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ABSTRACT

New records of multituberculatefNeoliotomus conventus Golercosmodon mylesiand an unidentified
microcosmodontifl are added to the assemblagelate Paleocene mammals from member 4 of the Goler Formation of
California Multituberculateincisors recoveredin the 1950swere questionablydentified asNeoliotomus but arecently
collectedP4 confirmsthe presence dfleoliotomus conventus the Goler FormationGolercosmodomylesiis a new genus
and species of microcosmodontised on isolated P4s whicliffer from those ofall other microcosmodontigl in the
development of the labial cusp row andhavinga greater number ahedial row cuspsTwenty-sevenmicrocosmodontid
molarsrecoveredirom the Goler Formatiorould not be identified totaxon but nost probablyrepresentG. mylesibecause
80% of Goler microcosmodadtP4srepresenthat speciesThe presence of a second Goler Formation microcosmodontid is
confirmed by aheavily wornP4 that issmallkr and more squattén occlusal outline thais. mylesi The GolerFormation
occurrence oNeoliotomusconventugprobably predategts late Tiffanian appearance in the Western Intefldre endemic
Goler taxon Golercosmodommylesj increases the diversity of North American microcosmddsnpand provides additional
support for the presence of a discrt@mer faunal province on theestcoast of North America during thatePaleocene

INTRODUCTION

The Goler Formationoutcropsin the El Paso
Mountainsof the northern Mojave Desedf southern
Californiaand consistof about 3000meters ofmostly
nonmarine strata subdivided into four members
(numberedl through 4 with member 4 consisting of
four informal subdivisions referred to as membeda
through 4d Cox, 1982, 1987Figure 1) Initial efforts
in the 195051980sto recoververtebratdossilsyielded
a sparse assemblagef Paleocene mammals from
member 4that included three multituberculate incisors
which were tentatively identified to genydcKenna,
1955, 1960; McKenna et al., 198B.renewed phase
of collecting beginningin 1993 resulted in recovery
of a fewhundredmammaliarspecimengrom membes
4a and 4b (Lofgren et al., 20022008, 2009, 2014
McKenna and Lofgren, 2003vicKenna et al 2008;
Williamson and Lofgren, 2014)including skulls and
isolated teetlof multituberculaes

The eutherian mammalian assemblage from
membes 4a and 4bof the Goler Formation reflest
significant endemism and alsimdicates that these
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strata are middle Tiffaniaim age(Ti3i Ti4a) (Lofgren
et al, 2014). These specimens and endemic Goler
Formation turtlesand metatherianéndicate that the
Goler vertebrate assemblagepresents a discrete
faunal province on thevest coast of North America
during the late Paleocerfelutchison, 2004; Lofgren et
al., 2014; Williamson and Lofgren, 2014hlere we
identify three multituberculate taxafrom the Goler
Formation, including a new genus andpecies and
reassess the age of memberadd the degree of
endemisnof the Goler mammalian assemblage.

MATERIALS, METHODS, ABBREVIATIONS

Multituberculate teeth described here were
recoveredmainly from screerwashingof the Laudate
Discovery Site (RAM locality V94014member 43,
Edentulous Jaw Site (RAM locality V9801&ember
4b), Grand Canyon (RAM locality V20051@nember
43), andLand of Oz (RAM locality V20001, member
4a), surface collection at Goler CaninRAM locality
V94133, member 4a) also yieldedo multituberculate
incisors (McKenna, 1960) Thirty-three RAM
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multituberculate teethare described and three
previously reported incisors (McKenng 1960;
McKenna et al, 1987) are discussed Two
multituberculateskulls also recoveredfrom the Goler
Formationrepresent speciesof ParectypodugRAM
9048 found by M. McKenny and a large taxon
(RAM 9663 found by J. Honey These kulls will be
described elsewheratilizing e CT technology

The classification scheme employed here is that
of KielanrJaworowska and Hurum(2001) for
Neoliotomus and  Fox (2005) for the
Microcosmodontidae.Teeth were measured in mm
using aDino-Lite digital microscopeUpper teeth are
represented by capital letters and lower teeth by lower
case letters. Institutional abbreviatioae as follows
FMNH, Field Museum of Natural History, Chicago,
lllinois; PU, Princeton University Collection at Yale
University, New Haven, @nhnecticut; RAM, Raymond
Alf Museum of Paleontology, The Webb Schools,
Claremont, California; SMM, Science Museum of
Minnesota, St Paul, Minnesota; UALVP, University of
Alberta Laboratory of Vertebrate Paleontology,
Edmonton Alberta, Canada; UCMP, Univétg of
California Museum of Paleontology, Berkeley,
California; UM, University of Michigan Museum of
Paleontology, Ann Arbor, Michigan; MVP,
University of Minnesota Vertebrate Paleontology,
Minneapolis, Minnesota Other abbreviations:
NALMA, North American Land Mammal Age; Ti,
Tiffanian NALMA; Til, Ti3, Tida, Ti5, interval zones
of the Tiffanian NALMA To3, interval zone of the
Torrejonian NALMA

SYSTEMATIC PALEONTOLOGY
OrderMultituberculataCope, 1884
?Ptilodontoidea
Neoliotomuslepsen, 1930
Neoliotomugonventusiepsen, 1930
(Figures 2 3, 9

Holotyped PU 13297, left lower jaw fragment
with brokeni, p4, and root of p3; broken left M1; part
of right maxilla with root of P3 and broken P4, and
showing base of malar proced2aint Creek local,
Park County, WyomingJepsen, 1930alate 1V, figs.
6-7).

Referred Specimend UCMP 49490, left lower
incisor crown fragment, and UCMP 55399, right lower
incisor root with enamel from UCMP locality V5870
(equivalent to RAM locality V94133) both from
member 4a of the Goler FormatidRAM 7237 ,left P4
fragment from RAM locality V98012 member 4b
RAM 7204, heavily damaged right p4 from RAM
locality V200001 member 4aquestionable referral

Description and Discussiod These isolated
teeth are referred to Neoliotomus conventuased
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primarily on size except forRAM 7237, apartial P4,
that exhibitsthe unique crowmorphologyof the few
known P4of N. conventus

RAM 7237 is a broken P4 thatepresents the
posterior twethirds of the tooth. ltacks any trace of
the rootsand itscrown is unworn and triangular in
cross section.RAM 7237 has nine cusps (eight
complete, one partigleach of which (except the most
posterior cusp) havevell-developedabial and lingual
ridges which extend ventrallyFigure2). As preserved,
RAM 7237 has a width of 2. mm and a length of 7.1
mm, but its total length is estimated to be5linm
based on comparison to the drawingaofomplete P4
(UM 72647 provided by Krause (198Cfig. 9C), if
both P4s had the samespuformula

RAM 7237 represents the posterior part of the P4
because it lacks aamterior labial cuspvhich ispresent
on the P4 of the holotype dfeocliotomusconventus
(PU 13297) (Jepsenl93(y; plate 1V, figs. 67) and
UM 72647 (Krausel980; fig. €C). Theangles of slope
for the labial and lingual walls of RAM 7237 are not
equal Thisis evident in occlusal view because the line
of cuspsis not positioned on the midline of the tooth
(Figure 2). Thus, either the lingual or labial slope is
broader inocclusal view The only reportedcomplete
P4 ofN. conventugUM 72647) isshown only in labial
view (Krause, 1980; fig. @), so a comparison ofthe
labial and lingual slops cannot be madeBut in the
reconstruction of the upper dentition bfeoliotomus
ultimus by Krause (1982 fig. 13) the slope of the
lingual wall of the P4 appears to be steeper than the
labial wall. Thus, RAM 7237is probablya left P4and
its large size and uniquenedial rowcuspmorphology
clearly align it withN. conventus

A shortreport from M. McKenna thatwo large
incisor fragmentUCMP 49490 and UCMP 55399)
were recoveredin 1958 from the Goler Formation
appeared in the February 1959 edition of thei&y of
Vertebrate Paleontologiews Bulletin (Number 55).
They werefound & UCMP locality 587Q a site in the
uppermost part ofmember 4a (McKenna, 1960
McKenna et al,. 1987).The two lower incisor
fragments, UCMP 55399 and UCMP 49490, were
thoroughly described and figured by McKenna (1,960

fig. 2) who statedthat the Goleffii nci sor s ar

indistinguishable from incisors ofNeoliobmu
(McKenna, 1960; pl1). Howeverteferral of the
incisors was tenative (e.g, cf. Neoliotomus sp.)
becauseNeoliotomuswvas not known from strata older
than Tiffanian andthe presence of a then unnamed
anisonchineor conacodorihe periptychidfrom UCMP
V5252 (site stratigraphically equivalent to V5870
suggested that this part of the Goler Formation was
Puercan orTorrejonian in age (McKennal96Q
McKenna et al., 1987)he unnamedoeriptychid, now
Goleroconus alfj is considered a relidtiffanian taxon

e



LOFGREN ET AL6 MULTITUBERCULATES FROM CALIFORNIA 151

Member 4c/d "
/
Neoliotomus conventus
EInuer o Golercosmodon mylesi
Microcosmodontidae
. cf. Golercosmodon mylesi
Neoliotomus conventus
N cf. Golercosmodon mylesi
Member 4b
11 0 o
Neoliotomus conventus 7
cf. Golercosmodon mylesi 6
Member 4a
3 5.
Golercosmodon mylesi o
, 4
cf. Golercosmodon mylesi 2 -
1
—35° 27’
Member 3
3 km @
I o
&r
&
£
=
117° 50’
|

FIGURE 1. Outcrop map of members 3 and 4 of the Goler Formation within the El Paso Mountains (adapted from Cox, 198Digiesahé86)
showing location of sites discussed in text; members 1 and 2 not shown. Numbers refer to a specific site or grouplon sitémited geographic

area, with the numerical order reflecting the approximate stratigraphic sequence of RAM $odapige circles are areas where strata at a specific
site underwent paleomagnetic analysis; results presented in Albright et al. (2009). Localities that yielded multitultkrscilétes in the text are in

bold and multituberculate taxa recovered froncheare shown in box inserts. 1) Red Flat area (V201014, V201122); 2) Grand Canyon area
(V200508,20051Q V200706, V200802, V200804); 3) Land of O#£200001); 4) Phenacodu®ocket area (V200603, V200612); 5)/FZone area
(V200303, V200304, V200702); 6) Ldate Discovery Site are¥91014, V94133 7) Edentulous Jaw Sit&98012); 8) Primate Gulch (V200202);

9) Lone Tooth (V200704); 10) Butte Tooth (V200613); 11) Honey Pot (V200120); 12) Shark Site (V200307).

that is mostly closely related to Puercan and in depth(Krause, 1980table 8, similar tothe sizeof
Torrejonian taxa from the Western Interior (McKenna  the Goler incisorUCMP 55399, width 2.5 mmdepth
et al, 2008;Lofgren etal., 2014). 6.9 mm; UCMP 49490 width 2.3 mm, depth 6.5 )nm
The two UCMP incisors were also referred to With recovery of the most diagnostic tooth ofl.
Neoliotomu<f. conventudy R. Sloan (in West, 1976). conventus a P4 (RAM 7237) from the Goler
The broken lower incisor of the holotype oflN. Formation there is little doubt of the affinitgf the two

conventugPU 13297) is 2.5 mm in width ar@l3 mm UCMP incisorswith N. conventus
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FIGURE 2.Occlusal (top) and lingual views (bottom) of RAM 7237,

left P4 fragment oNeoliotomus conventuScale in mm.

In 2000, M. McKenna found darge, heavily
damagednultituberculatep4 (RAM 7204) from RAM
locality V200001 (member 4p that is tentatively
refered hereto Neoliotomusconventudasedorimarily
on size.RAM 7204 is deeply weatheredand a large
portion of theanterior part othe crownis missingdue
to breakaggFigure 3). The enamelof RAM 7204 is
incomplete aonly the posteriopart of thecrownapex
has an enamekover A well-developedposterolabial
cuspis presenaind & least svenserrations with ridges
areevidenton the preserved enaniéligure 4) If other
faintly visible ridgesthat lack serrationare counted, at
least 1 serrations were once presamt RAM 7204
This count should be considered a minimbetause
damage especiallyto the anterior part of RAM T,
removedevidenceof additional serrationsThe broken
p4 of the holotype ofN. conventusPU13297) has

eleven serrations and is estimated to have once had 14

or 15 (Jepsen, 198D A cast of FMNH 26082, a
complete p4identified as N. conventusfrom the
Debuque Formation of Coloraqiihm, 1984) has 14

FIGURE 3. Labial (top) and lingual views (bottom) of RAM 7204,
damaged right p4 tentatively identified Agoliotomus conventus
Scale equals 5 mm.

serrations.As preserved RAM 7204 is 3.1 mm in
width and115 mm in length. Restoing the missing
posterior andanteriorsectionsof RAM 7204 based on
a comparisono FMNH 26082 indicates thatRAM
7204 was approximatelyl13.5 mmin length if both
specimens had the same number of serrations
When Jepsen (193) described the holotype of
Neoliotomus conventu®U 13297), henoted thatN.
conventuswas about 25% larger thaNeoliotomus
( Buscosmodan )ultimus a smaller species known
from early Eocene stratdhe complete right p4 oN.
conventus from the Dubuque FormatiofFMNH
26082)is 13.4 mm in lengthand the p4 of. ultimus
ranges in length from 10.6 mm to 12.6 mm (Krause
1982 table 9. RAM 7204 is about 13.5 mm in length
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which iswithin the size range dfl. conventusbut not
that ofN. ultimus

Neoliotomus conventuss known from late
Tiffanian (Ti5a) through Clarkforkian strata in the
northern Rocky Mountain states (Krause, 1980
Secord 2008 and perhaps late Torrejonian (To3) strata
in the San Juan Basin of New Mexico (Weil et al.,
2012). The Goler Formation assemblage of eutherian
mammals and magnetostratigraphic  correlations
suggest aniddle Tiffanian (Ti3i Ti4a) age formembes
4a and 4b (Lofgren et.al2014) Based on a few very
large specimens ofl. conventusfrom late Tiffanian
strata in the Bighorn Basin of Wyoming, there may be
a mean decrease in size Nieoliotomusfrom the late
Tiffanian through the Clarkforkian, whicimay justify
naming of a new late Tiffanian speciesN#oliotomus
(Krause, 1980; Secord, 2008Jhe presere of N.
conventusn the Goler Formation woulde important
in this regard as Goler specimens appear to be older
than those from the Bighorn Basin, but the available
sample is too fragmentary to offer afyrther insight
into this issue

FIGURE 4.Drawing of RAM 7204, damaged right p4 tentatively
identified asNeoliotomus conventus labial view, showing details
of serration and ridge preservation. Scale bar in mm.

Family Microcosmodontidakloltzman andVolberg
1977
Golercosmodomen. nov.

Diagnosisy as for the holotype and only species.

Etymologyd Goler, in reference to the Goler
Formation, -cosmodon by analogy with other
microcosmodontids.
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Golercosmodomylesisp. nov.
(Figure 5AC, Table 1)

Holotyped RAM 6968 left P4 (Figure 5B) from
RAM locality V98012, member 4b, GoleFormation,
California.

Referred specimend RAM 6965 right P4
(Figure 5A)and RAM 9656 posterio60% of right P4
from RAM locality V98012 member 4b RAM 9685
right P4 (Figure 5C)from RAM locality V200510
member 4a

Etymologyd Named in honor of Douglas F.
Myles, for his guidance and support of the Raymond
M. Alf Museum of Paleontology for more than two
decades.

Diagnosi®d Compared to other Tiffanian
microcosmodontids,he P4 of Golercosmodonmylesi
is smaller thanthose of Allocosmodon woodiand
Alopocosmodon hadrus larger than those of
Peneacosmodon bowensislicrocosmodon conuand
Acheronodon vossaandhassix or seven medial row
cusps, more thaany other microcosmodoitt. The P4
cusp formulaof Golercosmodomylesiis most similar
to that of Allocosmodon woodiand Acheronodon
vossae but Golercosmodon mylesidiffers from
Allocosmodon woodin the absence of significant
development of an anterolabial bulgadin havinga
rounded anterior tooth margin ardlabial cusprow
whose first cusp is positioneposteriorto the first
medial row cuspThe P4 ofAcheronodon vossa&so
differs from Golercosmodonmylesi in having a
relatively narrower labiatusp rowlobe andsmaller
labial row cusps in relation to the overall size of the
crown

Descriptiond Three complete P4s referred to
Golercosmodon mylesiall display the typical
microcosmodontidnorphologyof havingthree rows of
cuspswhere the crown is dominated by a medial cusp
row that spans the entire length of the toeathd
travergs obliquely from the anterolingual edge to the
posterolabial margirfFigure 5AC). In occlusal view,
P4s of G. mylesihave an elongateectangularshape
with arounded anterioedgeanda posterior edge that
is tapered or slightly squared There is a faint
constriction in widthpresenton the lingual margin
adjacent tocusp four in theamedial cusprow in RAM
6968 (holotype) and RAM 696@-igure 5AB). Wear
on all P4s ofG. mylesiis concentrated on theosterior
half of the tooth esgrially onthe occlusal and lingual
surfaces of theposterolingual ridge the occlusal
surface ofmedial row cuspssix and sevenand the
lingual face of medialow cusp four

Labial row cuspsin Golercosmodon mylesare
relatively large compared to the size of the crcamad
exhibit considerable variatioas RAM 6965 has one
labial row cusp, RAM 6968 (holotypg has two.and
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FIGURE 5.Occlusal view of P4s dBolercosmodon myle§éA-C) and the P4 of Microcosmodontidae genus and species indeterminate (D). A) RAM
6965, right P4 ofG. mylesi B) RAM 6968, left P4 (holotype) o&. mylesi C) RAM 6985, right P4 of5. mylesi D) RAM 9987, leftP4 of
Microcosmodontidae genus and species indeterminate. Scale bar equals 1 mm.
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RAM 9685 has four(Figure 5AC). The single labial
row cusp in RAM 6965 is positionedpposite a
positionbetween medial row cusps two and thraed
the antrior labial rowcuspof RAM 6968 (holotype)s
alsopositionedopposite a positiobetween medial row
cusps two and thre@he posterior labial row & is
positioned opposite a positiorbetween medial row
cuspsthree and foun theholotypa@.

With four labial row cusps, RAM 968&ppears to
be an extreme morphological variant of
Golercosmodon mylesLabial row cusps onthrough
three are subequal in sjamisp four is slightly smaller
and an additionaminute cuspule is present anterior to
cup one(Figure 5C) The bases of labial row cusps
one and twaare closely appresseith contrast to labial
row cusps three and four which are well separated. The
transverse relationship of cusps of the medial and labial
cusp row for RAM 9685 are as followlabial row cusp
one opposite medial row cusp two, labial cusp two
opposite a positiofust anterior to apex of medial cusp
three, labial cusp threepposite a positiorbetween
medial cusps three and four, and labial cusp four
opposite medial cusp four(Figure 5C) RAM 9685
lacks any trace of anid-length constriction, a condition
probably related to its unusually weleveloped labial
Cusp row.

Medial row cusps one through four in
Goloercosmodommylesi are usually pyramidal with
enamel crenulationsommonly presenvn the anterior
slope of each cusgn RAM 6965 and RAM9685
where the medial rowwassevencusps cusps ae and
two areclosely appresseds are cusps six and seven
For both, her fourth cusp is the largest anshe the
smallest, withcuspsfour and fivetallestand subequal
in height. RAM 6968 has & medial row cusps, with
cusps one and two closely appressbé fourth cusp
the largest andirst cuspthe smallestand cisps four
and five tallest and subequal in height. Medial row
cups of RAM 6985 are not as pyramidal in shape as
medial row cusps of RAM 6968 and RAM 6965.

The lingual rowof the P4 ofGolercosmodon
mylesiis short oriented anteroposterioriand ridge-
like without distinctcusp development, even though
the lingualcusp row of RAM 9685 appears to have
minimal wear.However,there is small valleyn RAM
6965 that bisects thdingual ridge, suggesting two
lingual cusps werencepresent before weaybscured
them Thus, the lingual cusp rowef G. mylesiis
representedy a ridge(with perhaps two cuspsyhose
length approximates that of the length of medial row
cusps six and seven RAM 9685 and RAM 6965

Discussio® Isolated teeth referred to
Golercosmodon mylesfrom Tiffanian strata ofthe
Goler Formationrepresent thdirst definitive records
of microcosmodoritls from the west coast of North
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America other than thetentatively referredincisor
(UCMP 124426) to cf.Microcosmodonreported by
McKenna et al. (1987).Initial descriptions of
Microcosmodontidaevere fromlate Paleocene strata
in the Bighorn Basin of Wyoming Jepsen 193,
1940 Microcosmodon conusand Pentacosmodon
pronug. Later, Acheronodon garbani(Archibald,
1982) andadditional specimens oMicrocosmodon
were reported fronother Rocky MountainStates and

southern Canad@Mi cr oc o s mo dHoltzdan wo o d i

and Wolberg 1977; M. arcuatus Johnston and Fox
1984;M. rosei Krause, 1980M. harleyi, Weil, 1999.
More recently Fox (2005)described a multitude of
microcosmodorid specimensincluding dentaries and
partial skulls from a series of localities in the
Paskapoo Formation of Alberta which greatly
increased knowledge of the anatomy and taxonomy of
the  Microcosmodontidae. Tiffanian specimens
described by Fox (2005) includethe new species
Acheronodon vossandPentacosmodon bowensiad
additional specimens oPentacosmodon pronuand
Microcosmodon conuysas well asreassignment of
iMi cr ocos modotm othe mewo denus
Allocosmadon As noted by Weil and Krause (2008),
Fox (2005) removed/icrocosmodon arcuatuand M.
harleyi from Microcosmodorbut did not refer them to
any new or previougldescribed taxonMost recently,
Scott et al. (2012) describédopocosmodon hadrua
middle Torrejonian microcosmodontid from the
Porcupine Hills Formation of Alberta.

The p4 is the most diagnostic tooth of
microcosmodoritls (Fox, 2005) and the lack of one for
Golercosmodommylesi makes its generic assignment
somewhat tenuouddowever,the threecompleteP 4 6 s
(RAM 6968, RAM 6965, RAM 9685)eferred toG.
mylesi from the Goler Formatiorhave a suite of
features thatliffer significantly fromP4s of anyknown
microcosmodontid The P4 of G. mylesi has six to
seven medial row cuspa numberthatfar exceed P4s
of Pentacosmodobowensigthree or four medial row
cusps Fox, 2009, Microcosmodon conu@our or five
medial row cusps,Table 1), and Alopocosmodon
hadrus(four medial row cusps; Scott et,&012) and
a number thatis slightly higher than P4s of
Allocosmodon wood{four to six medial row cusps,
Table 1) andAcheronodon vossaive to six medial
row cusps, Table 1)The P4s ofAllocosmodon woodi
and Acheronodon vossaalso differ from those of
Golercosmodon mylesi the development of tHabial
cusp row. InP4s of Allocosmodon woodi from the
DW-2 locality in Alberta the labial row is convex and
curves around the anterior margin of the tooth so that
the first labial row cusp is positioned anterior to the
first medial row cusp (Fox, 2005; plate 7, figs. 13, 16,
19). Associated with this feature are a wedlveloped
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TABLE 1. Measurements of P4s bficrocosmodon conuand Acheronodorvossaefrom Alberta, Allocosmodon woodirom North Dakota and
Alberta, andGolercosmodommylesiand an unidentified microcosmodont from Califoriéeasurements of UMVP 5938, SMM P77.8.1, and SMM
P77.8.2rom Holtzman and Wolberg (1977; table Measurements of UALVP specimefnism Fox (2005).

Specimen Length Width Cusp Formula

Microcosmodonconus

UALVP 42791 1.8 0.8 2:4+:?
UALVP 42816 1.7 0.7 2:4+:?
UALVP 42821 1.7 0.8 2:4+:1?
UALVP 40687 1.7 0.6 3:4+:?
UALVP 42769 1.7 0.8 2:5:17?
UALVP 42770 1.8 0.7 3:5:1
UALVP 42773 1.7 0.8 3:5:3
Acheronodonvossae

UALVP 24551 1.7 0.7 3:5:1
UALVP 24554 1.7 0.6 3:5:?
UALVP 24555 1.6 0.7 3.6:?
UALVP 24558 1.6 0.7 2:5:?
UALVP 42925 1.7 0.7 2:5:2
UALVP 42926 1.6 0.7 2:5:?

Allocosmodonwoodi

UMVP 5938 2.2 0.9 2:4
SMM P77.8.1 2.3 10 35
SMM P77.8.2 21 0.9 34
UALVP 40478 2.3 11 3:5:1
UALVP 40493 2.4 0.9 3:6:3
UALVP 40498 2.3 1.0 3:4?:1

Golercosmodormylesi

RAM 9685 2.0 0.9 4:7:ridge
RAM 6965 21 0.9 1:7:2?

RAM 9656 0.9 ?:?:ridge
RAM 6968 2.1 0.9 2:6:ridge

Microcosmodontidae gen. & sp. indet.

RAM 9987 1.8 0.9 0:5?:?
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anterolabial bulge and a blunt anterior tooth margin. In
Golercosmodonmylesi the first labial row cusp is
positioned posterior to the first medial row cusp as the
labial cusp row does not curve around the anterior
margin ofthe tooth Also, a distinct anterolabial bulge

is not developed and the anterior margin of the tooth is
roundedin G. mylesiFigure5A-C).

The P4 ofAcheronodon vossahas a rounded
anterior tooth margirike the P4 ofGolercosmodon
mylesj but differs from G. mylesiin having a labial
cusp row thatlsocurves around the anterior margin of
the tooth so that the first labial row cusp is positioned
anterior to the first medial row cusp (Fox, 2005; plate
9, figs, 17, 20).The P4 ofAcheronodon vose is
described as having one to four labial row cusige (
Golercosmodon mylési but the list of referred
specimen®f Acheronodon vossdacks any reference
to a P4having more than threlabial row cuspgFox,
2005) Finally, A. vossaediffers from Golercosmodon
mylesi in having a narrow anterolabial lobe with
smaller labial row cusps in relation to the overall size
of the crown a character that also differentiates
Allocosmodon woodirom Acheronodon vossa@-ox,
2005)

Microcosmodotidaegenus and species indeterminate
(Figure D)

Referred Specime® RAM 9987, left P4 from
RAM locality V98012, member 4b of the Goler
Formation.

Description-Discussio® RAM 9987is a heavily
worn P4 (Figure B). Four asps are evident on the
posterolingualpart of thetooth, so there appears to
have been at least five medial row cudgeavy wear
has merged the mediahd lingual cusp rowsf RAM
9987and hetooth appears to lack any development of
a labial cusprow. In occlusal view,RAM 9987 has a
more squared outline than the rectangular shaped P4s
of Golercosmodon mylesfFigure 5AC, D) as it is
distinctly shorterin lengh. Although RAM 9987is too
worn to be confidently identified to taxon, its small
size (Table 1) and squared shape in ahgsal view
indicate that there are at least two microcosmddent
in the Goler Formation.

cf. Golercosmodomylesi
(Figure 6AH; Table 2)

Referred Specimend RAM 7232 incomplete
right M1, RAM 6969 right M1, RAM 6970 right M2,
RAM 6971 right M2,RAM 6434 left M2,RAM 9999
right M2, RAM 9988 right M2, RAM 7230 M2, RAM
6483 incomplete right M2, RAM 6731 incomplete
right m1, RAM 6975 right m1RAM 7235incomplete
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ml, RAM 6463incomplete m1, RAM 9993right m1,
RAM 9971 right m1, RAM 9995 left m2,RAM 6967
right m2, RAM 9990 left m2, RAM 9974 right m2,
RAM 9975 incompleteleft m2, RAM 9972 left m2,
from RAM locality V98012 member 4b RAM 6980
incompleteright m1, RAM 9676 right m2from RAM
locality V20051Q member 4a RAM 6447 left m1,
RAM 6422 right m1, from RAM locality V94014
member 4aUCMP 124426 lower incisor from UCMP
locality V5252 (equals RAM localityvV94014); RAM
9722 left m2 from RAM locality V20000inember 4a

Discussio® Many isolated microcosmodontid
molarswere recovered from the Gol&ormation that
cannot be confidently referred to a specific genus and
two specimens for each tooth site are illustrated (Figure
6A-H) to demonstrate the diversity of the samfle.
identify the taxon of isolated microcosmodont molars
usually requires congrativematerial where molars are
associated with a p4 or Pke maxillae and dentaries
of Tiffanian microcosmodotids described by Fox
(2005) a prospect unlikely for the sparsely
fossiliferous Goler Formation. However, ost of hese
isolated teeth probably represent Golercosmodon
mylesibased on relative abundanees four of the five
(80%) microcosmodontid P4s from the Goler
Formation were referred t&. mylesi The size and
cusp formulaof theseisolatedteeth ardistedin Table
2. We tentatively assign these specimengstamylesi
with the caveathatsubsequent referral to other taxa is
possible

A multituberculate incisor from member 4a
(UCMP 124426)was described by McKenna et al.
(1987) asclosely comparable tMicrocosmodonWe
include this lower incisorwith other isolated teeth
questionablyreferredto Golercosmodommylesi as it
has no unique features that align it with
Microcosmodon

DISCUSSION

Multituberculateslescribed heréfom member 4a
and the lower part of member 4b of the Goler
Formationincrease the known taxonomic diversity of
the Microcosmodontidae and confirm th@eviously
proposedgeographic range extension NEoliotomus
and microcosmodoitts to the west coast of North
America (McKenng 1960; McKenna et gl.1987)
during the late Paleocene. Mammalian assemblages
from sites located throughout this 500 m stratigraphic
interval of member 4 were collectively referred to as
the Goler Assemblage because these strata could not be
subdivided into discrete biostrataphic units (Lofgren
et al.,, 2014).Golercosmodon mylesiNeoliotomus
conventusand cf.Golercosmodon mylesiccur in both
member4a and the lower part of member4b, and
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FIGURE 6.0Occlusal view of M1s, M2s, m2s, and m1s that may repreSetgrcosmodon mylesA) RAM 7232, incomplete right M1; B) RAM
6969, right M1; C) RAM 6434, left M2; D) RAM 9999, right M2; E) RAM 9974, right m2; F) RAM 9972, left m2; G) RAM 9971, mghH)
RAM 9993, right m1. Scale bar equals 1 mm.
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TABLE 2. Measurements of molars of Golercosmodon myle$iom the Goler Formation of California. * Minimum, broken taoth

Specimen  Tooth Site Length Width Cusp
Formula
RAM 7232 M1 1.9* 1.2* 7:8:4
RAM 6969 M1 2.8 15 7:8:5
RAM 7230 M2 1.4 1:3:?
RAM 9999 M2 15 1.3 1:3:5
RAM 6971 M2 15 1.3 1:3:4
RAM 9988 M2 1.3 1.4 1:3:4
RAM 6483 M2 1.6 1.3* 1:3:4
RAM 6970 M2 1.3 1.3 1:3:4
RAM 6434 M2 1.8 1.7 1:4:4
RAM 6422 ml 24 1.2 7?:4
RAM 6975 ml 2.5 1.3 87:5?
RAM 6447 ml 2.2 1.1 9:5
RAM 7235 ml 1.4* 1.1
RAM 6731 ml 1.9* 1.1 6:4
RAM 9993 ml 2.4 1.2 9:5
RAM 9971 ml 2.3 1.2 75
RAM 9680 ml 1.7* 1.1
RAM 9676 m2 1.7 1.6 5:2
RAM 6967 m2 1.6 1.5 5:2
RAM 9974 m2 1.3 1.2 4:2
RAM 9995 m2 1.4* 1.4 4:2
RAM 9975 m2 14 1.5 4:2
RAM 9972 m2 1.3 14 4:2
RAM 9722 m2 1.6 14 4:2
RAM 9990 m2 15 1.3 4:2
Microcosmodoritiae genus and species indeterminate they were interpreted to represent26r, a

is only known from one specimen from member 4b
(Figure 1).Thus,no additionalsupport is provided by
multituberculates with regard to biostratigraphic
subdivision of the stratigraphic interval comprised of
member 4a andhe lower part of rember 4bof the
Goler Formatior(Table 3)

Comparison of thesutherian part othe Goler
Assemblage to Tiffanian biozone ranges of mammalian
taxa from sites elsewhere in the Western Interior,
indicated a TiBTid4a age ad4 of 15 Goler eutherian
taxa had ranges that overlap in theiTiBla biozones
(Lofgren et al. 2014 fig. 14); the one exception is
Paromomys whose youngest known record is Til
(Lofgren et al., 2004) Also, all but one magnetic
polarity sample frommember 4a anthe lower part of
member 4bwere reversedAlbright et al., 2009)and

magnetostratigraphic correlatiothat is compatible
with the proposedTi3iTida age of the Goler
Assemblage(Lofgren et al., 2014)if C25r or C27r
were interpreted as correlative to the reverSader
samples, there would be many significéatonrange
extensiongFigure 7), a much less likely scenario.

Of the two definitively identified multituberculate
taxa described hergGolercosmodon mylesiand
Neoliotomusconventul N. conventusis importantto
biochronologiccorrelation of the Goler Assemblags
it is known from late Tiffanian (Ti5a) through
Clarkforkian strata in the Rocky Mountaiftates
(Krause, 1980; Secord, 2008)owever,Neoliotomus
has been listed as occurringlate Torrejonian strata in
New Mexico (Weil et al., 2012)but description of
specimens supporting this assertion have yet to appear.
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FIGURE 7. Presently known temporal ranges of selected eutherian mammals and the multitub&teola®musknown from the Goler
Assemblage based on occurrences from the Western Interior of North America. Biochronology and geochronology adaptedifitozh sdl2009;

fig 4), but based on Secord et al. (2006; fig. 3).

Thus, the presence dfeoliotomus conventus the
Goler Assemblageouldindicatea Ti5 or younger age
but the majority of temporal ranges for the Goler
Assemblagesuggest ari3i Ti4 age assuming thathe
lineage zone subdivision of the Tiffaniateveloped
mainly from faunal assemblagesf the Rocky
Mountains (Gingerich 1976; Secord et al., 2006;
Secord, 2008tan be extended to Californid so, the
Goler Formatiormay yield the oldesknownrecord of

Neoliotomus and the youngest known record of
Paromomys
The Goler Assemblage exhibits significant

endemism asabout 40 percent of eutherian and
metatherian taxa presently known from the Goler
Formation have not beenfound in Tiffanian faunas
from the Western Intericandonly about 20%of Goler
Assemblage eutherianswd be confidently referred to
previously namedpecieqLofgren et al.2014) Of the
two definitively identified multituberculate taxa from
the Goler FormationNeoliotomusconventuss known
from the Western Interior, veneasGolercosmodon
mylesirepresents aew endemid¢axon Thus, although
based on admittedly sparse data, the degree of
endemism exhibited by Goler multituberculates

approximates that of the eutherian and metatherian
componentsof the Goler AssemblageSignificant
distances and one or more paleodrainages sepdnated
Goler depositinal basinfrom Western Interiobasins,
potentially limiting dispersalof mammalsbhetween the
west coast and the continental interiasf North
America in the late Paleocenélhis appears to have
resulted in the development afdiscreteGoler faunal
province (Lofgren et al. 2014) and he endemic
multituberculateG. mylesiprovides further support for
this assertion.

SUMMARY

Early collecting efforts in the Goler Formation
yielded multituberculate incisors thatere tentatively
identified as cf. Neoliotomusand cf. Microcosmodon
Recent collecting effortsesulted in the discovery of
threemultituberculatetaxa, including a newvgenus and
speciesof microcosmodontid The Goler sample of
Neoliotomus now includes a P4 that exhibits the
diagnostic mgshology of Neoliotomusconventusand
confirms the presence ahis rare taxorin Cdifornia.
Golerosmodonmylesiis a new genusand species of



