horn County [Rose, 

19811; Chappo Type Locality pype Chappo; Chappo Gulch; Chappo-17, Chappo 

Member, Wasatch Formation, LaBarge Creek, LaBarge, Lincaln County [Gunneil, 

19941). 

REFERRED SPECIMENS: UALVP 44227, incomplete dentary having p2, e m 3 ,  

alveoli for p3; UALVP 44 147, p4; UALVP 44148,44 149, rn 1 s (total: 2); UALVP 44 15 1, 

m3. 

DIAGNOSIS: "Slightly smder than Le~tacodon tener, pmconids more reduced and 

more stnctly intemal, talonid of rn3 relatively narrower. ml length 1.2 mm. m3 length 

1.1 mm" (Simpson, 1935a:ll). 

APPENDED DIAGNOSIS: "p4 is labiolingually compressed, and the talonid is narrow 

and defined by a straight and parallel entocristid and &tid obliqua On m 1-3 the 

paraconid is moderately compressed anteroposteriorly, and the taionid does not extend 

labiaily beyond the trigonid. The talonid of m3 is somewhat reduced" (Krishtaika, 

1 W6b: 1 1). 

DESCRIPTION: p2-The tooth is simple in construction, being rnesiodistally elongate 

and labiolingdy compressed. The crown consisits of a tall, blade-like protoconid and a 



smali, low, mesially positioned cupule, here interpreted to be a mdimentary paraconid. 

The metaconid is lacking. The heel consists of a îoae, median cuspde. 

+The tooth is semimolariform, with the crown 1abiolinguaUy compressed in 

occlusal view. A large, conical protoconid dominates the crown. The metaconid 

originates approximateIy half'way up the lingual face of the protoconid; it is slightly 

smdler in size and height than the protoconid, and is circular in horizontal section. The 

paraconid is massive and salient, arising mesial and slightly lingual to the protoconid 

base. The paraconid is strongiy mesially directed, and is approximately half the height of 

the protoconid, and slightly shorter than the metaconid. The paracristid is notched and 

sectorial. A slight basining is noted between the bases of the paraconid and protoconid, 

and a short mesial cristid traverses the bases of the paraconid and protoconid. The 

talonid is prominent, being about half the length of, and of subequal width to, the 

trigonid, and bears three distinct cusps. The basin is moderately deep. The hypoconid is 

large, while the entoconid and hypoconulid are more nearly equal in size and height. The 

entoconid and hypoconulid are closely appressed, creating a "twinned" appearance. Al1 

taionid cusps are circular in horizontal section. The entocristid and cnstid obliqua are 

nearly parailel to one another, and the cristid obliqua strikes the distai ûigonid wall 

Lingual to the midline of the crown. Labial exodaeneodonty is prominent, forming a deep 

hypoflexid. 

Lower molars-The lower molars of munuxulum have been adequately 

described by Simpson (1935a). Knshtalka (1976b) and b u s e  and Gingench (1983). 

The Nose Creek specimens agree with these descriptions, mering only in king 

generally smaller and in having a slightly larger m3. 



COMPARISONS: The Nose Cmk specimens compare favourably with similar 

specimens referred to mmusculum h m  the Gidley Quany of Montana (Simpson, 

1935a) and the Cochrane Site 2 locality of Alberta (Youzwyshyn, 1988). The Nose 

Creek specimens are differentiated fmm teeth of penecontemporaneous L. tener Matthew 

and Granger, 1 92 1 as per the criteria presented in Krishtaika (1 976b); additionally, p4, L. 

munusculum, Who Nose?, ciiffers f i d e r  fiom that of tener in: 

1) Having a larger, mesially directed paraconid more nearly separate £'rom the 

protoconid. 

2) Having a more sectorid paraconid, with the paracnstid forxning a distinct notch with 

the protoconid 

3) HaWig a talonid which is less labially skewed and bearing three cusps. 

DISCUSSION: The referred specimens are closer in morphology and size to lower 

dentitions of munuscdum h m  the late Torrejonian tban to those of the earliest 

Tiffanian, differing fiom the latter in being siightly mialler and in having more cuspidate 

paraconids on the lower rnolars. 

Since Simpson's description and diagnosis, munusculum has been in 

taxonomie iimbo, being variably refmed to munusculum (Simpson, 1935a), "L'' 

munusculum (Krishtalka, 1976b; Gingench, et. al, 1983; Youzwysbyn, 1988), or 

affiliateci with Pontifactor West, 1974 (Krishtalka, 1976b; Bown and Schankler, 1982). 

Krishtallca (1 W6b) indicated that the morphology of the lower dentition of "L" 

munuscuIw11 merited refend to the genus Pontifier, citing similarities in p4 



coostniction, and that firrther evidence fkom the upper dentition would support such 

action. The p4 of UALVP 44227 is distinctly different fiom that of tener Matthew and 

Granger, 1 92 1, being labiolingualiy compressed; in having a large, mesially directed 

paraconid; and in having a tncuspid talonid. In these respects, the p4, L. munusculum, 

Nose Creek, bears resemblance to p4s of other nyctitheriids such as Nvctitherium Marsh, 

1872, "Lw packi Jepsen, 1930, Am~hidozitherium Fühol, 1877 and Ponifactor. These 

resemblances were noted by Bown and Schanlclet (198258-59) in their revision of the 

group, but also that "...cross characters mask many of the diagnostic [characters]." In 

comparison with upper premolar and molar teeth fiom the C o c h e  Site 2 Iocality 

referred to "L." munusculum (Youzwyshyn, 1988), it seems that no upper dental 

elements nom the Nose Creek locality are referable to this taxon 

The refmed teeth fkom Who Nose? seem best placed in munusculum; although 

1 agree with Knshtdka (1976b), Bown and Schankler (1982), and Youzwyshyn (1988) in 

the eventual removal of munusculurn from Le~tacodon (sensu stricto), the paucity of 

specimens from Nose Creek do not presently permit such action. 



Latacodon sp., cf. tener Matthew and Granger, 192 1 

(Fig. 17, A-F; Table 25) 

HOLOTYPE: AMNH 171 79, crushed rostnim with complete upper left dentition, 

fiagmentary upper right antenor dentition, and fiqpentary lower jaws with left ml-3, 

nght p3-4, ml-2 and haif of m3. 

TYPE LOCALITY: Mason Pocket, Tiffany Beds, San Jose Formation, San Juan Basin, 

La Plata County, Colorado. 

KNOWN AGE AND DISTRIBUTION: late Torrejonian of Wyoming (Swain Quarry, 

Fort Union Formation, Washakie Basin, Carbon County [Rigby, 19801); earliest 

Tiffanian (late Paleocene) of Alberta (Cochrane Site 2, Porcupine Hiils Formation, 

Alberta Syncline, Cochrane, Bow River [Youzwyshyn, 1988; Fox, 1990al); early 

Tiffanian (late Paleocene) of Montana (Scarritt Quarry [Simpson's Locality 561, Melville 

Fm. eastern Crazy Mountain Basin, Sweetgrass County [Krause and Maas, 19901); 

middle Tiffanian (late Paleocene) of Alberta (Birchwood locality, Paskapoo Formation, 

Alberta S yncline, Drayton Valley Webb, 19961; UAD W-2 locality, Paskapoo Formation, 

Alberta Syncline, Blackfdds [pers. obs.]); middle Tianian of Wyoming (Cedar Point 

Quarry, Polecat Bench Formation, Bighorn Basin, Love& Big Hom County pose, 

19811; Hdlelujah HiIl [locality UW V-770051, Fort Union Formation, east flank Rock 

Springs Uplift, Sweetwater County wmterfeld, 19821; Rainy-Day R e d o n  [locality 

V-770591, Fort Union Formation, eastern Rock Springs Uplift, Sweetwater County 



[WiterfeId, 19821); middle Tiffanian of North Dakota (Brisbane Locality, Slope 

Formation, Grant County [Holtrman, 19781; Judson Locality [L6; L8] Tongue River 

Formation, Morton County ~oltzman 19781); late Tiffanian (late Paleocene) of Alberta 

(Police Point locality , Ravenscrag Formation, Williston Basin, Elkwater [Knshtalka, 

19731; Swan Hills Site 1 , Paskapoo Formation, Alberta Syncline [Stanley, 19881); late 

Tiffanian of Saskatchewan (Roche Percee local fana, Ravenscrag Formation, Williston 

Basin b u s e ,  19771); late Tiffanian of Montana (Circle Locality, Tongue River 

Formation, Glen Waller Ranch, McCone County [Wolberg, 19791); late Tiffanian of 

Colorado (type locaüty [Simpson, 1935bl); latest Tiffimian (late Paleocene) of Montana 

(Olive Locaiity, Tongue River Member, Fort Union Formacion, Powder River Basin, 

Powder River County [\Kolberg, 19791). 

REFERRED SPECIMENS: UALVP 441 52, P4; UALVP 44 154,44 155, M2s (total: 2); 

UALVP 44150, ml; UALVP 44157, ml or m2; UALVP 44158, m3. 

DIAGNOSIS: "Length ml-3,4.3 mm. Trigonid of p4 relatively low. Protoconid about 

equal to metaconid on ml,  slightiy lower on d i - 3 .  Hypoconids all slightly larger than 

entoconids. Hypoconulids projecting, that of 1x13 prominently molar cusps slender" 

(Simpson, 1935b: 14). 

APPENDED DIAGNOSIS: ". . .the entoconids and hypoconuiids of ml-3 are rather close 

together, and m3 has a strong separate hypocondid" (McKenna, 1968: 10). 



DESCRIPTION AND COMPARISONS: Upper dentitioeThe upper dentition o f .  

tener har been described and figured by McKemia (1968), and the Nose Creek specimens - 
do not Mér nibstantially fkom the teeth desmibed therein. Additionally, the referred 

specimws are s i d a r  to teeth fiom the Cochrane Site 2 locality referred to sp. 1 

(Youzwyshyn, 1988), and to teeth refened to tener fiom the Police Point locaiity 

(Krishtallca, 1973). The Who Nose? sarnple differs h m  these-in having slightly more 

robust proportions, in having the paracone and metacone less appressed to one another on 

P4 , and in havhg a more prominent metastylar area on P4. 

Lower dentitior+McKema (1 968), Krishtaika (1 W6b) and Winterfeld ( 1 982) 

have adequately described the Iower dentition of tener. The refened specimens fiom 

Who Nose? are virtuaiIy identical to McKem's description of the type material, and to 

sirnilar referred dentitions fkom the Police Point, DW-2 and Cochrane Site 2 localities of 

Alberta (Krishtdka, 1 W6b; Fox, 1990% Youzwyshyn, 1988), Swah Quarry of Wyoming 

(Rigby, 1980) and the Judson and Brisbane localities of North Dakota (Holtzman, 1978). 

The Nose Creek teeth are most similar to those h m  the Cochrane Site 2 and Swain 

Q u q  localities, cisering only in k ing  slightiy rmaller, in having larger molar 

hypoconids, and in having more nearly cuspidate molar paraconids. 

DISCUSSION: The Nose Creek specimens seem closer in morphology to teeth of 

tener fiom the late Tonejonian and earliest Tiffanian than to those fiom the Iate - 
Tiffbian, ciBering fkom the latter in being somewhat larger, more robust and higher- 

crowned. The occurrence of this taxon at Nose Creek represents its earliest known 

appearance in western Canada 



Nyctitheriinae, genus and species imidentified 

(Fig. 17, G-1; Table 26) 

REFERRED SPECIMEN: UALVP 44 1 56, p4 

DESCRIPTION: p4-The referred tooth is molanform, with a tall, subpyramidal 

protoconid, a iower metaconid, and a d l  conical paraconid. The protoconid is large 

and recurved distally, while the metaconid is smaller, more nearly erect, and occupies a 

distolingual position relative to the protoconid. The paraconid is lower than either the 

protoconid or metaconid, arising h m  the base of the former, and projects dorsally in a 

figer-like manner. A mal1 precingulid is developed. The trigonid notch is deep, but not 

incised ventrdly. The talonid is ûicuspate and of slightly srnaller labiolinguai 

dimensions than the trigonid. The talonid cusps are subequal in size and height, and are 

circuiar in horizontal section. The hypoconulid and hypoconid are nearly connate, 

appearing twinned, and are slightly ofEset labially fiom the entoconid. The entocristid 

and cristid obliqua run parallel to one another, and form a moderately deep talonid basin. 

The cristid obliqua seikes the postvdid below the trigonid notch, but closer to the 

lingual side of the tooth relative to the longitudiaal axis of the crown. The talonid notch 

is acute and moderately deep. Labial exodaeneodonty is prominent, particularly about 

the hypoflexid. 

COMPARISONS: UALVP 44156 compares favotwbly with simila. teeth of early 

Tertiary nyctithenines. The referred specimen differs h m  p4s of Le~tacodon tener in 



being larger and higher crowned; in having a taller metaconid that is more neady 

tranmmely opposed to the protoconid, rather than bebg displaced distaily; and in hawig 

a larger, wider, and deeper talonid. UALVP 44156 M e r s  from sirnilar teeth of 

Le~tacodon rnunusculum in being larger and higher crowned; in having a trigonid that is 

less 1abioIinguaUy compressed; and in k i n g  a d e r ,  cuspidate paraconid that is less 

mesiall y directed. 

With respect to the aforementioned differences, UALVP 44 156 seerns to better 

approximate descriptions of p4, Leptacodon packi Jepsen, 1930 fiom the Princeton 

Quany of Wyoming (Jepsen, 1930; Knshtalka, 1976b) and the Bangtail Quarry of 

Montana (Gingerich et al., 1983). Additionaily, the referred specimen is nearly identical 

to homologous teeth fkom the Cochrane Site 2 locaiity of Alberta referred to Le~tacodon, 

species 2 (Youzwyshyn, 1988). Youzwyshyn considered these teeth to be of L. packi- 

type morphology. 

DISCUSSION Although the generic affinities of packi have been questioned (for 

example, Krishtalka, 1976b; Bown and Schankler, l982), the taxon has remained 

afliliated with Le~tacodon, despite perceived simiiarities to the dentitions of 

Nyctitherium and other advanced nyctitherünes. The referred specimen is clearly distinct 

fiom simila. teeth of both tener and munuscdum; the paucity of specimens, 

however, precludes definitive refend, even to generic level. As such, UALVP 44156 is 

referred to the Nyctitheriinae with the expectation that additional sampling wil l  elucidate 

the affinities of this specimen. 



Grandorder Archonta Gregory, 191 O 

Order Primates Linnaeus, 1 758 

Suborder Dermoptera Illiger, 18 1 1 

Family Plagiomenidae Matthew and Gninger, 19 1 8 

Genus Eloidoohonis Simpson, 1927b 

Eloido~horus sp., cf & minor Simpson, 1937 

(Fig. 18, A-F; Table 27) 

HOLOTYPE: PU 1420 1, left dentary with p3-m2. 

TYPE LOCALITY: Silberling Quarry, Lebo Formation, eastem Crazy Mountain Basin, 

Sweetgrass County, Montana. 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middie Paleocene) of Montana 

(type locahty [Simpson, 1937); latest Torrejonian (late midàle Paleocene) of Wyoming 

(Shotgun [UW V-600 14, V-600 16; Keefer Hill; Twin Buttes; Jenkins Mountain; New 

Anthill], Shotgun Member, Fort Union Formation, Fremont County [Gunnell, 19891). 

REFERRED SPECIMENS: UALVP 44199, p4; UALVP 44159, incomplete dentary with 

ml-2; UALW 44160, incomplete dentary with ml-3; UALVP 44161,44228, mls (total: 

2); UALVP 44162,44163,44164,44165,44166, m2s (total: 5); UALVP 44167,44229, 

m3s (total: 2). 



DIAGNOSIS: "Srnalier than El~ido~horus eleeans o r .  patratus. P3 slenderer thm in E. 

patratus, paraconids +m2 more strictly internd, heel of p4 smaller and less strongiy 

basined, elevation of b e r  cusps p4-m2 distinct but slightly less pronounced than in E. 

patratust' (Simpson, 1 937: 13 3). 

DESCRIPTION: p4-UALVP 44199 is submolarifonn, bearing a labiolinguaily idated 

trigonid and bicuspid talonid. The protoconid is the tailest Mgonid cusp, and is 

nibcircular in cross section. The metaconid and paraconid are subequal in size and 

height, conical, and are decidedly lower than the protoconid. The trigonid cusps have a 

swollen appearance. The metaconid originates on the lingui face of the protoconid, 

approximately halfivay up h m  the base, and l e m  distally. The paraconid is distinct, 

originating mesiolinguai to the protoconid, and is connate with the protoconid nearly its 

entire length. The mesially dwcted paraconid gives the trigonid an open appearance 

linguaily. The paracristid is short, serving merely to join the apex of the paraconid to the 

protoconid, fornllng an angle of about 90 degrees. A faint paracingulid is present at the 

base of the paraconid. The trigonid notch is acute. The taionid basin is shallow; the 

entoconid and hypoconid are both swoilen, and are subequal in height and size. The 

entoconid is pontioned slightly more distal than the hypoconid. The postcristid between 

the entoconid and hypoconid is notched medially and does not possess cuspules, and the 

entocristid is low, such that the taionid is vimially open lingually. The cristid obliqua is 

concave labially, shücing the postvalIid at the midhe. Two moderate and parailel 

protostyIid crests m d o m  the distai trigonid Wall, the more iabid joining the cristid 



obliqua at its union with the posWallid. The enamel of the labial face of the protoconid is 

somewhat menulateci. 

Lower molam-The lower molars of E minor have been desdbed and figured by 

Szalay (1969) and Simpson (1937). The referred specimens fkom Nose Creek cliffier ody 

in king d e r ,  and in having mesiolabially positioned paraconids. 

COMPARISONS: The aforernentioned specimens fiom Nose Creek are most similar in 

morphology to teeth referred to minor fiom the Siberhg Quarry, upper Lebo 

Formation, Montana (Simpson, 193 7; Szalay, 1969). The Nose Creek specimens differ 

fiom similar teeth o f .  elenans Simpson, 192% and E. "clivus" Stonley, 1988 fiom the 

Tiffanian of Alberta, in king decidedly smaller, having a more nearly premolariform p4, 

and in having lower molars with the paraconids in a mesiolabial position. The referred 

specimens differ fiom the type material, E. minor, in the following ways: 

p4 paraconid smaller, labial in position, and more appressed to the protoconid. 

p4 talonid bicuspid. 

Molar paraconids small, and in a more mesiolabial position. 

Molar metaconids subequd in height to the protoconids. 

Extemai cinguiids weak. 

Moiar talonid exodaeneodonty less pronounced. 

Generally smaller size. 

DISCUSSION: The noted differences in lower premolar and molar morphologies prompt 

a tentative refenal of the Nose Creek specimens to minor. The more nearly 



premolariform p4, including a bicuspid talonid, as weli as the differences in molar 

characters may indicate a more primitive condition for the Who Nose? morph of 

El~ido~horus. UALVP 44199 seems doser in morphology to UALVP 25581, p4, & sp., 

cf. eleaans from the Cochrane Site 2 locality of Alberta (Youzwyshyn, 1988). As 

Youzwyshyn had indicated, the morphology of UALVP 2558 1 is more primitive than 

that seen on p4 of the tempordly older E. minor, and that the propinquity of relationship 

between & minor and ele~ans may be low, a view held by Simpson (1937), but not by 

Szalay (1969). The differences in morphology of UALVP 44199 and 2558 1 relative to 

that of p4, & minor, are certainly striking and may prove taxonomically significant with 

M e r  sampling fkom both localities. Simpson (1 937: 133) indicated that the genenc 

affin@ of 5 minor may be suspect, but that "...the present data do not seem to warrant 

genenc definition." It is with this view that 1 concur, as the oniy specimen definitively 

referred to this taxon is the type. As such, variation in the group is surely not understood. 

The Who Nose? sample represents the first discovered occurrence of this poorly 

known taxon outside of the Western Interior of the United States. 



Family Paromomyidae (Simpson, 1940) 

S u b f d y  Phemcolemurinae Simpson, 1955 

Tribe Phe~olemurini Simpson, 1955 

Genus Innacius Matthew and Granger, 1921 

Ienacius fiemontensis (Gazin, 1971) 

(Fig. 19, A-H; Table 28) 

HOLOTYPE: AMNH 88309, incomplete right dentary with p4-m2. 

TYPE LOCALITY: Shotgun Vd00 14, V-600 16; Keefer Hill; Twin Buttes; Jenkins 

Mountain; New Anthill], Shotgun Member, Fort Union Formation, Fremont Countyy 

Wyoming. 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of 

Wyoming (Rock Bench Quarry [Locality No. 61, Fort Union Formation, Bighorn Basin, 

Park County [Rose, 198 11); latest Torrejonian (Iate middle Paleocene) of Wyoming (type 

locality [Gazin, 19711); earliest Tiânian (late Paleocene) of Alberta (Cochrane Site 2, 

Porcupine Hilis Formation, Alberta Syncline, Cochrane, Bow River [Youzwyshyn, 1988; 

Fox, 1990al); early Tiianian Oate Paleocene) of Aiberta (Aaron's Locaiity, Paskapoo 

Formation., Alberta Syncline, Innisfail Fox, 1990al). 



REFERRED SPECIMENS: UALVP 43287, P4; UALVP 43289, Ml or M2; UALVP 

43286,43293, M3s (total: 2); UALVP 43288, p4; UALVP 43291, ml; UALVP 43290, 

43292, m2s (total: 2). 

DIAGNOSIS: "Size of p4 much smaller than in Phenacolemur fniaivorus. 

Lower molars a little smaller and relatively much narrower, with taionid basins relatively 

longer and narrower" ( G a  1 97 1 :32). 

DESCRIPTION: P4-In occlusal view, UALVP 43287 is roughly trapezoidal in shape. 

A moderately developed parastyle and reduced metastylar region flank a weak stylar 

shelf and shallow ectoflexus. The crown is tricuspate and dominated by a conical 

paracone; the metacone is reduced and somewhat compressed transversely. The 

protocone is subequd in height to the metacone. The hypoconal shelf is expanded both 

d i d y  and lhgually, but does not extend distally past the metacone. The postparacrista 

is oblique to the prernetacrista (sensu Krause, 1978), whereas the preprotocnsta is 

confluent with the preparacrista. 

Ml or M2-UALVP 43289 lacks the metacone due to post-mortem breakage. 

The tooth is quacirate to subquadrate in occlusal view, and is longer transversely than 

mesiodistally. The paracone and protocone are relatively low crowned and conid, The 

paraconde and metaconde are weakl y developed. The hypoconal shelf is moderate, and 

a hypocane is lacking. AU crests are low and a postcingdum is present. The 

postprotocone cinpuium progresses to the panronde and continws as the preparacrista 

to the parastyle @oi, 1990; Robinson and Ivy 1994). 



M3-UALVP 43286 and 43293 are subrhomboidd in occlusai view, the labial 

part is oblique, while the Iingual part is rounded The panicone and metacone are slightiy 

labiolingually compressed, and the metacone is reduced. Both the paraconde and 

metaconde are weakly developed, the metaconde more so, and the protocone is infiated 

and bulbous. The hypoconal shelf is moderately well developed, but a hypocone is 

lacking. Al1 crests are low. The postparacrista and premetacrista are nearly aligned 

dong the mesiodistal axis of the tooth, and the preprotocrista joins the preparacrista at the 

paniconule. The mesial cingulum is well developed. 

+In lateral profile, UALVP 43288 is smoothly convex mesially with a 

relatively steep profile. The tooth is dominated by a large, inflated protoconid mesially, 

and a broad talonid distally. A paraconid and metaconid are both lacking. The talonid is 

bicuspid, possessing a well-developed distinct entoconid and hypoconid and a 

moderately deep basin. The entocristid descends steeply, striking the protoconid low; as 

mch, the taionid is open lingually. 

ml-In lateral profile, the trigonid of ml leans strongly mesially. In occlusal 

view, the tooth is roughly rectangular and the trigonid and talonid are subequal in 

mesiodistal length. The paraconid is reduced and somewhat appressed to the larger 

metaconid, while the protoconid is subequd in size to the metaconid. The pmcristid is 

distinct and high, effectively squaring off the trigonid crown. The protocrisiid is distinct 

and the trigonid notch shallow. A distinct entoconid and hypoconid are present on the 

shallowly basined talonid. A hypoconulid s w e h g  is evident midway dong the 

postcristid. The cristid obliqua strikes the postvallid labial to the midline. A prominent 



precingulid progresses labially, but does not continw as a postcinguiid distal to the 

hypoflexid. The talonid notch is deep and not incised ventraUy. 

m2-Ln lateral profile, UALVP 43290 and 43292 lean mesiaily, at least as much 

as ml. In occlusal aspect, the teeth an subrectangular, and the talonid is longer 

mesiodistdy than the trigonid, particularly when compared to ml. The paraconid is 

slightly reduced aud somewhat appressed to the metaconid. The protoconid and 

metaconid are equal in height, and d l  trigonid cusps are bulbous. The panicristid and 

protocristid are similar to those on ml, but the trigonid notch is less distinct. The talonid 

is shallow, much more so than on m 1, and possesses a distinct entoconid and hypoconid. 

The hypoconulid is not evident on either of the specimens. The cristid obliqua strikes the 

postvvallid labial to the mi*dline. A strong precingulid progresses labially as in ml. The 

hypoflexid is less acute than on ml, and the talonid notch is deep and not incised 

ventraiiy . 

COMPARISONS: The specimens from the Who Nose? locality bear closest resemblance 

to descriptions of similar teeth of E fiemontensis fiom the type locality in the Fort Union 

Formation of Wyoming. In cornparison, the Who Nose? specimens possess somewhat 

less hfiated trigonid cusps, with the paraconid occupying a slightly more Lingual 

position, a p a t e r  separation of the paraconid and metaconid, a relatively broader taionid, 

and a prominent precingulid. Relative to specimens h m  the Cochrane 2 locality of 

Alberta, the Who Nose? specimens are smaller in size with poorly swollen cusps. 

Additionally, the referred upper molan have a better developed parastylar region and 

metacone, a deeper ectofiexus, and a m w e r  hypoconal shelf, wMe the refmed lower 



molars display a Iowa degree of paraconid-metaconid appression and a stronger 

precinguiid. In cornparison with specimens fiom Aaron's locaiity, Alberta (MacDonald, 

1996), the Who Nose? specimens are slightly d e r  in o v d  dimensions, with a 

betîer-developed metacone end a nanower hypoconal d ien t  on the upper molars, and 

have a prominent precingutid on the more nearly erect lower molars. 

DISCUSSION: The Who Nose? specimens are morphologically similar to teeth of the 

paromomyid fiemontensis, but may represent a more primitive grade of 

phenacolemu~e evolution. h pdcuiar, the presence of a better developed parastylar 

region, deeper ectoflexus and less distally expanded hypoconal shelf on the upper molars, 

combined with strong precinpuiids and an umduced paraconid on the lower molars 

reflect plesiomorphies shared with Paromomys demessidem Gidley, 1923, a probable 

mcestor (Bown and Rose, 1976). The striking dserences between the specimens fiom 

Who Nose? and those from both the Cochrane 2 and Aaron's localities indicate a possible 

rapid evolutionary event within this limage h m  the latest Tomjonian (Who Nose? 

locality) to the earliest Tiarzian (Cochrane 2 and Aaron's localities). 

Doi (1 990) and Robinson and Ivy (1 994) noted the preprotocrista on upper molars 

of fiemontensis progresses to the paraconde and continues as the preparacrista to the 

parastyle. This condition is simiIar to that observed in upper molars of Parornomm (as 

opposed to the condition observed in upper molars of 1. hgivorus Matthew and Granger, 

1921, advanced phenacolemurines, and simpsodemurines), and is considered 

plesiomorphic. Robinson and Ivy (1994) use this character to question the e t i e s  of 

fi-emontensis, suggesting that it may not be refmble to Ieaacius. While a single 



specimen cannot support nor refbte such a suggestion, UALVP 43289, in possessing this 

character, stnngthens its n f d  to J. fkmontensis, and in combination with the 
b 

aforementioned plesiomorphic characters, afnrms its hypothesized reIationship to the 

struchnauy more primitive Paromomvs. 

The Who Nose? sample is the third and stratigraphically oldest known occurrence 

of 1. fiemontemis in western C m d a  (Fox, 1990a). 



cf. Ipcius  sp. 

(Fig. 20, A-C; Table 29) 

REFERRED SPECIMENS: UALVP 43303, ml; UALVP 43304, m2. 

DESCRIPTION: ml-In occlusal view, U A L W  43303 is subquadrate, with an 

compressed trigonid and broad, ovate talonid. The taionid is longer than the trigonid in 

both mesiodistal and transverse dimensions. The metaconid is the largest trigonid cusp, 

followed by a subequaily high protoconid and a reduced paraconid. The paraconid is 

oearly confluent with the metaconid and lingually positioned, whiie the protoconid is 

slightly reduced, but distinct The pmcristid/paralophid complex is expanded mesially. 

The protocristid is distinct, and a faintly developed trigonid notch is discernible. The 

taionid is shallow and broadly ovate, expanded both labiaily and lingually past the 

trigonid. An entoconid and hypoconid are present, as well as a swelling in the position of 

the mesoconid Numerous accessory cupules occur dong the postcristid. The cristid 

obliqua d e s  the postvdlid high and joins with a s m d  crest descending fiom the 

metaconid at the midpoint between the metaconid and protoconid. The talonid notch is 

shallow and not incised at its base. A strong precinpuiid progresses labiaily and 

continues past the hypoflexid as the postcingdid. The labial cingulid proper forms a 

prominent shelf at the hypoflexid. 

m2-The morphology of m2 is nearly identical to that of ml; however, the 

trigonid of  UALVP 43304 is even more mesiodistally compressed, and the 



paracristid/pdophid complex is tess mesially expanded. There are more accessory 

cuspules almg the postcristid, and the hypoflexid shelf bûirs two distinct cupules. 

COMPARISONS: UALVP 43303 and 43304 most closely approximate the 

measurements of molar teeth of 1. fiemontensis, being smaüer overall than molars of both 

1. fnimvorus and 1. pra~bullianus Bown and Rose, 1976. The Who Nose? specimens - 

m e r  fiom molar teeth of fiemontensis in having more nearly erect, mesiodistally 

compressed trigonids; paraconids that are more lingually positioned; open, shailow 

talonids; and prominent precingulids. Relative to similar teeth of 1. miaivorus fiom the 

Roche Percte locality, Saskatchewan (Krause, 1977), the Who NOK? specimens are 

smalier in overall size, have mesiodistally-compressed trigonids that bear less nngid 

cusps, and have paraconids occupying more lingual positions. Additionally, the Nose 

Creek specimens have stronger precingulids, and larger, shallower, and more ovate 

talonids with cristids obliquae that are positioned higher on the postvallid. The extreme 

compression of the molar trigonids on the Who Nose? specimens is similarly observed in 

homologous teeth of I. pra~bullianus from the Wasatchian of Wyoming (Bown and Rose, 

1976); however, the overall sizes of the Who Nose? specimens are considerably smaller, 

and the mesial expansion of the pmcristid, characteristic of the lower molar dentition of 

1. pybullianus, is absent. - 

DISCUSSION UALVP 43303 and 43304 display a curious mosaic of lower molar 

characters, some plesiomorphic (more nearly erect trigonids, poorly infiateci cusps, 

linpuai position of the paraconids, and strong precingulids), and others apomorphic 



(extreme compression of the tngonids, appression of the paraconids to the metaconids, 

and broad talonids). One could envision these specimens as a transition to a more 

advanced phenacolemurine dental condition, as seen in molar dentitions of Phenacolemur 

Matthew and Granger, 1915, Dillerlemur Robinson and Ivy, 1994, or Sim~sonlemur 

Robinson and Ivy, 1994, particdarly in the compression of the trigonids and the 

reduction of the paraconids. The Nose Creek specimens are, however, not as robust as 

homologous teeth of advanced phenacolemurines, nor do they display the more 

characteristic features seen in these taxa (for example, high trigonid relief, relatively deep 

trigonid notch, incised talonid notch [Robinson and Ivy, 19941). The paucity of 

specimens prevents conclusive statements regarding the &inities of UALVP 43 3 O3 and 

43304. It is apparent however, that these specimens could represent an advanced dental 

stage of Ianacius, more specidized than the dentitions of either fiemontensis or 

fhgivonis, and converging on the trigonid feanires of advanced phenacolemurines. 



Paromomyidae, genus and species unidentifed 

(Fig. 20, D-F; Table 30) 

REFERRED SPECIMEN: UALVP 43302, mS. 

DESCRIPTION: m2-In occlusal view, UALVP 43302 is subquadrate. The trigonid and 

talonid are of equal transverse dimensions, but the talonid is longer mesiodistally. The 

trigonid is compressed mesiodistally. Post-mortem abrasion has removed the apical part 

of the paraconid; however, it appears to have been reduced, labial in position, and 

apparently appressed to the metaconid. The protoconid is subequal in height to the 

metaconid and distinct. The paracristid is shelf-like and moderately low on the mesial 

trigonid face; the protoaistid is high, forming a distinct trigonid notch between the 

metaconid and protoconid. The talonid is shailow and open, with a weak entoconid and 

hypoconid. Numerous accessory cuspules are present dong the postcristid. The cristid 

obliqua strikes the postvdlid low and labial to the midline. The talonid notch is shailow 

and not incised at its base. A robust precingulid onginating fiom the mesial face of the 

protoconid progresses distolabidy, forming a prominent shelf about the hypoflexid, and 

continues as the postcinpuiid distal to the hypoflexid. 

COMPARISONS: UALVP 43302 cliffers fiom Iower molars of Imacius in its robust and 

larger proportions, in havhg a more nearly erect trigoaid, and in having a strong 

precingulid and hypoflexid shelf. With respect to these Merences, UALVP 43302 

appears to more closely approxirnate m2s of Paromomw. The referred specimen ciiffers 



fhher h m  lower molars of Iptcius, and is more similar to homologous teeth of 

Paromomvs, in displaying low trigonid relief and in lacking an incised talonid notch. 

UALVP 43302 is distinct fiom m 2 s  of Paromomvs in king less robust, and by its 

relatively lower trigonid relief. The Who Nose? specimen also resembles lower m2s of 

an undesaibed species of Phenacolemur fiom the Iate Tiffanian Gao Mine locality @en. 

obs.), Paskapoo Formation, Alberta: both are relatively square occlusally, have low 

trigonid relief. high paracristids, labially positioned cristids obliquae, shallow talonids, 

and thickened labial regions (as represented by the labial cingulid on UALVP 43302, and 

by a prominent hypoflexid shelf on the Gao Mine specimens). 

DISCUSSION: This peculiar specimen displays characters that are both plesiomorphic 

(more nearly erect trigonid, precingdid, lacking an incised taionid notch) and 

apomorphic (compression of the trigonid, reduction of the paraconid). Quite clearly, if 

UALVP 43302 is referable to Phenacolemur, it difFers fiom Gunnell's (1989) diagnosis 

of the genus in that it retains the paraconid on m2 (presumably a plesiomorphic 

chmcter). 

Robinson and Ivy (1 994), in their comprehensive review of the Paromomyidae, 

restricted Phenacolemur to include the generotype & praecox Matthew and Granger, 

19 15, P. simonsi Bown and Rose, 1976, fortior Robinson and Ivy, 1994, and two new 

species fiom the Wasatchian of North America These taxa are united with respect to 

lower molar morphology by a constncted, deeply incised talonid notch and a 

mesiodisîally elongate m3. In addition, the mola. teeth of these taxa display high trigonid 

relief, a fature not pointed out by Robinson and Ivy. The single Nose Creek specimen 



does not closely a p p r o h t e  the m2s of any of the aforementioned taxa; rather, UALVP 

43302 is closer to lower molars of Paromomvs dwressidens, Imacius spp., and the 

undesrnid material h m  Gao Mine. Both the Gao Mine material, as well as  UALVP 

43302, are sirnilm to rn2s of DUerIemur (Robinson and Ivy, 1994) in possessing Iower 

trigonid relief and a l e s  collstncted and unincised talonid notch. Although UALVP 

43302 does not possess features characteristic to the lower dentitions of any one of these 

taxa to the exclusion of the others, its' suite of characters is most closely approximated by 

this grouping. Because of its peculiar nature, 1 refer UALVP 43302 only to the 

Paromomyidae. 



Suborder Plesiadapifomies Simons and Tattersail in Simons, 1972 

Family Palaechthonidae Gunneil, 1989 

Subfady Pdaechthoninae Gunnell, 1989 

Genus Palenochtha Simpson, 1935a 

Palenochtha sp., cf. p. minor (Gidley, 1923) 

(Fig. 20, G-1; Table 3 1) 

HOLOTYPE: USNM 9639, right dentary with p4-m3 and dveoli for c, ~ 2 . ~ 3 .  

TYPE LOCALITY: Gidley Quarry, upper Lebo Formation, Crazy Mountain Field, 

Sweetgrass County, Montana. 

KNOWN AGE AND DISTRIBUTION: Late Tonejonian (middle Pdeocene) of Montana 

(type locality [Simpson, 193Sal); Iate Tomjonian of Wyoming (Cedar Mountain [locality 

U W  V-820041, Polecat Bench Formation, southem Bighom Basin, Hot SpringsMrashakie 

Counties [Hartman, 19861; Rock Bench Quany [Locallty No. 61, Fort Union Formation, 

Bighom Basin, Park County pose, 198 11; Swain Quarry, Fort Union Formation, 

Washakie Basin, Carbon County [Rigby, 19801); Iatea Torrejonian (Iate middie 

Paleocene) of Wyoming (Shotgun V-60014, V-600 16; Keefer Hill; Twin Buties; 

JenkUls Montain; New Anthiil], Shotgun Member, Fort Union Formation, Fremont 

County [GumeII, 19891). 

REFERRED SPECZMEN: UALVP 43301, m2. 



DIAGNOSIS: "p4 to m3=5.3 mm; ml to m3=4.3 mm. About one-third mialler than 

Paiaechthon alticmis, with apparently a reduction of premolars to two instead of three, 

but with canine of moderate size and an enlarged incisor as in tht species described 

above [P. alticmis] " (Gidley, 1 923:ï). 

APPENDED DIAGNOSIS: "DBers fiom Palaechthon and P m o i d e s  by being 

significantly smaller, by havhg distinct and separate paraconids on lower molars, by 

having more open, less anteroposteriorly compressed molar trigonids, and by having a 

distinct buccal cingulid on lower molars" (Gunneli, 1989: 19). 

DESCRIPTION: m2-In lateral view, UALVP 43301 leans slightly mesially. ui occlusal 

view, the talonid is slightly longer mesiodistally than the trigonid, while the tngonid and 

talonid are e q d  in transverse length. The trigonid cusps are bulbous and conical; the 

metaconid is slightly larger than the protoconid, and both cusps are considerably larger 

than the reduced paraconid. The paraconid is labial in position and the paracristid is 

strongly flexed and shelf-like (Fox, 1984b). The trigonid notch is moderate and incised 

at its base. A precingulid is present labially and does not continue as the postcingulid 

past the hypoflexid. The talonid is broad and shdow, with uiree distinct, m b e q d y  

large and high cusps (hypoconid, entoconid, hypoconulid) and a swelling occupying the 

position of the mesoconid. The cristid obliqua d e s  the post~vallid labidy, far more so 

than in homologous teeth of Micromom~s Szalay, 1973, but in a relatively low position 

(but see Fox, 1984b). The donid notch is moderate and not distindy incised. 



COMPARISONS: Lower molars of Palenochtha differ h m  those of Premoides 

G m e l l ,  1989 in having distinct, bulbous pmconids, separate from the other two 

trigonid cusps, less mesiodistal compression of the trigonids, deeper trigonid notches, and 

in possessing precinpuiids. They differ fkom lower molars of Palaechthon spp. in being 

generally smaller, having molar trigonids that are less mesiodistally cornpressed and 

pouessing precingulids (Gunnell, 1989). Lower molars of minor ciiffer fiom those of 

Palenochtha weissae Rigby, 1980 fiom the Swain Quany of Wyoming in having 

paraconids that are more labial in position and a less open trigonids (Rigby, 1980). 

DISCUSSION: UALVP 43301 is best refemd to Palenochtha sp., cf. P. minor. in 

comparison with a cast of the type specimen, UALVP 4330 1 differs only in the cristid 

obliqua striking the postvdid in a lower and more labial position, and in having a more 

distinct mesoconid swelling. In comparison with described lower molars of P. minor 

from Swain Quarry, UALVP 43301 W e r s  in lacking a medial crest descendhg fiom the 

metaconid to meet the cristid obliqua. UALVP 43301 dso possesses a mesoconid 

sweliing. a feature not noted on the material from Swaui Quarry (Rigby, 1980; Gunnell, 

1989). The paucity of specimens precludes a decision as to whether or not this chmcter 

is significant or merely individual variation. Although Gunnell(1989) used the absence 

of a mesoconid on the lower molars of Palenochtha as a criterion for dflerentiating them 

from teeth of the closely related Premnoides, the lower rnolars of Palenochtha more 

closely approximate the overalI morphology of UALVP 43301. 



UALVP 43301 represents the first record of Palenochtha in Canada, and a 

northerly geographic range extension for the taxon fiom the type locality in Montana 



Subfamily Plesiolestinae Gunnell, 1989 

Genus Plesiolestes Jepsen, 193 O 

Plesiolestes moblematicus Jepsen, 1 930 

(Fig. 21, A-F; Table 32) 

HOLOTYPE: PU 1329 1, ri@ dentary with p3, m 1-3. 

TYPE LOCALITY: Rock Bench Quarry [Locality No. 61, Fort Union Formation, 

Bighom Basin, Park County, Wyoming. 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of 

Wyoming (type locality [Jepsen, 1930; Rose, 19811; Swain Quarry, Fort Union 

Formation, Washakie Basin, Carboa County [Rigby, 1 9801); latea Torrejonian (late 

rniddle Paleocene) of Wyoming (Shotgun V-60014, V-600 16; Keefer Hill; Twb 

Buttes; Jenkins Mountain; New Anthilil, Shotgun Member, Fort Union Formation, 

Fremont County [Gunnell, 19891); earliest Tiffanian (late Pdeocene) of Montana 

(Bangtail locality, Fort Union Formation of Bangtail Plateau, western Cray Mountain 

Basin, Park Co* [Gingench et al., 19831). 

REFERRED SPECIMENS: UALVP 43296,43298, M2s (total: 2); UALVP 43297, M3 



NOTES ON DIAGNOSIS: As Jepsen's (1930) original treatment of the taxon included a 

complete characterization of the holotype rather than a brief diagnosis, Gunnell's more 

succinct appendant is used here. 

APPENDED DIAGNOSIS: "E problematicus ciiffers k m  P. nacimienti by having a 

better developed talonid on both p3 and p4, by havhg a more distinct mesoconid on 

lower molars, by having m3 more expanded, less reduced, by having more distinct 

paraconids on lower molars, and by having weaker hypocones and precinguia on upper 

rnolars" (Gunnell, l989:23). 

DESCRIPTION: M2-In occlusal aspect, the crown is subquadrate and longer 

transversely than mesiodistally. The parastylar and metastylar regions are poorly 

developed. The paracone and protocone lean mesially, the protocone more so, and the 

paracone and rnetacone are moderately flat labially. The paracone is slightly labial in 

position relative to the metacone. The pre- and postpanicrista, pre- and postparaconule 

crista, and mesial cinpuium are al1 strongly developed, emphasiPng prevallum shear. 

The pre- and postmetacnsta, pre- and postmetaconule crista, and postcingulum are less 

developed. The preparaconule crista is not continuous with the mesial cingulum, the pre- 

and postprotocrista are distinct and connect ünguaily to the para- and metaconde . 

respectively (GunneU, 1989). The paraconule is labial in position with respect to the 

metaconde and both are robust in construction. The protocone is tall and spire-like- The 

postprotocrista is straight, not sinusoida1 (Youzwyshyn, 1988), and is moderately 

inclined, forming a broad trigon basin. The postprotocone cinguium is moderately 



deveioped and connects to the apex of the protocone, although a broad Wear d a c e  

obscures its tnie point of attachment. The hypoconal salient is poorly developed, and a 

hypocone is lacking. 

M3-In occlusal view, UALVP 43297 is labially oblique and lingually rounded. 

The parastylar area is strongly developed, with a faint cusplike swelling mesial and 

labial to the panicone. The paracone and metacone are somewhat fiattened labially, and 

the metacone is reduced in size. The preparacrista is robust, and nins labially to the 

parastylar area. The paraconule and metaconule are both well developed; as in M2, the 

paraconule crista is better developed than the metaconule crista The preparaconule crista 

is separate and distinct nom the precingdum. The protocone is large and somewhat 

inflated; the pre- and postprotocrista are low and distinct, formuig a shallow trigon basin. 

The postprotocrista is relatively straight, not sinusoidal. A small, lingually positioned 

pericone occurs slightly mesial to the protocone, and its mesial margin is confluent with 

the precingulum. The postprotocone cingulum is faint and appears to reach the apex of 

the protocone. The hypoconal salient is weakly developed and a hypocone is lacking. 

COMPARISONS: The Who Nose? specirnens are best referred to P. problematicus. 

Molar teeth of Plesiolestes cm be differentiated fkom those of palaechthonids by having a 

strong postprotocrista and preparaconule crista distinct h m  the precinguium (Gunilell, 

1989). Molar teeth of Plesiolestes can M e r  be Werentiated fiom those of Toneionia 

Oazin, 1968 by the postprotocone cinguium connecting near the apex of the distal 

protocone wall rather than closer to the base (Szalay, 1973). When compared to the Rock 

Bench materia the Who Nose? specimens are d e r  in size; possess a deeper 



ectoflexus; have a weaker pre- and postmetacrista on M2; are wider mesiodistally; and 

possess a more developed parastylar atea on M3. Relative to the Swain Quarry sample, 

the Who Nose? specimens are slightly larger in size, and share a pronounced parastyla. 

area and well-developed conuies on M3 (Rigby, 1980). 

DISCUSSION: The Who Nose? specimens are cbsest in morphology to the Swain 

Quarry sample, particularly with respect to the pronounced parasty1ar area, and well 

developed conules on M3. A deeper ectoflexus on M2, combined with the characters of 

M3, may be suggestive of a more primitive grade than the matenal fiom the type locality. 

The Nose Creek sample represents the first discovered record of Plesiolestes in Canada. 



Genus Torreionia Gazin, 1968 

?Torreionia shky i  (Szalay, 1973) 

(Fig. 21, G; Table 33) 

TYPE: AMNH 92135, right mandible with m2-3. 

TYPE LOCALIïY Saddie Locality, Fort Union Formation, Bison Basin, Fremont 

County, Wyoming. 

REFERRED SPECIMEN: UALVP 43305, M3. 

DESCRIPTION: M3-In occlusal view, UALVP 43305 forms a scalene triangle with 

strongiy oblique labial, and rnoderately rounded lingual side. The tooth is considerably 

wider eranmersely than mesiodistally. The parastylar area is well developed, while the 

metastylar area is strongly reduced. The panicone is larger than the metacone, and leans 

slightiy mesially. The p~paracrista and preparaconule crista are bo t .  well developed, 

and extend labidy to the parastylar area The postparacrista and premetacrista are 

oriented verticaiiy with respect to each other, not offset Iabidy or lingually as in some 

paromomyids (Gunnell, 1989). The paraconule and paraconule cristae are better - 

developed relative to the metaconde and the metacode cristae. The protocone is large 

and high, forming a deep trigon basin. The pre- and postcingulum are modetately 

developed, and the postprotocone cinguium U absent, dthough heavy Wear and enamel 



loss have obscured the topography in this region. Heavy Wear is noted on the centrocrista 

and prevdum, particularly the preparamista and preparaconule crista. 

COMPARISONS: UALVP 43305 is considerably larger than M3s referred to 

Plesiolestes. Palaechthon Gidley, 1923, end wilsoni Gazin, 1968 and is more bunodont 

relative to teeth of the former two. Referral of this specimen to ?T. sirokvi is based on 

overail size and the weaker developed pre- and postcingulum, as cornpared to 

homologous teeth of Plesiolestes ~roblematicus. In cornparison with similar, referred 

teeth fiom the Cochrane Site 2 locality, UALVP 43305 is somewhat less transverse and 

less mesiodistally extended; in cornparison with similar referred teeth f?om the 

Birchwood locality of Alberta (Webb, 1996). the Who Nose? specimen is longer 

labiolinguall y. Szalay (1 973) figured an upper third rnolar of T. siro kvi, UW 2253, 

similar in morphology to UALVP 43305. Statistically, the Nose Creek specimen is 

within the range provided by Szalay for length, but not for width. 

DISCUSSION: Szalay (1973) and Szalay and Delson (1 979) synonyrnized Torreionia 

with Plesiolestes, citing a highly variable p4 in Plesiolestes (Gunnell, 1989). 1 concur 

with Gazin (1968), and Guaneli (1989) in the sepmation of Torreionia and Plesiolestes, 

based on the morphology of the postprotocone cing~~Ium. Szalay (1 973:85) stated that 

"...in sirokvi], the [postprotocone cinguium], which connects to the apex of the 

protocone in [lower moiars of Plesiolestes ~roblematicus], does not connect to the 

protocone as high as in the laiter. " This character, combined with size differences and 

Iess developed pre- and postcingula, seans worthy of generic distinction, Re- and post- 



mortem abrasion has obscured the original proportions of the postprotocone cingulum on 

UALVP 43305, and as such, the development of this chanicter is impossible to ascertaùi. 

The r e f d  of this specimen to Torreionia is thus questionable, with the anticipation that 

better-preserved specimens will provide more taxonomicaily useful information. 

UALVP 43305 potentially represents the third, and oldest discovered, occurrence of 

Torreionia in Canada 



Farnily Mkrosyopidae Osbom and Wortman, 1892 

S u b f d y  Uintasoricinae Szalay, 1969 

Tnbe Navajovüni Szalay and Delson, 1979 

Genus Navaiovius Matthew and Granger, 1921 

cf. Navaiovius sp. 

(Fig. 2 1, H-J; Table 34) 

REFERRED SPECIMEN: UALVP 43299, p4. 

DESCRIPTION: p4-UALVP 43299 is double-rooted. The crown is dorniaated by a 

large, nearly vertically oriented protoconid. The talonid is basined, with a distinct 

entoconid and hypoconid, and lacking a hypoconulid. A protostylid crest originating 

fiom the lingualmost side of the distal protoconid face descends distally to the taionid 

notch; a second protostylid crest, labial in position and originating near the apex of the 

distd protoconid face, descends to within a shoa distance of the hypoflexid. Moderate 

Wear surfaces are noted on the postcristid and distal protoconid crests, and a broad Wear 

s d a c e  is observed at the hypoflexid. UALVP 43299 displays moderate labial 

exodaeneodonty. 

COMPARISONS: UALVP 43299 bears closest resernblance to p4s refmed to the Iate 

Paleocene genus Navaiovius Matthew and Oranger, 1921 from the middle Tianian and 

middie Clarkforkian of Colorado, Wyoming, Montana and Texas (Gunnell, 1989). The 

refened specirnen is considerably d e r  than p4s of pdaechthonines and plesiolestines, 



and relatively unmodined, unlüre the edarged p4s of other diminutive microsyopids such 

as Tinimomw Szalay, 1974 and Micromomys Szalay, 1973 (Fox, 1984b). UALVP 

43299 is similar to p4, Berruvius Russeil, 1964, h m  the Thanetian of Bem and Cernay 

in France, but lacks a distinct paraconid (Gunaeil, 1989). 

DISCUSSION: Gunneii (1989:83) figured the lower dentition of Navaiovius kohlhaasae 

Matthew and Granger, 192 1, AMNH 17390. Morphologically, UALW 43299 bears 

close resemblance to the p4 of this specimen. GunneU considers the absence of both a 

paraconid and metaconid and a shallowly basined talonid on p4 to be plesiomorphic for 

navajoviines and microsyopids in general, and pointed out that a bicuspate talonid on p4 

is suggestive of a denved state. The Nose Creek specimen, curiously, possesses dl of 

these chanicters. If UALVP 43299 is indeed a aavajoviine, then, it displays a mosaic of 

both plesiomorphic and apomorphic charactem. 

UALVP 43299 may well represent the oldest occumnce of Nava-iovius, 

suggesthg that the evolutionary history of diminutive microsyopids is more aocient and 

complex than is cumntly understood. The putative sympatric occumnce of Paienochtha 

sp., cf. rninor and c t  Navaiovius sp. from Nose Creek casts some doubt on an 

ancestor-descendant relationship between the two, as suggested b y G~~ltieU (1 989). and 

may add support to the notion of a Pur~atorius-like ancestor for both (Van Valen, 1994b). 



Family Plesiadapidae Trouessart, 1897 

Subfamily Plesiadapinae Trouessart, 1 897 

Genus Pronothodectes Gidley, 1923 

Ronothodectes matthewi Gidley, 1923 

(Fig. 22, A-E; Table 35) 

TYPE: USNM 9547, nght maxillary fiagrnent with P4-W. 

TYPE LOCALITY: Gidley Quarry, upper Lebo Formation, Crazy 

Sweetgrass County, Montana 

Mountain Fieli 

KNûWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of Montana 

(type local@ [Gidley, 1923; Simpson, 193 1; latest Torrejonian (late middle Paleocene) 

of Montana (Medicine Rocks Site 1, Tongue River Formation, eastem Crazy Motmtain 

Basin, Ekalaka, Carter County [Gingerich, 1976; Krause, 19871; Mehling Site, Tongue 

River Formation, eastem Crazy Mouutah Basin, Ekalaka, Carter County [Gingerich, 

19761). 

REFERRED SPECIMENS: UALVP 43284,Il; UALVP 43280, P4; UALVP 43278, il; 

UALVP 4328 1, p3; UALVP 43282, p4; UALW 43285, ml; UALVP 43279,44232, 

4423 1, m2s (total: 3); UALW 43277,43283, m3s (total: 2); UALVP 43276, incomplete 

dentaiy with Wm3; UALVP 43275, incomplete dentary with p4-m3. 



DIAGNOSIS: "Size about one-fourth d e r  than Nothodectes @de*. P4 to M2=5.9 

mm; ml to m3=7.3 mm. P4 relatively narrower and all molars, both upper and lower, 

relatively wider thaa in species of Nothodectes. P4 with paracone and metacone 

subegual but closely twinned; hypocone ridge only incipiently developed; no diastema in 

jaw; a very much reduced canine indicated; pl slightly smaller than p2; both these teeth 

simple and single rooted Trigonid of ml with the three cusps about equal in size, their 

unwom swnmits forming a nearly equilateral triangle" (Gidley, 1923 : 12) 

APPENDED DIAGNOSIS: "Similar to PronothodectesM but significantly smaller- 

rnean length and width of ml are 2.13 mm and 2.03 mm, respectively, vernis 2.35 mm 

and 2.22 mm in P. je&' (Gingench, 1976: 18). 

DESCRIPTION: Adequate descriptions of nearly complete dentitions of matthewi c m  

be found in Simpson (1 937) and Gingench (1976). Upper fint incisors are rare in moa 

samples of Ronothodectes (for example, Gingerich's 1976 description included only two 

isolated Il  s in his revision), and as mch, are worthy of description. 

Il-UALVP 43284 is a presimiably procumbent, nanow-crowned tooth. The 

crown preserves three distinct, weU-developed cusps: an anterocune, a laterocone and a 

mediocone. Post-mortem breakage has removed the posterocone, and a centroconule is 

absent. The mediocone and laterocone are equidistant behind the anterocone (Gingerich, 

1976). The laterocone is robusf subconicai, and forms a near 90' angle with the 

anterocme. The mediocone îs d and modemtely distinct. The anterocrista is strong, 



and a deep interstitial Wear facet is formed dong its margin. An apical Wear facet is 

present on the anterocone. 

COMPARISONS: The nferred specimens f d  within the recorded sizes and 

morphological ranges for the hypodigrn of matthewi from the type locality (Gingench, 

1 976). The trigonids are shorter, both mesiodistally and labiolinguall y, and the taionid 

basins are deeper than those of the type material. The paraconids are more labial in 

position, and the hypoconulid lobe of m3 is less elongate and distally furrowed, although 

this tooth locus is highly variable within the Nose Creek sample. The precingulids are 

particularly well developed in the Who Nose? specimens. 

DISCUSSION: nie specimens fiom Who Nose? are comparable to similar teeth in the 

hypodigm of the type material, but are on the lower end of the recorded size ranges, and 

possess features that are primitive, including lower molars which are less transverse 

(similar to those of Purnatonus Sloan and Van Valen, 1965); lack of a mesoconid on the 

cristid obliqua (similar to those of Purszatorius); a less elongate and k o w e d  hypoconulid 

lobe on m.3 (similar to those of Pandemonium Van Valen, 1994b); and a Iabially 

positioned paraconid (similar to those of Pur~atorius and Pandemonium). These 

characters, although subtle, may be suggestive of a more primitive grade of 

Pronothodectes. The Nose Creek sample of & matthewi coIlStitutes the first record of 

this important taxon in Canada. 



Farnily Picrodontidae Simpson, 1937 

Genus Picrodus Douglass, 1908 

Picrodus silberlinni Douglass, 1908 

(Fig. 23, A-C; Table 36) 

HOLOTYPE: C M  1670, incomplete nght dentary with p4-ml. 

TYPE LOCALITY: Silberling Quarry, upper Lebo Formation, Crary Mountain Field, 

Sweetgrass County, Montana. 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paleocene) of Montana 

(Gidley Quarry? upper Lebo Formation, C r a y  Mountain Field, Sweetgniss County 

[Simpson, 1 93 71; type locality ~ouglass, 1 9081); Iate Torrejonian of Wyoming (Cedar 

Mountain [locality UW V-820041, Polecat Bench Formation, southem Bighom Basin, 

Hot SpringdWashakie Counties mariman, 1 9861; Rock Bench Quarry [Locality No. 61, 

Fort Union Formation, Bighom Basin, Park County [Rose, 19811; Swain Quarry, Fort 

Union Formation, Washakie Basin, Carbon County [Szalay, 1 968; Rigby, 1 9801); latest 

Torrejonian of Wyoming (Shotgim [U\K V-60014, V-60016; Keefer Hill; Twin Buttes; 

Jenkins Mountain; New Anthill], Shotgua Member, Fort Union Formation, Fremont 

County [Gazin, 1971; GrneII, 19891); earliest Tiffimian (Iate Paleocene) of Alberta 

(Cochrane Site 2, Porcupine W s  Formation, Alberta Syncline, Cochrane, Bow River 

~ouzwyshyn, 1988; Fox, 199Oal); earliest T i a n  of Montana (BangtaîI locality, Fort 

Union Fommtion of Bangtail Plateau, western Cray Mountain Basin, Park Co- 



[Gingerich et al., 19831; Douglass Quarry [Simpsonk Locality 631, C r a y  Mountain 

Basin, Sweetgrass County muse and Maas, 19901); earliest Tiffanian of Wyoming 

(NeweU's Nook WSGSD-20031, Fort Union Formation, Powder River Basin, Big Hom 

County [Robinson and Honey, 19871); early Tiffanian (late Paleocene) of Alberta (Hand 

Hills West Lower Level, Paskapoo Formation, Alberta Syncline, NE of Dnimheller 

~ a c D o d d ,  19961); early Tiffanian of Wyoming (Saddle locality, Fort Union 

Formation, Bison Basin, Fremont County WcGrew and Patterson, 1962; Szalay, 19681); 

middle T0rffhn.ian (iate Paleocene) of Alberta (UADW-2 locaiity, Paskapoo Formation, 

Alberta Syncline, Blackfalds [Fox, 1990al); middle Tiffanian of Wyoming (Cedar Point 

Quany, Polecat Bench Formation, Bighom Basin, Lovell, Big Hom County [Rose, 

198 11; Chappo Type Locality [Type Chappo; Chappo Gulch; Chappo-171, Chappo 

Member, Wasatch Formation, LaBarge Creek, LaBarge, Lincoln County [Gunnell, 19941; 

Rainy-Day Resurrection [locaiity V-770591, Fort Union Formation, eastem Rock Springs 

Uplift, S weetwater County winterfeld, 1 9821). 

REFERRED SPECIMENS: UALVP 43295, ml ; UALVP 43294, incornplete left dentary 

with il, p4-m2, alveoli for c, p3, m3. 

NOTES ON DIAGNOSIS: Douglass (1908) originaily assigned CM 1670 to o. - 

silberlingi, refening the entire taxon questionably to the Epanorthidae (=Caenolestidae 

[Simpson, 1937]), and designateci CM 1675 as the type of Mego~tema minuta. Simpson 

(1937). in his anaiysis of the Silberling Quarry ~ U I I S I  synonymked minuta with 

silberlinai and provided a thorough diagnosis, which is used hem 



APPENDED DIAGNOSIS: "Enlargeci, procumbent antenor lower tooth, followed by 

thne or four srnall teeth, the most posterior (?p4) Zrooted but srnall and simple. m l  

much enlarged, with a smaii, elevated, and procumbent trigonid with three poorly 

Uerentiated cusps, heel elongate and large, with a curving crest and two vague interna1 

cuspules, basin not closed. m2 with lower, subquadrate but 3-cusped trigonid, large, 

oval, basined talonid with crest and two intemal cusps. Enamel of both talonids 

papillated" (Simpson, 1937: 135). 

DESCRIPTION: Adequate descriptions for nearly complete dentitions of silberlinei 

can be found in Simpson (1937), Szalay (1968), and Gingench et al. (1983). 

COMPARISONS: The referred spechens are nearly identicai to Simpson's description 

of the type materid (fiom Douglass, 1908), as weil as to material fkom Gidley and Swain 

Qwries (Simpson, 1937; Rigby, 1980). The referred teeth differ fiom similar refened 

teeth fiom the DW-2 locality (Fox, 1 WOa) in being smaller, higher-crowned possessing 

a more mesiaily directed and distinct paraconid on ml and mî,  and a deeper taionid with 

a less appressed entoconid and mesoconid on m2. 

DISCUSSION: The mesid position and distinct sepadon of the paraconid on the lower 

molars and a d e r  overall size could be indicative of a more primitive grade of 

Picrodw The Nose Creek specimens most closely approlrimate the condition observed 



in the dentitions of the type material, the Gidley and Swain Quarry samples, and the 

C o c h e  2 sample. 

The Nose Creek sample constitutes the earliest discovered record of the taxon in 

Canada, and putatively, North Americâ 



Grandorder Ungulata Linnseus, 1766 

Oder P r o d  Matthew and Granger, 19 15 

Family ûxyclamidae Scott, 1892 

Genus Chriacus Cope, 1883 

?Chriacus sp. 

(Fig. 23, D-F; Table 37) 

REFERRED SPECIMENS: UALVP 44168, p4. 

DESCRIPTION: +The crown of UALVP 44 168 is mesiodistally elongate and 

somewhat labiolinguaily cornpressed The trigonid and taionid cusps are swollen. The 

trigonid is dominated by a massive, conical protoconid. A smailer, conical metaconid 

arises fkom a level approximately half way up the distolingual face of the protoconid, 

reaching a maximum height two thirds that of the protoconid. A large, mesially directed 

paraconid is located mesial and lingual to the protoconid. The paraconid is somewhat 

mesiolabially-distolinguaily compressed and sectonal. The strongly-developed 

paracnstid is notched ventdy. A small, loph-like crest originating on the lingual face of 

the paraconid descends lingually, then distally, fomllng a shallow trigonid basin. A 

protostylid crest descends nom the apex of the distal face of the protoconid to meet the 

cristid obliqua. The protocristid is compressed, forming a strongly-developed crest. The 

hypofîexid notch is shallow, and the trigonid notch is prominent, with a strongly- 

developed, keyhole-shaped carnassial notch at its base. The taionid is shallowly basined 

and contains a welI-defined, subequal entoconid and hypownid; both talonid cusps are 



buibous and circula in horizontal section. A slight but distinct swelling located in a 

medial position between the entoconid and hypoconid is assumed to be the hypoconulid. 

The entocristid is sharply defhed, c~estiform, and joins with a distallydirected 

metastylid =est nmning h m  the apex of the metaconid The union of these two crests 

forms a prominent v-shaped talonid notch. A single additional accessory crest is located 

on the distai trigonid d l ,  ventral to the trigonid notch. Stronglydeveloped mesial and 

distal external cinpuiids are present, ventral to the paraconid and protoconid, and 

labioventral to the hypoconid respectively. Large Wear facets are noted on the 

postcristid, the protostylid crest, the mesial protoconid crest and the distal external 

cingulid, while the protoconid displays prominent apical Wear. 

COMPARISONS: UALVP 44168 bears superficial resemblance to p4s of 

didelphodontine cimolestids, such as Acmeodon Matthew and Granger, 1921 and 

Geiastoos Simpson, 1935a; to deciduous p4s of vivenavid camivorans, such as Protictis 

Matthew, 1937; and to p4s and deciduous p4s of hypercamivorous oxyclaenids, such as 

Chnacus and M t a c o d o n  Matthew and Granger, 19 15. The Nose Creek specimen 

differs fiom sirnila. teeth of didelphodontine cimolestids in having a much larger, 

sectorial paraconid that is mesially directe4 as well as a more distinct metaconid. 

Additionally, UALVP 441 68 possesses a shallow talonid basin with bulbous talonid 

cusps. The refened specimen ciiffers fiom deciduous p4s of viverravid camîvorans in 

king generdy less moldonn, with much more robust, swollen trigonid and talonid 

cusps, and a more poorlyaeveloped talonid UALVP 44 168 bears closest resemblance to 

p4s of oxyclaenid procreodians, partidarly those of S~moyodon lainmculus Simpson, 



1935a and Metachriacus p d o r  Simpson, 1935a The Nose Creek specimen M e r s  fiom 

p4s of these taxa in king slightly d e r ,  in 18cking a cornplete labial cingulid; in 

having a more sectorial and mesially directed paraconid; and in having a more prominent 

and distally positioned hypoconid. UALVP 44168 differs further from p4, & latninculus, 

in havbg a slightly deeper talonid, with a more acutely angied talonid notch, more nearly 

approaching the condition observed in p4s, M.  unito or. 

DISCUSSION: Simpson (1935a) erected the taxon S~anoxvodon lahvnculus to receive 

specimens fiom the Gidley Quarry that he presumably felt were distinct fiom similar 

teeth of closely related Chriacus and Metachriacus. As Simpson (1937) noted, p4 of &. 

latrunculus possesses a metaconid larger and more distinct than that observed on the p4s 

of Chriacus (sensu stricto) and Metachriacus, and considered p4, S~anoxvodon, to be 

nibmolariform. Van Valen (1 978) synonymized & latnmculus with Chnacus baldwini 

(Cope, l882), dong with Chriacus truncatus Cope, l884b, Chriacus schlosserianus Cope, 

1 888, Metachriacus orovocator Simpson, 1935% and Tricentes crassicolIidens Cope, 

1 884b, without signifïcant discussion. Additionally, Van Valen synonymized 

Metachnacus punitor with Chnacus orthoponius (Russell, 1929). These synonymies 

have ken, for the most part, accepted without much resistance (for example, Cifeu, 

1983; Williamson, 1996; McKema and Beil, 1997). Williamson (1 996) and 

Younvyshyn (1 988) noted the problems associated with Chriacus (sensu lato), and 

suggested a future revision for the genus be in order. 

The wide ranges of p4 morphologies of specimens referred to Chriacus (sensu 

lato) do not seem to support Van Valen's synonymies, suggesting the genus Chriacus 



may in fact be a composite. In Simpson's (1 937: 192) words, " . . .The ske ranges of the 

[oxyciaenine] species do not dBer greatiy, and theu morphology is markedly stereotyped 

in general pattern.. . yet are amazingly varied in minutiae and cannot be grouped into one 

or a few broad but n a d  genera" 1 concur with Simpson's (1937) and Williamson's 

(1996) opinions on the state of Chriacus. Although it is beyond the scope, and indeed the 

ability of the present work to revise the relationships within this taxon, 1 believe the 

original taxa S~anoxvodon and Metachriacus may be valid, at the very lest on the basis 

of p4 rnorphology, as Simpson (1 9354 1937) had suggested. 

Based on p4 morphology, UALVP 44 168 bears closest resemblance to p4s of 

latninculus and M. aunitor, more so to the former with respect to the well-developed 

paraconid. As the single specimen cannot provide information regardhg the possible 

variation in this taxon, and noting the complexity and possible composite nature of 

Chriacus, the Nose Creek specimen is referred to Chnacus sp. with question. 



Genus ProthrvPtacodon Simpson, 1935a 

ProthrvDttacodon albertemis Fox, 1968 

(Fig. 24, A-1; Table 3 8) 

HOLOTYPE: UALVP 1338, incomplete right mandibular mus with alveoli for c, and 

p 1, and with p2-4, m 1-3 in place. 

TYPE LOCALITY: ARC Core Hole 66-1 (depth 720% 6in), West Balzac, Paskapoo 

Formation, Alberta Syncline, south-central Alberta 

KNOWN AGE AND DISTRIBUTION: type locality only. 

REFERRED SPECIMENS: UALVP 44 169, p3; UALVP 44 1 70, incomplete dentary with 

alveoli for p 1 -3, and with p4 in place; UALVP 44 1 7 1, m 1 ; UALVP 44 1 72, m2. 

DIAGNOSIS: "in distinction fhm ProthrvDtacodon k e n s  (Simpson, 1 935[a]; Simpson, 

1937), P. albertemis is srnalier, possesses slenderer and more elevated molar ûigonids, 

less infiateci and more neady vertical e x t d  rnolar walls, and narrower molars" (Fox, 

1968:66 1). 

DESCRIPTlON: p3-The trigonid of p3 concains a large, relatively hi& sectorial 

protoconid. A srnaIl cuspule, mesial in position, arises nom the base of the protoconid. 

A metaconid is absent. Mesial and distal protostybd crests bisect the protoconid 



mesiodistally. The mesial crest descends fmm the apex of the protoconid to its base, 

while the distal crest descends distally fkom the apex of the protoconid to the heel, and is 

moderately elevated dorsally. The talonid is small and simple in structure, consisting of a 

single, well-developed median cusp, interpreted to be the hypoconid. The talonid is 

unbasined. 

+The crown of p4 is dominateci by a large, slightly recurved sectorial 

protoconid. A smali but well-developed mesially positioned paraconid arises fiom the 

base of the protoconid, and is approximately one eighth the height of the protoconid. A 

metaconid is absent. Strongly-developed mesiai and d i d  protostylid crests bisect the 

protoconid mesiodistally, nmilar to those on p3. Two well-deveioped accessory cuspules 

occur on the distai protostylid crest approximately one quarter and one halfway up the 

distal face of the protoconid, the former being more pronounced than the latter. The heel 

has a single, medially positioned cusp, interpreted to be the hypoconid, and is unbasined. 

A well-developed precingulid is noted. 

Lower molam-The crowns are subrectanguiar in occlusal aspect, with the 

talonids being tnuwersely wider than the trigonids. The trigonids are shghtly 

compressed mesiodistaiiy, more so on m2, and are dominated by robust protoconids and 

metaconids; these cusps are subcircuiar in horizontal section and are subequal in size and 

height. The pmonids are slightly compressed mesiodistally, more so in m2, but retain a 

distinctly cuspidate appearance. The paraconids are reiatively high on the crowns, and 

are lingually positioned. The protocristids are deeply incised, forming decidedly v- 

shaped trigonid notches. Massive and subequai hypoconids and entoconids dominate the 

talonids. nie hypoconulids are considembly d e r  than the otber talonid cusps; on ml 



it is sEghtIy Lingual to the midline, whereas on m2 it raides in a more nearly media1 

position. The cristids oblique are convex labially and strike the postvallids weli lin@ 

and ventral to the trigonid notches. The entocristids form moderate talonid notches. The 

mesial and distal extemal cingulids are strongly developed, but are discontinuous with 

one another labidy. 

COMPARISONS: The Nose Creek specimens compare most favoiirably with similar 

teeth refened to E, albertensis Fox, 1968, known only h m  the type locality in the 

Paskapoo Formation of Alberta. ïhe referred teeth differ fiom those of the type 

specimen in: 

1) p4 is slightly smdler and narrower mesiodistally, and has a less well developed 

paraconid and taionid. 

2) p4 possesses two distinct accessory cuspules on the distal Face of the protoconid. 

3) Molar trigonids are somewhat nerrower mesiodistally. 

4) The paraconid of ml is slightly more extemai in position. 

DISCUSSION: Notwithstanding these slight ciifferences in dental morphology, the Who 

Nose? specimens are neariy identical to UA 1338, the type specimen, albertensis, as 

described by Fox (1968). Van Valai (1978) synonymized this taxon with Oxvorimus 

aibertemis Fox, 1968, Carcinodon aciuilonius Russell, 1974, and a larger, similar form 

h m  the Purgatory Hill locality in Montana, but providing no explanatory notes to j e  

the action. Johnston and Fox (1984) mralidated albertensis, reafnrming its 

distinctness h m  both OXVprlmus and Carcinodon, citing merences in p4 morphology. 



Molm teeth of Oxmrimus, Carcinodon and Prothnmtacodon are simijar to one another, 

retsining plesiomorphic characters fiom a Protrmmilatum-like ancestor (Johnston and 

Fox, 1984). As Johnston and Fox indicated, p4s of Et dbertensis are premolarifonn, 

whereas those of Oxwrimus are submolariform, possessing a distinct metaconid. 

Additiondly, p4, P: albertensis, has a mestecl talonid and a small, mesidy positioned 

paraconid, quite unlike the condition observed in p4, Oxv~rimus. The referred specimens 

fkom the Who Nose? locality appear to substantiate the revalidation of albertensis. 

The discovery of albertensis fiom the Who Nose? locality represents the first 

known occurrence of this taxon outside the type Iocaüty. The CO-occurrence of this taxon 

with mammais of Torrejonian aspect may support a Torrejonian age for that section of 

the Balzac core, which orighally contained UA 1338, agreeing with Fox's (1 968) 

onguial hypothesis. 



Family Arctocyonidae (Giebel, 1855) 

S u b f d y  Arctocyoninae Giebel, 1855 

Genus Colmclaenus Pattemn and McGtew, 1962 

Colwclaenus sp., cf. procvonoides (Matthew, 1937) 

(Fig. 25, A-C; Table 39) 

HOLOTYPE: AMMI 16554, upper and lower jaws. 

TYPE LOCALITY: East Fork of Torrejon Arroyo, San Juan Basin, New Mexico. 

KNOWN AGE AND DISTRIBUTION: Late Tomjonian (middle Paleocene) of New 

Mexico (East Flank Torreon Wash [upper], Sinclair and Granger Locality 10,i.n part, 

Nacimiento Formation, Sandoval County ~ i l i a r n s o n  and Lucas, 19931; Escavada Wash 

[upper], Sinclair and Oranger Locality 14, in part, Nacimiento Formation, Sandovai 

Couaty WilIiamson and Lucas, 19931); latest Tomjonian (late rniddle Paleocene) of 

New Mexico (West Flank Torreon Wash pantolambda Zone], Sinclair and ûranger 

Locality 10, in part, Torreon Wash pantolambda Zone], in part, UCMP 87 14 1,871 42; 

BUNM-77-184, BUNM-77-199% Nacimiento Formation, Sandoval County williamson 

and Lucas, 19931) early Tiffanian of Wyoming (Saddle IocaIity, Fort Union Formation, 

Bison Basin, Fremont County WcGrew and Panerson, 1962; Szalay, 1 9681); late 

T i f f ian  (Iate Paleocene) of Montam (Circle Locality, Tongue River Formation, Glen 

Waller Ranch, McCone County [Wolberg, 19791). 



REFERRED SPECIMEN: UALVP 441 73, m3. 

DIAGNOSIS: "Hypocones of Ml and M2 and metacone of M3 weli-developed; 

protoconids of m2 and m3 vestigial; premolars with prominent basal cusps and cingula 

Closely comparable to the generic type, Neoclaenodon montanensis" (Matthew, 

1937:37). 

DESCRIPTION: m3-UALVP 44 173 is low-crowned with highly rugose enamel. The 

talonid is decidedly longer mesiodistally than the trigonid, the latter being somewhat 

mesiodistally compressed, with low, poorly differentiated cusps. A massive metaconid 

dominates the trigonid, with a smaller, transversely opposed protoconid. The paraconid 

is strongly reduced, lingual in position, and appressed to the metaconid. The paracristid 

and protocristid are convex mesially and distdly respectively, giving the trigonid a broad. 

ovd shape in occlusai view. 'Ibe talonid is long and shallowly basined with relatively 

indistinct cusps. The hypoconid is marked distolingudy by a ventral ernargination, 

while the hypoconuiid is lobate and greatly expanded distally. The entocristid and 

postcristid are papillate, rendering the entoconid indistinguishable. The cnstid obliqua 

strikes the distal trigonid waII well labial to the midlùie. The pre- and postcinguiids are 

weii developed and continuous labidy. The enamel is wrinkled, pdcularly in the 

trigonid and talonid basins. 

COMPAWSONS: UALVP 44173 is nearly identical, Save size, to m3s refened to 

Colwclaenus keeferi fiom the DW-2 Iocality of Alberta. Morphologicaily, very iittle 



separates the Nose Creek specimen h m  similar teeth h m  DW-2. UALVP 44173 is 

somewhat less rugose, and has a proportionately longer talonid. Additionally, the 

paraconid of the Nose C m k  specimen is less appressed to the metaconid, remaining 

relatively distinct. In these respects, the referred tooth is similar to figured and descnbed 

teeth pertaining to Neoclaenodoa ~rocvonoides from the Nacimiento Formation, New 

Mexico (Matthew, 1937). 

DISCUSSION: UALVP 441 73 seems best referred tentatively to procvonoides based 

on structural similarity to m3s of N. procvonoides and 6 keeferi, but being dininctly 

smailer overall. The Nose Creek specimen is within recorded ranges for m3s of C, sp. cf. 

C. procvonoides reported by ûazin (1 956a) fiom the Saddle Locdity, Bison Basin, in - 

southem Wyoming. 

Matthew (1 937) erected the taxon & procvonoides to receive small specimens of 

Neoclaenodon from the Torrejon Arroyo of the San Juan Basin, New Mexico. Simpson 

(1937) reassigned & procvonoides to Claenodon ~rocvonoides, based on what he 

perceived as compelling resemblances to Claenodon [=Arctoc~onl feror. Van Valen 

(1978) synonymized Simpson's Claenodon ~mcvonoides and Claenodon silberlin~i with 

Patterson and McGrew7s (1 962) Colwclaenus, with no discussion given. 

It seems likely that procvonoides is a composite taxon; few authors have 

refemd specimens with confidence, likely due to a lack of published measured data or 

detailed descriptions. pmc~onoides, then, may be a wastebasket taxon, receivbg 

specimens that f d  ouiside the published ranges of teeth nfaable to C, keefej the 



generic type. Confident specific assigoment is deferred until a larger sample is acquired, 

and the type material cm be examineci. 



Order Condylarthra Cope, 188 l b 

Family Mioclaenidae Osbom and Earle, 18% 

Subfamiy Mioclaeninae Osbum and Earle, 18% 

Genus PromiocIaenus Trouessart, 1904 

cf. Promioclaenus acolytus (Cope, 1882) 

(Fig. 25, D-1; Fig. 26, A-C; Table 40) 

REFERRED SPECIMENS: UALVP 441 75, Ml; UALVP 441 76, M l  or M2; UALVP 

441 77, incomplete dentary with p2-m3; UALVP 44 178, incomplete dentary with 112-3; 

UALVP 44 179, p2; UALVP 44 180,44270, p3s (total: 2); UALVP 44 1 8 1, p4; UALVP 

44182, m2. 

DESCRIPTION: Ml-The crown of UALVP 44175 is quadrate in occlusai outline, with 

moderately developed parastylar and metastylar regions. The paracone and metacone are 

subequal in size and height and are circular in horizontal section. The preparacrista and 

postmetacrista are well developed, prognssing labially to the parastylar and metastyiar 

regions respectively. The postmetacrista joins the ectocinpuium distolabid to the 

metacone. The conules are distinct, the metaconule being slightly larger than the 

paraconde, and both siniatecl somewhat mesial and hgual to the bases of their respective 

trigon cusps. The internal and extemal conule wings are poorly developed and intemrpt 

neiuier the pre- nor postcingulum. The protocone is large, bulbous and subcrescentic in 

horizontal section; the preprotoaista and postprotocrista are high, f o d g  a deep trîgon 

basin. The hypocone is conical, closely appnssed to the protocone, and approximately 



half the domoventral height of the protocone. The ptecingdum is prominent, tenninating 

at the base of the protocone. The postcinguium joins the hypocone labially and 

progresses uninterrupted to a point just below the meCastylar region. The cingula are 

incomplete lingually. 

Lower premol-The crowns of the referred premolars are dorninated by a large 

and inaated protoconid, while the metaconid is absent p2-3 retain a vestigial, mesially 

positioned paraconid, whiie p4 possesses a low and prominent, IinguaUy positioned 

paraconid that displays heavy wear. A moderately developed crea runs rnesially and 

distally from the apex of the protoconid The talonid is unbasined on p2-3 and shallowly 

basined on p4, and is unicuspate on al1 premolars. 

Lower molars-The referred molars are al1 heavily wom particularly UALVP 

441 77, and topogtaphical features are difficdt to distînguish. The molars are observed, 

however, to be mbquadrate in occlusal aspect, with m3 reduced relative to ml-2. The 

trigonid cusps are swollen; the paraconids are decidedly reduced and slightly appressed 

to, but not confluent with, the metaconiâs. The paraconids are in an intemal position, 

nearly directiy mesial to the metacoriids. The protoconids and metaconids are subeqd 

in height aad size and nearly transversely opposed The entoconids and hypoconids 

appear to have been the dominant talonid cusps, with the hypoconulids smaller, lower 

and close to the entoconids. The talonid notches are mesiodistaiIy wide, and the cristids 

oblique are high, striking the distd trigonid walls just below the tngoaid notches. The 

external cinguiids are incomplete labially, being interrupted at the bases of the 

protoconids and hypoconids. 



COMPARISONS: The inflated a p p m c e  of p4, the swollen nature of the cusps, the 

reduction and appression of the molar paraconid to the metaconid and the mesiodistally 

wide talonid notch suggest an affiaity with mioclaenid condylarths (Rigby, 1980; 

Johnston and Fox, 1984). The Nose C m k  sample berns resembIance to the dentitions of 

primitive members of the Mioclaeninae, such as those of Buboaonia Johnston and Fox, 

1984 h m  the Puercan of New Mexico and Saskatchewan, TiPiatn'nia Simpson, 1936 

f b m  the Puercan of New hlexico, and Promioclaenus fkom the Torrejonian of the United 

States. The referred lower molars seem most similar to those of P. acolvhis in having a 

distinct paraconid and a reduced m3, but differ in king generaiiy less idated and having 

a more mesiodistdy elongate trigonid. Cunously, the referred p4s are more similar to 

those of Timatzinia and to a lesser degree, Buboaonia, in having a strong, mesiolingually 

positioned paraconid. 

DISCUSSION: The Nose Creek sample seems to bear closest resemblance to similar 

dentitions referred to P. acolvtus fiom various localities in the United States, but appear 

to retain a suite of plesiomorphic characten, particularly in the antemolar dentition. 

Plesiomorphic characters retained fkom a prrnmied Protunmilatum-like ancestor (Rigby, 

1980; Van Vaien, 1988) include: 

1) The presence of a strongiy developed p4 paraconid and vestigial paraconids on .PM. 

2) The less uiflated nature of p4 as compared to p4s of spp. 

3) The separation of the rnolar paraconid and metaconid, and the intemal position of the 

paraconid. 

4) m2 trigonid wider than talonid. 



5) Hypocone smaü on Ml. 

Insofar as these features are concemed, the Nose Creek specimens resemble teeth of 

Bubononia and Tiznatzinia, both considered to be closely related to Promioclaenus 

(Cifelli, 1983; Van Valen, 1988; Janis et al., 1998). The sample from Nose Creek differs 

fiom similar teeth referred to these taxa, however, in having p4s that lack the metaconid, 

in having lower-crowned molars that possess a reduced paraconid that is slightly 

appressed to the metaconid, and in having a discontinuou ectocingulid, character States 

hypothesized to be apomorpbic among mioclaenines (Rigby, 1980; Johnston and Fox, 

1984). In this respect, the teeth of cf. P. acolvtus fiom Who Nose? are derived cornpared 

to sirnilar teeth of Buboeonia and, to a lesser degree, those of Tiiatoilla, but primitive 

with respect to the dentitions of P. acolvnis and Promioclaenus lemuroides (Matthew, 

1897). These latter two taxa possess p4s that have lost the paraconid and have a reduced 

to absent metaconid, and lower molars that are swoilen in appearance, and have a reduced 

paraconid that is appressed to the metaconid. 

In analyDng the sample of P. acolvtus fkom Swain Q u w ,  Rigby (1980:120-121) 

noted a high and unusual degree of variabüity in moa dental elements as compared to 

penecontemporaneous samples fiom the Gidley Quany and Ku= Canyon localities. 

These observations of variation included a molar hypocone that varied in structure £iom 

being "...a simple Iow cusp to a structure similar to the "Hanopithex [sic] foldt' of some 

early primates", a lower molar paraconid that ranges fiom " . . .[a] separate, high, distinct 

cusp to [a] slight inflation on the anterior d a c e  of the metaconid" and p4s with "...a 

weIi defïned metaconid or [metaconid] totdy absentn. Rigby refiained h m  erecting a 

new taxon to accommodate the distinctly Merent elements in the Swain Quany sample, 



choosing instead to view the sample as a hîghly variable population. The referred 

specimens h m  Who Nose? appear to fall within the recorded morphological ranges for 

P. acolvhis h m  Swain Quarry, but diffa in the presence of a strong paraconid on p4, a - 
feature not noted in the Swain Quarry sample. Although the Nose C m k  sample contains 

only two p4s, both possess this character, and by virtue of the large Wear facets on the 

mesial and mesiolabial d a c e s ,  the paraconid was evidentiy an important topographical 

feature of the tooth during the masticatory cycle. As such, the Nose Creek specimens are 

referred tentatively to P. acolvhis. with the hope that M e r  sampling wiil provide a 

better understanding of variation within this group, and with the anticipation that the 

sample may be better referred to an alternative, more primitive mioclaenine taxon. 



Family Hyopsodontidae Tmuessari, 1879 

Subfamüy Tricuspiodontinae Simpson, 1929 

Genus Litomylus Simpson, 1935a 

Litomvlus sp. 

(Fig. 26, D-E; Table 4 1) 

REFERRED SPECIMENS: UALVP 441 74, Ml; UALVP 441 83, M2. 

DESCRIPTION: MI-UALVP 441 74 is subquadrate in occlusal outline, with large 

trigon cusps. The parastylar and metastylar regions are reduced and the prepmcrista is 

confluent with the ectocingulurn. The panicone and metacone are nearly conical and are 

subequal in size and height. The c o d e s  and conde wings are well-developed, residhg 

nearly directly lingual to their respective trigon cusps. The postrnetaconule crista 

terminates far lingual to the postmetacrista, and is nearly continuous with the 

postcingulum. The protocone is large and high, subcrescentic in horizontal section, and 

leam distally. Strong protoconai cristae progress labially from the apex of the protocone 

and teminate lingual to the condes. The hypoconal salient is prominent; the hypocone is 

tail and spire-like, and confluent with a m n g  postcingdum. A mesial hypoconal crest 

connects the hypocone to the base of the distal wall of the protocone. The precingulum is 

well developed, terminating at the base of the protocone and confluent with the 

ectocingulum about the parastylar region. 

M2-The crown of UALVP 441 83 is similar to that of UALW 441 74, but is 

decidedly more transverse IabiolinguaUy. The metacone aud metastylar region are 



broken off; the paracone is tau and circdar in cross section, and connected to a 

prominent, mesiaily directed parasfylar lobe by a robust preparacnsta. Both conules are 

strongly developed, as are their extemal wings. The intemal conde wings are much Iess 

evident, particularly the postparaconule crista. The protocone is high, approximately 

equal to the paracone, and is nearly crescentic in cross section. The hypocone is a sxnail 

cusp, subequal in size and height to the conuies, and located slightly intemal to the 

protocone on a well-developed, distally expansive salient. As in UALVP 44 174, the 

hypocone is connected to the protocone distally by a crest; this crest is much more 

prominent in UALVP 44183 than in the former. Pre- and postcingula are strong and 

discontinuous about the lingual margh of the crown; the precingulum is continuous about 

the mesial margin of the tooth, progressing labially to the parastylar lobe. 

COMPARISONS: Close morphologicai similarity between the referred molars from 

Nose Creek and similar teeth of Litomvlus spp. fiom the Puercan and Tiffanian of 

Alberta identifies these specimens as peaaining to a species of Litomvlus. The Who 

Nose? specimens are similar to Ml  s and M2s of Litomylus orthrone~ius Johnston and 

Fox, 1984 fiom the Rav W-1 locality of Saskatchewan in king tranmersely elongate; in 

possessing expanded para- and metastylar areas, particularly on M2; in having the 

hypocones connected to the bases of the protocones by short crests; and in possessihg 

well-developed ectocingula The Nose Creek specimens diffa, however, in king 

mialler oved;  in havbg continuous paracingula; having postmetaconule cristae that 

terminate more labidy with respect to the postmetacristae, much closer to the 

postchgula; in having more lingually positioned metaconules; and in having somewhat 



better developed hypoconal salients. The referred teeth M e r  significantly fiom similm 

teeth of Tiffanian species of Litomvius, iilcluding Litomvlus dissentaneus Simpson, 

1935% Litomvlus ishami Gazin, 1956b, and Litomvlus  ratid id ale tes" Youzwyshyn, 1988 

in king d e r ,  having subrectangular rather than more nearly square occlusai outhes, 

having less inflated cusps and in possessing better developed stylar regions. The Nose 

Creek specimens differ M e r  fiom teeth of these taxa in possessing smaller hypocones 

that an more closely appressed to the protocones and in having weakly developed crests 

connecting the hypocones to the protocones. 

DISCUSSION: The referred specimens fiom Nose Creek are plesiomorphically similar to 

upper molars of L, orthronevius fiom the Rav W-1 locality of Saskatchewan, displayhg 

few apomorphic characten linking them with teeth of early Tiffanian species. The 

aforementioned ciifferences between the Nose Creek specimem and teeth of 

orthrone~ius may prove to be taxonomically significant, however, in light of a larger 

sample. As such, the Nose Creek specimens are referred to Ly sp., with the similarity of 

molar morphology closer to that of the more primitive orthroneoius than to 

stratigraphically younger members of the group. 



Grandotder Ferae Limaeus, 1758 

Order Carnivora Bowdich, 1821 

Suborder Feliformia Kretzoi, 1945 

Family Viverravidae Wortman and Matthew, 1899 

Subfamily Didyinictkiae Flynn and Galiano, 1982 

Genus Protictis Matthew, 193 7 

Protictis sp. 

(Fig. 27, A-C; Table 42) 

REFERRED SPECIMENS: UALVP 441 86, ml. 

DESCRIPTION: ml-UALVP 44186 is of typical carnivoran morphology, with a tall, 

massive trigonid and a much lower talonid. The talonid is slightly shorter labiolingually 

than the trigonid in occlusal aspect. The trigonid is somewhat mesiodistally compressed, 

with the paraconid being slightly appressed to the metaconid. The trigonid cusps are 

massive and fonn an isosceles triangle in occlusal outline, with the protoconid at the apex 

of the more acute angle. The protoconid is large, convex Iabially, and is considerably 

talier than the paraconid. Damage and Wear have obscured the original dimensions of the 

metaconid, but it is estimated thet it was slightly lower than the protoconid. The - 

paniconid is mesial to the metaconid and compressed mesiodistally, fomiing a relatively 

high shearing paracristid. The paraconid appears to have ken lower than the metaconid 

originally, and dots not project mesially to the same extmt as in other viverravids. 

Deeply incised catllassial notches are pnsent at the labial margin of the paracristid and at 



the midpoint of the protocristid. The talonid is heaviiy damaged distally, but it is 

estimated that the hypoconid was Iarger than either the entoconid or hypoconuiid, and the 

basin was short and deep. The entoconid was apparently smd, conical, and rather 

appnssed to the postvallid, fomiing a narrow, nearly vertidy oriented talonid notch. 

The talonid notch is ventraiiy emarginated and the entocristid is high and sectorial. The 

cristid obliqua strikes the postvallid slightly lingual to the aunassial notch. A s m d  

precingulid is present on the mesial face of the protoconid. Vertical shear facets 

comsponding to postvallum-prevallid shear with P4 and Ml are noted on the 

mesiolingual, distolingual, and distolabid faces of the trigonid. 

COMPARISONS: The high sectorial trigonid, blade-like paracristid, the presence of 

distinct, deeply incised camassiai notches in the paracristid and postcristid and typical 

camivonui shear facets juste the ordinal level referral of UALVP 441 86 (MacIntyre, 

1966; Fox and Youzwyshyn, 1994). 'the referred specimen seems closest in morphology 

to ml, Protictis spp., in having a much higher trigonid than talonid, a sectorial, somewhat 

mesially positioned paraconid/paracristid, and a high paracristid in relation to the 

metaconid and protoconid (Gingerich and WinkIer, 1 985). UALVP 44 1 86 differs nom 

mls of penecontemponineous Pristinictis connata Fox and Youzwyshyn, 1994 &oom the 

Cochrane Site 2 locality of Alberta in having a less mesiodistally compressed trigonid 

and a more lingually extensive and higher positioned paraconicUparacristid* The Nose 

Creek specimen Mers m e t  h m  ml, Pria connata, in having the paraconid in a more 

mesial position, and the protoconid and metaconid being more nearly e q d  in height. 



The refmed molar approaches the morphology of mls of Tomjonian Protictis 

havdenianus (Cope, 1882) and rniddle Tïimian Protictis paralus H01tpnan, 1978. 

UALVP 441 86 is similar to mls, & havdenianus, in having the protoconid and metaconid 

subequd in height and size; it Mers nom mIs of this taxon in having a paracristid that is 

more lingually transverse and relatively higher on the protoconid. The referred molar is 

similar to mls of P.  dus in overall size, but ciiffers in having the paraconid more 

nearly appressed to the metaconid, a more acute taionid notch, and an entoconid which is 

more appressed to the distal trigonid wdl. 

DISCUSSION: UALVP 44186 displays a curious suite of primitive and denved 

vivenavid charactea. The mesiodistal compression of the trigonid, coupled with the 

slight ciifference in protoconid and metaconid heights suggests affinities with primitive 

vivemivids, as observed in lower molan of Prist. connata and havdenianus. 

Contrarily, the lingually transverse and relatively high position of the 

paraconidlparacristid suggests W t i e s  with more derived membea of the group, as 

represented in lower molars of P.  aral lus and Protictis a- Gingench and Winkler, 

1985. The morphology of the talonid may be unique among primitive didymictines: the 

appression of the entoconid to the dista1 trigonid wall, the hi& sectorial entocristid, and 

the deeply incised talonid notch suggest a possible enhancement of distolingual shear, 

quite d e  the condition observed in mls of Protictis spp., but similar to that observed 

in the mls of vivemvines mch as Simosonictis MacIntyre, 1962 (pm. obs.). 

The paucity of specixnens and the u n d  combination of plesiomorphic and 

apomorphic characters prevent specSc refend of UALVP 441 86 until a larger sample is 



acquired. This ml is best referred to E, sp., representing a primitive fom that is Miquely 

speciaiized for distohgud shear. 



Subfamüy Viverravinae Wortman and Matthew, 1899 

Genus Simpsonictis Machtyre, 1962 

SimDsonictis sp., cf. S. japanneae Rigby, 1980 

(Fig. 27, D-H; Fig. 28, A-C; Table 43) 

HOLOTYPE: AMNH 87932b. isolated P4. 

TYPE LOCALITY: Swain Quany, Fort Union Formation, Washakie Basin, Carbon 

County, Wyoming. 

KNOWN AGE AND DISTRIBUTION: Late Torrejonian (middle Paieocene) of Alberta 

(Dis  Locality, Coalspur Formation, Alberta Syncline Fox,  19901); late Torrejonian of 

Wyoming (type locality [Rigby, 19801). 

REFERRED SPECIMENS: UALVP 44 1 87, M 1 ; UALVP 44 1 88, m2. 

DIAGNOSIS: "P4 slightly larger than S. tenuis. MetastyIar blade is bilobate with 2 

elongate separate portions. Crests fkom the apex of the paracone are weak, idated and 

poorly developed. Lower molar protolophid crests are much larger and blade-like than 5. 

tenuis with distance fiom the postenor camassial notch to the metaconid ami protoconid 

apices reduced" (Rigby, I980:82). 



DESCRIPTION: Ml-The crown of UALVP 44187 is roughly trimgular in outline, and 

is asymmetrically bilobate about the stylar shelf, with a prominent, hook-like parastylar 

region and a rounded metastylar region. The pzira~tyiar lobe is greatly enlarged and 

extends slightly fhther labial than the metastylar lobe. The asymmetrical proportions of 

the stylar area form a rdatively deep and acutely angied ectoflexus. A srnaIl, low 

stylocone anses mesial and labial to the paracone at the junction of the preparacrista and 

the ectocingulum. The stylocone is slightly compressed mesiodistally, but retains a 

decidedly cusp-like appearance. A small, well-worn parastyle arises ciirectly mesial to 

the stylocone, and connects to the latter by a short stylocnstid. The parastyle is 

pyramidal in horizontal section and approximately half the height of the stylocone. The 

ectocingulum is relatively low and narrow, but is wider about the parastylar and 

metasty1ar regions. The paracone is taIl, conical, and partially confluent at its base with a 

low, conical metacone. The paracone is nearly twice as ta11 as the metacone, and extends 

M e r  lingually at its base. The metacone leans distally and slightly lingually. The 

preparacrista is high and blade-like, progressing labialiy towards the stylar shelf; the 

preparacrista joins the stylocone iingually, then continws fiom the labial side of this cusp 

towards the parastyle. The centrocrista is asymmemically v-shaped in labial aspect; the 

shear pattern of the centrocrista is typicdy carnivoran, with a strong vertical facet 

descendhg mesiolingually fiom the mesial face of the metacone into the ûigon basin 

h m  contact with the hypoconid of ml (Fox and Youzwyshyn, 1994). A carnassial notch 

is absent at the base of the centrocrista; rather, the vdey between the paracone and 

metacone is ventd1y arcuate. The postmetacrista is shoa and stout, forming a high crest, 

and nms distolabidy to the corner of the metastylar region. A metastyle is absent. The 



paraconule is large and weil developed, and is higher and in a more lingual position with 

respect to the metaconde. The original dimensions of the metaconule are somewhat 

obscured by post-mortem abrasion, but it appears to have been weakly deveioped in 

cornparison with the paraconule. The pre- and postpamonuie crime are prominent, 

whereas those of the metaconule are poorly developed The parachgulum is continuous 

from the paraconule to the parastyle; the extent of the metacinguiun cannot be accmtely 

ascertaineci, but it appean to progress to a point distal and ventral to the metacone. The 

trigon basin is rnoderately deep, owing to the slight confluence of the paracone and 

metacone bases and relatively hi& pre- and postprotocristae. The protocone is 

compressed mesiodistdly and is subcrescentic in horizontal section; it leans slightly 

mesially and is rounded lingually. The preprotocone crista is high, whereas the 

postprotocone crista is lower and sinusoidal in distal view. Carnassial notches at the 

unions of the preprotocone crista and paraconde, and postprotocone crista and 

metaconule, are absent. The precingulum is wide and joins the preparaconule crista at 

base of the paracone; this crest then continues as the parachguiun to the parastyle. The 

postcingulum flares distaiiy at its linguahost extent; its labial proponions are somewhat 

obscured h m  abrasion, but it appears to terminate below the metaconde. The pre- and 

postcingula are discontinuous lingually about the protocone. 

rn2-The trigonid of UALVP 44188 is moderately high, decidedly more so ihan 

the talonid. In occlusal outhe the trigonid forms an isosceles triangle, with the 

protoconid at the apex of the more acute angle. The trigonid is slightly wider 

labioiinpuaiiy than the talonid. A large protoconid dominates the trigonid; post-mortem 

abrasion has removed the metaconid, but from the dimensions of its base it is estimated 



that the cusp was at least as large and as tail as the protoconid. The paraconid is closely 

appressed to the metaconid and is low in position, appmximately half way up the 

protoconid and metaconid. The pataconidlparacristid is compressed mesiodistally, but 

retains a distinctly cuspiûate appearance. Heavy Wear is evident on the mesiai face of the 

protoconid dong the prominent precingulid, as weil as apicaLiy on the paraconid and 

Iabiolingually across the paracristid. The strong Wear dong the panicristid has obscured 

the ventral aspect of this structure; as such, the presence or absence of a carnassid notch 

at its union with the protoconid c m o t  be ascertained. A nadl carnassial notch is noted 

on the protocristid. The talonid is mesiodistally elongate, more so than the trigonid, and 

contains t h e  well-developed cusps: a large, mesiodistally long finger-like hypoconuiid, 

anci subequal and transversely opposed entoconid and hypoconid. The taionid is 

rnoderately basined; the entodstid descends sharply mesioventrally, forming an acute 

talonid notch. The cristid obliqua is convex labiaily and strikes the distal trigonid face 

just lingual to the midline. 

COMPARISONS: The referred specimens bear closes resemblance to homologous teeth 

of Simmonictis spp., particularly with respect to the d l ,  needle-like cusps, lack of well- 

developed camassial notches, a reduced paraconid lower in position with respect to the 

metaconid, and a trigonid that is reduced in height (MacIntyre, 1962; Gingerkh and 

Wder, 1985). The Nose Cmk specimens are close in size and morphology to similar 

teeth of both Sh~sonictis tenuis MacIntyre, 1962 h m  the Bighom Basin and 

Sim~sonictis iaynanneae Rigby, 1980 fiom the Washakie Basin. The refmd specirnens 



are considembly smaller than homologous teeth referred to Simmonictis pew Gingerich 

and Winkler, 1985 ftom the Bighom Basin. 

DISCUSSION: Gingerich and Wlder (1985) consider S, jamanneae fkom the Swain 

Quarry of Wyoming M e r  refmed to & tenuis, suggesting that the measured values 

provided by Rigby (1980) were statistically iasigniscaat. Gingerich and Winkier's 

critique did not, however, discuss the morphology of Ml, & janianneae, as homologous 

teeth for S. tenuis were unknown at that tirne. Fox and Youzwyshyn (1994) referred an 

Ml, CMMf 24936, h m  the early Tiffanian Saddle Locaiity of Wyoming to S. tenuis 

based on its occlusal relationship with lower teeth ascribed to that taxon. In their analysis 

of the relationship between S. tenuis and the early Tiffanian viverravid Pristinictis 

connata fiom the Cochrane Site 2 locality, Fox and Youzwyshyn described topopphical 

features of Ml, S, tenuis, that appear to dser fiom those of Ml, & javnanneae. These 

features include: 

1) The absence of a stylocone. 

2) The pmence of well-developed para- and metacondes and their associated crests. 

3) A larger and taller paracone as compared to the metacone. 

4) The prepaxacrista f o m  a raised, blade-lü<e structure as it crosses the stylar shelf. 

Iosofa as these features are concerned, it appuirs that & ja~anneae may in fact be a 

vaüd taxon, exhibithg a decidedly more primitive Ml structure than that of S. tenuis (as 

Rigby had hypothesized) and more nearly approaching the plesiomorphic carnivoran 

condition obsewed in Mls of Rist. connata (Fox and Youzwyshyn, 1994) and to a 



greater degm, Ravenictis krausei Fox and Youzwyshyn, 1994 fiom the Ravenscrag 

Formation of Saskatchewan. 

UALVP 44147 appears to share chamcters found in the Mls of both S. tenuis and 

S. jaynaaoeae. The larger parastylar lobe relative to the metastylar lobe, shorter - 
metacone relative to the paracone, and poorly developed conuies and crests are 

synapomorphies between the Nose Creek specimen and Ml, S. tenuis. Contrruily, the 

presence of a stylocone and parastyle, lower preparacrista, well developed para- and 

rnetacingda, and pre- and postcingula that are discontinuous with the para- and 

metacingula are symplesiomorphies between Mls of the Nose Creek specimen and those 

of 8 janianneae and primitive carnivorans in general (Fox and Youzwyshyn, 1994). The 

refened 1x12, UALVP 44 188, daers little f?om m2s referred to S. tenuis fiom Gidley and 

Rock Bench quarries (Gingench and W i e r ,  1985) or nom m2s refened to S, 

jamanneae fiom the Swain Quarry (Rigby, 1980). UALVP 441 88 is doser to m2s of &. 

jamanneae in overall size, in haviag a trigonid that is slightly more mesiodistally 

compresse& and in having a more ventrally positioned paracristid. 

The Nose Creek specimens are best refemd to & sp., cf. S. javnanneae until a 

larger sample provides some idea of variation. It appears, at the very Ieast, that these 

teeth represent a morphology somewhat intemediate between that observed in similar 

teeth of primitive camivom including &. javnanneae, and that of S. tenuis. 

The presence of Shsonictis at Who Nose? represents the earliest known 

occurrence of tbe mon in Cari* 



Carnivora, genus and p i e s  midentSed 

(Fig. 28, DF; Table 44) 

REFERRED SPECIMEN: UALVP 441 89, incomplete dentary with m2. 

DESCRIPTION: UALVP 441 89 presmes the distal portion of the dentary of a 

diminutive cemivoraa, with a d l  tooth interpreted to be in the m2 locus. The crown is 

tall with a needle-like protoconid; post-mortem damage has removed the paraconid and 

metaconid. From the dimensions of the base, the paraconid appears to have been 

compressed mesiodistalIy and blade-like, and somewhat appressed to the metaconid; the 

metaconid appears to have been at least as ta11 as the protoconid. The talonid is typically 

camivoran in morphology, with a well-developed, finger-like hypoconulid that projects 

distally, a prominent hypoconid, and a slightly smaller entoconid. The cristid obliqua and 

entocristid are raised and sharp, and aligned nearly parallel to one another. The cristid 

obliqua is straight labiaily, not convex. The precingulid is well developed. 

COMPARISONS AND DISCUSSION: UALVP 44189 appears closest in morphology to 

m2s of SimDsonictis tenuis from the Gidley and Rock Bench Quarries (Gingerich and 

Winkler, 1985), but is considerably smaller in size (for example, length m2, Who - 

Nose?=l.4 mm vernis mean length mZ, & tenuis Rock Bench Qua1~y=2.6 mm), in 

possessing a paraconid that is more closeiy appressed to the metaconid, in having a more 

broadly bssiwd talonid, and in having a more reduced entoconid. The paucity of 



specimens precludes confident referral, even at the generic level; as such, UALVP 441 89 

is nferred to Carnivora, genus and species unidentifieci. 



Order CimoIesta McKenna, 1975 

Family Palaeoryctidae (Winge, 1917) 

Palaeoryctidae, genus and p i e s  unidentined 1 

(Fig. 29, A-F; Table 45) 

REFERRED SPECIMENS: UALVP 44195, pl; UALVP 44196, ml or 1x12. 

DESCRIPnON: p4-UAVLP 44 1 95 is premolariform in structure, with a tall, 

subconical protoconid dorninating the crown. The metaconid is absent. A small but 

distinct paraconid originates at the mesiolingual base of the protoconid and projects 

mesiolingually. A strongly developed protostylid crest runs down the distal wall of the 

protoconid to the taionid. The talonid is broken distally, but it appears to have been 

unicuspate and unbasined. 

m 1 or m2-In occlusal aspect, the trigonid of UALVP 44 196 is Iabiolingually 

tranmerse and somewhat mesiodistally compressed, fornhg an isosceles triangle. The 

trigonid cusps are spire-like and ta11 relative to the talonid, but the tooth is low-crowned 

relative to those of other palaeoryctids. The protoconid is large and subcrescentic in 

horizontal section, whereas the metaconid is shorter and more nearly conid.  The 

paraconid is faintly mesiodistally compressed and subelipitical, distinctly separate from 

the metaconid, and occupies a position slightly labial to the metaconid The paracristid is 

low and not notched medially; the protocristid forms an acute angle between the 

protoconid and metaconid, and is notched medlally. The precinguüd is promiwnt but 

short, tenninating prior to the labial base of the protoconid. The tatonid is 



cbaracteristicaliy skewed labidy, placing the entoconid close to the longitudinal axis of 

the crown. The talonid possesses three distinct cusps of subequal size and height. The 

hypoconid and hypoconulid are closely approximated in position relative to the 

entoconid. The cristid obliqua is straight labidy, and strikes the postvallid in a medial 

position. The entocristid is high, forming a deep talonid basin and an acutely angled 

talonid notch. 

COMPARISONS: The referred p4 mers fiom p4s of primitive cimolestans, such as 

Cimolestes Marsh, 1889 in possessing a relatively better developed paraconid. UALVP 

441 96 diffen fkom molars of Cimolestes in having the protoconid and metaconid 

subequal in height, and a broader, more labially skewed taionid (Middleton, 1983; 

Buckley, 1994). The Nose Creek sample appears to differ fiom teeth of 

conternporaneous palaeoryctids, such as Palaeorvctes Matthew, 1913, in having a 

premolariform p4 and a lower molar with a mbconical, interndly positioned paraconid. 

Additionally, UALVP 44196 appears to cliffer with respect to moa palaeoryctids in 

having a low trigonid relative to the talonid, and a broad, labiolingually expansive 

taionid. In these feahires, UALVP 44196 more closely approximates the condition of the 

lower molars of Pararvctes Van Valen, 1966. The Who Nose? specimens appear closest 

in size to s m a r  teeth of Stil~nodon sh~iicidens Simpson, 1935a fiom the GidIey 

Qurry of Mon- cimering primarily in being somewhat Iarger, with the trigonid of 

UALVP 44196 king more tramverse and having a labiohgually more n m w  talonid. 



DISCUSSION: The uncertainties regarding the phylogenetic positions of members of the 

Pdaeoryctidae as weU as the polarity of characters within the group have been well 

documented (for example, Clemens, 1973; Archibaid, 1 982; Middleton, 1 983; Buckley, 

1994). Although certain feahues of the dentition are shared between palaeoryctid taxa, it 

is uncertain as to whether or not these s h e d  features are uniquely derived fkom some 

ancestral type or are themselves the primitive states (Buckley, 1994). Many of the 

diagnostic chanicters used to define the Palaeoryctidae are also found in other placentai 

groups; thus, the polarities of these characters are uncertain and cannot be resolved easily 

through outgroup analysis (Clemens and Lilligraven, 1986; Luo, 199 1) As such, 

generalizations of "primitive" or "derived" must be used with caution, and most certainly 

as explicitly relative terms. 

The curious mosaic of chanrcter states displayed by the Nose Creek specimens 

reinforce the difnculties of accurately referring isolated teeth to palaeoryctid taxa. 

Relative to the lower dentition of Cimolestes, here interpreted as representing the 

primitive cimolestan condition (but see Fox and Youmyshyn, 1994, and references 

therein for a discussion of the composite nature of Cimolestes), the Nose Creek 

specimem appear derived, particularly with respect to the p4 paraconid and the more 

nearly equal height of the molar protoconid and metaconid. Contrarily, the referred 

specimens appear primitive relative to homologous teeth of typical palaeoryctids in 

having a more iingually positioned molar paraconid thaî is less appressed to the 

metaconid and a shorter molar trigonid relative to the talonid. The Nose Creek 

specimens approech the condition of similar teeth of & !i&n~licidms, known only fiom 

the type material fiom the Gidey Quarry of Montana (Simpson, 1935a). Rose (1981) 



made reference to undescnW palaeoryctids h m  the Gidey, Rock Bench and Sc& 

quarries that closely approximate the sizes of the Nose Creek specimens. A more 

confident and precise referral is defened until a larger sample is amasseci, and the 

specimens h m  the Gidley, Rock Bench and Sc& quames cm be examined. 



Pdaeoryctidae, genus and species unidentified 2 

(Fig. 29, G-H; Table 46) 

REFERRED SPECIMENS: UALVP 441 97, ?M2. 

DESCRIPTION: ?M2-The crown of UALVP 44197 is tricuspate, with tall, needle-like 

cusps. The parastylar region is slightly damaged fiom pst-mortem abrasion, but it 

appears to have been labidly expansive, but not hook-like. A stylocone appears to have 

been absent, but a mal1 parastyle is present in the mesiolabial corner of the parastylar 

region. The metastylar region is expanded labidly, slightly more so than that of the 

parastylar ma, and is distinctiy lobate in occiusai outhe. The ectocinguium is 

prominent. The paracone is conical and lingually expanded at its base, while the 

metacone is labiolingually compressed and leans both lingwlly and distally. The 

preparacrista and postmetacrista are weli developed and exhibit strong vertical Wear 

d a c e s .  A weli-developed paraconule is positioned lingually with respect to the 

weaWier developed metaconde. The c o d e  cristae are poorly developed, particularly 

the intemal cristae. The prepouaconule crista was evidentiy continuous with the 

paracinguium, whiie the postmetaconuie crista terminates abruptly at the lingual base of 

the metacone. Strong Wear surfaces are noted on the preparaconule Cnsta and 

pminguium, suggesting an emphasis on prevallum shem The protocone is tall, 

mes iod idy  compressed and neede-like, and subequal in height to the paracone. The 

preprotocrista and postprotocrista are high and c d o r m ,  forming a relatively deep 



trigon basin. The trigon basin deepens distally in keeping with the distoiinpuai twisting 

of the lingual part of the tooth. Faint pre- and postcingula are present. 

COMPARCSONS: UALVP 44 197 is symplesiomorphous with upper molars of 

Cimolestes in possessing a distally dincted metacone; a paracingulum being continuous 

to the parastyle; and poorly developed conule wings (Fox, 1984a; Buckley, 1994). 

UALVP 44 197 is synapomorphous with upper molars of typical palaeoryctids, in being 

less labiolingually transverse; having a reduced stylar shelf; the absence of a stylocone; in 

having a reduced preparacrista; and having faint pre- and postcingula The Nose Creek 

specimen cliffers h m  upper molars of Palaeorvctes in being less labiolingually 

transverse; in having a more separate paracone and metacone; in having a reduced 

parastylar region; and in displaying faintly developed pre- and postcingula With respect 

to these differences, UALVP 44197 is similar to upper molars of Procerberus Sloan and 

Van Valen, 1965. The diminutive size of the Who Nose? specimen approaches that 

expected for an upper molar of StiI~nodon simdicidens. 

DISCUSSION: The W t i e s  of UALVP 441 97 are unclear. The suite of plesiomorphic 

and apomorphic charactm and pauciîy of specimens make specific referral impossible, 

although the specimen approaches the predicted size of upper molars of & sim~licidens. 

A more specific referral awaits M e r  sampling* 



Suborder Didelphodonta McKenna, 1975 

Family Cimolestidae Marsh, 1889 

Genus Paleotomus Van Valen, 1967 

Paieotomus njunior" Youzwyshyn, 1988 

(Fig. 30, A-J; Fig. 3 1, A-F; Table 47) 

HOLOTYPE: UALVP 25605, Ieft m3. 

TYPE LOC ALITY: Cochrane Site 2, Porcupine Hills Formation, Alberta S yncline, 

Cochrane, Bow River, Alberta. 

KNOWN AGE AND DISTRIBUTION: Latest Torrejonian (late rniddle Paleocene) of 

Wyoming (Shotgun [UW V-60014, V-60016; Keefer Hill; Twin Buttes; Jenkins 

Mountahq New Anthill], Shotgun Member, Foa Union Formation, Fremont County 

~ounvyshyn, 1 988; Guanell, 1 9891); earliest Tiffanian (late Paleocene) of Alberta (type 

locality vouzwyshyn, 1988; Fox, 1990al); earliea Tiffanian of Montana (Douglass 

Quarry [Simpson's Locality 631, Cray Mountain Basin, Sweetgrass County 

~ounvyshyn, 1988; Krause and Maas, 19901). 

REFERRED SPECIMENS: UALVP 442 19, DP4; UALW 44220, p2; UALVP 4422 1, 

p3; UALW 44222, p4; UALVP 44223, dp4; UALVP 44224, ml; UALVP 44225,44226, 

m2s (total: 2). 



DIAGNOSIS: "Differs from Paleotomus senior (Simpson, 1937) and P. milleri Rigby, 

1980 in king smaller (approximately 40 percent d e r  than P. senior and 20 percent 

smaller than P. milleri). DBérs fiom an undescribed species of P. from the early late 

Tinanian of Saskatchewan in being approximately 45 percent srnalier" (Youzwyshyn, 

1 988:264). 

DESCRIPTION: DPQ-The tooth is triangular in occlusal aspect, with a mesiodistally 

elongate stylar region and a mesiodistally compressed lingual part. The crown displays a 

prominent and subequai paracone and metacone, a .  a shorter, labially inclined 

protocone. The parastylar and metastylar lobes are weakly developed and the stylar shelf 

is labioluigually nanow. The pmcone is circuiar in cross section and is nearly vertically 

erect, whereas the metacone is labiolinguaiiy compressed and leans slightly lingually. 

The pre- and postparacnstae and pre- and postmetacristae are well developed and display 

heavy Wear, with strong vertical striations, particuiarly on the centrocrista. The conules 

and their associated crests are protuberant and closely appressed to their respective eigon 

cusps. The paraconde is slightly mesial to the paracone, and more lingual relative to the 

metaconde. The protocone is high and subcrescentic in horizontal section. The 

preprotocrista is heavily wom, obscuring its originally prominent character. The 

hypocone is srnail and immediately distd to the protocone. The pre- and postcingula are 

well developed. 

p3-A large protoconid and a small, unicuspate heel characterize the crown. The 

paraconid is small and conicaI, and projects mesially aom the mesiohgual base of the 

protoconid. The metaconid is absent. Prominent mesially and distaily directed 



protostylid crests nui h m  the apex of the protoconid; the forrner nms d o m  the mesial 

face of the protoconid, forming a raised edge; the latter bisects the distal face of the 

protoconid and nuis distally to meet the heel. A short crest originating at the apex of the 

talonid cusp mesiolingually, joins the distobasal part of the protoconid and foms a 

shallow talonid basin. 

+The tooth is submolariform in structure with the trigonid displayhg three 

distinct cusps. The protoconid is large and mnchant; a smaller subconical metaconid is 

situated approximately Mf way up the distolingual face of the protoconid and is directed 

distally. A strongly developed metastylid crest progresses distally fiom the apex of the 

metacone to the heel. The paraconid is large and conical, and projects mesially from base 

of the protoconid A prominent and broady notched lingual paracristid nins dong the 

h g u d  margh of the crown to the base of the protoconid. The talonid is unicuspate; a 

c m t  originating at the apex of the taiooid cusp runs mesially towards the postvallid, and 

foms a strong, ventrally incised notch at its union with the metastylid crest. A broad, 

lingually expansive flange protmdes fiom the taionid cusp to the base of the trigonid, 

forming a shallow talonid basin. 

dp4-UALVP 44223 is molarifomi in construction. A tall, subconical protoconid 

and a siightly shorter metaconid dominate the crown. The metaconid is positioned 

distolingual to the protoconid, and the two are conjoined for almost halftheir - 

dorsoventrai extents. The paraconid is located mesial to the protoconid and is nearly 

verticaiiy erect, not projecting mesially. A large accessory cusp is positioned 

mesiolingud to the paraconid dong a prominent linpuai accessory paracristîd. The size 

and position of this cusp mates the appemmce of a ''twinned" paraconid The liapuai 



accessory paracristid is low and progresses distally, joins the trigonid at the base of the 

protoconid/mebconid complex and forms a mesiolingually positioned trigonid basin. 

The paracristid proper joins a mesidy descendhg protostylid crest, fo&g a prominent 

notch at their union. The protocristid is notched mediaily. The talonid is large and 

robust, wider than the trigonid, with t h e  distinct, weii-separaîed cusps. The hypoconid 

is the largest talonid cusp, followed by a smaller, subequai entoconid and hypoconulid. 

n i e  hypoconid and hypoconulid are subcmcentic in horizontal section, whereas the 

entoconid is more nearly circdar. A tiny entoconulid is present on a low entocristid, and 

a swelling interpreted as a mesoconid occurs on the cristid obliqua. The talonid notch is 

broad and open üngually. The cristid obliqua is high at the hypoconid, but descends 

mesidly and seikes the postvallid low and sîightly extemal to the trigonid notch. Labial 

exodaeneodonty is noted over the mesial and di& roots. 

ml-The trigonid is notably taller and labiolingually wider than the talonid. The 

protoconid is the largest and highest trigonid cusp; the lingual face is decidedly concave. 

The metaconid is tall, slightiy shorter than the protoconid, and convex along its interna1 

face. The paraconid is slightly reduced and extemal in position relative to the metaconid; 

the position of the paraconid f o m  along with the other trigonid cusps an acute, nearly 

equilaterai triangle in occlusal aspect. The paracristid is high and notched. The 

protocristid is broadly V-shaped, and the trigonid notch is deeply incised and high in 

position, weii above the level of the talonid* The precingulid is prominent and sheKlike. 

A minor swehg is present at the base of the paraconid. The talonid is robust in 

construction and open lingually. Three distinct, equally spaced talonid cusps arr present; 

Wear has reduced the onginai sizes of the cusps, but aIl appear to have been nearly equal 



in height, although h m  the dimensions of its base, the hypoconid was apparently more 

massive than either the entoconid or hypoconulid The hypoconid is subcrescentic in 

cross section, whereas the entoconid and hypoconulid are more nearly circular. Both an 

entoconulid and mesoconid are absent The talonid aests are ail high and sectorial; the 

cristid obliqua strikes the pustvallid at a low position, ventrai to the trigonid notch. 

&-Relative to ml, m2 is larger, with a decidedly higher and labiolingually 

more transverse trigonid. The paracristid is higher and extends M e r  Lhgually; the 

trigonid, in tum, is in the fom of an isosceles triangle in occlusal aspect, compared the 

more nearly equilateral condition observed in ml. The precingulid is more prominent on 

m2, and progresses M e r  both labidy and linguaily. 

COMPARISONS: The referred specimens h m  Nose Creek are vimially identical to 

homologous teeth of P. ''imior' Youzwyshyn, 1988 h m  the Cochrane Site 2 locdity of 

Alberta. The referred teeth differ nom those of Paleotomus senior (Simpson, 1937) and 

Paieotomus milleri Rigby, 1980 as per the diagnosis. Additionally, the Nose Creek 

specimens dfler fiom similar teeth of Paleotomus carbonensis Secord, 1998 fiom the 

Hanna Basin of Wyoming in being some 35 percent smaiier, and fiom similar teeth of 

Paleotomus rada~asti Van Valen, 1978 in being some 53 percent srnalier. The referred 

teah differ nom undescribed teeth of Psleotomus fiom the Roche Perde locality of 

Saskatchewan in king smaller, higher crowned with ta11 acute cusps, and in having 

propoaionately higher molar trigonids relative to the tdonids (pers. obs.). 



DISCUSSION: Paleotomus was erected in 1967 by Van Valen to receive an m3, AMMI 

33990, originally ascribed to Palaeosino~a senior by Simpson (1937), fiom the Scarritt 

Quarry. Van Valen considered the specimen to be of didelphodontan stock, and referred 

it as such to the Deltatbendia Two upper rnolars, AMNH 33991 and 33828, were 

retained within Paiaeosino~a as per Simpson's original aIlocations, but referred to a new 

species, Palaeosino~a sim~soni. Gingeric h (1 980) recognized Paieotornus as being 

distinct fiom Palaeosino~a, and synonymizd Van Valen's Palaeos. sim~soni with P. 

senior, citing more constricted lingual paris of the upper rnolars and weakiy developed 

hypocones as defining characteristics; Gingerich then refened Paleotomus to the 

Pantolestidae. b u s e  and Gingerich (1 983) accepted this referral based on aew 

specimens of E. senior fiom the Douglass Quarry of Montana. Youzwyshyn (1988) 

described materiai fiom the Cochrane Site 2 locality of Alberta, which he refened to P. 

"junior", new species, a taxon he refemd to the Pantolestidae, in agreement with 

Gingerich (1 980) and Kraw and Gingerich (1 983). In describing material fiom the 

Hanna Basin of Wyoming, Secord (1 998) considered Pdeotornus to be a pantolestid, but 

did not comment M e r  on its taxonomic position. McKenna and Bel1 (1997) considered 

Paieotomus to be of didelphodontan cimolestid mty, agreeing with Van Valen's 

originaI hypothesis. 

It is clear firom the repeated taxonomic shufiling that the affhities of Pdeotomus 

are not clearly understood, due largely to rneagre samples. Van Valen (1967:250) 

acknow1edged the fact that the frigonid of AMNH 33990, a Iower third mdar, was 

". . .un-y tail and the tooth is u n d y  large for a didelphodontine", a statement 

emphasized by Gingerich and b u s e  (1983) in their r e f d  of Pdeotomus to the 



Pantolestidae. The newly described cimolestid Alveuaena carbonensis Eberle, 1999 h m  

the Ferris Formation in the Hanna Basin of Wyoming suggests, at the very least, the 

presence of an early Paieocene didelphodontan cimolestid considerably larger in size than 

P. radaeasti, the largest species of the genus. Additionally, the lower 1x43 of Paleotornus - 
more nearly approaches the rnorphology of homologous teeth of both Cimolestes mamus 

Clemens and Russell, 1965 and Procerberus f o r m i c m  Sloan and Van Valen, 1965. 

m3, Pdeotomus, is plesiomorphically similar to m3s of these primitive didelphodontan 

cimolestids in retaining a high trigonid relative to the trigonids of ml and m2, and in 

having a reduced talonid width relative to those of ml and m.2. 

Paleotomus then, is diagnosed by characters considered plesiornorphic for the 

Didelphodonta, including moderately high and sectorial molar pmconids; high trigonids; 

protoconids larger and higher than the rnetaconids; reduced m3 talonids; ceneally 

positioned hypoconulids; iingually constncted upper molars; and weakly developed 

hypocones (Van Valen, 1966; Gingench, 1980). The species therein have k e n  

diagnosed for the most part on the bais of size, with little accompanying morphological 

criteria h o f a r  as the plesiomorphic characters are concerned, the dentition of 

Paleotomus most closely resembles the condition observed in similar teeth of the Late 

Cretaceous taxon mamus. A cast of PU 1461 6, P. senior, h m  the Douglas Quany 

of Montana reveals few Merences in lower dental morphology between it and lower 

dentitions of meenus h m  Alberta It is beyond the scope or abiiity of the present 

shidy to rediagnose Paieotomus, or to re-evaluate the taxon Pantolestinae, as Paleotomus 

appears to Lack apomorphic characters relating it to typical and contemporaneous 

pantolestids such as Pro~alaeosino~a; however, 1 provisionally concur wîth Van Valen's 



original hypothesis of didelphodontan affinities for the taxon, agreeing with McKenna 

and Bell's (1997) most recent classification. 

The Nose Creek specimens appear to represent a continuation of the Paleotomus 

lineage back into the Torrejonian. Finther comment on the affinities of this taxon must 

await a larger sampIe h m  both the Who Nose? and Cochrane Site 2 locaiities. 



Genus Procerbenis Sloan and Van Valen, 1965 

cf. Procerbenis sp. 

(Fig. 3 1, G-1; Table 48) 

REERlED SPECIMENS: UALVP 44190, m3. 

DESCRIPTION: m3-The crown of UALVP 44190 is mesiodistally long, with the 

trigonid and talonid subequal in length. The trigonid appears low relative to the talonid 

owing to the high talonid cusps and crests. A metaconid and protoconid that are subequal 

in size and height dominate the trigonid. The paraconid is reduced, conical, and 

positioned nearly directly mesial to the metaconid; the paraconid is distinctly separate 

60m the metaconid and nearly verticaily erect, giving the trigonid the appearance of an 

equilateral trimgle in occlusal outiine. The metaconid is large and subtnanguiar in 

horizontal section, and leans distally. The protoconid is tail and acute, subtriaagular in 

horizontal section, and is inclhed distally. The intemal face of the protoconid is flat, 

whereas the labial margh is more nearly convex. The paracristid is well wom, but 

appears to have been moderately high and crestiform. A small cuspuie is present 

between the paraconid and protoconid on the paracristid. The protocristid displays 

evidence of wear, both on the lingual side of the protoconid and on the labial side of the 

metaconid. The trigonid notch is deep and notches are absent on the paracristid and 

protocristid. The precingulid is prominent, originating on the prevaUid at the mesiolabial 

fme of the paraconid, progressing a short distance lingually, and tenninating at the 

mesiolingual face of the protoconid. The taionid cusps are high and robust, and circuiar 



in horizontal section. The entoconid and hypoconid are nibequal in size and height, 

whereas the hypoconulid is decidedly smaller. The entoconid is positioned far distally, 

b o a  at the Ievel of the hypoconulid The basin-facing margin of the hypoconid is flat, 

while that of the entoconid and of the hypoconulid are more nearly convex. A small, 

medialiy positioned entoconulid is developed along the entocristid, and a mesoconid is 

developed rnedidy along the cristid obliqua The mtocristid i d  cristid obliqua are 

mesiodistally elongate, extending the length of the talonid, and fonn a broad, shallow 

basin. The talonid notch is slight, resembluig a broad U shape in lingual aspect; as a 

result, the talonid is Whially open lingudy. The cristid obiiqua is straight labially and 

strikes the postvallid at a position slightly lingual to the midline. 

COMPARISONS: The Nose Creek specimen bears closest resemblance to m3s of early 

Paieocene didelphodontan cimolestids (sensu Van Valen, 1966). The referred molar is 

mon similar to homologous teeth of Procerberus, differing fiom lower molars of other 

penecontemporaneous didelphodontans, including those of Gelasto~s Simpson, 1 93 Sa 

and Acmeodon Matthew and Oranger, 192 1, in having a trigonid that is less mesiodidly 

compressed, and a paraconid that is more nearly erect, conical, and less mesially directed, 

appearing to be specialized for grinding and cru~hing~ rather than piercing or shearing. 

The Who Nose? specimen appears closest in morphology to lower molars of the 

Late Cretaceous and early Paleocene didelphodontan Rocerbenis formicarum Sloan and 

Van Valen, 1965. UALVP 44190 resernbles molar teeth of f o r m i c m  in trigonid 

morphology, including having a conical paraconid, a nearly equilaterdy triangular 

occlusal configuration of the cusps, and somewhat stout, low-crowned cusps relative to 



the talonid. Additionally, the Who Nose? specimen is War to the molar taionids of 

fodcannn in having high cusps and crests, and the presence of both au entoconulid and 

mesoconid. The nferred specimen ciBiers fkom molar teeth of P. fonnicanim in haviag a 

more nearly erect paraconid that is not deflected mesially, a mesiodistal1y longer talonid 

with a straight entocristid and cristid obliqua, a much broader talonid notch and talonid 

basin, and comparatively more nearly conical talonid cusps. 

With respect to the mesiodistally elongate talonid, the referred specimen may be 

closer to lower molar teeth predicted for Procerkrus plutonis Van Valen, 1978 fiom the 

Purgatory Hill locality of Montana. Van Valen descnbed the upper dentition of P. 

plutonis, noting the presence of mesiodistally elongate protocones on the molars; such an 

elongate protocone on M3 would certainly be accommodated by the mesiodidly 

elongate talonid of UALVP 441 90. 

DISCUSSION: The Nose Creek specimen seems closest in morphology to nmilar teeth 

of Procerbenis spp., appearing speciaiized for crushing and grhding, rather than for 

piercing or shearing, as observed in the molar teeth of palaeoryctid cimolestans. 

Procerbenis is known predominantiy fiom Pueram localities in Canada and the United 

States, the youngest occurrences being at the Rav W-1 and Simpson Iocalities in 

Saskatchewan and Montana respectively (Johnston and Fox, 1984; Fox, 1990a; Buckley, 

1994). Putative Tomjonian occurrences of the genus have been documented (Eberle, 

1999 and teferences therein), but these specimens have yet to be described. Rather than 

extending the temporal range of Rocerberus by some two million years based on a 



m e a p  sample, UALVP 44190 is tentatively refemd to this taxon untü a larger sample is 

acqued 



Cimolestidae, genus and species unidentifieci 

(Fig. 32, A-H, Table 49) 

REFERRED SPECIMENS: UALW 44191,44192, P4s (total: 2); UALVP 44193, M2; 

UALVP 441 94, ?m3. 

DESCRIPTION: P4-The crown is tnangular in occlusal outline and semimolariform in 

construction. The stylar shelf is well-developed, supporting strongly developed 

parastyiar and metastylar lobes. The ectocinguium is prominent and low relative to the 

paracone. A small conicd parastyle is present at the mesiolabial corner of the crown, and 

is distinctiy separate fiom the panicone. The metastylar lobe is large, more so than the 

parastylar lobe, and supports a large, labiolingually compressed metastyle distolabid to 

the metacone. A strong prepmaista connects the apex of the paracone to the 

distolingual part of the parastyle; the preparacnsta is not notched. The paracone is large 

and pyramidal, central in position, and is conjoined with a conical, incipient metacone. A 

strong notch is present between the paracone and metacone. The postmetacnsta is 

prominent and notched at its union with the metastyle. The protocone is short, 

approximately equai in height to the metacone, and is nearly confluent wiîh the paracone 

at its mesiolingual face. The pre- and postcingula are confluent with the preprotocrista 

and postprotocrista respectively. The postprotocrista is sweeping and arcuate, convex 

h@y, and bears accessory cuspdes dong the lingualmost margh. The trigon basin is 

shaUow and defïned distally by the postprotocrista 



M2-UALVP 44193 is labiolingually transverse and mesiodistally short, forming 

an acute triangle in occlusal outline* The pmstylar and m e w l a r  lobes are sîrongly 

developed and labiaiiy transverse, forming a deep ectoflexus. The parastylar area is 

lobate in occlusai aspect. A small, conical parastyle is located at the mesiolabial corner 

of the crown; a second stylar cusp, snaller than the parastyle, is noted immediately distal 

to the parastyle. This cusp, here interpreted as an accessory stylar cusp, is not comected 

to either the panistyle or paracone by the preparacrista. The metastylar region is lobate in 

occlusal aspect, but more mesiodistally compresseci and less labially expansive relative to 

the parastylar lobe. A tiny metastylar cusp is present at the extreme labial margin of the 

metastylar lobe. The ectocingulum is reduced. The paracone is ta11 and nearly circular in 

cross section. The metacone is broken away; £kom the dimensions and structure of the 

base, it appears to have been conicd and subequal in size and height to the paracone. 

The metacone likely leaned distdly and linguaily relative to the positions of the panicone 

and protocone. The preparacrista and postmetacrista are both strongly developed but 

highly wom; the centrocrista is moderately wom and f o m  an acute angle in labial 

aspect. The paraconule and metaconde are both conical and distinct. The paraconde 

leans mesially and is more hgually positioned relative to the metaconde; both are 

slightly mesially shifted relative to the bases of their respective trigon cusps. The 

paraconule cristae are weli developed, whereas those of the metaconde are indistinct 

(postmetaconule crista) or absent @remetaconde cnsta). The pmtocone is large, nearly 

as taü as the paracone, and subcrescentic in horizontal section, owing to slight 

mesiodistal compression The protocone cristae are prominent, forming the mesid and 

distal margias of a deep, pocket-lûke trigon basin. Re- and postcingula are absent 



?m3-The trigonid of UALVP 441 94 is decidedly taller than the talonid and 

labiolïngualiy transverse, fomiing an acute aagled triangle in occlusal aspect The 

trigonid possesses a subequal protoconid and metaconid, and a reduced paraconid The 

protoconid is subtnanguiar in cross section, whereas the metaconid is more nearly 

circular. The paraconid is somewhat appressed to the metaconid and labial in position, 

and remains separate and distinctly cuspidate. The paracristid is low and notched 

rnedially, and displays heavy wcar. The protocnstid is moderately wom, and f o m  an 

acutely angled trigonid notch. The arrangement of trigonid cusps and crests forms a 

deep, mesiodistally constricted trigonid basin. The precinguiid is prominent and shelf- 

like. The talonid is broadly basined and skewed labially. The three taionid cusps are 

distinct; the hypoconid is wom flat, but appears to have been more massive, but lower in 

height than the entoconid or hypoconuiid. The hypoconulid and entoconid are in close 

proximity and shifted slightly labiaüy; as a resuit, the longitudinal axis of the tooth passes 

through the postcnstid between the entoconid and the hypoconulid. The entocristid is 

siightiy damaged and heaviiy wom, obscurhg its original proportions; the multant 

talonid notch is mesiodistally widened, but f o m  an acute angle nonetheless. The cristid 

obliqua contacts the postvdlid mediaify, and is straight labialiy. 

COMPARISONS: The refemd specimens were not found in association, and the occlusal 

fit of UALVP 44 193 and 44 194 is poor; they are referred to the same tamn on the b i s  

of sire and their king distinctiy different h m  homologous teeth of either Procerbenis 

sp. and Paleotomus "junior", the two other didelphodontan taxa identifîed from Nose 

creek. 



The morphologies of the refemd specimens h m  Who Nose? seem derived 

relative to teeth of primitive didelphodontans, such as Cimolestes, in haWig a more 

nearly m o l d o m  P4 with a more labially positioned protocone (wt as molarized, 

however, as that of Procerberus), in having a subequal protoconid and metaconid, and 

having a lower trigonid relative to the talonid on m2. Contrarily, the refemd teeth retain 

plesiomorphic traits seen in s b d a r  teeth of Cimolestes, including a labiolinguaiiy 

transverse M2, a conicai panicone and metacone, lack of pre- or postcingula, and a 

labiolingually transverse trigonid on m2. The referred teeth most closely approximate 

similar teeth of contemporaneous didelphodontans such as Gelastom and Acmeodon, 

particularly with respect to the semimolariform condition of P4 and the development of 

the povastylar and metastylar lobes on M2. Furthemore, the Nose Creek lower molar 

resembles those of Gelasto~s and Acrnedon in having a low trigonid relative to the 

talonid, a lingually positioned paraconid, a metaconid that is larger than the paraconid, 

and a talonid that is broadly basined and labially skewed (Van Valen, 1966). 

DISCUSSION: The referred specimens fiom Nose Creek are of didelphociontan 

cimolestid stock, most closely approximating the morphology of teeth referred to 

Gelastom (Simpson, 193%; Van Vaien, 1966) but apparently retaining plesiomorphic 

characters obsened in the dentition of Cimolestes. Any meaningful consideration of the 

referred specimens must await M e r  sampüng. 



Suborder Apatothena Scott and Jepsen, 1936 

Family Apatemyidae Matthew, 1909 

Subfamily Apatemyinae Matthew, 1909 

Grnus Jemenella Simpson, 1940 

Jemenella sp., cf. & praeprowra Simpson, 1940 

(Fig. 33, A-B; Table 50) 

HOLOTYPE: AMNH 35292, nght den- with ml-3. 

TYPE LOCALITY: Gidley Quany, upper Lebo Formation, Crazy Mountain Field, 

Sweetgrass County, Montana 

KNOWN AGE AND DISTRIBUTION: late Torrejonian (middle Paleocene) of Montana 

(type loc* [McKenna, 1963; Simpson, 19401); late Torrejonian of Wyoming (Cedar 

Mountain [locality UW V-810561, Polecat Bench Formation, southern Bighom Basin, 

Hot SpringdWashakie Counties [Hartmm, 19861); Rock Bench Quarry [Locality No. 61, 

Foa Union Formation, Bighom Basin, Park County [Rose, 198 11; Swain Quarry, Fort 

Union Formation, Washakie Basin, Carbon County [Rigby, 19801); eariiest Tiffanian 

(iate Paleocene) of Alberta (Cochrane Site 2, Porcupine Hüls Formation, Alberta 

Synche, Cochrane, Bow River Iyolawyshyn, 1988; Fox, 1990al); late Tiffimian of 

Texas (Joe's Bonebed 4 l366,4 13651, Black Peaks Formation, western T o d o  

Hat, Brewster Co- [Schiehut, 19741). 



REFERRED SPECIMEN: UALVP 441 98, I l .  

DIAGNOSIS: "An apatemyid with lower molar trigonids elevated far above the talon&, 

protoconids and metaconids high and subequal, paraconids lower but strong and distinct, 

that of m3 srnallest and median in position, squaring of anteroexternal trigonid rim less 

pmnounced than in later forms, hardly noticeable on m3, talonid of m3 short" (Simpson, 

1940: 186). 

DESCRIPTION: I l  -UALVP 44 198 possesses a simple, elongate crown, with a large, 

mesial anterocone and a d, distal posterocone. 

COMPARISONS: UALVP 44198 differs from Ils of the late Tiffanian Aoatemvs Marsh, 

1 872 (=Labidolemur Matthew and Granger, 192 1) in king mesiodistaily longer, with a 

more nearly straight anterocone (Gingerich and Rose, 1982). The Nose Creek specimen 

Mers fiom similar teeth fiom the Cochrane Site 2 locality in being mesiodistally longer 

with a wider crown, in having a more di& placement of the posterocone, and in having 

a sharper, higher crest between the anterocone and posterocone. UALVP 44198 Mers 

from Ils h m  the Birchwood Locality in being smder. 

DISCUSSION: The Who Nose? specimen is virtually identical to teeth referred to L sp., 

cf. l. praepxmera fiom the Cochrane Site 2 and Birchwood localities of Aiberta 

(Younvyshyn, 1988; Webb, 1996). The presaice of J, sp., cf. & praeorom at Who 

Nose? putatively marks the earliest occunence of this poorly known taxon. 
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Suborder Pantodonta Cope, 1873 

Supe r fdy  Pantolambdoidea Cope, 1883 

F a d y  Cyriacotheriidae Rose and Krause, 1982 

Genus Cvriacotherium Rose and Krause, 1982 

cf. Cyriacotherium sp. 

(Fig. 33, C; Table 51) 

REFERRED SPECIMENS: UALVP 441 8 4 , M  185, P3s (total: 2). 

DESCRIPTION: P3-The refemd teeth are large and robust, and submolariform in 

structure. The crown is weakly dilarnbdodont, transversely wide and mesiodistaily 

compressed, and dominated by a subequally tall, subcrescentic paracone and metacone. 

The parastylar and rnetastylar regions are prominent and highly lobate in construction, 

forming a deep, horseshoe-shaped ectoflexus. The stylar shelf is concave vertically, the 

paracone and metacone widening considerably a? the labial side of their bases. The 

ectocingulum is low relative to the heights of the paracone and metacone, but is robust 

and ndge-like. The prepmcrista is long, high and crestiform, and bears a large, conical 

stylocone labial and slightly mesial to the paracone. From the apex of the stylocone, a 

strong stylocrista descends .mesially to join a lower, subconical parastyle, directiy mesid 

in position to the stylocone. The rnetastylar lobe is squared off labiaily and extends 

labially as far as the parastylar region. Post-mortem abrasion has obscured the 

topography of this region; as such, the presence or absence of a metastylar cusp cannot be 

ascertained. The poshnetacrista, as with the preparadsta, is elevated and crestiform. 



The paracone and metacone are closely appressed, king conjoined for almost halftheir 

heights, fonning a highly acute centrocrista. The centrocrista is notched ventraily and is 

not deflected labiaily, reducing the dilambdodont appearance of the crown. The panicone 

and metacone are concave labidy and somewhat convex linpuaily, particularly at their 

conjoined bases. A paraconde sweliing occurs at the labiahost extent of the 

postprotocrista. The metaconde and conde crests are absent. The protocone is tail, 

subequai in height to the paracone and metacone, and is nearly circuiar in horizontal 

section. The preprotocrista is weU developed and continuous with the precingulum; the 

postprotocrîsta is more poorly developed relative to the preprotocrista, and is not 

coduent with the postcingulum. The mesial and distal cingula are discontinuous about 

t h  lingual face of the protocone. 

COMPARISONS: The Nose Creek specimens resemble upper premolar dentitions of 

primitive pantodonts. The submolarifonn state and weakly developed dilarnbdodonty of 

UALVP 44184 and 441 85 clearly preclude their refenal to the Pantolambdidae (Rose and 

Kraw, 1982). The referred specimens seem closest in morphology to homologous teeth 

of members of the Cyriacotheriidae (Rose and Krause, 1982), but possess features that 

are considered primitive for the f d y .  The referred teeth diffa fiom P3, 

Cwiacotherium armeum Rose and Krause, 1982, the basal member of the family,-in: 

1) Having a deeper, horseshoe-shaped ectoflexus. 

2) Having strongiy developed parastyIar and metastylar lobes. 

3) Hawig a disti.net and prominent stylocone and parastyle. 

4) Having the paracone and metacone sûongIy appfessed to one another. 



5)  Absence of conules and their associated nem. 

6) Having an open trigon basin. 

7) Having weak dilambdodonty. 

The Who Nose? specimens are similar to UALVP 10850, a questionable P3 pertaining to 

C. sp., cf. C. a r m u m  (Rose and Krause, 1982), and an uncataiogued P3 tentatively - 

assigned ta CL armeum ('pers. obs.), b t h  fkom the Roche Percde fauna of Saskatchewan. 

UALVP 44 184 and 44 185 diffa fiom these teeth in having less robust proportions; open 

tngon basins; more poorly developed mesial and distal cingula; lack of accessory stylar 

cuspules; more prominently developed stylocone and parastyle; and lacking conules. 

DISCUSSION: The Nose Creek sample may represent a new, more primitive species of 

cyriacotheriid pantodont, considerably older than argvreurn. Rose and Krause 

hypothesized that Cvriacotherium evolved from a Pantolambda-like ancestor, the 

discovery of this primitive taxon fiom Who Nose? suggests this event may have occurred 

early in the Tonejonian. 



Suborder Pantolesta McKenna, 1975 

Family Pantolestidae Cope, l884a 

Subfamiy Pentacodontinae Simpson, 193 7 

Genus A~hronorus Simpson, 1935a 

?A~h.ononis sp. 

(Fig. 33, D-F; Table 52) 

REFERRED SPECIMENS: UALVP 4427 1, ?ml trigonid. 

DESCRIPTION: ?ml-UALVP 44200 presenres the trigonid of a molar tooth interpreted 

to be of the ml locus. The ûigonid is aicuspate with a large, conical metaconid and a 

distinctly lower, subpyramidal protoconid. The paraconid is reduced to a tiny cupule 

and is situated mesial and somewhat labial to the metaconid. The protoconid is 

rnesiodistaliy elongate, and is connected to the paraconid by a mesially prominent and 

arcuate paracristid; this configuration of cusps and crests gives the trigonid a 

subtrapezoidal appearance in occlusal aspect. The protoconid is convex intemally, 

whereas the paraconid and metaconid are vimialy flat. The cusps are well spaced, 

forming a broad, open trigonid basin. The trigonid notch is shallow. The ectocingulid is 

strongiy developed. The cristid obliqua apparently stnick the postvallid labial to the 

trigonid notch, possibly indicating a broad, open talonid. 

COMPARISONS AND DISCUSSION: UALVP 44200 appears ciosest in morphology to 

ml tngonids of the pentacodontine m& A~hrononts. The =fend specimen is close 



in both size and morphology to similar trigonids of both A~hrononis simDsoni Gazin, 

1939 and A~hrononis Faudator Simpson, 193%; it differs, however, in having a more 

Lingually positioned paraconid and in king more mesiodistally compressed. The referred 

specimen mers from molars referred to cf. A~hrononis sp. f?om the Douglass Quarry of 

Montana ( ' u s e  and Gingerich, 1983) and the C o c h e  Site 2 locality of Alberta 

(Youzwyshyn, 1988) in being l e s  mesiodistally compressed, lower crowned, and 

smailer. The single referable element suggests that this mon is rare at Who Nose?, and 

is thus oniy questionably referred to A~hronom. 



Subfamily Pantolestinae Simpson, 1937 

Genus Pto~daeosino~a Simpson, 1927b 

Pro~alaeosino~a "se~tentrionalis" (Russell, 1 929) 

(Fig. 34, A-1; Fig. 35, A-C; Table 53) 

HOLOTYPE: UALVP 126, incomplete lefi dentary with m3. 

TYPE LOCALITY: Cochrane Site 1, Porcupine Hills Formation, Alberta Syncline, 

southwestern Alberta. 

KNO WN AGE AND DISTRIBUTION: late Torrejonian (middle Paleocene) of Alberta 

(type locality [Fox, 1990aJ); late Torrejonian of Montana (Gidley Quarry, upper Lebo 

Formation, Crazy Mountain Field, Sweetgniss County [Simpson, 19371; Sitberling 

Quarry [Simpson's Locdity 1; Fish Creek; Bear Butte; Widdecombe Creek; Widdecombe 

Ranch], upper Lebo Formation, Cray Mountain Basin, near Bear Butte, Sweetgniss 

County [Simpson, 19373); late Tomjonian of Wyoming (Cedar Mountain [localities U W 

V-82004,82006,820 15,820401, Polecat Bench Formation, southern Bighom Basin, Hot 

Springflashakie Counties [Hartman, 19861; Swain Quarry, Fort Union Formation, 

Washakie Basin, Carbon County [Szalay, 1968; Rigby, 19801); earIiest Tiffanian (late 

Paleocene) of Alberta (Cochrane Site 2, Porcupine Hills Formation, Alberta Syncline, 

Cochrane, Bow River [Youzwyshyn, 1988; Fox, 1990al); earliest Tiffanian of Montana 

(Douglass Quarry [Simpson's Locaiity 631, C r a y  Moimtain Basin, Sweetgrass County 

[buse  and Maas, 19901); early Tiffanian (late Pdeocene) of Montana (Sc& Quarry 



[Simpson's Locality 561, Melville Formation, eastem Crazy Momtain Basin, Sweetgrass 

County muse and Maas, 19901); middle Tiffanian (late Paleocene) of Alberta (Burbank 

locality, Paskapoo Formation, Alberta Syncline, at the confluence of Blindman and Red 

Deer Rivers Fox 1990al; Hand HiNs West Upper Level, Paskapoo Formation, NE of 

Dnimheller -Donald, 19961; Joffre Bridge Roadcut Lower Level, Paskapoo 

Formation, Alberta Syncline, Red Deer Fox 1990aJ; UADW-2 locality, Paskapoo 

Formation, Alberta Syncline, Blackfalds [Fox, 1990al); middle Tiffanian of Wyoming 

(Cedar Point Quany, Polecat Bench Formation, Bighom Basin, Lovell, Big Hom Couoty 

[Rose, 198 11; Chappo Type Locality [Type Chappo; Chappo Gulch; Chappo-171, Chappo 

Member, Wasatch Formation, LaBarge Creek LaBarge, Lincoln County [Gunnell, 19941; 

Hallelujah Hill [locality üW V-770051, Fort Union Formation, east flank Rock Springs 

Uplift, Sweetwater County [Winterfeld, 19821; Rock S p ~ g s  Uplifi (UW V-78052), Fort 

Union Formation, east flank Rock S p ~ g s  Uplifl, Sweetwater County [Winteneld, 

19821); middle TifTanian of North Dakota (Brisbane Locality, Slope Formation, Grant 

County [Holtmran, 19781; Judson Locality [L6; L8] Tongue River Formation, Morton 

County [Holtzman 19781). 

REFERRED SPECIMENS: UALW 44201, maxillary hgment with WM2; UALVP 

44202,44203,44233, P4s (total: 3); UALVP 44204,44205, Mls (total: 2); UALVP 

44206, M2; UALVP 44207, p2; UALVP 44208, p3; UALVP 44234,44209, p4s (total: 

2); UALVP 442 1 O, 442 1 1, ml s (total: 2); UALVP 4421 2,442 1 3,442 14, m2s (totd: 3); 

UALVP 4421 5, mx. 



DIAGNOSIS: "Lower molars small, each less than 3 mm long; paraconid small but 

distinct; talonid with Uiree distinct tubercles" (Russell, 192% 173 piacodon 

se~tentrionalis]). 

APPENDED DIAGNOSIS: "Much smaller than any known species of Palaeosino~a p4 

strongly trenchaa with large anterior basal cuspate and incipient basining of talonid. 

Molar cusps high and slender. ML2 with smaller hypocones than in most advanced 

species. Metacone of M3 distinct. Length M 1-2 6.1 mm" (Simpson, 193 5a:ZO 

Ipalaeosino~a diluculi]). 

DESCRIPTION AND COMPARISONS: Dental descriptions of PI "ser>tentrionalis" 

occur in Simpson (1936, 1937 as "Bessoecetor thomsoni" and "Bessoecetor diluculi", 

respectively) and Stonley (1988). The Nose Creek specimens are most similar to teeth 

referred to "se~tentrionalis" fIom the Cochrane Site 2 locality of Alberta 

(Youzwyshyn, l988), but daer  in the following ways: 

1) Better developed parastylar and metastylar lobes, particularly on M2. 

2) Upper molars more transverse and less mesiodistally compressed. 

3) Weaker hypocone and hypoconal salient 

4) Molar trigonids less mesiodidly compressed. 

5) Generally higher crowned. 

6) Slightiy larger lower molar dimensions. 



The refmed specimem an within recorded ranges for teeth sirniiar referred to diluculi 

fiom the Swain Quarry of Wyoming (Rigby, 1980) and the Dougiass Quarry of Montana 

(Krause and Gingench, 1983). 

DISCUSSION: Simpson erected Pro~alaeosinoDa in 1927 to receive specimens fiom the 

middle Tiffanian Enckson's Landing locality of Alberta Youzwyshyn (1 988) 

synonymized Russell's "Diacodon" satenirionalis with diluculi, and noted the distinct 

nature of Pro~alaeosino~a albertemis Simpson, l927b. The Nose Creek specimeas 

compare favourably with similar teeth of P. "se~tentrionalis" nom Cochrane Site 2 and 

late Torrejonian and early Tiffanian sites fiom Canada and the United States; the 

aforementioned differences may, however, prove taxonomically significant in light of a 

larger sample. 



h~dae0~h0_wi  p. 1 

(Fig. 35, D-F; Table 54) 

REFERRED SPECIMEN: UALVP 44216,m2. 

DESCRIPTION AND COMPARISONS: The referred molar is sunilar in overall 

structure to homologous teeth of Promlaeosinopa "seotentrionalis" f?om the Who Nose? 

and Cochrane Site 2 localities, but differs in king nearly 45 percent larger and 

proportionately higher crowned, particularly the talonid. The talonid cusps appear tall 

and spire-like, forming a deep talonid basin. The entocristid and cristid obliqua are raised 

and sectoriai in construction, and a strong entoconulid is present. The referred molar 

differs fbrther fiom molars of "se~tentrionalis" in possessing a sttonger camassial 

notch on the paracristid. UALVP 4421 6 is similar to lower molars referred to 

Pro~aiaeosinooa albertensis fiom the Swan Hills and DW-2 localities of Alberta (Stoniey, 

1988; Fox, 1 WOa), differing primarily in being larger and higher crowned, in having a 

more lingually positioned paraconid, and in having a stronger carnassid notch. 

Additionally, UALVP 442 16 resembles lower molars of undescribed pantolestids fiom 

the Roche Percte locality of Saskatchewan, differing primanly in king srnaller and less 

bunodont. 

DISCUSSION: The sunilarity of morphology of UALVP 442 16 to homologous teeth of 

P. "se~tentrionalis" idenaes these specimens as pertaining to members of - 
ProoalaeosinoDa The larger size of the referred molar relative to those of P. 



"se~tentrionalis", and its similarity to the Swan HiUs and DW-2 specimens may support 

refenal to albertensis. The hypsodont condition of UALVP 442 16 relative to that 

observed in similar teeth of "se~tentrioL181is" and E. albertensis, the sectoriai nature of 

the entocristid and aistid obliqua, and the strong camassial notch indicate an emphasis 

on shear, a condition quite lmlike the crushg or piercing dentitions of contemponuieous 

pantolestines. At present, UALVP 44216 is referred only to Pro~daeosinow untïI a 

larger sample can support a more definitive assignment. 



Propalaeosino~a sp. 2 

(Fig. 35, G-1; Table 55) 

REFERRED SPECIMENS: UALVP 4421 8, ?m2. 

DESCRIPTION AND COMPANSONS: The referred molar is nearly identical to 

homologous being nearly 

percent smaller and proportionately more labiolingually transverse. UALVP 442 1 8 

M e r  differs fiom molars of E. "se~tentrionalis" in having a lophate 

paracristicUparaconid that is more Iabidy extensive, and a more mesiodistally 

compressed trigonid. A meagre number of specimens f?om the Tiffanian Roche Percée 

fauna of Saskatchewan may be referable to this taxon. 

DISCUSSION: At present, the single specimen can be assigned on1 y to Pro~alaeosino~a 

based on similarities to homologous teeth of "se~tentrionalis". sp. 2 represents the 

third distinct species of Pro~alaeosino~a fiom Who Nose?. 



CHRONOLOGICAL ASPECTS 

Biosmtigraphy 

Age of the Who Nose? Local Fauna 

Fossil mammalian taxa areone line of evidence for correlating Cenozoic 

continental sedunents in North Amena The information gleaned from this 

biochronology can be extrapolated to, and compared with, similar schemes throughout 

the world. The Wood Committee (1941), whose work presented the !?nt formai 

biozonation of the Tertiary continental sediments using fossil mammals, followed in the 

footsteps of H. F. Osborn and W. D. Matthew's (1929) first attempts at fomlating 

chronostratigraphic zonations ("life-zones" of Osbom and Matthew) (Osborn, 1929). A 

recent revision of the Wood Cornmittee's formal report forms the bais for the current 

biozonation of the Cenozoic of North America (Archibald et al., 1987), and is followed 

here. Williamson (1996) provided a more recent attempt at redefining the biozonations 

of Archibald et al. (1987), based on new material fkom the San Juan Basin of New 

Mexico. Despite its intentions, this redefinition is unproven outside the San Juan Basin, 

and, to my knowledge, has been accepted by only one author (Secord, 1998). 

Williamson's (1996) biozonation is useful for intrabasinal correlations within the San 

Juan Basin and the immediate area, but is of Limited use for far-ranging extrabasinal 

correlations because most of the taxa used to characterke or defîne boundaries are 

endemic to the San Juan Basin or southem faunal province (Sloan, 1987). 

Following the critena of Archibald et al. (1987), the mammalian fauna fiom Who 

Nose? fan be assigned to the Torrejonian North Amencan Land Mammd Age 

(NALMA). That the local fauna can be assiped to the Torrejonian, rather than to the 



preceding Puercan or subsequent Tiffimian NALMA, is indicated at the genenc level by 

the presence of Palenochtha and Prothnrptacodo~~, taxa that are restncted elsewhere to the 

Tomjonian NALMA (Archibald, et al., 1987). The presence of supmspecific taxa, 

including Anconodoa Baiotomeus. Le~tacodoa El~ido~horus, Plesiolestes, 

Pronothodectes. Sim~sonictis, and ProD(i1aeosino~a, which make their nrst appeanuices 

during the Torrejonian NALMA, lend support for a Torrejonian age. Although less 

important, the last known records of Xyronomvs and Stygbnvs also occw during this age. 

At the specinc level, taxa hciuding Ptilodus montanus. Plesiolestes ~roblematicus, and 

Protbptacodon albertemis are restricted to the Torrejonian or older. Additionally, the 

Who Nose? local fama shares ten of the genem considered by Archibald et al. (1 987) to 

be characteristic of the Tonejonian NALMA. 

Archiiald et ai. (1 987) M e r  subdivided the Torrejonian NALMA into three 

zones, each based on the successive frst and last appearances of two unrelated taxa 

These interval-zones, designated TOI duough To3 are, fiom oldest to youngest, the 

Peri~tvchus/Tetniclaenodon interval-zone (To l ), the Tetraclaenodon/PantoIambda 

interval-zone (To~), and the PantolambdaPlesiada~is pmecursor intemal-zone (To3). A 

more refied, To3, age for the Who Nose? local fauna is supported by taxa restricted to 

this zone. These so-cailed index taxa are useful for consirallillig the age of local faunas, 

and in comlating isolated outcrops. Unequivocally identified To3 index taxa fiom the 

Who Nose? locality are Pronothodectes matthewi and Prothrmtacodon albertemis, while 

tentatively identified To3 index taxa are Eloido~honis sp., cf. minor. Palenochtha sp., 

cf. p. minor, and SimDsonictis sp., cf. & iamameae. Additionally, Ptilodus montanus, 

h c t e d  to the latest Tomjonian by Gmell(1994), and Baiotomeus "rhothonion" may 



prove to be usefid indices for the T03 intexval-zone. Supraspecific taxa making their f h t  

appemces during the To3 interval-zone provide f ider ,  bbut less compelling evidence 

supporting a To3 age. Such fhst appearance taxa Uiclude Mimetodon. Ienacius, 

Pronothodectes. Picrodus, and Paieotomus. Additionally, the Who Nose? fauna shares at 

least 1 1 genera considered by Archibald et al. (1987) characteristic of the To3 interval- 

zone. 

Faunal Cornparisons 

The Who Nose? local fauna is similar in general composition to faunas of latest 

Torrejonian age from localities in the United States, and to those of earliest Tiffanian age 

fiom localities in the United States and Alberta (Table 56). Of these localities, the Who 

Nose? local fauna appears closest in overall composition to the latest Torrejonian Gidley 

Quarry fauna of Montana and to the earliest Tiffanian Cochrane Site 2 fauna of Alberta. 

Of the 35 described genera from the Who Nose? local fauna, 24 are shared with Gidley 

Quany, and 24 are s h e d  with Cochrane Site 2. Of special importance are the genera 

Palenochtha and Prothmtacodon, both of which occur in the Who Nose? and Gidley 

Quarry faunas to the exclusion of the Cochrane Site 2 fauna. The remaining genera 

shared between Who Nose? and Gidley Quarry, and those shared between Who Nose? 

and Cochtane Site 2, are stratigrapbically long-ranging; as such, they are of linle value in 

constraining the age of the Who Nose? local fauna or in demonstrating contemporaneity 

of strata. 

At the specific level, the Who Nose? local fauna appears to contain both 

Torrejonh and Tiffanian taxa The Who Nose? fairna shares 1 1,12, and 13 species 



matches with Rock Bench Quarry, Swain Quarry, and Gidley Quarry, respectively, and 

18 species matches with Cochrane Site 2. Despite the strong taxonomic similarity 

between the Who Nose? locality and the Cochrane Site 2 locality, 1 consider the presence 

of the nw plesiadapid Ronothodectes matthewi at Who Nose? to be of paramount 

importance; this taxon was restricted in both spce  and time, and its presence in both the 

Who Nose? and Gidey Quarry faunas strongly suggests contemporaneity. Additionaily, 

the majority of species shared between Who Nose? and Cochrane Site 2 are 

stratigraphicdly long-ranging, with only one, Pamtymdus "corvstes", shared uniquely 

between them. Youzwyshyn (1988) considered the Cochrane Site 2 fauna to be of an age 

intermediate between those of Shotgun (?To3) and Douglass Quarry (Til) based on 

overall taxonomic similarity; other authors (e.g., Secord 1998; Alroy, 2000) have 

considered this locality to be of uncertain age, or straddling the Torrejonian-Tiffanian 

boundary* The strong finanian character of the Who Nose? fauna, combined with the 

presence of Elddovhorus, Innacius, and Plesiolestes, al1 of which occur at Shotgun, rnay 

indicate an age slightly younger than the Gidley Quarry fa- 

The strong b i s  towards mid-shed specimens at the Who Nose? locality rnay be 

a factor of some importance in faunal comparisons. The absence of larger-bodied 

organisms at Who Nose? rnay be d, or contratily rnay be a result of depositional andor 

taphonomic biases. Such possibilities must be taken into account when addressing 

species diversity, paleocommunity associatioils, and even extinction and immigration 

events (Bown and Beard, 1990). Additiody, biases against a particular size class rnay 

effectively eliminate specimens pertaining to taxa which rnay be potentially important 

bioconelators. The discovery of larger-bodied organimis at Who Nose? wodd not only 



ailow more accurate assessments of o v d  diversity, but may be usefbl in testing 

hypotheses of faunal contemporaneity. 

Magneto biostratigrap hy 

Based on the work of Butler and Lindsay (1985) at the Kutz Canyon locality in 

the San Juan Bash of New Mexico, Archibdd et al. (1987) considered faunas of 

Tomjonian age to appear first in sediments of normai polanty, interpreted as pertaining 

to chron 28n, and to extend into sediments of normai polarity, interpreted as pertaining to 

chron 2711. Archibdd et al. (1987) suggested the separation of sedllnents of typical 

Puercan-age fiom those of typical Torrejonian-age occurs at chron 28r and portions of the 

subjacent and superjacent chrons of normal polarity. Mammalian biostratigraphicai 

evidence inâicates a latest Torrejonian age for the Who Nose? local fauna, supported by 

index taxa, characteristic taxa, and similarity to faunas fiom well-sarnpled Torrejonian 

localities nom the Western Interior of the United States, includuig Gidley Quarry, Rock 

Bench Quarry, and Swain Quarry. These localities have recently been interpreted as 

pertaining to chron 27r (Flynn et al., 1984; Butter et ai., 1987; Airoy, 2000). 

In a recent study of the continental Paleocene in the Calgary area, Lerbekmo and 

Sweet (in press) examined strata of the Foothills and Central Plains regions in an attempt 

to place the fossil mammal localities occurring there in a polarity t h e  scale hmework 

Magnetostratigraphic analysis of a 30m composite stratigraphie section fiom the Who 

Nose? locality resulted in an interpretation of ail but the lowest few meters of the section 

peaaining to reversed polarity. Using palynological evidence and regional structural 

trends as time contml, Lerbekmo and Sweet correlated the Who Nose? locality with a 



200111 stratigraphic section h m  the Cochrane Site 2 locality and a 3 10m section 

Balzac 66-1 Corehole to chron 28r. Additionally, a second locality of presumed 

219 

fiom the 

Torrejonian age, Calgary 2E/7E, was correlated to chron 2%. These interpretatiom 

suggest that the strata containhg the Who Nose? and Calgary 2U7E localities and their 

associated faunas are correlative with locakities of early Torrejonian age in the United 

States, hypotheses that appear incongruent with the mammalian biostratigraphic evidence 

presented above. That an incongmity exists between these two lines of evidence suggests 

methodological problems with either the biostratigraphic or magnetostratigraphic 

interpretations or, contrarily, a correct interpretation of both, necessarily implying faunal 

diac hroneity . 

Methodologicai Problerns in Biostratigraphic Correlation 

Mammalian fossils are the primary chronological reference in Tertiary terrestrial 

deposits (Lindsay et al., 1987). Recognizing changes in component fossiis (evolution), 

resolution becomes greater, and t h e  and stratigraphy can be more nearly correlated. The 

irreversibility of these evolutionary processes (Le., evolutionary novelties appear only 

once) and their unique temporal and stratigraphic duration provide a sound means for 

correlation (Woodbume, 1987). Inherent problems within this biochronologic tirne 

firame, however, may limit thc ability for thne and stratigraphy to be correlated. 

Objections to the zonations of Archr'bald et al. (1987) have been made, 

patticularly with respect to the use of single taxon characterizations v e n u  faunal 

characterizations to defie boudaries (Prothero, 1995; Woodbume and Swisher, 1995; 

Williamson, 1996). Single taxon characterizatiom, while assumed to be synchrr>nou 





Canyon famas of eastern Montana, considered To 1 by Archibald [l982] and Archibaid et 

ai. [1987] are represented by meagre coliections). WeU-sampled earliest Torrejonian 

faunas fiom the Dragon Canyon l o d t y  in Utah (Tomida and Butler, 1980; Tomida, 

198 1 ), and the lower and West Kutz Canyon locaiities in New Mexico (Archibald et al., 

1987 and references therein) are dominated by arctocyonid procreodians and 

pleuraspidothenine, mioclaenine, and pexiptychine condylarths. As neither the Who 

Nose? nor the Calgary 2E/7E fauaas share index or characteristic taxa with these early 

Torrejonian faunas of the United States, non-contemporaneity is implied. It should be 

noted, however, that latitudinal provinciaiïzation between typical northern and southern 

faunas may exist (Sloan, 1987; Buckley, 1994), and that distinctiy different, endemic 

faunas between both regions may not necessdy denote significant differences in the .  

Methodological Problems in Magnetostratigraphic Correlation 

Magnetostratigraphy is a powerful tool for conelating rock units. Because 

revends in the Earth's magnetic field are giobdy synchronous and geologically 

instantaneous, the application of magnetostratigraphic evidence to local and regional 

sections provides a high degree of resolution to coflstretints on age. As powerfid a tool as 

magnetostratigraphy is, however, it &ers h m  a number of physical Iimitations and 

biases that compromise its age-conshaining abilities. 

Insu&cient amount of outcrop or a lack of sediments that can be reliably analyzed 

can Iead to "spot-sampling" or the necessity for composite sections rather than continuous 

samphg through one compIete section (Buckley, 1994). Unidentified unconformities 

representing extensive penods of time and unequal sedimentation rates may confuse local 



magnetostratigraphy (Lindsay et al., 1983, while weathered outcrop and various forms of 

reRUlant magnetization in samples make obtaining and assessing the subsequent data 

dinicuit. Additiody, the establishment of the stratigraphic levels of local sections 

relative to the zero d a m  is parmount to placing these sections into their proper 

stratigraphic context. 

The geomagnetic polarity tirne scale (GMPTS), used as the standard for 

correlating local sequences and pattems of magnetic polarity reversais, is calibrated 

directly using K-Ar dating for younger sediments. For older sedirnents, however, the 

GMPTS is calibrated by asnimptions as to seafloor spreading rates and through 

extrapolated radiochronometric methods (Flynn et al., 1984; Woodburne, 1987). As 

Woodburne (1 987:4) has indicated, " . .. [because of] systematic errors inherent in the K- 

Ar system.. .detennination of the ages of [magnetic] reversais is systematically inaccurate 

to the same degree as is any other aspect of the geologic tirne scde when measured by 

such chronometric systems." 

Of paaicular importance is the frequent inability to correlate local 

magnetostratigraphic data tu the geomagnetic polmity the-scale directly. A lack of 

syndepositional strata that can be dated radioisotopicalIy necessitates a  rior ri assumptions 

as to the age of the strata in question (Buckley, 1994). These assumptions are often made 

on the bais  of biochronologic information; in many instances, polemic logic is 

invoked-an estimate of age by biostratigraphic evidence is confirmed through 

magnetostratigraphic data, thus supporthg the original hypothesis of age. Such circuiar 

logic warrants an accompanying caveat to the idea thet magnetostratigraphic information 

cm be w d  "independentiy" of other data-it ainnot, and its usefulness and reliability as 



a tool for estimating age is governed by the inherent degrees of error that accompany the 

caiibraîing mechnni?;ma. 

The study section fiom Nose Creek is a composite of three short subsections, ail  

of which are weathered, d î h g  in locaiized diagenesis producing chernical remnant 

magnetization overprinting (Lerbekmo and Sweeî, in press). Additionally, the presence 

of an extensive discodormity identifid at the base of the Paskapoo Formation 

(Lerbeho et al., 1990; Lerbekmo et al., 1 Wî), and subsequentiy inferred to the 

Porcupine Hills Formation in the Olympic Ski Jump section (Lerbekmo and Sweet, in 

press), could conceivably pose difficuities not only in idenkg resultant 

rnagnetostratigraphic data, but in placing the Who Nose? iocality into its proper 

stratigraphic position relative to the zero datum. That the correlations of both the Who 

Nose? and Calgary 2EUE tocalities, both of which are placed stratigraphicdy below the 

disconformity, appear incongruent with known earliest Torrejonian faunas; and that the 

Cochrane Site 2 (earliest Tüfanian) and Olympic Ski Jump (late Torrejonian) locaiities, 

both of which are placed stratigraphically above the disconfonnity, are congruent with 

known earliest Tiffanian and late Torrejonian faunas, logically suggests the possibility of 

incorrect stratigraphic positions of the Who Nose? and Calgary 2WE localities, or 

equally likely, that the sub-Paskapoo disconformity represents a shorter dmtion of time 

in the Calgary area than previously thought. 

Faunal Diachroneity 

If the interpretations of both the biostratigraphic and rnagnetostratigraphic 

evidence are correct, faunal diachroneity on the magnitude of 1.5 million years wodd 



necessarily be implied (Archibald et al., 1987; Butler et al., l98ï), with characteristic late 

Torrejonian aspect faunas at Who Nose? and Calgary 2E/ïE appearing earlier than faunas 

of similar composition fiirther to the south and in the Western interior of the United 

States. Diachronous taxa and faunal assemblages are of little value in conseaining the 

age of associated strata, because their the-tramgressive appearances do not represent 

unequivocal synchronous datum planes. Faunas of this type, termed homotaxial by 

Huxley (1 862,1870), result in assemblages characteristic of different ages being coeval 

in different regions. 

Lerbekmo and Sweet, in an attempt to account for this diachroneity, hypothesized 

earlier appearances of Tonejonian elements in the north, followed by delayed dispenal to 

the southem latitudes. These hypotheses are not unlike those presented by Butler and 

Lindsay (in Butler et al., 198 1) in their work in the San Juan Basin, New Mexico. Butler 

and Lindsay's resolutions to the perceived diachroneity of faunas under their study were 

"...discordant fauoal correlations a d o r  barriers to faunal interchange that retatded 

dispersal between the northem and southem Rocky Mountains" (this situation has since 

been resolved [Butler and Lindsay, 19831, and To3 localities in the San Juan Basin are 

currently correlated with chron 27r and the lower part of chron 27n). Although intuitive, 

hypotheses of this nature are difncult to support without rigourous geochronologicai 

testing and geographical sampling of ail strata involved (Fiynn et al., 1 984). 

Flynn et al. (1984) rigourously demonstnited the robustness of cunwit 

biostratigraphic correlation techniques and suggested that diachroneity of f a d  

assemblages assigned to presumably non-overiapping NALMAs is unlikely. 

Additiody, nearly a century's worth ofempirical evidence and multidisciplinary 



geochronological studies support the synchrony of individual NALMAs and the 

tempody discrete nature of successive NALMAS, and that the inherent diachroneity of 

individuai taxa are much shorter, temporally, than the duration of any NALMA. 

Chronocorrel.tion, Biostratigraphy, and Magnetortratigraphy 

Lerbekmo and Sweet's interpretations of the paleomagnetic data and resultant 

correlations of the Who Nose? and Calgary 2U7E localities question the validity of 

chronocorrelation based on biostratigraphic evidence in Cenozoic rocks using fossil 

mammals. Given the methodological problems with biostratigraphic and 

magnetostratigraphic correlation techniques, the possibility of ~ ~ S C O V ~ M ~  diachronous 

taxa, given a more complete fossil record, seems likely. Despite the inherent problems 

associated with biostratigraphic correlation, it has since William Smith's (18 15) Principle 

of Palaeontological Correlation, remained one obf the most effective and objective means 

of recognizing temporal intervals in stratigraphie sections, and offen the highest degree 

. of resolution in constrauiing age and correlating local sections fiom one area to another 

(Woodbume, 1987). As such, significant diachroneity of faunal assemblages is imlikely; 

rather, the similarities between the Who Nose? fauna and typical Tomjonian aspect 

faunas h m  the United States are real, and likeIy represent contemporaneity. 

A more parsimonious alternative to the above scenario requires that, at least 

locally, phenornena of geology, facies, biogeography, or ail three, are causing confusion 

with respect to the interpretation of the data. In par&icular, the nature and extent of the 

çub-Paskapo disconfomiity may bc of some importance. Authors have argued that the 

lower contact of the Paskapoo Formation with the mderiying Scollard Formation as 



regionally disconformable (Ailan and Saaderson, 1945). intrabasinally and variably 

disconforniable (Lerbekmo et al., 1992), or vague and impossible to define consistently 

across the basin (Dawson, 1990). Assumptions as to the magnitude of the hiatus may 

bias the interpretations of pdeomagnetic data, or equally, create a degree of error in the 

stratigraphie placement of the Who Nose? and Calgary 2ERE localities. If the 

mammalian biostratigraphic evidence is correct, and correlative locdities withh the 

Western Interior of the United States are penecontemporaneous, then the usefulness and 

ability of magnetostratigraphy and paleopalynology as chronocorrelative tools m u t  be 

reconsidered. 

Summary 

Marnmalian biostratigraphic correlation indicates a latest Tonejonian (To3) age 

for the Who Nose? fauna. Magnetostratigraphic evidence incongruous with the 

mammalian evidence suggests the possibility of faunal diachroneity between the Who 

Nose? local fauna and typical latest Torrejonian aspect faunas in the Westem Interior of 

the United States. Homotaxial diachroneity could have serious implications for the use of 

fossil mammals as chronologie estimators. Faunal diachroneity is here considered 

unlikely, dthough the methodological problems associated with current biochronological 

techniques and the lack of well-sampled early Torrejonian locdities cannot effectively 

dismiss this possibility. An alternative, more parsimonious scenario suggests local 

geologic phenomena may play a significant d e  in obtaining and interpreting the 

pdeomagnetic data. That magnetostratigaphic andlor palynologie correIation could be 

aected by such phenomena warrants caution in the interpretation of such data. 



IMPLICATIONS FOR FUTURE RESEARCH 

The Who Nose? l d t y  offes a unique opportunity to document and study fossil 

mnmmalr fiom a poorly represented period of tirne in the Alberta Basin. As collecting 

h m  this locality has been limited at bat, the potentid for making significant discoveries 

is great. Additional sampling h m  this locality and others of similar age in the area will 

surely improve the understanding of regional middle Paleocene vertebrate communities, 

mamrnalian evolution, and local and regional geology. Of particular interest is the 

recognition of the contentious TorrejoniadTBanian bomdary, a subject of cunent 

research in the Hama Basin of Wyoming (Secord, 1998; Higgins, 1999) and the Fort 

Union Formation of Montana (Krause aad Maas, 1987). Information provided by latest 

Tomjonian faunas such as Who Nose? may prove valuable in constraining this 

boundary. 

nie questions generated fiorn this study are of great interest to biostratigraphy 

and geochronology in general. In particular, if the putative homotaxial diachroneity as 

documented at Who Nose? is real, could this be indicative of a more widespread 

phenornenon, both geographicdy and tempodiy? If so, can fossil mammals continue to 

be used as effective biocorrelators? Contmily, if diachronous assemblages are merely 

amfacts of methodological problems, of what value are these techniques to estimating 

geochronology? Do the caveats that accompany biostratigraphic and 

magnetostratigraphic data outweigh their usefulness for constrainhg age? These 

questions merit continued study of strata in the Calgary area, including a concerted effort 

to discover more md-bearing  sequences with which to test hypotheses of  

diachroneity. 
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TABLES 

Table 1. Measurements and descriptive statistics for the dentition of Mesodma 
eymnaea fiom the Who Nose? locaiity. 

Element P N OR M SD CV 

P4 Length 

Width 

M2 Length 

Width 

P4 Length 
Widîh 

Height 

Length 1 

ml Length 

W idth 

Table 2. Measurements and descriptive statistics for the dentition of Xvronomvs sp. 
tiom the Who Nose? locality. 

-- - - - 

Element P N OR M SD CV 

P4 Length 1 1.6 1.60 - - 
Width 1 0.7 0.70 - - 

P4 Width 2 0.7-0.9 0.80 0.14 17.68 

Length 1 1 * 1.4 1.40 - - 



Table 3. Measurements and descriptive statistics for the dentition of Mimetodon 
siiberlinai h m  the Who Nose? locality. 

Element P N OR M SD CV 

P4 Length 

Width 

Ml Length 

Widîh 

P4 Length 
Width 

Height 

Length 1 

ml Length 

Width 

Table 4. Measurements and descnptive statistics for the dentition of Ectmodus sp., cf. 
E. s d v i  fiom the Who Nose? locality. - 

Element P N OR M SD CV 
.. . 

P4 Length 2 2.6 2.60 O O 

Width 2 0-8 0.80 O O 

Height 2 1.1 1.10 O O 

Length 1 2 1.2-1.3 1.25 0.07 5 .66 

Table 5. Measurements and descriptive statistics for the dentition of ?Ectvwdus sp. 
fiom the Who Nose? locality- 

- 

Element P N OR M SD CV 

P4 Length 1 2.6 2.60 * - 
Width 1 1.7 1 -70 - O 

Height 1 0.9 0.90 - 
Length 1 f 1 .O 1-00 - - 



Table 6. Measunmen@ and descriptive statistics for the dentition of Parectwodus sp., 
cf. mIviae from the Who Nose? locaiity. 

-- -- - - 

Element P N OR M SD CV 

P4 Leagth 2 2.0 2.00 0.00 0.00 

Width 2 0.7 0.70 0.00 0.00 

P4 hngth I 2.8 2.80 œ - 
Width I 1 .O 1 -00 .. - 
Height 1 1.4 1.40 - - 

Length 1 1 1 .O 1 .O0 - - 
ml Length 3 1.7-1.9 1.83 0.12 6.30 

Width 3 0.8 0.80 0.00 0.00 

Table 7. Memernents and descriptive statistics for the dentition of Parectmodus 
"corvstes", new species, from the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Width 

Length 

Width 

Height 

Length 1 

Length 

Width 



Table 8. Measurements and descriptive staristics for the dentition of Parectwodus sp., 
cf. P. new species, firom the Who Nose? lodty.  

Element P N OR M SD CV 

Length 

Widîh 

L e n a  
Width 

Height 

Length 1 

Table 9. Measurements and descriptive statistics for the dentition of Neo~laejaulax 
nelsoni h m  the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Width 

Table 10. Measurements and descriptive statistics for the dentition of Neo~IaPiaulax 
hunteri fiom the Who Nose? locality. 

Element P N OR M SD CV 

Lengîh 
Width 

Length 

Width 



Table 1 1. Measurements and descriptive statistics for the dentition of cf. Neo~laaiaulax 
sp. nom the Who Nose? locality. 

- -  

Element P N OR M SD CV 

Length 

Wldth 

Table 12. Measurements and descriptive statistics for the dentition of ?Neo~laeiauiax 
sp. fiom the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Width 

Height 

Length 1 

Table 13. Measurements and descriptive statistics for the dentition of Ptilodus 
"pomus" fiom the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Width 

Length 

Width 

Length 

Width 

Length 

Width 

Height 

Length 1 

Len%h 
Width 



Table 14. Measurements and descriptive statistics for the dentition of Ptilodus 
montanus h m  the Who Nose? locality. 

Element P N OR M SD CV 
-- - 

Pl Length 4 2.4-2.6 2.55 0.10 3.92 

Width 4 1-8-2.1 1.95 0.13 6.62 

Length 5 2.1-2.6 2.32 0.19 8 -29 

Width 

Length 

Width 

Length 

Width 

Lengîh 

Width 

Length 

Width 

Height 

Length I 

Length 

Width 

Length 

Width 

Table 15. Measurements and descriptive statistics for the dentition of Ptilodus sp., cf. 
womineensis fiom the Who Nose? locality. 

Element P N OR M SD CV 



Table 16. Measurements and descriptive statistics for the dentition of Baiotomeus 
"rhothonion", new species, fiom the Who Nose? Iocality. 

- -  - - -  

Element P N OR M SD CV 

P4 Length 

Width 

Ml Length 

Width 

P4 Length 
Width 

Height 

Length 1 

ml Length 

Width 

Table 17. Measmmeats and descriptive statistics for the dentition of Anconodon 
cochranensis from the Who Nose? locality. 

Element P N OR M SD CV 

P4 Length 1 4.7 4.70 - O 

Width 1 1.7 1.70 - 
Height 2 1 -9-'2.0 2.00 0.07 3.54 

Length 1 2 1 -3-* 1 -4 1 -40 0.07 5.05 

Table 18. Measurements and descriptive statistics for the dentition of cf. Stveimys sp. 1 
fiom the Who Nose? l d t y .  

Element P N OR M SD CV 
- -- 

i l  Max. Dia 1 3.8 3.80 - - 
Min. Dia. 1 1.6 1.60 - O 

ml Length 1 4.2 4.20 O - 
Width 1 1.8 1.80 O O 



Table 19. Measurements and demiptive statistics for the dentition of cf. Stvgimys sp. 2 
h m  the Who Nose? I d t y .  

Element P N OR M SD CV 

Length 

Width 

TabIe 20. Mea~ufements and descriptive statistics for the dentition of Acheronodon sp. 
h m  the Who Nose? locaiîty. 

Lengîh 

Width 

Table 2 1. Measurements and desaiptive statistics for the dentition of Prodiacodon sp., 
cf. P. furor fiom the Who Nose? locality. 

Element P N OR M SD CV 
- - 

Length 

Width 

Table 22. Measurements and descriptive statistics for the dentition of cf. Prodiacodon 
sp. fkom the Who Nose? locality. 

Elernent P N OR M SD CV 
-- . . 

L e n a  

Width 



Table 23. Measurements and descriptive statistics for the dentition of cf. 
McKennatherium sp. h m  the Who Nose? locaiity. 

- - - - - - - 

Element P N OR M SD CV 

ml or m2 Trigonid length 1 1.3 1.30 - - 
Trigonid width 1 2.1 2.10 - 

Table 24. Measurements and descriptive statistics for the dentition of Le~tacodon 
munuscuium fiom the Who Nose? locality. 

Element P N OR M SD CV 

PZ Length 
Widtb 

P4 Length 
Trigonid width 

Talonid width 

ml Length 

Trigonid width 

Talonid width 

m2 Length 

Trigonid width 

Taionid width 

m3 Length 

Trigonid width 

Talonid width 



Table 25. Measurements and descriptive statistics for the dentition of Le~tacodon sp., 
cf. tener h m  the Who Nose? Iocality. 

Element P N OR M SD CV 

P4 Length 

M2 Length 

Length 

Trigonid width 
Tdonid width 

Length 

Trigonid width 
Talonid width 

Length 

Tngonid width 

Talonid width 

Table 26. Measurements and descriptive statistics for the dentition of Nyctitheninae, 
genus and species unidentined h m  the Who Nose? locality. 

Element P N OR M SD CV 

P4 Length I 1.5 1.50 - 
Tngonid width 1 0.8 0.80 - - 
Talonid width 1 0.7 0.70 - - 



Table 27. Measurements and descriptive statistics for the dentition of El~idoohorus sp., 
cf. minor fiom the Who Nose? locality. 

P4 Length 
Trigonid width 

Talonid width 

ml Length 

Trigonid width 

Talonid width 

m2 Length 

Trigonid width 

Taionid width 

m.3 Length 

Trigonid width 

Tdonid width 



Table 28. Measurements and descriptive statistics for the dentition of Tenacius 
fiemontensis from the Who Nose? locality. 

Element P N OR M SD CV 

P4 Length 

Width 

Ml or M2 Length 

Width 

M3 Length 

Width 
Length 

Width 

Length 

Trigonid width 

Talonid width 

Length 

Tngonid width 
Talonid width 

Table 29. Measurements and descriptive statistics for the dentition of cf. Innacius sp. 
fiom the Who Nose? locality. 

Element P N OR M SD CV 

m2 Length 1 1 -7 1 .70 - - 
Trigonid width I 1.3 1.30 - - 
Talonid width 1 1 -4 1 A0 - - 



Table 30. Measurrments and descriptive statistics for the dentition of Paromomyidae, 
genus and species imidentified fiom the Who Nose? locality. 

Element P N OR M SD CV 

L e n a  
Trigonid width 

Talonid width 

Table 3 1. Measurements and descriptive statistics for the dentition of Palenochtha sp., 
cf. P. minor h m  the Who Nose? locaiity. 

Element P N OR M SD CV 

Length 

Trigonid width 

Talonid width 

Table 32. Measurements and descriptive statistics for the dentition of Plesiolestes 
problematicus fiom the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Widîh 

Length 

Width 

Table 33. Measurements and descriptive statistics for the dentition of ?Torreionia 
sirokvi h m  the Who Nose? locality. 

Element P N OR M SD CV 



Table 34. Meanrrements and descriptive statistics for the dentition of cf. Navaiovius sp. 
fiom the Who Nose? local@. 

Element P N OR M SD CV 

fi Length 1 1 .O 1 .O0 
Width 1 0.7 0.70 - 

Table 35. Measurements and descriptive statistics for the dentition of Pronothodectes 
matthewi fimm the Who Nose? locality. 

Element P N OR M SD CV 

Width 

DePh 
Length 

W idth 

Depth 

Length 

Width 

Length 

Width 

Length 

Trigonid width 

Taionid width 

Length 

Trigonid width 

Talonid width 

Trigonid width 

Talonid width 



Table 36. Measurements and descriptive statistics for the dentition o f  Pimdus 
süberlinni fiom the Who Nose? locality. 

Element P N OR M SD CV 

i l  Width 

P4 Length 
Width 

ml Length 

Trigonid width 

Talonid width 

m2 Length 

Tngonid width 

TaIonid width 

Table 37. Measurements and descriptive statistics for the dentition of ?Chriacm sp. 
£iom the Who Nose? locality. 

P4 Length 1 4.8 4.80 - - 
Trigonid width 1 2.5 2.50 - - 
Talonid width 1 2.5 2-5 - 



Table 38. Measurements and descriptive statistics for the dentition of P r o ~ t a c o d o n  
albertemis h m  the Who Nose? locaiity. 

Element P N OR M SD CV 

Length 
Width 

Length 

Width 

Length 

Trigonid width 

Talonid width 

Length 

Tngonid width 

Talonid width 

Table 39. Measurements and descriptive statistics for the dentition of Colwclaenus sp., 
cf. C. proc~onoides h m  the Who Nose? locality. 

m3 Length I 8.5 8.50 O - 
Tngonid width 1 4.8 4.80 O - 
Talonid width 1 4.5 4.50 O - 



Table 40. Measurements and descriptive statistics for the dentition of cf. Promioclaenus 
acolvhis h m  the Who Nose? locaiity. 

M2 Length 

Width 

PZ Lensth 
Width 

~3 Length 
Width 

P4 Length 
Width 

Length 

Trigonid width 

Talonid width 

Length 

Trigonid width 

Talonid width 
Length 

Trigonid width 

Talonid width 

Table 41. Measwments and descriptive statistics for the dentition of Litomvlus sp. 
fiom the Who Nose? locality. 

Ml  Length 1 2.7 2.70 - - 
Width 1 3 -3 3.30 - - 

M2 Length 1 "2.8 2.80 - - 
Width 1 4.0 4.00 - - 



Table 42. M-ments and descriptive staîistics for the dentition of Rotictis sp. f b m  
the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Trigonid width 

Talonid widtb 

Table 43. Measurements and descriptive statistics for the dentition of Sim~sonictis sp., 
cf. & japanneae fiom the Who Nose? locality. 

Elernent P N OR M SD CV 

Length 

Width 

Length 

Tngonid widîh 

Taionid width 

Table 44. Measurements and descriptive statistics for the dentition of Carnivora, genus 
and species unidentified, fiom the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Trigonid width 

Talonid width 



Table 45. Measurements and descriptive statistics for the dentition of Palaeoryctidae, 
genus and species UDidentified 1, h m  the Who Nose? locality. 

Element P N OR M SD CV 

@ Length 
Width 

ml or m2 Le 
Trigonid width 

Talonid width 

Table 46. Measurements and descriptive statistics for the dentition of Palaeoryctidae, 
genus and species unidentified 2, fiom the Who Nose? locality. 

- -  - --- - 

Element P N OR M SD CV 

Length 

Width 



Table 47. Measurements and descriptive statistics for the dentition of Paleotomus 
"junior" h m  the Who Nose? locaüty. 

Element P N OR M SD CV 

DP4 Len%h 
Width 

~2 Length 
Width 

~3 Length 
Width 

dP4 Length 
Trigonid width 

Taionid width 

Length 

Width 

Length 

Trigonid width 

Talonid width 

Length 

Tngonid width 

Taionid width 

Table 48. Measurements and descriptive statistics for the dentition of cf. Procerbem 
sp. fiom the Who Nose? localiîy. 

Element P N OR M SD CV 
- 

m3 Length 1 3 .O 3 .O0 - - 
Tngonid width 1 1.6 1.60 O - 
Talonid width 1 1.5 1.50 - - 



Table 49. Measurements and descriptive statistics for the dentition of Cimolestidae, 
genus and species unidentüïed from the Who Nose? locality. 

-- - 

Element P N OR M SD CV 
- -. -- - - - - - - -- .. . - - 

f4 Length 2 "2.7-2.8 2.75 0.07 2.57 

Width 2 *3.1-3.2 3.15 0.07 2.24 

M2 Length 1 2.1 2.10 - - 
Width 1 3.9 3 .90 - - 

?m3 Length 1 2.6 2.60 - - 
Trigonid width I 1.5 1 .S - - 
Talonid width 1 1 .O 1 .O - - 

Table 50. Measurements and descriptive statistics for the dentition of Jemenella sp., cf. 
J. prae~ro-pera fiom the Who Nose? locality. - 

Element P N OR M SD CV 
- -- - 

11 Length 1 4.5 4.50 - O 

Width 1 1.5 1.50 - O 

Height 1 2.9 2.90 - - 

Table 5 1. Measurements and descriptive statistics for the dentition of cf. 
Cwiacotherium sp. fiom the Who Nose? locality. 

Element P N OR M SD CV 

?P4 Length 1 5.1 5.1 O - - 
W~dth 2 7.5-7.8 7.60 0.2 1 2.79 



Table 52. Measurements and descriptive statistics for the dentition of ?A~hrononis sp. 
h m  the Who Nose? l d t y .  

Element P N OR M SD CV 

?ml Trigonid width 1 1.7 1 -70 - - 

Table 53. Meannements and descriptive statistics for the dentition of Pro~alaeosino~a 
"se~tentrionalisn h m  the Who Nose? locality. 

Element P N OR M SD CV 

Length 

Widîh 

Length 

Width 

Length 

Width 

Length 

Width 

Length 

Width 

Length 

Width 
Length 

Trigonid width 

Taionid width 
Length 

Trigonid width 

Talonid width 



Table 54. Measurements and descriptive statistics for the dentition of Prooalaeosmopa 
sp. 1, fkom the Who Nose? Iocality. 

1x12 I 3.2 3.20 O - 
Trigonid width 1 2.0 2.00 - - 
Talonid width 1 2.1 2.10 - O 

Table 55. Measurtments and descriptive statistics for the dentition of Ro~alacosino~a 
sp. 2, fiom the Who Nose? locdity. 

- - -  

Ltngth I 1.6 1.60 

Trigonid width 1 1 .O 1 .O0 

Talonid width 1 1.1 1.10 



Table 56. Biostratigraphic cornparison of selected mammals h m  the Who Nose? 
locaiity, Alberta, with occurrences of comparable late Torrejonian (middle 
Paleocene) and early Tiffaaian (late Paleocme) faunas. 

Who Nose? Taxa 

Mesodma pymaea 

Xvronomvs sp. 

Mimetodon silberlinai 

Ecmodus sp., cf. E. szalavi 

Parectwodus sp., cf. 0. 
svlviae 

Parectwodus "comtes" 

Neo~laaiaulax nelsoni 

Neodaaiaulax hunten 

Ptilodus "gnomust' 

ftilodus montanus 

Ptilodus sp., cf. P. 
wominszensis 

Baiotomeus rhinus 

Anconodon cochranensis 

cf. Stvnimys sp. 1 

cf. S ~ ~ Y S  sp. 2 

Acheronodon sp. 

Prodiscodon sp., cf. P. furor 

cf. McKemtherium sp. 

Lemicodon tener 

Ei~ido~homs sp., cf. 
minor - 



Table 56. (continueci) 

Localities 
dc wf bp rb sq sg gq sl dq c2 

Palenochtha sp., cf. minor 

cf. Tomionia suokvi 

cf. Navaiovius sp. 

Pronothodectes matthewi 

Picrodus silberlingi 

?Chriacus sp. 

Prohtacodon albertensis 

Colwclaenus cf. 
procvonoides 

cf. Promioclaenus acolvhis 

Litom~lus sp. 

Rotictis sp. 

SimDsonictis sp., cf. S. 
jaynmeae 

Paleotomus "junior" 

cf* Procerbenis sp. 

Jeosenella sp., cf. 1. 
praeDroPera 

cf. Cvriacotherium sp. 

?A~hrononis sp. 

Total Matches (gents 0) 8 11 9 22 21 18 24 13 15 24 

TotalMatches(species@) O 2 3 11 12 10 13 6 8 18 



Table 56. (coatinued) 

Localities: 
wf West Rank Torreon Wash Qantolambda Zone), To3, San Juan Basin, New Mexico 
bp Big Pocket, To2, San Juan Basin, New Mexico 
dc Dragon Canyon, To 1, Wasatch Plateau, Utah 
rb Rock Bench Quarry, To3, Bighom Basin, Wyoming 
sq Swain Quarry, To3, Washakie Basin, Wyoming 
sg Shotgun (Keefer Hill), ?To3-Til, Wind River Basin, Wyoming 
gq Gidley Quarry, Cray Mountain Field, Montana 
dq Dougiass Quarry, Crazy Mountain Field, Montana 
SI Silberling Quarry, C r a y  Mountain Field, Montana 
c2 C o c h e  Site 2, Alberta Syncline, Alberta 

Species occurs in comparative fauna. 
O Gents occurs in comparative fauna. 
O No match at the genenc or specific level. 

it Magnetic anornaly data fiom Archibalci et al. (1987), Butler et al. (1987), Alroy 
(2000), and Lerbekmo and Sweet (in press). 



FIGURES 



Figure 1. 

Geogmphic location of the Who Nose? locaiity in south-central Alberta 





Figure 2. 

Who Nose? locality. Paskapoo Formation, Alberta. 

A Cutbank on West Nosc Creek, northtast Calgary. Arrow points to fossil layer. 

B. Exposed strata wntaining the Who Nose? locality. Arrow points to fossil layer. 





Figure 3. 

Microstratigraphic cross section of the W b  Nose? locality. 

For expianation of numbcrs in figure rcfer to stdunentology chaptcr @p. 12-13). 





Figure 4. 

Superimposeci outlines of labial surfaces of p4's r e f e d  to Parecty~odus "corystes". new 

spccies, boom Who Nose?? Dks. and Cochrane Site2 localitics, Aiberta (black lines) and 

Parectpodus sp. fiom the Rav W-1 locality, Saskatchewan (grey linc). 

Outhes oricnted as per b u s e  (1977) 





Figure 5. 

A. Labial view, UALVP 4405 1, RP4, scale b d . 5  mm. 

B. Lingual vicw, UALVP 4405 1, RP4. scde b d S  mm. 

C. Occlusal view, UALVP 44051, RP4, scale b d . 5  mm. 

D. Labial view, UALVP 44049, Rp4, sale bari0.5 mm. 

E. Lingual view, UALVP 44049, Rp4, scale M . 5  mm. 

Xvronomvs sp. 

E. Labial view, UALVP 44055, RP4, scale bar=05 mm. 

F. Lingual view, UALVP 44055, RP4, SC& b d . 5  mm 

G. Occlusal view, UALVP 44055, RP4, scale bar=0.5 mm. 

H. Labial vicw, U ALVP 44056, incomplete Rp4, scak b d  5 mm 

1. Labial view, U ALVP 44056, incomplete Rp4, scak b d . 5  mm 

J. Lingual view, UALVP 44058, iocomplcte Rp4, scak b d . 5  mm. 





Figure 6. 

Mimetodon silberfingi 

A. Labial view, UALVP 44061, RP4, scale bar==û 5 mm. 

B. Lingual view, UALVP 4406 1, RP4, sude bw0.5  mm. 

C. Occlusai view, UALVP 4406 1, RP4, scale bar-0.5 mm. 

D. Ocdusal view, UALVP 44064, LMI, scde bar-0.5 mm. 

E. Labial view, UALVP 44066, Lp4, scale bar=O 5 mm. 

F. Lingual view, UALVP 44066, Lp4, scale bar=0.5 mm. 

Ectv~odus sp., cf. szalavi 

G. Labial view, UALVP 44073, Rp4, scale b a d . 5  mm. 

H. Lingual view, UALVP 44073, Rp4, scale b a ~ 0 . 5  mm. 





Figure 7. 

?Ect~odus sp. 

A. Labial view, UALVP 44074, Lp4, scaie b d . 5  mm. 

B. Lin@ view, UALVP 44074, Lp4, scale b d . 5  mm. 

Parectwodus sp., cf. sylviae 

C. Labial view, UALVP 44235, LP4, scale bar=0.5 mm. 

D. Lingual view, UALVP 44235, LP4, scale bar=0.5 mm. 

E. Occlusal view, UALVP 44235, LP4, scale bd.5 mm. 

F. Labial view, UALVP 44077, incomplete left dentary having @ml, 

scale bar=O.S mm. 

G. Lingual view, UALVP 44077, incomplete Ieft dentary having p4-m 1, 

scaie bar-0.5 mm. 

K. Occlusal view, UALVP 44077, Uicomplete left dentary having p4-ml, 

scale bar=0.5 mm. 





Figure 8. 

Parectymdus "corystes", new species 

A. Labial view, UALVP 44080, RP4, d e  bar=l.O mm. 

B. Lingual view, UALVP 44080, RP4, scale bar=l .O mm. 

C. Occlusal view, UALVP 44080, RP4, scde b a d  .O mm. 

D. Labial view, UALVP 44081, Lp4, sale bar=l.O mm. 

E. Lingual view, U ALVP 4408 1, Lp4, scale h l  .O mm. 

F. Labial view, UALVP 40679, incomplete nght dentary having p3-ml, 

scale bar= l .O mm. 





Figure 9. 

Parectypodus sp., cf. P. new species 

A. Labial view, UALVP 44084, LP4, scale b d . 5  mm- 

B. Lingual view, UALVP 44084, LP4, scaie bd.5 mm. 

C. Occlusai view, UALVP 44084, LP4, scaie b d . 5  mm. 

D. Labial view, UALVP 44085, Rp4, scale b a ~ l . 0  mm. 

E. Lingual view, UALVP 44085, Rp4, scaie b ~ l . 0  mm. 

Neo~ia~iauiax nelsoni 

F. Labial view, UALVP 44087, RP4, scale bar=l.O mm. 

G. Lingual view, UALVP 44087, RP4, scale b a r  l .O mm. 

H. Occlusal view, UALVP 44087, RP4, scaie bar=l.O mm. 





Figure IO. 

Neo~kiauiax hunten 

A. Labial view, UALVP 44088, RP4, scale bar=l.O mm. 

B. Lingual view, UALVP 44088, RP4, scale b v l  .O mm. 

C. Occlusal view, UALVP 44088, RP4, scale bar=l .O mm. 

D. Labial view, UALVP 44089, Rrn 1, scaie bar=l .O mm. 

E. Lingual view, UALVP 44089, Rml, sale bar=l.O mm. 

F. Occlusal view, U ALVP 44089, Rrn 1, scale bar= 1 .O mm. 

cf. Neoelaeiadax sp. 

G. Labial view, UALVP 44092, RP4, scale bar-1 .O mm. 

H. Lingual view, UALVP 44092, RP4, scale bar4 .O mm. 

1. Occlusal view, UALVP 44092, RP4, scale bar=l .O mm. 





Figure 1 1. 

A. Labial view, UALVP 44091, Rp4, scale bw1.O mm. 

B. Lingual view, UALVP 44091, Rp4, scde bar=l .O mm. 

Neoplagiaulacinae, genus and species unidentified 

C. Labial view, UALVP 44094, incomplete P4, xale bar==().5 mm. 

D. Lingual view, UALVP 44094, incomplete P4, scale bar0.5 mm. 

E. Occlusal view, UALVP 44094. incomplete P4, sa le  bar=0.5 mm. 

Ptilodus "gnomus" 

F. Labial view, UALVP 44096, Rp4, scale bar=l .O mm. 

G. Lingual view, UALVP 44096, Rp4, scale b a ~ l . 0  mm. 





Ptilodus montanus 

A Occiusal view, UALVP 44108, LP4, scde b a ~ l . 0  mm. 

B. Labial view, UALVP 441 17, Rp4, scale b a ~ 2 . 0  mm. 

C. Labial view, UALVP 44 1 13, incomplete right dentary having p4-m 1,  

s d e  b a ~ 2 . 0  mm. 

D. Lingual view, UALVP 441 13, incomplete right dentary having p4-ml, 

scaie bar=2.0 mm. 

E. Occlusal view, UALVP 441 13, incomplete right dentary having p4-m 1, 

scde bar=2.0 mm. 

F. Occlusal view, UALVP 44124, Rm2, scale bar= 1 .O mm. 

Ptilodus sp., cf. P. wvomineensis 

G. Labial view, UALVP 44 12 1, LP4, scale bar= 1 .O mm. 

H. Lingual view, UALVP 441 2 1, LP4, scale bar= 1 .O mm. 

1. Occlusal view, UALVP 441 21, LP4, scaIe bar=l.O mm. 





Figure 13. 

Baiotomeus "rhothonion", new species 

A. Labial view, UALVP 44127, LP4, scale bar=0.5 mm. 

B. Lingual view, UALVP 44127, LP4, s d e  b d . 5  mm. 

C. Occlusal view, UALVP 44127, LP4, scale bar-0.5 mm. 

D. Occlusal view, UALVP 44 13 1, RMl , scale b a ~ O . 5  mm. 

E. Labial view, UALVP 44132, Lp4, scale b a ~ l  .O mm. 

F. Lingual view, UALVP 44 132, Lp4, scale bar=l .O mm. 

G. Occlusal view, UALVP 441 33, Lml, scale b a r 4  .O mm. 





Figure 14. 

Anconodon cochranensis 

A Labial view, UALVP 44 1 3 5, Lp4, scale bar= 1 .O mm. 

B. Lingual view, UALVP 441 35, Lp4, scale b~ 1 .O mm. 

cf. Sqmimvs sp. 1 

C. Labial view, UALVP 44 14 1, incornplete Ri 1, scale bar=2.0 mm. 

D. Media1 view, UALVP 44141, incomplete Ril, scale b a ~ 2 . 0  mm. 

E. Occlusal view cross section, UALVP 44 14 1, incomplete Ri 1, scale b w 2 . 0  mm. 

F. Occlusai view, U ALVP 44 142, Lm 1, scale bar= l .O mm. 

cf. Styeimvs sp. 2 

G. Occlusal view, UALVP 441 43, LM 1, scaie bar=l.0 mm. 





Figure 15. 

Acheronodon sp. 

A. Labial view, UALVP 44 144, Lml , sale b d . 5  mm. 

B. Lingual view, UALVP 44144, Lml, scale barO.5 mm. 

C. Occlusai view, UALVP 44144, Lml, sale bar-0.S mm. 

Prodiacodon sp., cf. P. furor 

D. Occlusai view, UALVP 44145, LP3, scale b a ~ O . 5  mm. 

cf. Prodiacodon sp. 

E. Occlusal view, UALVP 442 1 7, RM 1, scale bar=0.5 mm. 

cf. McKennatherium sp. 

F. Labial view, UALVP 44 146, incomplete ?Lm 1, scale bar-0.5 mm. 

G. Lingual view, UALVP 44 146, incornpiete ?Lm 1 ,  scale b a r 0  -5 mm. 

H. Occlusal view, UALVP 44 1 46, incomplete ?Lm 1 ,  scale bar=0 .S mm. 





Figure 16. 

A. Labial view. UALJP 44227. incomplete lefi dentary having p2, p4-m3, and alveoli 

for p3, scde bar2.0 mm. 

B. Lingual view, UALVP 44227, incomplete left dentary having p2, p4-rn3. and alveoli 

for p3, scafe b a ~ 2 . 0  mm. 

C. Occlusal view, UALVP 44227, incomplete left dentary having p2, p4-m3. and alveoli 

for p3, scale br-2.0 mm. 





Figure 17. 

Le~tacodon sp., cf. tener 

A. Labial view, UALVP 441 52, LP4, scale bar= 1 .O mm. 

B. Occlusai view, UALVP 44152, LP4, scale b a r 4  .O mm. 

C. O c c l d  view, UALVP 4 4 1  54, RM2, scaie bar=0.5 mm. 

D. Labial view, UALVP 44158, Lm3, scale bar-03 mm. 

E. Lingual view, UALVP 44158, Lm3, scale b d . 5  mm. 

F. Occlusai view, UALVP 441 58, Lm3, scale bar=0.5 mm. 

Nyctitheriinae, genus and species unidentified 

G. Labial view, UALVP 44156, Lp4, scaie bar4.5 mm. 

H. Lingual view, UALVP 44 156, Lp4, scale bar=0.5 mm. 

1. O c c l d  view, UALVP 441 56, Lp4, scale bar=0.5 mm. 





Figure 18. 

El~ido~horus sp., cf. E. minor 

A. Labial view, UALVP 44149, Rp4, scaie b ~ l . 0  mm. 

B. Lingual view, UALVP 44149, Rp4, s d e  b a r 1  .O mm. 

C. Occlusal view, UALVP 441 49, Rp4, sale bar=l .O mm. 

D. Labial view, UALVP 44160, incomplete right dentary havhg mlm3 and alveoli for 

~ 3 . ~ 4 ,  scale bw2.0 mm. 

E. Lingual view, UALVP 44160, incomplete right dentary having ml-m3 and alveoli for 

p3-p4, scale bw2.0 mm. 

F. Occlusal view, UALVP 44 160, incomplete right dentary having m 1 -rn3 and alveoli 

for p3-p4, scale b a ~ 2 . 0  mm. 





Figure 19. 

Ignacius fiemontensis 

A. Occlusai view, UALVP 43287, RP4, scale bar-1 .O mm. 

B. Occlusal view, UALVP 43289, RM1, scale bar-0.5 mm. 

C. Labial view, UALVP 43288, Rp4, scaie b d . 5  mm. 

D. Lingual view, UALVP 43288, Rp4, scale bd.5 mm. 

E. Occlusal view, UALVP 43288, Rp4, scale b a ~ 0 . 5  mm. 

F. Labial view, UALVP 43291, Lml, scale b ~ 0 . 5  mm. 

G. Lingual view, UALVP 43291, Lml, scale bar=0.5 mm. 

H. Occlusal view, UALVP 4329 1, Lml, scale bar=O. mm. 





Figure 20. 

cf. Immcius sp. 

Labial view, UALVP 43303, h l ,  scaie b a d . 5  mm. 

Lingual view, UALVP 43303, Rml , scale bar=0.5 mm. 

Occlusal view, UALVP 43303, h l ,  scale bar4.S mm. 

Paromomyidae, genus and species unidentified 

D. Labial view, UALVP 43302, Lm2, scale bdJ  mm. 

E. Lingual view, UALVP 43302, LmZ, sale bar4.5 mm. 

F. Occlusal view, UALVP 43302, Lm2, sale bar=0.5 mm. 

Palenochtha sp., cf. P. minor 

G. Labial view, UALVP 43301, Rm2, scale b a ~ 0 . 5  mm. 

H. Lingual view, UALVP 43301, Rm2, scale bar=0.5 mm. 

1. Occlusal view, UALVP 43301, Rrn2, scale b a ~ O . 5  mm. 





Figure 2 1. 

Plesiolestes problematicus 

A. Labial view, UALVP 43296, RM2, scale bar-1.0 mm. 

B. Occlusal view, UALVP 43296, RM2, scale bar=l.O mm. 

C. Distal view, UALVP 43296, RM2, scde bar=l.O mm. 

D. Labial view, W V P  43297, LM3, scale bar=l.O mm. 

E. Occlusai view, UALVP 43297, LM.3, scale bar-1.0 mm. 

F. Distal view, UALVP 43297, LM3, scde bar=l.O mm. 

G. Occlusal view, UALVP 43305, LM3, scale bar-1 .O mm. 

cf. Navaiovius sp. 

H. Labial view, UALVP 43299, Lp4, scale bd.5 mm. 

1. Lingual view, UALVP 43299, Lp4, scale b M . 5  mm. 

J. Occlusal view, UALVP 43299, Lp4, scde bar=0.5 mm. 





Figure 22. 

Pronothodectes matthewi 

A. Occlusal view, UALVP 43284, LIl, scale bar=0.5 mm. 

B. Occlusal view, UALVP 43280, RP4, scale bar-1 .O mm. 

C. Labial view, UALVP 43275, incomplete lefi dentary havïng p4-m3 with alveoli for 

p3, scaie bar=3.0 mm. 

D. Lingual view, UALVP 43275, incomplete left dentary havhg p4-m3 with alveoli for 

p3, sa le  bar=3.0 mm. 

E. Occlusal view, UALVP 43275, incomplete left dentary having p4-m3 with alveoli for 

p3, scale br-3.0 mm. 





Figure 23. 

Picrodus silberlingi 

A. Labiai view, UALVP 43294, incomplete left dentary having il, p4-m2, with alveoli 

for c, p3, and m3, scale b a ~ 2 . 0  mm. 

B. Lingual view, UALVP 43294, incomplete left dentary having i l ,  p4-m2, with dveoli 

for c, p3, and m3, scaie bar-2.0 mm. 

C. Occlusal view, UALVP 43294, incomplete left dentary having il, p4-m2, with alveoli 

for c, p3, and m.3, scale b a ~ 2 . 0  mm. 

?Chriacus sp. 

D. Labial view, UALVP 44168, Lp4, scale bar=2.0 mm. 

E. Lingual vie. UALVP 44168, Lp4, scale b ~ 2 . 0  mm. 

F. Occlusal view, UALVP 44 168, Lp4, scale br-2.0 mm. 





Figure 24. 

A. Labial view, UALVP 44 170, Rp4, scde b a ~ l . 0  mm. 

B. Lingual view, UALVP 441 70, Rp4, scale bar=l .O mm. 

C. Occlusal view, UALVP 44170, Rp4, scale bar=l.O mm. 

D. Labial view, UALVP 441 71, Rml , sale br-2.0 mm. 

E. Lingual view, UALVP 44 17 1, hl, scde barc2.0 mm. 

F. O c c l d  view, UALVP 44 17 1, RmI , s d e  b a ~ 2 . 0  mm. 

G. Labial view, UALVP 44172, Lm2, scaie b a ~ 2 . 0  mm. 

H. Lingual view, UALVP 44 1 72, LmZ, scale bar=2.0 mm. 

1. Occlusai view, UALVP 441 72, Lm2, sale bar-2.0 mm. 





Col~oclaenus sp., c f . .  proc~onoides 

A. Labial view, UALVP 44173, Lm3, scale bar-2.0 mm. 

B. Liapuai view, UALVP 44 1 73, Lm3, scde bw2 .0  mm. 

C. Occlusal view, UALVP 44173, Lm3, scale b a d . 0  mm. 

cf. Promioclaenus acolytus 

D. Labial view, UALVP 44175, LM2, scaie bar=l.O mm. 

E. Lingual view, UALVP 44 175, LM2, scale b~ 1 .O mm. 

F. Occlusal view, UALVP 441 75, LM2, scale bar- l .O mm. 

G. Labial view, UALVP 441 78, incomplete right dentary having m2-m3. 

scde bar=2.0 mm. 

H. Lingual view, UALVP 44 178, incomplete right dentary having m2-m3. 

scale bar=2,0 mm. 

1. Occlusal view, UALVP 44 1 78, incomplete right dentary having m2-rn3, 

scde bar=2.0 mm. 





Figure 26. 

cf, Promioclaenus acolvtus 

A. Labial view, UALVP 441 77, incomplete lefi dentary having p2-m3, 

scale bar-5.0 mm. 

B. Lingual view, UALVP 44 1 77, incomplete left dentary having p2-m3, 

scale bar-5 .O mm. 

C. Occlusal view, UALVP 44 1 77, incomplete left dentary having p2-m3, 

scale bar=5.0 mm. 

Litomyius sp. 

D. Occlusal view, UALVP 441 74, LMI, scale br-1 .O mm. 

E. Occlusal view, UALVP 44183, RM2, scale bar-1 .O mm. 





Figure 27. 

Protictis sp. 

A. Labial view, UALVP 44 1 86, Lm 1, SC Je bar=2.0 mm. 

B. Lingual view, UALVP 441 86, Lml, scale bar=2.0 mm. 

C. OccIusal view, UALVP 44 1 86, Lm 1, scde barS.0 mm. 

Sim~sonictis sp., cf. S. janianneae 

D. Labial view, UALVP 441 87, LM1 , scale bar=l .O mm. 

E. Lingual view, UALVP 44 1 87, LM 1, scale bar=l .O mm. 

F. Occlusal view, UALVP 44187, LMI, scale b a ~ l . 0  mm. 

G. Mesid view, UALVP 44 1 87, LM 1, scale bar=l .O mm. 

H. Distal view, UALVP 441 87, LM 1, scale bar=l.O mm. 





Figure 28. 

Simmonictis sp., cf. S. iaynmeae 

A. Labial view, UALVP 4W88, L a ,  scale bd.5 mm. 

B. Lingual view, UALVP 441 88, Lm2, s d e  b a d  J mm. 

C. Occlusal view, UALVP 44 188, Lm2, scale bar=0.5 mm. 

Carnivora, genus and species unidentified 

D. Labial view, UALVP 441 89, incomplete lefi dentary having rn2, scale bar= 1 .O mm. 

E. Lingual view, UALVP 441 89, incomplete left dentary having rn2, 

scale bar= 1.0 mm. 

F. Occlusal view, UALVP 441 89, incomplete left dentary having rn2. 

scale bar= I .O mm. 





Figure 29. 

Palaeoryctidae, genus and species uaidentified 1 

A. Labial view, UALVP 44195, Rp4, scale bdJ mm. 

B. Lin@ view, UALVP 44 195, Rp4, scale bar-0.5 mm. 

C. Occlusal view, UALVP 44 195, Rp4, scaie b a ~ 0 . 5  mm. 

D. Labial view, UALVP 441 96, Rml or R d ,  scale bm.5 mm. 

E. Lingual view, UALVP 44196, Rml or Rm2, scale b a d . 5  mm. 

F. Occlusal view, UALVP 441 96, Rml or Rm2, sale b d . 5  mm. 

Palaeoryctidae, genus and species unidentified 2 

G. Labial view, UALVP 44 197, ?RM 1, scale bar=0.5 mm. 

H. Occlusal view, UALVP 441 97, ?RM 1, scale bar=0.5 mm. 





Figure 30. 

Paleotomus "juniort' 

A. Occlusal view, UALVP 44219, LDP4, scde bar=l .O mm. 

B. Labial view, UALVP 4422 1, Lp3, s d e  br-1 .O mm. 

C. Lingual view, UALVP 44221, Lp3, scale b a ~ 1  .O mm. 

D. Occlusal view, UALVP 44221, Lp3, scde b a ~ l  .O mm. 

E. Labial view, UALVP 44223, Ldp4, scale bar-1.0 mm. 

F. Lingual view, UALVP 44223, Ldp4, scale b w l . 0  mm. 

G. Occlusal view, UALVP 44223, Ldp4, scale bar-l .O mm. 

H. Labial view, UALVP 4422î, Lp4, scde bar=l .O mm. 

1. Lingual view, UALVP 44222, Lp4, scale bar=l .O mm. 

J. Occlusal view, UALVP 44222, Lp4, scaie b a ~ l  .O mm. 





Figure 31. 

Paleo tomus "junior" 

A. Labial view, UALVP 44224, Lml , scale b ~ l  .O mm. 

B. Lingual view, UALVP 44224, Lml, scale bar=l.O mm. 

C. Occlusal view, UALVP 44224, Lml, s d e  bar4.0 mm. 

D. Labial view, UALVP 44225, Lm2, scde bar-1.0 mm. 

E. Lingual view, UALVP 44225, Lm2, sale bar=l .O mm. 

F. Occlusal view, UALVP 44225, Lm2, scaie bar-1.0 mm. 

cf. Procerberus sp. 

G. Labial view, UALVP 44 190, Lm3, scale bar= 1 .O mm. 

H. Lingual view, UALVP 441 90, L d ,  scale bar=-1 .O mm. 

1. Occlusal view, UALVP 441 90, Lm3, scale b a r 4  .O mm. 





Figure 32. 

Cimolestidae, genus and species unidentified 

A. Labial view, UALVP 44192, LP4, scde bar=l .O mm. 

B. Occlusal view, UALVP 44192, LP4, scale b ~ l . 0  mm. 

C. Occlusd view, UALVP 44 191, LP4, sale bar=l .O mm. 

D. Labial view, UALVP 44 193, RM2, scale ba.=l .O mm. 

E. Occlusal view, U ALVP 44 1 93, RM2, sale bar=I .O mm. 

F. Labial view, UALVP 44194, ?W, scaie b d . 5  mm. 

G. Lingual view, UALVP 44 194, ?Rm3, scale b d . 5  mm. 

H. Occlusal view, UALVP 44194, ?Rm3, scale bar=0.5 mm. 





A. Labial view, UALVP 44200, LI1, scaie bar=2.0 mm. 

B. Lingual view, UALVP 44200, LI 1. scak bar=2.0 mm, 

cf. C - ~ a c o t b ~ u r n  sp. 

C. Occlusal view, UALVP 44185, RP3, scale bar=2.0 mm. 

?A~hrononis sp. 

D. Labial view, UALVP 4427 1, Lml, scaie bar=O.S mm. 

E. Lingual view, UALVP 44271, Lml, scale bar4.5 mm. 

F. Occlusal vkw, UALVP 4427 1, Lm 1, SC& b a r 4 5  mm. 





Figure 34. 

A. Occlusal view, UALVP 44202, RP4, scale bar=l.O mm. 

B. Occlusal view, UALVP 44204, LM1. scak b a d . 0  mm. 

C. Occlusal view, UALVP 44206, RM2, scak bar=l.O mm. 

D. Labial vkw, UALVP 44234, Lp4, scale b d . 5  mm. 

E. Lingual view, UALVP 44234. Lp4, scde b d . 5  mm. 

F. Occlusal view, UALVP 44234. Lp4, scak bar=0.5 mm. 

G. Labial view, UALVP 44210, Lml, scak bar=û.5 mm. 

H. Lingual view, UALVP 44210, Lml, scale b d . 5  mm 

1. Occlusal vitw, UALVP 442 10, Lml, scale bar=0.5 mm. 





A. Labial vicw, UALVP 44212, Lm2, scale bar=0.5 mm. 

B. Lingual view, UALVP 44212, Lm2, scak b M . 5  mm. 

C. Occlusal vicw, UALVP 44212, Lm2, scale bard.5 mm. 

~ O D ~ ~ O S ~ O D ~  Sp. 1 

D. Labial vicw, UALVP 442 16, Lm2, scaie bar=l .O mm. 

E Lingual vicw, UALVP 4421 6, Lm2, scale bar=l .O mm. 

F. Occlusal vicw, UALVP 442 16, Lm2, scak bar=l .O mm. 

Ropalaeosino~a sp. 2 

G. Labial view, UALVP 442 18, ?Lm2, scalt bar=0.5 mm. 

K Lingual view, UALVP 4421 8, ?Lm& scale bar=0.5 mm. 

1. Occlusal view, UALVP 442 18, ?Lm2, scale bar=O.S mm. 






