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Abgract Nemy d scovered fosdl taxa and prdiminary revison o the old collection from the Bahe and
Lantian formations dlow a re-interpretation o the mammdian faund sequence o the Chinese Late Miocene.
The digribution of fossl taxa in the drata shows a mgor turrover evert within the late Miocene, a atime
dightly preceding the ssdmentologca change represented by the boundary between the Bahe and Lartian
Formations (ca. 7Ma) . The mammal fauna pogtdating the change shows a grong resemblance to the dasdc
Baodean mammd faunas o North China. Based on this turmover evert a resurrection of the Bahean Land
Mammd Age, predating the Baodean LMA within the late Miocene, woud be posible. The Baheari
Baodean turrover evert was ecologcd aswell as taxoromic and suggeds sgnificant dimetic change a this
time, posshly driven by onst or intendficaion of the Eag Asan summer nongon circuation sysem.
Key words China, Late Miocene, Faund sequence, Turrover, Land Mammd Age, Environmenta

change

1 Introduction

The late Miocene sediments in the Lantian area, Shaanxi Province, China have produced a
subgtantial oollection of mammalianfosdls (Liuet d. 1960, 1978; Zhanget d. , 1978) . In 1984,
Li e d. erected a Land Mamma Age (LMA) , the Bahean, represented by fossls from the Bahe
Formation (mainly from its upper part) , and suggested a preliminary correlation with the European
Valedan gage. This interpretation was maintained in the widely cited summary by Qiu (1990) .
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Son dtewards, Qiu and Qiu (1990, 1995) combined the Bahean with the Baodean (s.s.) into a
more inclusve Baodean (s.1.). This extended concept of the Baodean thus represented the entire
Late Miocene of China, reflecting the belidf that the fosd! evidence for afiner subdividon was insuf-
ficient.

The" Baode Red (ay” has never been geologicdly and biodratigraphically resudied dter
Zdansky’ swork in 1924. Recent paleomagnetic work on the® Fugu Red Qay” and other sections
from the loess plateau , from which the typical Baode Hipparion fauna disoovered , reveal s that depo-
dtion of the Red day nog probably begun at about 8 Ma (Xue et d. , 1995; Qun et d. , 1998;
Dinget d. , 1998; Qiang et d. , 2001) . Therefore, the Baodean Land Mamma Age is evidently
regricted to the later part of the late Miocene in its type area. Thisfinding reopens the quedion of
biochrorological subdividons of the Chinese late Miocene.

Liu et d. (1978) recognized three phases of faund and environmental development in the late
Miocene of the Lantian sequence. According to them , the fird phase was characterized by a closed
forested hahitat , the second phase was nore open, and the lag phase was again nore closed. This
interpretation differs subgantially from the conventional view of late Miocene habitat change asa do-
bal trend towards increasngy open , arid , and seaond environments (e. g. , Janis, 1993) . Inview
o the subsequent development in paaeoclimetologica underganding it now seemstimely to reconsct
er the environmenta inplications of the mammal faunasfrom Lantian , which represent a unique geo
grgphic and tempord datum within the late Miocene of Eagern Ada.

Snce 1997, our group has carried out five field seasns in the Lantian area. Totaly 52 new
fosdl localities (among them 26 with mammal meteridg) were found and 1666 large mammal goeci-
mens disoovered by excavation and progecting. Prdiminary analydsdf smal mamma sfrom the Ba
he Formetion suggeds that the Bahe Formetion predates the type Baodean , being roughly correlative
with the European MN 10 11 zonation (Qiu et d. , to be published”) .

Here we present briefly the new results, with comments mainly on large mammal fossls and
analys s on fauna changes along the section. Our new fosd| localities are calibrated into a synthetic
profile , with the main old locdities of the 1960' s included.

2 Goologc stting and fosdl locdities

The Lantian region is located north of the Qinling Mountains, in the utheasern part of Weihe
QGaben. Welhe Gaben was formed in the early Tertiary and the deposts in the graben represent
sediments that were laid down snce the Eocene (Zhang et d. , 1978) .

The sections gudied in the present field project are exposed along the eroded cliffsof the Bahe
River vdley (Fig.1).

The individual sections were logged in detail and correlated into a Snge, conposite log cover-
ing the whole sequence. The locditiesdf the section and their vertical facies changes are summarized
in Hg. 2.

The Bahe Formetion is a ca. 300m thick fluvia sequence. The fluvia drata accumulated
through time by channel cutting, filling and sgnificant vertical floodplain aggradation. The lower
part of the Bahe Formetion comprises thick and prevaent congomerates that adternate with cross
dratified and massve sand and mudgone units. These dements represent channd fills, longitudinal
and transverse bars and levee sands. The mudgone facies represents floodplain depogts that include
several noderately developed paleosol horizons. In the upper part of the formation the thickness of
individua sandgone bodies decreases and the channd-related facies becomes laterdly redricted.
The sand units in this upper part represent mainly crevasse channds and lays. In generd , the
mudgone deposits dominate over the sandgone and gravel facies throughout the sequence. These

1) QuzZD, ZhengSH, $n S, Zhang Z Q. Lae Miocene micromammd sfrom the Bahe Formetion , Lantian, China. Deinsea
(Annua o the Natura Higtory Museum Rotterdam) , to be published.
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overbank sediments are laterdly extensve and their thickness ranges up to 20m.

The Lantian Formetion overlying the Bahe Formetion is ca. 50m thick in the gudy area. It
oondgs mainly of red brown mudstone and abundant carbonate-rich horizons that range in thickness
from a decimeter up to two meters. Individua scattered carbonate nodules are ad  present through
out the formation. The boundary between the Red Cay and the underlying fluvia sediments is dften
gradetiona , with sandy lenses and horizons Hill present in the lower part of the Red Qay. Liu &
a. (1960) and Zhang et d. (1978) included the trandtiond zone in their concept of the Lantian
Formetion, and we continue this formal usage here, but enphadze the gradationd neture of the
change in lithology. The origin of the Red Qay is ill controversd (e.g. Qo et d. 2001) , but
sverd qudies (e.g. Liuet d. ,1988; Dinget a. ,1998; Qunet d. , 1998; Lu & d. , 2001)
have suggesed that it is aeolian inorign.

The sequence gudied contains vertebrate fossls but is not uniformly fosdliferous. Thefossl as
semblages are greetly regtricted both horizontally and verticaly. The vertebrate remains are primarily
found in paeosol horizons formed in overbank mudstones (e. g. , Locs. 6 and 33) and crevasse
play sands (e.g. , Locs. 31 and 19) . Fosdl concentrations s occur in diga finesof aflood ba
dn (e.g. , Locs. 12, 34 and 35) but fosdl bones occur only occasonaly in large channe lags and
fills.

Locality 30 wasfound in a dunped block from pedogenically atered dltdone at the top of an
upward fining unit. However , the dmilar sediment successon was found from a higher leve of the
exposure and a tentative correlation of the durmped block into the sequence was possble.

Locality 42 is dtuated in the Lantian Formation, in the trandtional zone between fluvid and
aeolian deposgtion. Locdity 44 is stuated in a tectonicaly digplaced block but the sediments where
the fossls were found indicate that the locality can be placed into the lower Lantian Formétion. Lo
cality 49 wasfound in a smal gully between cultivated areas, where only a narrow grip of sctionis
exposed. Therdore , the corrdation of this exposure and locdity , beyond the fact that it is clearly in
the Bahe Fm, is uncertain and the tentative correlation of the locality 49 here is based on its fosdl
oontent.

3 Fosdl mammalsof the Bahe and Lantian formations

The mammal locdlities range from about 55m above the base of the section to Loc. 42 at about
280m above the base. The digribution is clunped , with nog localities concentrated near the 150
and 200m levels (Fig. 2) . The large fossl mammas known from the Bahe and Lantian formations
currently conprise taxa of the orders Carnivora, Artiodactyla, Perissodactyla, and Proboscidea (Tar
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ble1). Lantian FM

3.1 Large mammals =0 i mamm
Hyaenidae Three eciesdf hyaenidswere col- 53 - Loc 42, 44 7 Bahe EM

lected from Loc. 42: the comnon, doglike forms
Hyaenictitherium wongi , Ictitherium viverrinum , and
the large-9zed Adcrocuta eximia. All three are repre-
sented by well-preserved skulls and mandibles. The
presence of Adcrocuta indicates a maximum age of MN
10 for Loc. 42.

Percrocutidae  The very large Dinocrocuta
gigantea was oollected fromour Loc. 6. Thistaxon was
described by Liu et d. (1978) fromold locality 2 as
Crocuta macrodonta. This taxon has a9 been record
ed from Fugu (Zhang and Xue, 1996) , Hezheng (Qiu
et d. , 1988) and other locdlities.

The remaining carnivore meterid from Lantian is
nogly very incomplete and in need of detailed sudy.
A poderior part of a skull from Loc. 6 can be tenta
tivdly identified as a juvenile individud of o. Hya-
enictitherium hyaenoides , a large, doglike form. A
st of asociated bones of the arm and hand from Loc.
6 probably represents a mediunt szed fdid.

Suidae Only two suid oecies have been recov
ered from Lantian, both represented by a very sl
number of ecimens. One is the endemic Chinese
suine Chleuastochoerus stehlini , the other is a larger
suine referred by Liu et a. (1978) to a new Pecies
o Dicoryphochoerus. Fom the published figures and
measurements, the latter is attributable without ques
tion to the genus Microstonyx. The feciesleve tax-
omomy of Micrastonyx is currently too corfused to make
a ecies atribution meaningul. The Lantian form is
grallish, with noderately enlarged pogerior nolars. It
is much too srel to be attributed to the Suth Adan
genus Hippopotamodon ( = Dicoryphochoerus ™) .
Suids are known only from localities 42 and 44 , both
in the base of the Lantian Formetion.

Cervidae Cervavitus novoressiae iS comnon in
the locdlities of the Lantian Fm, and meterid refer
able to ? Procapredus is d o present. Fom the Bar
he Formation only Metacervulus 9. is known , repre-
sented by a few gecimens from Loc. 33. The denta
wear nmorphology (Fortdius and Slounias, 2000) of
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C. novorcssiae is very rounded, suggeding that the gecies included a dgnificant proportion of
abradve food (nog probably grass) inits diet. C. novorossiae isfound in eagern European Tur-
olian locdlities, and a related form in Kazakhgan (Tleuberdina, 1982) . Presumably many later
cervine deer derive from an ancesry near C. novorcssiae , but the paths of descent have yet to be

worked out.
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Table1l Fossl mammal taxa and their localities from Bahe and Lantian for mations

Taxa

Bahe Fm.

Lantian Fm.

L12 L19 L35 138 L1331 1L30 & L34 L33 L6

SL

L42 S3 L44 SI0

Viverridee gen. & 9. indet.
d. Meailurus 9.

Felidee gen. e 9. indet.
Hyaenictitherium wongi
Ictitherium viverrinum
Adcrocuta eximia
Dinocrocuta gi gantea
Hipparion 9.1

Hipparion chiai

Hipparion 9.2

Hipparion 9.3

Hipparion we hoense
Hipparion 9.4

Hipparion d. H. hippidiodus
Hipparion 9. 5

Hipparion 9.6
Chdicotheriidee gen. e 9. indet.
Stephanorhinus orientalis

d. Brachypotherium 9.

d. Chilotherium 9.
Chilotherium gracile
Chilotherium habereri
Chilatherium indet.
Acerorhinus palecsi nense
Acerorhinus indet.
Chleuastochoerus stehlini
Micrastonyx indet.
Metacervul us indet.
Cervavitus novorcssiae
Cervavitus indet.
Procapredl us | atifrons
Paledtragus o . P. decipiens
Pal aeotragus microdon
Scharsitherium of . S, tafdli
Gazdla 9. 1

Gazdla 9.2

Gazdla 9.3

Gazdlad. G. lydekkeri

Dorcadoryx triquetricornis

X
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Bahe Fm. Lantian Fm.
L12 L19 L35 L38 L13L31L30 6 LA LB L6 S SI R HA|L42 3 L4 S0

Taxa

d. Tragoreas . x
Shaanxispira chowi X

? Shaanxispira 9. rov. X - - X X
Protoryx . rov. x

Protoryx indet. X - X
Tetral ophodon exdetus X - - - x
Tapidee gen. et 9. indet x

Erinaceus 9. X
Sricidee gen. e . indet. 1 X X

Sricidae gen. et . indet. 2 x

? Pseudoaplodon 9. X
Eutamias 9. X - - X - - - - - x
Sciurctamias . X - X

Dipodidae gen. e 9. rov. X

Protol actaga major X X - - - - N N _ _ x
Paralactaga 9. X

Lophocricgtus . L. gansus X

Cricetidee gen. & 9. rov. X X - x - - - N N _ x
Myocriostodon . M. trerki X X - - - - - - - - x
Cricetidee gen. & 9. indet. X

Abudhabia . rnov. X X - - X - - - x
Progonomys . P. cathalai X X - X X - - - - - X
Praosiphneus licenti X

Typhlomys 9. x
Incertae familiae gen. et P.
indet.

Ochatona d. O. lagrdi X

L : new locdity; S: locdity of Liu et d. (1978)

Graffidae Only two forms are represented in the new collection. One is Palectragus micr-
odon , known only from the basal Lantian Formetion localities 42 and 44. The other form is only
known from the Bahe Formation , from Loc. 33 and possbly Loc. 6. It is here tentatively assgned to
Schansitherium tafeli based on the upper prenolars, which are relaively brachydont , rather than to
Samoatherium.

Bovidae A large bovid with long muzzle and square shaped upper nolars known from the low
eg horizon (Loc. 12) isthought to be close to Protoryx , which by measurements of the teeth, close
to those from Locs. 30 and 6.

The puzding GazdlafromLoc. 31 gopearsto be closeto G. lydekkeri from Pakigan (probably
the Dhok Pathan at ca. 8.0Ma (Hlgrim 1937 , figs. 35 39)). Chen (1997) regarded G. gaud-
ryi asthe nog primitive gezelle of the Chinese Neogene , with round and rdlatively small horn-cores
and primitive norphology of p4, while Gazdla . G. lydekkeri fromLoc. 31 shows some derived
character sates acoording to the evolutionary trends liged by Chen (1997) , e.g. reatively large
sze, nore laterally conpressed horn-cores, short prenolar row , and forward extendon of the metar
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oonid on p4 , even metaconid-paraconid fuson.

The Gazdla of Loc. 42 is very dmilar with G. pactehensis described by Teilhard and Young
(1931) from Baode Lok. 109 in the sze of its hormrcores, but the latter gpecies has longer tooth
rows and nore hypsodonty teeth. However , the Gazdlla from other Baode locdlities previoudy ref-
erred to Gazdla 9. ( ? paotehensis) (Bohlin, 1935, 1939) fitswell with our Lantian specimen by
norphology and measurements.

The Dorcadoryx found mainly from Loc. 6 gopears close to D. triquetricornis and may repre-
ent a new Peciesd smaler sze. The' Gazdla 9. 2" (V 3129) described by Liu et d. (1978)
from level 596 seems to belong to the Pecies of Dorcadoryx known from Loc. 6.

Shaanxispira chowi was described by Liu et d. (1978) . It has clockwise torson of horn cores
on the right , with two ked's separating the concave and convex part aong the horn cores.

Arother large bovid , dmilar to Shaanxispira in its clockwi se torson of horn coreson the right ,
ispresent at localities 6 and 33. This large bovid has horn cores with round cross section and only
one ked ascending from the inner sde, pedicles mot developed , the ked gdarting jus from the frorr
ta. The parietd is bent down to the facia level. The premolar row is relatively longer than in S.
chowi .

There are d afew ecimensdof Protoryx from Locs. 6 and 34. The Lantian gpecimens differ
from Protoryx-Sinatragus in that they are dightly svdler , the p4 lacks paraconi d metaconid fuson ,
the transverse metaconid crest of p4 ometimes gppears to orignate at its labid end pogerior to the
protooconid , the p4 anterolabia wal isless grondy aigned transverssly and < on.

The dructure or conpostion of the pecoran fauna of the Bahe Formetion is quite Smilar to thet
o the Baode Hipparion fauna. However , the pecies and ometimes the genera in the two faunas are
different. Shaanxispira for exanple looks like a less pecidized verdon of Plesiaddax or Urmiather-
ium. Such dgns as there are, epecidly from the ? Protoryx §. and Shaanxispira, suggest that
the Lantian fauna predates the Baode one.

The dfinity of the pecorans in either Chinese fauna with those of the European and outhwes
Adan late Miocene is less close than inplied by Bohlin in his detailed and pioneering works. Anti-
lopini with anticlockwi se-iralled horns are lacking in both Bahe and Baode faunas and Bosa gphini
are very rare. Many fossls o large grdfidsin either Chinese fauna may yet be found to belong to
Schansitherium and not Samotherium. Shaanxispira and Dorcadoryx are unknown outsde China.

Equidae Only very prdiminary remarks are offered here , pending later detailed sudy. Alto
gether about Sx norphologicad groups were recognized in a rough survey of metgpodia and cranio-
dental evidence.

Locality 12 hasone or possbly two (dental) morphs. One is large with conplicated fossette or-
namentation , the other is ardler and with snple fosstte ornamentation. The meterid isinsuficient
for nore detailed conclusons.

Locdlity 49 has a large mde skull possbly corregponding to H. wehoense described from the
Lantian area by Liu et d. (1978) . Such large materid is d< known from Loc. 4.

Locdlity 6 has three metgpodia norphs: large & shdlow , medium & deep , and tiny. Three
norphs are seen in the skulls and teeth , the larger correonding to the type of H. chiai described
fromsame area by Liu et d. (1978) . The medium norph has omewhat nore plicationson its cheek
teeth. The smdler mae adult individuad (P2 M3 length 137. 8mm) with a snge pli cabalin and
snple fosstte ornamentation is obvioudy different from the other materid and may represent a new
oecies.

Locdlity 30 has metgpodid materia representing the” medium & deep” normph known from
Loc. 6. There isonly juvenile craniodental material .

Locdlity 42 has two nmorphswith very long and dender metapodia sone with a narrow hodf and
onewith a broad hoof. The skulls from Loc. 42 seem a good metch for the narrow hoofed form
which might represent H. hippidiodus , described from Qingyang by Sfve (1927) and known to
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have dender metagpodids (Qiu et d. , 1987) . The broad-hoofed morph is expected to have a larger
skull than those presently known from the locdity.

Rhinocerotidae  Rhinoceroses are noderately comnon in both the Bahe and Lantian Former
tions. Locdity 12 in the lowernog level of the Bahe Formation has yielded Stephanorhinus orientalis
and a previoudy unrecognized gecies d 0 known from Baode Localities 44 and 108, tentetively re
ferableto d. Chilotherium 9. Stephanorhinus orientalis is d s known from Loc. 6, accompanied
there by an indeterminate goecies of Acerorhinus, and, possbly, a svdl Chilatherium. A srdl
Chilotherium referred by Liu et d. (1978) to C. gradile is known from a conparable level (locali-
ty ) in the Bahe Formation. The same locality has d o yieded fragmentary dentd remains of a
very large rhinoceros referred by Liu et d. (1978) to ? Brachypotherium . Locdity 42 hasyidd-
ed Acerorhinus palaecsinensis and Chilotherium , nog probably Chilotherium habereri represented by
denta remainsfrom the Lantian Loc. S3 (Liu et d. , 1978) . It is not posible to denongrate that
the Acerorhinus and Chilotherium material of the upper Bahe and the Lantian represents snge
ewolving lineages, but this certainly seems the nog plaughble interpretation. The ? Chilotherium
fromLoc. 12 shows me derived Chilatherium charactersin the skull and dentition combined with
a retention of the normal rhinoceros jaw joint , otherwise nodified in Peciesd the genus. It is diffi-
cult to asess its sysemetic postion beyond the obviousfact thet it must either be close to the origin
o Chilotherium , or e se represent a convergent evolution of a Chilotheri umr-like morphology.

Biogeographically al rhinoceros gpecies have northern Eurasan dfinities except ?Brachypothe
rium 9. , which (if correctly identified from the very inconplete materid) hasits closest coevd rel-
aives in Suth Asa. By dental wear , al goecies gopear to have been browsers or mixed feeders. No
clear difference in dental wear can be shown between the rhinoceroses of the Bahe and Lantian for-
metions.

3.2 Small mammals

The Bahe Formation has delivered 19 goeciesof smal mammasfrom 10 families. At lead one
third are new genera of Dipodidae , Cricetidae and incertae familiae, and three genera are new for
the fosdl record in China (Abudhabia , Myocricetodon , and Progonomys) (Qiu et a. , in press) .
The asociation represents a new assemblage in the sequence of micromammaian faunas of the Chi-
nexe Neogene , with an early late Miocene age , correlative roughly with the late Valesarrearly Tur-
olian or MN10-11 of wedern Europe. The smal mammd taxa recovered from the Lantian Formation
is grdl. Recentlyfindingof Typhlomys 9. fromLoc. 42 (represented by only a Snge m2) isvery
intereging for its ecologica dgnificance. This genus is now didributed in Suth China and North
Viet Nam, in tropical and subtropical mountain fores (Zhang, 1997) . Fossl meterids were only
found from Lufeng (late Miocene) (Qiu et d. , 1985) and Wushan (early Peigocene) (Huang et
a., 1991).

4 Discusson

At the time of writing, there are totally 65 gecies found from Late Neogene sediments (Bahe
and Lantian Formation) from the Lantian area including the old collection of the 1960' s. O these
ecies, 20 are from the Lantian Formetion , 45 from the Bahe Formetion.

Our new fosd! disooveries are combined with the resultsof Liu et a. (1960, 1978) in Table
1. It isimmediatedy clear thet there is a griking lack of faund change within the Bahe Formation,
and that the Bahe/Lantian boundary appears to correspond to a mgjor faund turrover. Urfortunately
the lack of good locditiesin the uppernog part of the Bahe Fm prevents a precise dating of the faur
na turrover. It mugt have preceded the change in lithology from fluia to aeolian by an unknown
but probably ot very long interval. That it could not coincide with or pogdate the lithologica
change is shown clearly by Loc. 42, with a pog-turrover fauna within the lithologicd trangtion.
Other locdlities that have ddlivered the same fauna assamblage include Loc. 44 and the old locdlity
3, posshly identical with Loc. 42. All these faunas gppear to represent the boundary zone and thus



174 40

formally the lowernog part of the Lantian Fm. The subsequent faunal evolution within the Lantian
Formeation remains unknown in this area.
Our results thus support part of the scenario presented by Liu et a. (1978) , in particular the
unexpected shift towards nore closed conditions in the lates Miocene. It should be known that the
“ lower Bahe” of Liu et d. (1960) was represented by the locality 59S10. The fossls recovered
from this locality include Hipparion 9. (close to Hipparion hippidiodus) , Chleuastochoerus stehli-
ni , Adcrocuta eximia, Gazdla . G. gaudryi , and ? Tragoreas 9. (close to the Dorcardoryx pa-
lecsinense by Sze) . Gven the uniform nature of the faunas recovered from the Bahe Fm, this assenr
blage srongy suggeds that the locality infact belongs in the Lantian Fm. Our attenpts to identify
locality 59S10 in the field were not succesful , but an ingance of a mgjor dunp including a fossl
accumuletion amilar to that of Loc. 42 was disoovered in a topogrgphically low podtion during our
fiddaork (Loc. 44). I thisre-interpretation is accepted , the scenario of faund change reported by
Liuet d. (1978) is reduced to a snde episde of change from open to closed conditions.

The mammd fosdl's recovered from the loveg part of the Lantian Formetion includes Hyaenic-
titherium wongi , Ictitherium viverrum, Adcrocuta eximia, Cervavitus novoressae, Procapred us
latifrons , Gazdlla 9. (df. paotehersis) , Paleotragus microdon, Chleuastochoerus stehlini , Hippar
rion hippidiodus, Chilotherium habereri , and Acerorhinus palecsinense, etc. The assamblage fits
well with the Baode Red Clay fauna recovered from different tunnels and locaities. Thereis no good
metch in China or € sawhere for the fauna assemblage recovered from the Bahe formation , which
represents a time bracketed by the arriva of hipparionine horses in the Old World at about 11 Ma
(Garcés et d. , 1997) and probably (see below) by the dimatic change represented by the begin
ning of Red Clay depostion in the centra Loess Pateau, dated a 7 8 Ma (Ding et d. , 1998;
Qiang et d. , 2001) . Our results therefore suggest that the origina concept of a Bahean Land Manr
md Age (Li et d. 1984) , predating the Baodean LMA , was subgtantialy correct and could be res
urrected.

The dmilarity of thefosdl mammd sfrom the various Red Qay deposits (e. g. , Lantian , Baode
and Fugu) indicates that this mammal community was widespread in North China in the latest Mio-
cene. The begnning of Red Cay sedimentation gppears to have been regonaly diachronous within
North China. The Lantian sequence (the only known continuous and fossliferous record that inr
cludes the event) denpndrates that the fauna change does not necessarily correpond locally to the
lithological trangtion. It is not known at present from the fossl record whether the fauna turnover
was synchrorous over this area, but this gopears dnog inevitable , given its amdl dzein relation to
the typical geogragphic ranges of large mammds today. The nogt pardnonious interpretation of the
relaionship would be that the faunal change records an overal dobal shift in climate , while the lo-
ca change in sedimentology was d 0 dfected by local conditions.

The Lantian sequence denondrates unequivocdly that the direction of environmental change in
ferred from the mammal faunas was opposite to that recorded from wegern Eurasa and North Ameri-
ca (Janis, 1993) , towards nore closed hahitats. We would like to predict that the faunal change
will be found to be related to the beginning of increased summer rairfal in Eag Adathat would have
resulted from intensfied summer mongon circulation , suggeded to have taken place at about 8 Ma
(Dingetd.,1999; Anet d. , 2001).

5 @ncluson

1) There exigs clear evidence of fauna change in both taxoromy and ecology at a time preced
ing the Bahe and Lantian Fm boundary by an unknown but probably short interval .

2) Based on the new findings, it would be posdhble to resurrect the Bahean Land Mamma Age
for the earlier part of the late Miocene of China.

3) The Baode Hipparion Fauna, though not studied biogtratigraphicaly , is seen by dratigraph
ic superpostion in Lantian to be later than the faunasfrom the Bahe Formetion that predate the turn
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over event. Hence the traditiona Baodean Land Mammal Age could only represent the later part of
the late Miocene.

4) The Lantian faunas show a snge, well defined turmover event suggedting a shift from open
towards closer habitats within the late Miocene.

5) It gopears possble to use foss| mammd data to relate the regond-scde environmentd his
tory of North China to goba , tectonicaly driven climate changes.
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