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摘要:报道了发现于宝格达乌拉地区的少量古近纪化石材料 (包括零碎的牙齿和头后骨骼 )。

材料产自不整合覆盖在细粒红层之上的河相沉积物, 显示出再沉积特点。经鉴定,它们可归

入 Breviodon m inu tus, Rh inocero tidae gen. et sp. indet., Brontother iidae gen. et sp. indet.及其他

未定奇蹄类。材料在时代上确属古近纪无疑,但产出层位的时代尚有疑问。宝格达乌拉地区

过去只出产新近纪脊椎动物化石, 古近纪的地层和化石都未曾报道。根据新化石点与附近地

层的接触关系,我们怀疑这些古近纪化石是后期再沉积在新近纪的宝格达乌拉组中的。新材

料的发现提示该地区可能还有更多的古近纪地层。
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Abstract W e report a sm all Paleogene foss il assem blage in a predom inantly Neogene basin in the
BaogedaU la area. A sm all pocket o f fluv ia l sedmi ents rests unconform ab ly above fine-grained red beds.

Fragm enta ry denta l and postcran ia l m ater ia ls are recovered from the fluv ial beds. M any of the fossils
show signs of hav ing been reworked. The lmi ited co llection conta insB reviodon m inutu s, Rhinocerotidae

gen. et sp. inde.t, B rontotheriidae gen. et sp. inde.t, and o thers. This assemb lage has a Paleogene
character istic, but the age o f the fossi-l produc ing sedmi ents is uncertain. A lthough the possib ility ex ists

that th is is an una ltered Pa leogene depos i,t w e suspect the Paleogene fossils were rew orked into theN eo-
gene Baogeda U la Form ation.

Keyw ords Baogeda U la, Ne iM ongo ;l Paleogene, Neogene; Perissodacty la, Lophialetidae, Rh ino-

cerotidae, B rontotheriidae; astraga lus; phalanx
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1 Introduction

S ince the early d iscoveries of vertebrate fossil localit ies in centra lNe iM ongo l ( InnerM on-
golia), in itiated by early explorers such as the Sw ed ish explorer J. G. Andersson ( 1923), the
Am ericanM useum o f N atural H istory Centra l Asiatic Expeditions in the 1920 - 1930s ( An-
drew s, 1932) , and the French Jesuit PÓre Teilhard de Chard in ( 1926) , Pa leogene mamm als
w ere mostly found w est o f them ain caravan tra il from Zhang jiakou ( K algan) to E renhot ( Erlian
or E ren Dabasu) in what is now known as the E rlian Basin ( Russell and Zha,i 1987) . Th is is
in contrast to N eogene fossil sites primarily east of the tra i,l although w estern localities are also
known ( e. g., Amuwusu, Sha la, and Dam iao) ( F ig. 1C) . A s a resul,t attent ions by Pa leogene
vertebrate paleonto log ists w ere ma in ly directed to areas w est of the presen-t day Zhang jiakou -
E renhot highw ay.

In 2007, one o f us ( XW ) chanced upon a Paleogene site near B aogeda U la, an area
known for rich N eogenem ammals. Fossilmamma ls of undoubted Paleogene age are found in a
small remnant o f an exposure unconformab ly on top o f a presum edN eogene red bed. Fragmen-
tary iso la ted teeth, often show ing signs o f being rew orked, w ere co llected from light grey chan-
nel sandstones and grave ls. A subsequent v isit in 2008 y ielded addit iona lm aterials. Such an
unexpected d iscovery h ints at a som ewhat different pattern of C enozoic depositiona l h istor ies
than w as commonly conceived. The fo llow ing is a brief repo rt to place on record th is un ique f ind
and to call attention to potential presence o fmore ex tensive Pa leogene deposits in th is area.

Abbrev iations: IM, InnerM ongo lia localit ies; IVPP, Institute o f Vertebrate Pa leonto logy
and Paleoanthropology.

Term ino logy of Tap iroidea tooth fo llow s R adinsky ( 1965) w hile that ofRh inocerotidae fo-l
low s Q iu andW ang ( 2007) and that o f Bronto theriidae fo llow sM ih lbachler ( 2008) . M easure-
ments of astragalus follow Q iu andW ang ( 2007), and those of phalanges fo llow von den Dr-i
esch ( 1976) .

2 Geo log ic setting

The new fossil site, IVPP IM 0708 locality (N44b15c58. 2d, E114b31c39. 2d), is 20. 6 km
northw est of the v illage ( Sumu) of B aogeda U la ( F ig. 1C, D ) . A prom inent table land to the
east of B aogedaU la Sumu is the type section o f the BaogedaU la Form ation. S ince the init ial re-
port of aH ipparion fauna by the Bureau o fGeology andM ineralResources o fN e iM ongo lAuto-
nomous Reg ion ( 1991), lateM iocenemamma ls from the BaogedaU la ( = Baogedawula) For-

mation has been the focus of con tinuous invest igation by m embers of our field team ( Q iu and
W ang, 1999; W ang et a.l, 2003; Q iu et a.l, 2006) . The BaogedaU la Formation is capped by
one ormo re layers o f basa l,t w ith da tes rang ing from m iddleM iocene to P leistocene ( Luo and
Chen, 1990) . Such an associat ion o f the capp ing basa lts and the underly ing BaogedaU la sed-i
ments is easily traced a long the southern and w estern marg ins o f the sheet basa lts, wh ich form
resistant benches that he lp to mark the southern and w estern extent of the B aogeda U la Form a-
tion.

Sediments in the Baogeda U la Form ation range from redmudstones to light grey siltstones
and sandstones. Late M iocene fossil localit ies are mostly found along the w estern escarpment
east and northeast of the B aogeda U la Sumu ( Fig. 1C ) . The northern-most fossil site so far
known is IM 0707 ( N44b16c39. 0d, E114b31c52. 0d) , w here a sing le ochotonid cheek tooth w as
recovered, wh ich is 1. 3 km north of IM 0708. Here the sedimen ts are mostly red mudstones,
and the color is in a darker red than those to the south.

IVPP IM 0708 loca lity is a small patch of ligh-t grey, cross-bedded sandstones and grave l
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F ig. 1 Geology and location o f IVPP IM 0708
A. photograph o f IM0708 fossil loca lity ( looking tow ard the east); B. stratigraph ic re lationsh ips betw een fossi-l

producing cross-bedded sandstones and underly ing red beds; C. d istr ibution of BaogedaU la Form ation, as indica-
ted by the capp ing basa lt ( shaded area) and location o f IM 0708; D. m ap o f centra lNe iM ongo l show ing som em a-

jor vertebrate fossil localities ( so lid c ircles) to the east o f the Zhang jiakou- E renhot h ighw ay
( fo rm erlyK algan- E ren Dabasu caravan trail)

beds cutting into the underly ing red beds ( F ig. 1A, B) . Less than onem eter ( in th ickness) o f
the channel sediments rem ains and the exposure is nomore than 20m across. Fossils are m ixed

w ith w el-l sorted carbonate nodu les carried by the channe,l and some fossils show signs ofw ater-
born w ears that round o ff the corners and sharp edges. No fossilw as found in the underly ing red
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beds so far and tw o deposit iona l scenarios must be considered. The f irst is that IM 0708, a long
w ith the underly ing red beds, belongs to a Paleogene deposits. The second assum es that the red
beds at the IM 0707 loca lity ( where a sing le ocho ton id cheek too th w as recovered), a long w ith
the underly ing red beds at IM 0708, are part of the BaogedaU la Form ation in the lateM iocene.
In the latter case Pa leogene fossils from IM 0708 must be regarded as re-w orked from nearby
sites and re-deposited at current loca tion ( so far w e have no t seen ev idence o f Paleogene taxa
m ixed w ith Neogene forms). The w ater-w orn teeth favor the latter scenario. Whether or not
such a scenario is co rrec,t the tantalizing Paleogene materia ls call for a more ex tensive invest-i
gation.

3 Systematic paleonto logy

Perissodactyla Owen, 1848
 Tapiroidea Gray, 1825
  Lophia letidaeM atthew & G ranger, 1925
   Brev iodon m inutusMatthew & Granger, 1925

( F ig. 2A)

  Mater ial IVPP V 16912, a right m1 o rm2.
Description The tooth is rectangu larw ith a length /w idth ratio of 8. 94 mm /5. 43 mm.

The trigon id is h igher but shorter than the ta lonid. The pro toloph id and hypo loph id are w ell de-
veloped and para llel to each other w ith the former being h igher. The paraloph id is shor,t ben-
d ing antero lingually on to the lingua-l lab ially elongated paraconid. The metaloph id term inates
about 2 /3 o f thew ay up from the base o f the pro to lophid, and about 1 /3 of the w ay along the
proto loph id in occlusa l v iew. The protoconid and hypoconid are obtuse and broad, whereas the
metacon id and the entocon id are sharp at the tips. C ingulids can be observed on all sides except
the lingua l one. The anterior c ingulid is deve loped and stretches a long the transverse ax is. The

posterio r one is short but reaches as a lobe a t the base o f the hypo loph id. The lab ia l one is fa int
and lies at the base betw een the trigon id and talon id.

Rhinocerotoidea Gray, 1821
 Rhinocerotidae G ray, 1821
  Rhinocerotidae gen. et sp. indet.

( F ig. 2B )

  Mater ial IVPP V 16913, a left low ermo lar.
Description The too th is brachyodon.t It is 14. 42 mm long and 9. 16 mm w ide. The

trigon id is sha llow and U-shaped. The paraloph id is very low, but long, w ith the paraconid lo-
cated very lingua lly. The pro tolophid is parallel to the long itud inal ax is of the too th and inter-
sects w ith the paraloph id at a right ang le. The me taloph id ex tends sligh tly postero lingually,
mak ing the proto lophid-m etalophid ang le broader. The talon id is deep and L-shaped. It is
rounded at the hypo loph id-ento lophid junct ion and the ento lophid is slightly arched. The hypo-
lophid term inates about ha lf thew ay up from the base o f themetaloph id, and about 1 /4 thew ay
a long the transverse ax is of the tooth in occ lusal v iew. V iew ed lingually, both m etacon id and
entocon id present an anterior ridgew ith that of the latter be ing sharper. Among a ll cusp ids, the
metacon id is the h ighes,t the pro tocon id and the entocon id are of the same he igh,t the hypo-
con id is low er, and the paraconid very w eak and low. W eak cingu lids can be observed on the
anterio r and lab ia l sides, but no cingulid is present on the lingua l side. Posterior cingu lid is
very strong, form ing a small triangular lobe at the base of the entolophid.
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Brontother io ideaM arsh, 1873

 BrontotheriidaeM arsh, 1873
  Brontother iidae gen. et sp. indet.

( F ig. 2C )

  Mater ial IVPP V 16914, a left P3 /4.
Description The ecto loph is broken, and on ly the lingua l bu lge of the paracone and

metacone are preserved. The leng th from the m idpo int of the ectoloph to the lingua l side is
14. 30 mm, and lingualw idth is 16. 27mm. The bulg ing paracone andm etacone, togetherw ith

the right angle formed by the ir rema in ing lingua l anterior and posterior surfaces respectively, in-
d icate aW-shaped ecto loph. The protocone is large, sharp a t the tip, and located slightly ante-
rior to the m idline of the lingua l c ingulum. The prepro tocr ista stretches labia lly from the proto-
cone and ends at the base of the lingua l bulge of the paracone. The postprotocrista is almost
perpend icu lar to and as long as the prepro tocr ista. It descends posterio rly to the sma ll and low
hypocone, w hich is w orn down at the t ip. The cingu la are w e l-l developed on the anterio r and
posterio r sides, but absent at the base o f the pro tocone; thus they do not jo in to form a continu-
ous lingua l cingulum.

D iscussion This too th is quite doubtable in its position. Its seem ing ly deve loped W-
shaped ecto loph strong ly ind icates amo lar. Neverthe less, it is so different from amolar or pos-
teriorm ilk premo lar in its non- iso lated protocone and hypocone which shou ld be isolated from
each other and from the ecto loph, thus w e caut iously assume it as a premo lar. And due to its
squared out line, a P3 or P4 is more like ly.

F ig. 2 Occlusa l v iew of perissodacty l teeth from IM0708 fossil loca lity

A. B reviodonm inutus ( IVPP V 16912); B. Rh inocerotidae gen. et sp. inde.t ( IVPP V 16913);
C. B rontotheriidae gen. et sp. inde.t ( IVPP V 16914)

Among all the described 20 genera and 37 species of bronto theres in China, th is tooth is
much smaller thanmost o f them, and is on ly larger than a few species, such as the sma llest
bronto thereN anotitanop s shanghuangensis ( Q i and Beard, 1996, 1998; M ihlbachler, 2008)
and B rontotheriidae gen. et sp. inde.t ( Xu and Chiu, 1962). H ow ever, neither of them pos-
sesses a deve lopedW-shaped ectoloph. No detailed comparisons can be obta ined w ithN. shang-
huang ensis due to the uncerta inties in the specific position of the teeth, espec ially that no P3 or
P4 can be affirmed according to M ih lbachler ( 2008 ). Besides, IVPP V 16914 differs from
IVPP V 2652 ( Xu and Ch iu, 1962) in the absence of a w eak m etaloph, the presence o f the
preprotocrista, and the re latively stronger postprotocrista. In size, it is comparable on ly toM i-
crotitanmongoliensis ( G ranger and Gregory, 1943) and Pygmaetitan panx ianensis ( M iao,
1982) . But un like bo th, it has a small hypocone, may have aW-shaped ectoloph, and its pre-
protocrista is longer and stronger. Compared to all described brontotheres, th is too th is unusua l
in its comb ination of a relativelyw e l-l developed prepro tocrista and postprotocrista, the presence
o f small hypocone, and sm all size. How ever, M ih lbachler ( 2008) has pointed out tha t the lin-
gua l features o fP2- 4 have a h igh degree o f in traspecif ic variability and even exh ibit no table b-i
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lateral asymm etry in the presence and d istinctiveness of the hypocone in some spec ies. Thus, it
casts a shadow on our efforts to p lace it into known genus. W e only assign it to a bronto there
w ithout any specif ic designation to any known genus or spec ies.

Perissodactyla gen. et sp. indet.
( F ig. 3 )

  Mater ial IVPP V 16915, a right astraga lus. M easurements see Table 1.

        Table 1 M easurem ents of the astragalus ( IVPP V 16915)  ( in mm or degrees)

M easu rem en ts

m aximum height of the body 23. 15

m aximum w idth of the body 22. 82

m ed ial length of the troch lea 19. 68

lateral length o f the troch lea 17. 58

m aximum w idth of the trochlea 18. 62

m aximum dep th of the troch lea 14. 57

d istal facet (w id th@ length) 15. 90@?

inclinat ion ang le of the troch lea 125b

tors ion ang le of astragalus 16b

nav icu lar facet ( w idth@ length) ?

cuboid facet (w id th@ length) ?

proxim al calcaneal articu lat ion facet ( heigh t@ w idth ) 8. 59@ 10. 61

susten tacu lar facet ( heigh t@ w idth ) 7. 16@?

F ig. 3 R ight astraga lus ( IVPP V 16915)
A1- 5: anter io r, posterior, m ed ia,l la teral and d ista l v iew s

Description The astragalus is almost comp lete except be ing partly broken at the d ista l
end and the posterior surface. It is 22. 82mm w ide and 23. 15mm high. The trochlea is almost
as long asw ide and bears a broad and deepmedian groove. It is inclined from the neck w ith an
ang le of about 125b. The crests are para lle l to each other and of the same heigh.t The med ia l
one ismo re acute and longerw ith a protuberance at the prox imal end for them edia lma lleolus o f
the t ib ia. A t the d ista l end, it attenuates and stretches a lmost onto the navicu lar face.t On the
posterio r surface, the prox im al ca lcanea l art icu lation facet is deeply concave w ith its two faces
a lmost perpendicu lar to each other. The sustentacular facet is broken at its distal end. How ev-
er, judg ing from the preserved par,t
its shape is like ly to be broadly ova.l
These tw o facets are separated by a
deep and rounded pitwh ich has an e-
longa ted groove extending dista-l later-
a lly from i.t The d ista l end o f the as-
tragalus is roughly rectangular, being
w ider than long. The nav icular face t
is re lative ly smooth, and is slightly
concave medio laterally and convex an-
teroposteriorly. The cubo id facet pre-
serves on ly the narrow strip at the la-t
era l bo rder o f the d ista l end o f the as-
tragalus. On the medial side, a deep

rounded p it ex ists at the position
where the troch lea connects the neck.
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  Discussion Th is astraga lusmust belong to a perissodacty,l how ever, w e are unable to as-
sign it to any known genus or species, and are uncerta in about its fam ily position.

Perissodactyla gen. et sp. indet.
( Fig. 4A, B )

  Material IVPP V 16916, phalanx I; IVPP V 16917, pha lanx II of a latera l dig i.t M ea-
surements see Table 2.

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

M easu rem en ts Ph I Ph II

m aximum length 34. 52 ?

m aximum bread th of the p rox im al end 21. 56 ?

dep th of the p rox ima l end 18. 45 ?

dep th of the d istal end ? 10. 02

m aximum bread th of the distal end 18. 82 14. 06

an terior w idth of the d ista l art icu lat ion facet ? 9. 13

pos terior w idth of the d is tal art icu lat ion facet 17. 09 13. 56

m in im um breadth of the shaft 18. 17 ?

Description The Ph I is asymmetrical and columnar-shaped, ind icating a lateral digi.t Its
proxmi al surface is much broader than the dista l one. The proxmi al facet is dome-shaped andmod-
erately concave, and it ismore concave close to the pa lmar borderwhere a broad notch separates the
two proxmi al prom inences. The dista l facet has little damage on the mesia l side. It is saddle-
shaped, being slightly concave medio laterally and has two w eak latera l kee ls. It faces downward
posteriorly and has a distinct / pseudo-articular facet0 ex tending onto the dorsal side. The mesial
side of the dista l facet is thinner than the lateral side. V iewed from the palmar face,t the proxmi al
prom inence on themesia l side is larger than the one on the latera l side. V iew ed from themesia l and
lateral sides, the shaft tapers gradually from the proxmi al to the distal end. But the palmar facet is
more curved viewed from themesial side. On the distal end, there is an obv ious tubercle but no ob-
v ious depression on the mesia l side, whereas it is the opposite on the lateral side.

F ig. 4 Ph I ( IVPP V 16916) and Ph II ( IVPP V 16917) o f la teral dig it
Row 1 ( A1- 6), Ph I: do rsa,l ventra,l m esia,l late ra,l proxmi al and dista l v iews;

Row 2 ( B1- 6), Ph II: dorsa,l ven tra,l m esia,l latera,l proxmi a l and d ista l v iew s



1期
W ang and L :i A new fo ssil s itew ith a re-w orked Pa leogene

assem blage at B aogeda U la, central Ne iM ongo l
121  

The Ph II has lost its prox imal face.t It is stubby, andmuch shorter and sm aller than the
Ph I. On the d ista l face,t them edian concav ity is deeper and the tw o lateral keels aremore dis-
tinct compared to that o f the Ph I. The posterior border of the d ista l facet nearly extends to the
transversem idline o f the palm ar face.t There is re lative ly deeper depression on both themesia l
and latera l sides o f the distal end.

4 Remarks about age

The meager fossil materia ls and very lim ited d istribut ion o f fossiliferous exposures do not
perm it a deta iled assessment of the age relat ionsh ips of the new locality. If the red mudstones
and siltstones below the IVPP IM 0708 are tru ly part o f the BaogedaU la Form ation, as suggested
by an ochoton id cheek tooth about 1. 3 km north o f IM 0708 as w ell as other ex tensive exposures
o fN eogene strata nearby, the fossi-l producing, cross-bedded channe l sands that cu t through the
red beds are e ither part of the B aogeda U la Forma tion in the lateM iocene or even younger ( if
the channel sands represent amore recent cutting and filling event after the deposit ion and par-
tial erosion of the B aogedaU la Format ion) .

As for the fossilmammals, denta lmaterials of both the brontothere andB reviodon undoub-

ted ly represent a Paleogene assemblage. B rontotheres are restricted to on ly late Eocene in China
andBreviodon is further restricted to them iddle Eocene o fAsia. If the above prelim inary assess-
ments are co rrec,t our new fossilmamma lmaterials represent an Eocene assemblage that has been
reworked into the N eogene strata. As far as w e are aware, such an assoc iation has never been
demonstrated elsewhere in NeiM ongo,l although ourworks in theM iocene strata in the Aoerban
area have shown a reworkedN eogene fauna l assemb lagew ith in aNeogene sequence (W ang et a.l,
2009). Regardless of the strat igraph ic relationship, further field works may reveal the ex istence
o f Paleogene strata in areas that prev iously on ly y ielded Neogene fossils.
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