Foss. Rec., 17, 694, 2014 1 museum far
www.foss-rec.net/17/69/2014/ FOSSII Record naturkunde
doi:10.5194/fr-17-69-2014 Open Access berlin

© Author(s) 2014. CC Attribution 3.0 License.

The stratigraphic importance of the brontothere (cf. Diplacodon
elatus in the Brennan Basin Member of the Duchesne River
Formation of Utah

B. J. Burger and L. Tackett Il

Department of Geology, Utah State University, Uintah Basin Regional Campus 320 North Aggie Blvd. Vernal,
UT 84078, USA

Correspondence td. J. Burger (benjamin.burger@usu.edu)

Received: 10 June 2014 — Revised: 6 August 2014 — Accepted: 12 August 2014 — Published: 27 August 2014

Abstract. We report on the first occurrence of an early southern Mississippia (Gazin and Sullivan, 1942), and the
horned brontothere in the Brennan Basin Member of thePacific Northwest (Mihlbacher, 2007). But nowhere is the
Duchesne River Formation in northeastern Utah. This is theaecord of brontotheres as diverse as the fossil record ob-
first record of a brontothere from the Brennan Basin Membertained from the middle Eocene depositional basins located in
Previously, brontotheres have been reported from the highenortheastern Utah, southwestern Wyoming and northwestern
stratigraphic La Point MemberD{chesneodus uintenkis Colorado (Lull, 1905; Cook, 1926; Douglass, 1909; Gregory,
and the lower stratigraphic Uinta FormatidBphenocoelus 1912; Gunnell and Yarborough, 2000; Hatcher, 1895; Lucas
uintensis, Fossendorhinus diploconus, Metarhinus fluviatilis,et al., 2004; Lucas and Holbrook, 2004; Lucas and Schoch,
Metarhinus abbotti, Sthenodectes incisivum, Metatelmath-1982; Mader, 2000, 2009a, b, Mihlbacher, 2008, 2011; Os-
erium ultimum, Protitanotherium emarginatum, Pollyosbor- born, 1889, 1895, 1908, 1913, 1929; Peterson, 1914a, b,
nia altidens, Diplacodon elat)s The recovered specimen 1931, 1934; Riggs, 1912; Stucky et al., 1996).
consists of an upper third molar, which is comparable to the Early workers, such as Osborn (1929), viewed the evo-
specieDiplacodon elatusThe specimen supports the con- lution of brontotheres as a stepwise progression, culminat-
tinued presence of brontotheres throughout the deposition ohg in forms such as the large hornédegacerops Os-
the Duchesne River Formation across the late Uintan to earlyporn’s progressive gradualistic view of the evolution of bron-
Duchesnean North American Land Mammal Age. The previ-totheres depended on what Simpson (1961) called Osborn’s
ous lack of brontotheres within the lower beds of the Duch-extreme use of vertical classification and lack of regard
esne River Formation is likely a result of poor sampling andfor monophyly. Osborn’s preconceived idea hinged on his
the relative rarity of fossils from this unit. generalized use of stratigraphic information, which was of-
ten limited among early fossil collections. But his great-
est error was erecting numerous taxonomic names with
separate points of origin. Much of Osborn’s (1929) bron-
1 Introduction tothere classification has been clarified by recent work of
Mader (1989, 1998, 2008) and Mihlbachler (2008). Both
One of the most characteristic large mammals of the Eocendihlbachler (2008) and Mader (2008) reviewed the sys-
of North America are brontotheres (order Perissodactylafematics of the family, and Mihlbachler (2008) offered
family Brontotheriidae), also known as titanotheres. Dur-a cladistic study of the group clearing up much of the
ing the middle Eocene, brontotheres occupied many geoeonfusing taxonomy of Osborn (1929). Mihlbachler et
graphic regions of North America, from the Canadian High al. (2004) advocated grouping late Eocene brontotheres from
Arctic (Eberle and Storer, 1999; Eberle and Greenwoodthe Chadronian into two species dfegacerops and a
2012), southern California (Stock, 1935, 1936, 1937, 1938;single species oProtitanops but still left 18 genera of
Mihlbacher and Deméré, 2009, 2010), Texas (Stovall, 1948)prontotheres in North America during the middle Eocene
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(Mihlbachler, 2008). Mader (2008) groupé&xblichorhinus
within Sphenocoelysand later Mader (2009b) groupé&ds-
sendorhinuswithin Metarhinus while Mihlbachler (2008)
grouped Mader’s (2000pseudodiplacodoand Eotitanoth-
erium within Diplacodon Despite these differences in the
taxonomy of brontotheres, nearly half of brontothere generg
known from North America occur during a very narrow time
interval during the early Uintan Land Mammal Age (about 46 | ‘a*
to 44 million years ago). Rock formations of this age are well 7%
exposed in the Uinta Basin of northeastern Utah, the Sant
Wash Basin of northwestern Colorado, and the Washakie
Basin of southwest Wyoming. This zone of high diversity

is followed by a gap in the fossil record during the late Uin-

tan Land Mammal Age (Uinta C2 of Osborn, 1929). During

the Duchesnean Land Mammal Age, three genddaehes-
neodugPeterson, 1931, 1934, Lucas and Schoch, 1982; De
Blieux et al., 2011) from UtahEubrontotheriunfrom Ore-

gon (Mihlbacher, 2007) anBarvicornus occidentali$rom
southern California (Mihlbacher and Deméré, 2009) — are
known after this gap in the fossil record.

In this article we describe the first occurrence of an early
horned brontothere in the lower portion of the Brennan Basin C
Member of the Duchesne River Formation in northeastern
Utah. This is the first record of a brontothere from the Bren-

nan Basin Member (see Rasmussen et al., 1999: Kelly et al_Flgure 1. (a) Photograph of location of fossil discovered in situ.

i . ) Terminology used in the description of the upper mderim-
2012, for a fauna list), and supports the continued presence OS;e of the specimen of cDiplacodon elatuscollected from the

brOﬂtchefeS in the Uinta Basin of northeastern Utah duringgennan Basin Member of the Duchesne River Formation. See the
the middle and late Eocene. Supplement.
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2 Materials and methods dle crest of the W-shape. The tooth lacks any distinct labial
ribs along the buccal slope of the paracone and metacone.
The fossil described in this paper was discovered from an The lingual heel of the tooth features a well-developed
ongoing Utah State University project to sample fossils fromknobby protocone, flanked by two projections on the cingu-
the poorly represented middle Eocene Duchesne River Foum representing the hypocone on the posterior side, and a
mation in northeastern Utah and to study in detail the mam-crest on the anterior cingulum, which is nearly, if not as large
malian fauna from this previously poorly sampled strati- as, the hypocone. The tooth measures 60.0 mm in length and
graphic interval. The specimen described in this article was57.0 mm in width.
collected on public land managed by the Bureau of Land The fossil was discovered in a smectic yellowish brown
Management and deposited at the Utah Field House Mumudstone located near the head of Antelope Draw, close to
seum located in Vernal, Utah. Detailed locality information the contact between the Uinta and Duchesne River Forma-
is on file with the Utah Geological Survey and the Utah tions as mapped by Sprinkel (2007). The fossil was recov-
Field House Museum. Research was conducted under perméred below the sandstone interval that forms Glen Bench,
#UT12-001S issued to the senior author. a prominent topographic ridge in the eastern Uinta Basin.
The recovered fossil specimen (FHPR 11763) is a com-Thus, the fossil was recovered stratigraphically in the lower
plete right upper third molar (Fig. 1). The central molar part of the Brennan Basin Member of the Duchesne River
fossa was fractured and repaired with polymer clay, but allFormation. Kelley et al. (2012) place the Brennan Basin
the anatomical features of the occlusal surface can be disMember of the Duchesne River Formation in the late Uintan
cerned from original recovered material. The tooth features a&North American Land Mammal Age, and this age assessment
large W-shaped ectoloph characteristic of brontotheres. Theeems consistent with fossils recovered from the Brennan
parastyle is prominent on the anterior buccal edge of theBasin Member. This is the first occurrence of a brontothere
tooth, with a slightly bent anterior projection. The paraconefrom the Brennan Basin Member. Previously the upper La
and metacone are well preserved, with steep cutting edges dhoint Member of the Duchesne River Formation was the
the lingual margins. The mesostyle is long, forming the mid- only unit to produce brontotheres — a number of individuals
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Figure 2. Graphs showing length and width of the upper third molar of brontothere species. Data come from published measurements from
Mihlbachler (2008) and Mihlbacher and Deméré (2009). Blue diamond represents length and width of the recovered specimen from the

Brennan Basin Member. All units in millimeters.

of Duchesneodus uintengBeterson, 1931, 1934; Lucas and cusps. However, the recovered tooth demonstrates strong
Schoch, 1982). Currenthfpuchesneodus uintenssan in-  similarity with Parvicornus occidentaliandDiplacodon ela-
dex fossil for the later Duchesnean North American Landtus Both species exhibit a weakly developed hypocone on
Mammal Age (Lucas, 1992; Robinson et al., 2004). the posterior cingulum, and a raised anterior cingulum (an-

terolingual cusp) with a broad lingual he@arvicornus oc-

cidentalisfrom southern California exhibits a better devel-
3 Results oped hypocone thaDiplacodon elatusand the new spec-

imen. Mihlbacher and Deméré (2009) noted thatParvi-
Preliminary identification of the specimen was made by com-cornus occidentalisipper molars, the anterolingual cusp is
paring the relative size and general morphology of the toothonly weakly developed in comparison to the broad cusp in
(Fig. 2). The size of the newly recovered specimen mostPiplacodon elatusThe recovered specimen exhibits a broad
closely resembles that @uchesneodyrotitanotherium  anterolingual cusp. Hence, the specimen is provisionally
Metatelmatherium Notiotitanops Diplacodon and Parvi-  identified as belonging t®iplacodon Recently, Mihlbach-
cornus and is much smaller thaRubrontotherium, Pro-  ler (2011) described a new 20 % larger specieipfacodon
titanops and Megacerops and is significantly larger than (D. gigan) from the Wiggins Formation in Wyoming. The
Mesatirhinus, Metarhinus, Sphenocoehrsd Telmatherium ~ only known specimen lacks a third upper molar. The recov-
and other early brontotheres. Morphologicalchesneo- €red specimen is in the smaller size range Dgplacodon
duscontains a large fold on a prominent parastyle, which is€latus and likely does not belong to the largbr gigan
lacking in the recovered specimen.Pnotitanotheriumand ~ While morphological and size traits do not necessarily result
Notiotitanopsthe upper third molar lacks a well-developed in a conclusive identification, there is support for recognizing
anterior cingulum (anterolingual cusp), and the parastylethe specimen as belonging Biplacodon Additional mate-
projects more lingually than observed in the recovered spectial, particularly cranial material, will help to confirm this
imen.Metatelmatheriunexhibits a much narrower third mo- identification, which should be seen as preliminary based on
lar, with not as well-developed anterolingual and hypoconethe available material.
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Figure 3. Stratigraphic occurrence and phylogeny of North American brontotheres, with reconstrucibdplazfodon elatus Phyloge-

netic relationships follow that of Milhbacher (2008) and Mihlbacher and Deméré (2009). Skulls based on figures presented in Osborn

(1929) and Milhbacher (2008). (1)lambdotherium popoagicun(2). Eotitanopssp., (3).Paleosyopsp., (4).Mesatirhinus megarhinys
(5). Dolichorhinus hyognathyg6). Sphenocoelus uintensi§). Metarhinus fluviatilis (8). Metarhinus abbotti(9). Fossendorhinus diplo-
conus (10). Stenodectes incisivyr(iL1). Telmantherium validug12). Metatelmatherium ultimun(13). Wickia brevirhinus (14). Protitan-
otherium emarginatun{15).Diplacodon elatus(16).Protitanops curryj (17).Eubrontotherium clarnoensi§l8). Parvicornus occidentalis
(19). Duchesneodus uintensind (20) Megaceropsp.

g in the fossil record (Figs. 3, 4piplacodon elatusbelongs
g to the monophyletic clade (subtribe Brontotheriina) which
8 includes later Eocene brontotheres suchviegaceropsas
Meters| | 3 Point Mbr. Duchesne £ § well as the earlieProtitanotherium Brontotheriina appears
2 oy Gatoh Cresk Mot River s ! to have arisen in Asia during the late Uinta B time with a
A Formation § 3 number of taxa entering into North America in the late Uin-
G eI § £ <of Diplacodon tan Age, but the exchange of genera between the continents
375 s 5 T likely continued into the upper Eocene (Mihlbachler, 2008).
< Leota Quarry g I Itis interesting to note that the Brontotheriina likely replaced
f: the earlier more primitive brontothere fauna, replacing such
Uinta G 8 genera aPolichorhinus, Sphenocoelus, Metarhinus, Sthen-
123 - . .
3 § Uinta odectesand Metatelmatheriumwhich are known from the
£ 3 Formation stratigraphically lower Uinta Formation, but have not been
< Kennedy Wash (Hole) g % reported from higher stratigraphic units in the Uinta Basin.
64 f——r ey I I This change may reflect a significant ecological shift among
Uinta B the larger mammals during the transitional time between the

Uintan to Duchesnean Land Mammal Ages, or it is a factor
Figure 4. Stratigrap_hic posi_tion of bror_ltotheres in northeastern poor sampling. Nevertheless, the new specimen is impor-
;ta(gbg/lee)asure section of Uinta Formation based on Townsend ef, . for refuting any notion of the absence of brontotheres in

' ' North America during the late middle Eocene. Rather North

America continued to foster brontotheres until their extinc-
tion at the end of the Eocene, and continued collection of fos-
sil vertebrates from the Brennan Basin Member of the Duch-
esne River Formation will lead to a better picture of how the
mammalian faunas in North American changed during the
second half of the Eocene Epoch.

4 Discussion

It is not surprising to find a specimen closely resembling
Diplacodonoccurring in the Brennan Basin Member of the
Duchesne River Formation, given the occurrenc®ila-
codonin the upper units of the underlying Uinta Forma-
tion (Osborn, 1929). However, this specimen is important
in helping to establish a continuous record of brontotheresThe Supplement related to this article is available online
in North America, and by filling in a previously noted gap at doi:10.5194/fr-17-69-2014-supplement
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