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Abstract W e report a small Paleagene fossil assanblage m a predom inantly Neogene basin n the
BaogedaU h area A small pocketof fluvinl sedin ents rests unconfom ab ly above fine-grained red beds
Fragmentaty dental and posteranal materials are recovered fiom the flivial beds Many of the fossik
show sins of having been ewoiked The lin ited collecton containsB reviodon minutes Rhinocerotilae
gen etsp ndet, Bontotheridae gen et sp  indet, and others This assemb hge has a Paleogene
characteristic but the age of the bssitpwoducing sedments isuncertain A lthough the possb ility exists
that ths is an unaliered Pakogene deposi we suspect the Paleogene fossils were rew orked into the N eo-
gene Baogeda U la Fom ation

Keywords BaogedaUh NeiM ongo] Paleogene Neogeneg Perissodactylh Lophialetidag Rhmno-
cerotilag B montotheridae astragalus phalanx

1) ( :KZCXZ- YW - 120) (
2006CB806400)
£ 2009- 11- 20



W ang and Li A nev bssilsitew ih a re-worked Paleogene 15
assan blace at B aogeda U la central N eiM ongol

1 Introduction

Snce the early discoveries of vertebrate fossil bealities n central NeiM ongol ( InnerM on-
golia), mitiated by early explorers such as the Svedish explorer ] G. Andersson (1923), the
Am erican M useum of N aural H istory Central Asiatic Expeditons n he 1920- 1930s (An-
drews 1932), and the French Jesuit P re Teilhard de Chardn ( 1926), Paleogene manm als
were mostly found west of them an caravan trail fran Zhang jiakou (K akan) to E renhot ( Erlian
or Eren Dabasu) n what is now known as the Erlian Basn (Russell and Zhaj 1987). This is
in contrast to N eogene fossil sites prinarily east of the trai] although western localities are also
known (e g Amuwusu, Shalg and Damiao) (Fi 1C). Asa resulf attentbns by Paleogene
vertebrate paleontobgists were manly directed to areas west of the presentday Zhangjiak ou —
E renhot highw ay.

In 2007 one of us (XW ) chanced upon a Paleogene site near Baogeda Ula an area
known for rich N eogenem anmals Fossilmanmals of undoubted Paleogene age are found in a
gn all remnant of an exposure unconfomably on top of a presun ed N eogene red bed. Fragnen
tary isohted teeth often show ng skns of being rewoiked were collected fran liht grey chan-
nel sandstones and gravels A subsequent visit in 2008 yielded additbnalm aterials Such an
unexpected discovery hnts at a sam evhat different patiem of Cenozoic depositbnal histor s
than w as canmonly conceived The folbw ing is a brief report to place on record this unique find
and to call attention to potential presence ofmore extensve Paleogene deposits n this area

Abbreviations M, IhnerMongolia bealities VPP, Instiute of Vertebrate Paleonto logy
and P aleoanthropology.

Tem inobgy of Tap roidea tooth follbws R adinsky ( 1965) while hat of Rh nocerotidae b+
lows Q u andW ang (2007) and that of Brontotheridae folbwsM h bachler ( 2008). M easure-
ments of astragalus follw Q iu andW ang ( 2007), and those of phalanges follow von den Dr+
esch (11976).

2 Geologic setting

The nav fossilsite, VPP M 0708 beality (N44°15'58 2 E114°31'39 2"), is20 6 km
northw est of the village (Sunu) of BaogedaUla (Fig 1C, D). A pran nent tableland to the
east of Baogeda U la Sumu is the type secton of the BaogedaU la Fom ation Since the initial re-
port of aH pparion faunaby the Bureau ofGeology andM neral Resources ofN eiM ongolA uto-
nanous Regon ( 1991), lateM bcenemanmals fran the BaogedaU la ( = Baogedawula) For
mation has been the focus of contnuous nvestiation by m enbers of our field tean (Q u and
Wang 1999 W ang etal 2003 Qiu et al 2006). The BaogedaU la Fomation is capped by
one ormote layers of basali with dates ranging fran m ddle M iocene to P leistocene (Luo and
Chen 1990). Such an associatbn of the capp ng basalts and the underly ng Baogeda U la sed+
ments is easily traced abng the southern and westem margns of the sheet basalts which fom
resistant benches that help to maik the southem and westem extent of he Baogeda Ula Fom &
tion

Sedinents n the Baogeda U la Fom atbn range fran red mudstones to lght grey silistones
and sandstones Late M iocene fossil bealities are mostly found along the westem escampment
east and northeast of he Baoged/e/lU la Sumu (Fl% 1C). The northem-most fossil site so far
known & M0707 (N44°16'39 0., E114°31'52 0), where a single ochotonid cheek tooth was
recovered which is 1 3 kn north of MO708 Here the sedinents are mostly red mudstones
and he color is n a daker red than those to the south

NPP MO708 locality is a anall patch of lightgrey, cwss-bedded sandstones and gravel
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Fig 1 Geology and locaton of VPP M 0708
A, photograph of M0708 ©ssil beality ( boking tovard the east); B stratigraph i elatbns ps between bssit
producing cross-bedded sandstones and underlying red beds C  dstrbution of BaogedaU la Fom atby as ndica
ted by the capp ing basalt ( shaded area) and locaton of M 0708 D map of centralNeM ongol show ng sam em &
jor vertebrate fossil localities ( sold circles) to the east of the Zhangjiakou— E renhot h ighw ay

( bmerlyK algan— E ren Dabasu caravan trail)

beds cutting nito the underbng red beds (Fig 1A, B). Less than onem eter ( in th ickness) of
the channel sediments ren ans and the exposure is nomore than 20m across Fossils are m xed
w ith wel sorted caibonate nodules carried by the channe] and sme fossils show signs of water
born wears that round off the corners and sharp edges No fossilwas found in the underlying red
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beds so far and wo depositbnal scenarios must be considered The fist is that M0708, abng
with the underlying red beds belongs to a Paleogene deposits The second assum es that the red
beds at he M 0707 locality (where a single ochotonid dheek tooth was recovered), abngw ith
the underly ng red beds at M 0708, are part of the Baogeda U la Fom ation n the late M iocene
In the latter case Paleogene fossils fran M 0708 must be regarded as re-woiked frum nearby
sites and re-deposited at current locaton ( so far we have not seen evilence of Paleogene taxa
m xed with Neogene foms). The wateewom teeth favor the latter scenaric W hether or not
such a scenario is correct the tantalizing Paleogene materials call for a more extensve nvest
gation

3 Systematic paleonto logy

Perissodactyla Owen 1848
Tapiroidea Gray 1825
Lophhletidae M atthew & G ranger 1925

Breviodon minutus M atthew & Grange; 1925
(Fig 24)

Material VPPV 16912 arightml orm2

Description The tooth is rectangularw ith a length Av idth ratio of 8 94 mm /3 43 mm.
The trigond is hgher but shorter than the tabnid The proiolophid and hypoloph i are well de-
veloped and parallel to each other with the former being hgher The paralophd is short ben-
ding antewlngually onto the Inguatlabially elongated paraconid The metalophd tem nates
about 2/3 of theway up fran the base of the potobphid and about 1/3 of the way along the
proiobph i in occlusal view. The protoconid and hypoconid are obtuse and broad whereas the
metacond and the entocon il are shamp at the tips Cngulids can be observed on all sdes except
the lingualone The anterbr cnguld & deve bped and streiches abng the transverse axis The
posterbr one & short but reaches as a lobe at he base of he hypolophid The labalone is fant
and lies at the base between the trgoni and talonid

Rhinocerotoidea Gray, 1821
Rhinocerotidae G ray, 1821

Rhinocerotidae gen et sp indet
(Fig 2B)

Material VPPV 16913 a left bwermolar

Description The tooth is brachyodont It is 14 42 mm bng and 9 16 mm wie The
trgon i is shallw and U-shaped The paralophid is very low, butlong with he paraconid b-
cated very lingually The protolophid is parallel to the longiud nal axis of the tooth and inter
sects wih te paralophd at a right angle The metalophid extends slghtly postewlngually
mak ng the protobphidm etalophid angle broader The talond is deep and I-shaped It is
rounded at the hypoloph -entobphid uncton and the ento bphid is slightly arched. The hypo-
lophid tem inates about half theway up fran the base of hemetalophd and about 1/4 thew ay
along the transverse axis of the tooth i occhisal view. V iewed lingually both m etaconi and
entocon il present an anterior ridlgew ith that of he latier be ng sharper Among all cuspids the
metaconi is the highest the potoconid and the entoconi are of the same height the hypo-
conid is bwer and the paraconid very weak and low. W eak cngulids can be observed on the
anteror and labal sides but no cinguld is present on the lngual side Posterior cnguld is
very strong fom ng a small triangular bbe at the base of he entolophid
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BrontotherbideaM arsh, 1873
Brontotheriidae M arsh 1873

Brontotheriidae gen et sp indet
(Fig 20)

Material VPPV 16914 a left P3/4

Description The ectobph is bwken, and onl the lingual buke of the paracone and
metacone are preserved The length fran the m dpont of the ectoloph to the lngual sile is
14 30 mm, and lingualw ith is 16 27mm The bulging paracone andm etacong togetherw ith
the right angle formed by heir raman ng lingual anterior and posterior surfaces respectively -
drate aW-shaped ectobph The protocone is large sharp at the tp, and bcated slghtly ante-
ror to the midlne of the Ingual cngulum The prepotocrsta stretches labially fran the prote-
cone and ends at the base of the lngual bulge of the paracone The postprotocrista & aln ost
perpend cular to and as bng as the prepoiocrista It descends posterprly to the snall and low
hypocong which iswom down at the tp The cngula are welldeveloped on the anterpr and
posterpr sides but absent at the base of the potocone tus they do not pin to fom a continu-
ous Ingual cngulum.

Discussion This tooth is quite doubtable n its position Iis seem ngly deve bped W-
shaped ectoloph strongly ndicates amohr Neverhekss it is so different fran amolar or pos-
teriorm ik premolar in its non-isolated protocone and hypocone which shoull be isolated fram
each other and fran the ectobph thuswe cautobusly assume it as a pramolar And due to its
squared outling aP3 or P4 ismore lkely

Among all the described 20 genera and 37 species of brontotheres n Ching this tooth is
much snaller thanmost of them, and is only lager than a fav species such as he snallest
bronto here N anotiianops shanghuangensis (Q1i and Beard 199 1998 M ihlbachler 2008)
and Brontotheridae gen et sp. ndet (Xu and Chiw 1962). H owvever neither of them pos-
sesses a deve bped W—shaped ectoloph No detailed can parisons can be obtaned w ithN.  shang—
huang ensis due to the uncertanties n the specific position of the teeth especially thatno P3 or
P4 can be affimed according to M hbachler (2008). Besides IVPP V 16914 differs fran
NPPV 2652 (Xu and Chu, 1962) in the absence of a weak m etaloph the presence of the
preprotocrista and the relatively stronger postprotocrista In sizg it is canparable only toM
aotianmongoliensis ( Granger and Gregory, 1943) and Pygmaeiition panxianensis (M nq
1982). Butunlike both, ithas a snall hypocong may have a W—shaped ectoloph and its pre-
protocrista is bnger and stronger Campared to all descrbed bwontotheres this tooth is unusual
in its canb nation of a relativelyw e ldeveloped preprotocrista and postprotocristg  the presence
of small hypocong and sm all size However M hbachler (2008) has pointed out that the Iin-
gual features 0ofP2— 4 have a h gh degree of ntraspecific variability and even exh bit notable b+

Fig 2 Occlisalviev of perissodactyl teeth fran MO708 bssil b cality
A. Breviodon minuius ( NPPV 16912); B Rhinocerotidae gen etsp ndet ( NPPV 16913);
C Bontotheriddae gen et p ndet ( VPPV 16914)
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lateral asymm etry n the presence and distnctiveness of he hypocone n sane species Thus it
casls a shadow on our efforts to place it into known genus W e only assin it to a brontothere
w ithout any specific designation to any known genus or species

Perissodactyla gen et sp indet
(Fig 3)

Material VPP V 16915 a right astragalis M easurements see Table 1

Table1l M easuranents of the astragalus (VPP V 16915) ( nmm or degrees)

M easuran ents

maxmum height of the body 23 15
maxmum w dth of the body 22 82
medil length of the trochlea 19 68
hteral length o f the trochlea 17 58
maxmum w dth of the trochlea 18 62
maxmum depth of he trochlka 14 57
dstal facet (w dthX length) 15 90x?
nclnation angle of he trochlea 125°
torsion ang ke of astragalus 16°

nav cubr facet (w dthx length) ?

cuboid facet (wdthX length) ?
proxmal cakaneal articulation facet ( heishtx w idt) 8 59% 10 61
sustentacu hr facet (heightx widih) 7. 16x?

Description The astragalis is alnost canplete except beng partly broken at the distal
end and he posterior surface It is 22 82mm w ide and 23 15mm high The trochlea is almost
as long asw ide and bears a boad and deep median groove It is nclined fran the neck w ith an
angle of about 125° The crests are paralkl to each other and of the sane height The medil
one ismore acute and longerw ith a protuberance at the proxinal end for them edialmalleolus of
the tba At the distal end it attenuates and stretches alnost onto the navicu lar facet On the
posteror surface the proxin al calcaneal artiulation facet is deeply concave with its wo faces
alnost perpendicu lar to each other The sustentacular facet is broken at its distal end Howew
er pdgng fran the preserved par
its shape is likely to be broadly oval
These wo facets are separated by a
deep and wunded pitwhich has an e
longated groove extending distal-later
aly fran it The distal end of he as-
tragalus is roughly rectangular being
wiler than long The navicular facet
is relatively smooth and is slightly
concave medio laterally and convex amr
teroposteriorl. The cubod facet pre
serves only the narrow strp at the lat
eral border of the distal end of the as-
tragalus On the medial side, a deep

rounded pit exists at the position

where the trochlea connects the neck Fig 3 Right astragalis ( NPPV 16915)
Al-5 anterbr posterior media]l hteral and distal views
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Discussion This astragalismust belong to a perissodactyl howvever we are unable to as-
sign it to any known genus or species and are uncertan about its fam ily position

Perissodactyla gen et sp indet
(Fig 4 B)

Material VPPV 16916 phalanx ] VPP V 16917 phalanx Il of a lateral digit M ea-
surements see Table 2

Tabk 2 M easuran ents of the Ph I (IVPP V 16916) and Ph II ( IVPP V 16917) (mm)

M easuram ents Ph1 Ph 1
maxmum length 34 52 ?
maxinum breadth of the proxinal end 21 56 ?
depth of the proxmal end 18 45 ?
depth of the distal end ? 10 @2
maxmum breadt of he distal end 18 82 14 6
anterorw dth of the disal articubtion ficet ? 9 13
posterorw dth of he dstal articulation facet 17 09 13 5%
mnmun breadh of the shaft 18 17 ?

Description The Ph I is asymmetrical and cobmnarshaped ndrcatng a lateral digit Tis
proxinal surface is much broader than the distal one The proxmal facet is dam e-shaped and m od-
erately concavg and it ismore concave cbse to the palnar border where a broad notch separates the
wo proxinal praniences The distal facet has littk danage on the mesnl side Tt is saddle-
shaped beng slghtly concave medp laterally and has two weak lateral keels It faces downward
posterbrly and has a distnct “ pseudo-articular facet” extending onto the dorsal sile The mesial
side of the distal facet & thinmer han the lateral side Viewed fran he palnar facel the proxinal
prm nence on themeshlside & lawger than the one on the lateral side V ewed fran themeshl and
lateral sides the shaft tapers gradually fuum the prooximal to the distal end But the palnar facet is
more airved viewed fium themesal side On the distal end there is an obv bus tubercle but no ob-
vous depression on the mesnlsile whereas it is the opposite on the lateral side

Fig4 Ph I(NPPV 16916) and Ph II ( NPPV 16917) of hteral digit
Row 1 (Al- 6), Ph I dorsal] ventral] mesial latera] proximal and distal views
Row 2 (B1- 6), Ph Il dorsal ventral meshl] lateral proxmal and dstalvievs
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The Ph IT has lost its pooxinal facet It is stubby and much shorter and sn aller than the
Ph I On thedistal facet them edian concavity is deeper and the two lateral keels are more dis-
tinct campared to that of the Ph I The posteror border of the d stal facet nearly extends to the
transversem idline of the paln ar facet There is relatively deeper depressbn on both themesnl
and lateral sides of the distal end

4 Remarks about age

The meager fossil materials and very linited distrbutbn of fossiliferous exposures do not
pem it a detailed assessment of the age relatbnships of the nev beality If he red mudstones
and siltstones below the NPP M 0708 are tm ly part of the BaogedaU la Fom ation  as suggested
by an ochotonid cheek tooth about L 3 km north of M0O708 as well as other extensve exposures
ofN eogene strata neaiby the fossitproducing cross-bedded channel sands that ait through the
red beds are either part of he Baogeda Ula Fomaton in the lateM beene or even younger ( if
the channel sands represent amore recent cutting and fillng event after the depositbn and par
tial erosbn of the BaogedaU la Fomatbn).

As for the fossilmanmals dentalmaterials of both the bwontothere and B reviodon undoub-
ted ly represent a Paleogene assanblage Bontotheres are restricted to only late Eocene in China
and Breviddon is further restricted to hem iddle Eocene ofAsia If the above prelin inary assess-
ments are correct ournew fossilmanmalm aterials represent an Eocene assenblage that has been
reworked into the N eogene strata As far aswe are avarg such an associatbn has never been
demonstrated elsewhere n NeiMongol alhough ourworks n theM iocene strata in he Aoerban
area have shown a revorked N eogene faunal assemb hge w ith n a Neogene sequence (W ang et al
2009). Regardless of the stratiraphic relationship further field works may reveal the existence
of Paleogene strata n areas that previously only yielded Neogene fossils
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