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Fg.1 Didribution of mamma fosdl locditiesin the Linxia Basn
1. (Jiaozigpu) ; 2. (Tda) ; 3. (Yagou) ; 4. (Daanggou) ; 5. (Wangghijie) ;
6. (Laogou) ; 7. (zZhdgjiachuan) ; 8. (Hujidiang) ; 9. (Qonigou) ; 10.
(Wangji) ; 11. (Dashengou) ; 12. (Houghan) ; 13. (Shanzhuang) ; 14. (Sgou) ; 15.
(Shuanggongbel) ; 16. (Yangiashan) ; 17. (Heilinding) ; 18. (Shanjiawan) ;
19. (Longiawan) ; 20. (Huaigou) ; 21. (Snilei) ; 22. (Sngshugou) ; 23.
(Nanmiangpu) ; 24. (Yangnvepuz) ; 25. (Shilidun) ; 26. (Yinchuan) ; 27. (Long

dan) ; Ds. Dongshan Fm. ; Js. Jishi Fm. ; Hw. Hewangia Fm. ; Ls. Liushu Fm. ; Lg. Laogou Fm. ; Dx.
Dongxiang Fm. ; Jz. Jieozigou Fm. ; Tl. Tda Fm.
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Fg.2 Ceromic gratigrgohic column in the Linxia Basn
1. (Mdan loess ; 2. (Wucheng loess) ; 3. (Red day) ; 4.
(Mudsone) ; 5. (Sitstone) ; 6. (Sandstore) ; 7. (Condomerate) ; 8.
(Qanite) ; 9. (Carbonate concretions ; 10. (Marlite) ; 11. (Pdeosdl) ;

12. (Lenticuar body) ; 13. (Foss| bed) ; 14. (Uncorforrity)
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1
Table 1 Divisons o the Cenozoic grata in the Linxia Basin
CGRAT, 1965 Xie, 1991 Lied., 1995 Present pgper
1
, Qayey N Lower M. ,Dongshan Fm. o Wucheng Loess
Q1 Q Loess
NE | NG|
ngomerate Jishi Fm. Jishi Fm.
N3 } N3 y
Hewangia Fm. Hewangia Fm.
. NG| NE |
4th M. , Linxia Fm. Linkia Fm. Liushu Fm.
Liushu Fm.
Ni
Laogou Fm.
Ni
N2
N2 Dongxiang Fm.
3rdM. , LindaFm.| = |Dongdang Bed , Dongiiang Fm.
N1
Shangzhuang Fm. 5
o Ni B |
2nd M. , Linxia Fm. . Zhongzhuang Fm. Jicozigpu Fm.
N
' Jiaozigou Fm.
= ?E
1¢ M. , Linkia Fm. Tda Fm. Tda Fm.
1
1.1 (2
Li et d. (1995, fig. 2.3)
91 m
(1965) (1990)
(1990) )
1.2
Li et d. (1995) )

(1990)



(1990) , Gomphoath-
erium 9. , Dzungariotherium orgosense , Rhinocerotidae gen. et 9. indet. Paraentel odon mac-
rognathus , Burdigdian (

MN3) ,
, (1990) ,

D. orgosense  Paraentdodon macrognathus ,
Rhinocerotidae gen. et 9. indet. Ronzotherium 9. Tsaganomys 9. , Allac
erops 9. , Aprotodon 9. Schizotherium 9.

Dzungariotherium orgosense

, (Lophimeryx) , Sanpian
( ,1973; ,1990)  Allacerops
, ( ,1999)  Schizatherium
: ( :
1997 ,1998)  Aprotodon )
( ,1997)  Ronzotherium
(Heisdg, 1969) SannoiSan Sarpian ,
Paraentelodon macrognathus ,
Tsaganomys :

, (Wang, 2001) Tsaganomys

2.1
Li e d. (1995, fig. 2.8) ,

, Li et d. (1995) )
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(1991)
Gomphoatherium 9. , Alicornops 9. Kubanochoerus 9. ,
Gomphotherium MN3 Artenay (Tassy , 1985) ; Alicornops MN3
Wintershof-West (Gnsburg and Quérin, 1979) ,  MNG6 (Heisdg,
1999, Cerdeip and Sinchez , 2000) |, (Heisdg, 1976) Ku
banochoerus MNG6 ,

( ,1988)

Hemicyon 9. , Gomphotherium 9. , Anchitherium 9. , Hispanotherium matritese, Alicornops
P. Chalicotherium 9. Hemicyon  Hispanotherium
, Hispanotherium  Gomphotherium ,  Hemicy-
on, Anchitherium  Hispanctherium (Qiuand Qiu, 1995) ,
Anchitherium Hispanatherium

2.2
1l ( 3)
( )
Jm L& + Malan Loess S~
l é FifiE + Wucheng Loess
cegeleienerezen FRE A Jishi Fm.
WHHHY 1. m\ﬁlfi!ﬁ Hewangjia Fm.
B I A O=#+ Malan Loess
-I H. --” AN AL [ tF;%qiE Wucheng Loess D85+ Malan Loess
H BT Jiship,%MI o
| X TICT T [ TH Waucheng Loess
P HHHHHH e e e o e e o o e e e e ) TR Jishi Fm.
Liushu Fm. m |. HH
Fi548 Laogou Fm. r
(L_I_(‘)_O___X')O m Dongxiang Fm. ‘ -

3 ( 2)
Fig.3 Sections a Laogou (Legend see Fg. 2)
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; 50 m,
30m, 10 20m
: ( 3
Li et d. (1995) “ ? ,
) , 10m
, 50 m
(1988) )
(Deng, 2003) , Alloptox 9. , Rio
pithecus 9. , Hemicyon 9. , Amphicyon 9. , Gomphotherium 9. , Platybelodon grangeri , Zygol-
ophodon 9., Anchitherium ., Alicornops 9. , Hispanotherium matritense, Kubanochoerus
gigas, Listriodon 9. , Palaeotragus p.  Turcocerus 9.

) (Qiu
and Qiu, 1995)  Alloptox , (‘Young,
1932) ( ,1978) ( ,1981)

( ,1991)  Piopithecus MN5 9,
( ,1986; ,2003)
Hispanotherium matritense

, H. tungurense ( ,1978 ,1979;

,1988 ; CerdefD ,1996 ; Deng, 2003)
2.3
Li et d. (1995) , )
(1987 ,1988 ,1991) (1991)
2 10cm ,
, 17 m,
130 m, 90O m )
150 m ,

) 200 m
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2.3.1

( 4 Dinocrocuta gigantea , Machairodus
9. , Tetralophodon 9., Hipparion dongxiangense, Pardasmotherium linxiaense  Shaanxispira
9. ( ,2001c) (1998) Hipparion dongxiangensis
Parel asmotherium simplum ,

) ) 5 10m
( 4
hh \%
S 5=&t N
Malan Loess N
20 m r\
i }\ ° mma i
=5 = Liushu Fm. [ o
Tz Wangji
i)
Laogou Fm.
LT/ LITIT/77
A
P Z77777 .
Dongxiang Fm.
B
Guonigou
4 ( 2)
Fg.4 Sectionsa Quonigou and Wangji (Legend see Fg. 2)
, Dinocrocuta gigantea
,Howell and Peter (1985) Dinocrocuta
, Vdlesan MN9 10 ,
Dinocrocuta ( ,1978; ,2002) (
,1980) , Valesan ( ,1984 ; ,
1990) Dinocrocuta ( ,1982) (Xue
etd., 1995; ,1996) , Turolian ,
, Hipparion dongxian-
gense H. parvum ,

( ,1998)  Pard asmoatherium Sinotherium



, ( ,1998 ; ,
2001c)  Shaanxispira ( ,1978; ,2002)
' , Valedan ,
(Bohlin, 1937) ( :
1990; Qu et d. , 1999) , , Tetralophodon ~ Hipparion
2.3.2
( 5) , Pararhizomys hipparionum , Promephitis

9. , Dinocrocuta gigantea, Tetralopodon exdetus, Hipparion chiai , Acerorhinus hezhengensis ,
Chilotherium wimani , Samotherium 9. , Honanotherium schicsseri , Gazdla 9. , Hezhengia bohli-
ni Miotragocerus 9.

S9=8+t
Malan Loess S
S o
XA I
m Hewangjia Fm. | ;
THHHAFARR #5
| i -
e Houshan
Liushu Fm.
N
P RN !
'p —20m pepi L W
F \ Zna Feefie i
J - Laogou Fm.
__Ji.j_ﬂ_o:-‘
S T
R%ZA
Dongxiang Fm. mm e e &g
o5 72 Guangtong River
Dashengou v
5 ( 2)

Fg.5 Sections at Dashengou and Houshan (Legend see Fg. 2)

50 m
( 5 :

, Hezhengia bohlini ( ,2000) , Promephitis
9. , Hyaenictitherium wongii , Dinocrocuta gigantea, Tetralophodon exoetus, Hipparion chiai ,
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H. weihoensis, Acerorhinus hezhengensis, Chilotherium wimani , Iranctherium morgani , Dicrocerus
. , Samotherium 9. , Honanotherium schliosseri , Gazdla P. Mictragocerus 9.

Promephitis hootoni , Medodon majori , Sinictis 9. , Ictitherium
9. , Hyaenictitherium hyaenoides, Machairodus palanderi , Fdis 9. Chleuastochoerus stehlini

, Dinocrocu-
ta gigantea , Hipparion
wehoense  H. chiai , ,

, H. primigenius , H. primi-
genius Valedan ( ,1987)
Tetralophodon exdletus  Chleuastochoerus stehlini ( ,1978) ,
(2003) C. sehlini Hezhengia bohlini
, , Plesiaddax , ,
; . H. bohlini ( ,2000)
Acerorhinus hezhengensis ,
, A. tsaidamensis , A. palaecsinersis (
,1987) , Valedan

(Xue et d. , 1995) ,
, Dinocrocuta gigantea, Hyaenictitherium wongii , Hipparion chiai , Chilotherium
wimani , Samotherium 9. Miotragocerus 9. , Acerorhinus fuguensis
A. hezhengersis ( ,2000)
2.3.3

, ( o), Parar-
hizomys hipparionum , Simocyon . , Promephitis hootoni , Ictitherium 9. , Hyaenictitherium won-
gi, H. hyaenoides, Machairodus palanderi , Metailurus minor, Hipparion 9., Chilotherium
wimani Cervavitus novorossi ae

( 6, Hystrix gansuensis, Promephitis 9. , Plasi-
ogulo 9., Ictitherium 9., Hyaenictitherium wongii , H. hyaenoides, Adcrocuta variahilis,
Machairodus 9. , Metailurus 9. , Fdis 9. , Hipparion 9. , Chilotherium wimani Chleuasto-
choerus stehlini Parataxidea sinensis, Hipparion
codophyes, H. dermatorhinum , Acerorhinus hezhengensis, Dicerorhinus ringstromi , Ancylotherium
., Microstonyx major, Metacervulus 9. , Honanotherium schlosseri , Palaeotragus microdon ,
Miotragocerus 9. , Sinotragus 9. , Protoryx 9. Gazdla .

Dinccrocuta gigantea Hezhengia bohlini
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Fg.6 Sectionsa Yangiashan and Heilinding (Legend see Fg. 2)

Simocyon 9. , Plesiogulo 9., Parataxidea sinensis, Promephitis hootoni , Hyaenictitherium
wongii , H. hyaenoides, Adcrocuta variabilis, Machairodus 9. , Metailurus minor , Dicerorhinus
ringstromi , Chleuastochoerus stehlini , Microstonyx major , Cervavitus novorossiae, Palaeotragus mi-
crodon, Honanotherium schlosseri Sinotragus 9. ,

Chilatherium wimani C. anderssoni ( ,
2001a, b; Ringgrom, 1924) Hystrix gansuensis ( ,
2002) Ancylotherium 9.  Metacervulus 9.

3.1
Li et d. (1995) , (1991)

( ), :

60 m, 11 m, 49 m )
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a2

20m

, 1m . 50 m

(7

3m

Hystrix gansuensis, Promephitis 9. , Chasmaporthetes 9. , Hyaenictitherium

wongii , Cervavitus novorcssiae, Palaeotragus 9. Sinotragus 9.
, Hipparion 9. , Shansirhinus ringstromi Gazdla
P.
B=#+
;:,:% Malan Loess W
0,%,% [ 20m
ihlh Fs *Rﬁgg FHARL 0
Jishi FWucheng Loess
AEIRE o
Hewangjia Fm. :::::::‘::::c R
HH 51 ‘ll Yinchuan
AN
wu Hg 48 ®e 5% %6”s ’:93
i Liushu Fm. |
P #mE
Shilidun Laogou Fm.
7 ( 2
Fg.7 Sectionsa Shilidun and Yinchuan (Legend see Fg. 2)
Chasmaporthetes 9. Shansirhinus ringstromi ,
Chilotherium ,
, Adcrocuta , Ictitherium  Chleuastochoerus Chasmaporthetes
Ruscinian , Chasmaporthetes
(Qiu, 1987) , Chasmaporthetes 9. 5.2 3.4 Ma
, Chilatherium (Qiu, 1987; Qiu and Qiu,
1995) MN14 15 ( ,1990)  Kretzi
(1942)  Schlosser (1903) Rhinoceras brancoi Shansirhinus ,
Ringgtrom(1927) Rhinocercs &f. R. brancai S. ringstromi  S. brancoi
S. ringstromi , (1987)

, S. ringstromi
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Hystrix gansuensis, Cervavitus novorcssi ae
Sinotragus P. , Ursus, Nyctereutes, Canis, Hipparion
houfenense  Sus
MN14

3.2
Li et d. (1995, fig. 2.3) , )

60 m, 10 30m (1965)
( ) ,
1 / 1
4
Li et d. (1995) , 3
) ) Equus , 35m; )
,  30m; , 12m
( ,2002 ; ,2002;
Wang and Qiu, 2003; , ) 25m,
) Equus
, Teilhard and Piveteau (1930)
5
“ ” 113 ” ( ) ,
( 71997 t 1) 1 ‘:
" , 80 m ( 8

Promephitis 9. , Mdodon majori , Hyaenictitherium wongii , H.
hyaenoides , Dinocrocuta gigantea , Machairodus palanderi , Feis 9. , Tetralophodon 9. , Acero-
rhinus hezhengensis, Chilotherium wimani , Iranotherium morgani , Honanotherium schlosseri
Samotherium 9. , Gazdla 9. Hezhengia bohlini “ "
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Fig.8 Sections a Sharzhuang and Sgpu (Legend see Fg. 2)

: : (9

Pararhizomys hipprionum , Promephitis 9. , Ictitherium 9. , Hyaenictitherium wongii , Di-
nocrocuta gigantea, Tetralophodon 9. , Hipparion 9. , Acerorhinus hezhengensis, Chilotherium

wimani , Chleuastochoerus stehlini Miotragocerus 9.

. K (1997) 1,



CENOZOIC STRATIGRAPHIC SEQUENCE OF THE L INXIA BASIN
IN GANSU, CHINA AND ITS EVIDENCE FROM MAMMAL FOSSIL S

DENG Ta0© WANG Xiao-Ming"®> NI Xi-Jun' LIU Li-Ang LIANG Zhong'
(1 Inditute o Vertebrate Paleontdogy and Paleoanthropdogy , Chinese Academy d Sdences Beijing 100044)
(2 Natural History Museum d Los Angdes County Los Angdes, CA 90007 USA)

Summary
Key words LinxiaBadn, Ceromic, dratigraphy , fossl mamma

TheLinxia Bagn is stuated in the outheagern part of Gansu Province, China, and it is a
flexurd basn bounded by the Leijishan fault , North Qinling fault , and the Maxian nountain (Fang
et ad. , 2003). The Ceromic drata are very thick and well-exposed in the Linxia Basn , and abun-
dant mammal fosdls are disoovered from the grata (Fig. 1) .

Bedore the 1950s, there were few works done about the Tertiary gratain theLinkiiaBadn, and
the sedimentswere nogly referred to the ifforma name® Gansu Gowp” . Subsequently , the Tertiary
red bedsin the Linxia Basn were gven theformal name Linxia Formetion , the age being determined
to be Riocene , and was divided into four lithologic members (GRGIT, 1965). Qiu et d. (1990,
1991) firg described the Early and Late Miocene fosdls in the Linxia Basin. After comparing the
Jiaozigpu section with the gratotype of the Linkia Fm. , Qiu et d. (1990) and Xie (1991) suggest-
ed that the Linxia Fm. limited to the fourth member of the orignd Linxia Fm. , with an age of Late
Miocene. Li et d. (1995) further divided the Linxia drata, and renamed different formetions from
the Late Oligpcene to the Holocene. We adopt some of their divisons and revised others, and we
recognized the following sequences (from lower to upper) : ? Early Oligocene Tala Formetion , Late
Oligocene Jianzigpu Formation , Middle Miocene Dongxiang and Laogou Formetions, Late Miocene
Liushu Formation , Early Hiocene Hewangia Formetion, Late Hiocene Jishi Formation, and Early
Ae gocene Wucheng Loess (Fig. 2; Table 1) .

1 Oligocene

1.1 ?Early Oligocene Tala Fm.

The Tda Fm. is composed of brownish red congomerates, sandgones and mudstones. No any
mamma fosdl isfound from thisformetion. The age of the Tda Fm. may be Early Oligocene, be
cause it is underlying the Late Oligocene Jiaozigou Fm.

1.2 Late Oligocene Jiaozigou Fm.

The Jiaozigpu Fn. is conposed of brownish yellow sandstones and brownish red mudgones.
The mammdl fosdls in thisformation are found at Jieozigou , Tda and Yagou in Dongxiang Gourty ,
including Tsaganomys 9. , Dzungariotherium orgosense, Allacerops 9. , Ronzotherium 9. , Ap-
rotodon . , Schizotherium 9. , and Paraentelodon macrognathus. Qiu et a. (1990) reported that
Gomphatherium 9. might be oollected from the Jiaozigou Fm. However , our recent fid dwork proves
that this proboscidean gpecimen may be interfused from other grata.

The gant rhinoceros is a representative mamma in Asa, and infrequently discovered in Eas-
ern Europe. The gant rhinoceros was diversfied in the midde Oligocene, and it became very ad
vanced in the Late Oligpcene. Dzungariotherium orgasense wasfirg found from the Junggar Basn in
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Xinjiang , with a large 9ze, rudimenta lower incisors, well-developed antecrochets, and wide foot
bones. In Xinjiang, D. orgosense coexi $swith Lophimeryx , and the lag record of the latter isfrom
the midde late Sanpian Age in Europe (Chiu, 1973; Qiuet a. , 1990) . Allacerops was a rhinoc-
erotid form lived in the Oligocene of Ada, and it wasfound from the Oligocene in the Lanzhou Basn
adjacent to the Linxia Basn (Qiu and Wang, 1999) . Schizotherium was d a characterigtic Oligp-
ceneformin China, and it was found from the Oligocene Nanpoping Fauna in the Lanzhou Bagin
(Quet d., 1997, 1998) . Apratodon was previoudy found only from Pakisan, Kazakgan, and
the Lanzhou Basn, and it coexised with the giant rhinoceros in these three regons (Qiu and Xie,
1997) like in the Jiaozigpu Fm. of the LinxiaBasn. Ronzotherium wasfound only in the Oligocene
of Eurada (Heissig, 1969) . The entdlodont was the nog diversfied during the Sannoisan and the
early-midde Sanpian Ages, and Paraentelodon macrognathus was very abundant in the Jiaozigou
Fm. Tsaganomys gppeared fird in the late Early Oligocene, and its assured record ended in the
early Late Oligocene. As aresllt, Tsaganomys isone of the index fossls for the Adan Oligocene
(Wang, 2001) . Tsaganomys was found from the Oligocene Nanpoping Fauna in the Lanzhou Bagn.
Apparently , the age of the Jiaozigou Fm. should be Late Oligocene.

2 Miocene

2.1 Early Middle Miocene Dongxiang Fm.

The Dongxiang Fm. is conposed of brownish red sanddones and mudgones with greyi sh white
marlite beds. The mamma fosdls of the Dongxiang Fm. are found at Dalanggou and Wangshijie in
Quanghe ounty , including Hemicyon 9. , Gomphotherium 9. , Anchitherium 9. , Alicornops
9. , Hispanotherium matritense, Chalicotherium . , and Kubanochoerus 9.

In Europe, Gomphotherium agppeared firs in MN3 at Artenay in France (Tassy, 1985) . Ali-
cornops gopeared firg in MN3 a Wintershof-Wes in Germany (Gnsburg and Quéin, 1979) , and
dii ributed widegpread in Europe during MN6 (Heissig, 1999) . In China, Kubanochoerus gppeared
firg a Dingiaergou in Tongxin, Ningxia with the age corregponding to MN6 of Europe , acconpany
ing abundant fosdls of Patybdodon. On the other hand, Patybdodon has not been found at
Dalanggou. Hemicyon and Hispanctherium coexig in the Dingiaergou Fauna; Hispanotherium and
Gomphotherium coexig in the Lengshuigou Fauna; Hemicyon , Anchitherium and Hispanotherium
ooexig in the Tunggur Fauna (Qiu and Qiu, 1995) . But Anchitherium and Hispanctherium from the
Dongxiang Fm. are obvioudy smdler than those from Tunggur.

2.2 Late Middle Miocene Laogou Fm.

The Laogou Fm. is a new lithologic unit egtablished in this pgper. Thisformetion is conposed
o grayish yellow fine congomerates and sandgones (Fg. 3) .

Many mammal fosdls are collected from the Laogou Fm. a Laogou in Hezheng Gounty , and
Hujiadiang and Zhujiachuan in Quanghe Gounty (Deng, 2003) , including Alloptox 9. , Pliopithe
cus 9. , Hemicyon 9. , Amphicyon 9. , Gomphotherium 9. , Platybelodon grangeri , Zygoloph-
odon 9. , Anchitherium 9. , Alicornops 9. , Hispanotherium matritense, Kubanochoerus gigas ,
Listriodon §9. , Palaeotragus 9. , and Turcocerus 9.

The fosdlsfrom the Laogou Fm. are the typical Middle Miocene forms, represented by Tung
gurian Platybedodon and Anchitherium (Qiu and Qiu, 1995) . As above-mentioned , Platybelodon
has not appeared in the Dongxiang Fm. , and Anchitherium from the Laogou Fm. isobvioudy larger
than its aly from the Dongxiang Fm. The shared genera between the Laogou Fm. and the Tunggur
Fauna include Alloptox , Hemicyon, Amphicyon, Platybdodon, Zygoophodon, Anchitherium,
Hispanotherium, Kubanochoerus , Listriodon, Palaedtragus, and Turcocerus. Alloptox was wide
goread found from the Midde Miocene faunas in China, such as Tunggur in Nei Mongol (Young,
1932 , Lengshuigou in Lantian, Shaanxi (Li, 1978) , Qijia in Minhe, Qingha (Qiu & 4d. ,
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1981) , and Dingiaergou in Tongxin, Ningkia (Wu et d. , 1991) . Piopithecus exised during
MN5 9in Europe, and it was found from the Dingiaergpu and Haamagai (Junggar , Xinjiang)
Faunas of the Middle Miocene in China (Qiu and Guan, 1986; Wu et d. , 2003). In Eurasa,
Hispanctheri um matritense was found in Soain, Portugd and France of Europe, and Turkey , Paki-
dan , Monglia and Chinaof Ada. In China, H. matritense digributed widegpread , found from the
Midde Miocene Dingiaergou, Lengshuigou and Erlanggang (Fangxian, Hubel) Faunas (Zhai ,
1978; Yan, 1979; Quan, 1988). H. matritense is smaler than H. tungurense of the Tunggur
Fauna (Cerdefp, 1996; Deng, 2003). Alicornops disributed widegoread in Europe during
MN6 10 (Cerdeto and Sanchez , 2000) , and it was found from the Midde Miocene dratain Tur-
key (Heisig, 1976) . Kubanochoerus gppeared in the srataof MNG in Caucasa, and it wasfound
a Dingiiaergou , Tunggur and Koujiacun (Lantian , Shaanxi) . Therefore, Kubanochoerus is a typica
Middle Miocene form (Qiu et a. , 1988) .

2.3 Late Miocene Liushu Fm.

The Liushu Fm. is composed of red clay , and its thickness is variable in different sections,
which is caused by later differentid erosons. At Laogou, its thicknessisonly 17 m, and the Jishi
congomerate is directly overlying above the red clay of the Liushu Fm. At ome locdlities near the
uthern margn of this basn, on the other hand , its thickness is close to 200 m, because severa
sandgtone and congomerate beds are interbedded in the red clay of the Liushu Fm. Acoording to
their pogtions in the sections, the fossl locditiesof the Hipparion fauna in the Liushu Fm. can be
divided into three levels (Fig. 2).

2.3.1 Lower part o the Liushu Fm.

The mammd fosdls of the lower part of the Liushu Fm. are found at Guonigou and Wangi in
Dongxiang Gounty (Fg. 4) , including Dinocrocuta gigantea, Machairodus 9. , Tetralophodon
. , Hipparion dongxiangense, Pardasmotherium ssmplym, P. linxiaense, and Shaanxispira 9.

These fosdls are characteridic of early Late Miocene age. Dinocrocuta gigantea is a represent-
aive of the early Hipparion faunain Asa, and it is discovered mainly from the early Late Miocene ,
ocorregponding to the European Valesan Ageor MN9 10 (Howell and Peter , 1985) . The materid's
disovered in China show the same trend. The fosslsof Dinocrocuta were found from Bahe in Lanr
tian, Shaanxi (Liuetd. , 1978; Zhang et a. , 2002) and Bulongin Biru, Tibet (Zheng, 1980) ,
and they came from grata correponding to the Valesan (Li et d. , 1984; Qiu and Qiu, 1995) .
Dinocrocuta was a9 reported from Sngshan in Tianzhu, Gansu (Zheng, 1982) and Laogaochuan
in Fugu, Shaanxi (Xue et d. , 1995; Zhang and Xue, 1996) , and the two locdlities were consic
ered to be equivaent to the European Turolian Age. However , the gecimens of the former came
from a drug dore, and the age of the latter need further dudies. The 9ze of H. dongxiangense is
gmaller than that of H. parvum , the srales known gpeciesdof Hipparion in China, and its charac-
teridic gructures of the hypocone and the hypooone groove frequently occur anong the Midd e Mio-
cene hipparionines from North America, but are irfrequent anong the late hipparionines. As a re-
sult, H. dongxiangense indicates an earlier age (Qiu and Xie, 1998) . Pardasmotherium is nmore
primitive than Sinctherium , the representative taxon in the Baode Fauna, and the former isthe ear
lies member of the gant elasvothere developing toward hypsodont teeth (Qiu and Xie, 1998;
Deng, 2001c) . Shaanxispira d< gopeared in the Bahe Fauna (Liu et d. , 1978; Znang et d. ,
2002) . Gonsequently , the age of the lower part of the Liushu Fm. should be early Late Miocene ,
oorresponding to the Vallesan Age of the Europe. Acoording to this corrdlation , the Qaidam Fauna
(Bohlin, 1937) may have the same evolutionary level with the fauna from the lower part of the
Liushu Fm. (Qiu and Qiu, 1995; Qiu et d. , 1999) . However , both faunas do not have many
taxa, and the shared generainclude only Tetralophodon and Hipparion , whose materid s are too rare
to be certain about their Pecific gatus.
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2.3.2 Midde part of the Liushu Fm.

The mammal fosdls of the midde part of the Liushu Formetion are found at Dashengou in
Hezheng Gounty , Houshan, Sharzhuang and Sgou in Quanghe Gounty, and Shuanggongbel in
Dongxiang County (Figs. 5, 8) , including Pararhizomys hipparionum, Promephitis 9., P.
hootoni , Mdodon majori , Sinictis 9. , Ictitherium 9., Hyaenictitherium wongii , H. hyae
noides, Dinocrocuta gigantea , Machairodus palanderi , Feis 9. , Tetralophodon exdetus, Hippar-
ion . , H. chiai, H. wehoensis, Acerorhinus hezhengensis , Chilotherium wimani , Iranotherium
morgani , Chleuastochoerus stehlini , Dicrocerus 9. , Samotherium 9. , Honanotherium schlosseri |,
Gazdla 9. , Hezhengia bohlini , and Miotragocerus 9.

Thisfauna is gill composed of early Late Miocene taxa, such as Dinocrocuta gigantea , which
firgt gopeared in the lower part of the Liushu Fm. Other inportant conponents of the Bahe Fauna
are relaively richly represented in the midde part of the Liushu Fm. , such as Hipparion we hoense
and H. chiai. Thesetwo gpeciesdf Hipparion have a large sze, deep preorhitd fossae far from the
orhit , and narrow and long protocones. These characters show that both of them gpparently belong to
the H. primigenius group , and the hipparionines of this group in Europe and Africa are predomi-
nartly Valedan in age (Qiu et d. , 1987) . The shared seciesin the Bahe Fauna and the midde
part of the Liushu Fm. do include Tetralophodon exdetus and Chleuastochoerus stehlini (Liu et
d., 1978). Hezhengia bohlini isone of the nog typica taxain the midde part of the Liushu Fm.
The horncores of  Hezhengia are obvioudy less pecidized than those of the middelate Late Mio-
ceneovibovines, such as Plesiaddax , and its prenolars are relatively long, with grong ribs and
dyles. Therdfore, the primitive characters of H. bohlini inply that its age should be earlier than
that of the midde-late Late Miocene ovibovines (Qiu et d. , 2000) . Acerorhinus hezhengensis has a
very narrow mandibular synphys's and little separated parietd creds to form a high sagttal cres ,
and thusit iscloseto A. tsaidamensis in the Qaidam Fauna but different from A. palaecsinensis in
the Baode Fauna (Qiu et d. , 1987) . Judg ng from the whole conponentsof the faunaof the midde
part of the Liushu Fm. , it should be corrdated to the late Valedan Age of Europe. Besdesthe Ba
he Fauna, the Lamagpu Faunain Fugu, Shaanxi (Xue et a. , 1995) may be contenporaneous with
the fauna of the midde part of the Liushu Fm. There are many comnon taxa between the Lamagou
Fauna and the middle part of the Liushu Fm. , including Dinocrocuta gigantea, Hyaenictitherium
wongii , Hipparion chiai , Chilotherium wimani , Samotherium 9. , and Mictragocerus 9. More
over , Acerorhinus fuguensis fromLamagou d < isvery closeto A.  hezhengensis from the middle part
o the Liushu Fm. (Deng, 2000) .

The! Shanzhuang Fauna’ and* Sgpu Fauna” in Fang et a. (1997, 2003) are gpparertly a
mixture of the Middle Miocene P atybe odon fauna and Late Miocene Hipparion fauna. Our fied ob-
servaions show that the mgjority of the Late Miocene conponents were actudly oollected from the red
clay of the middle part of the Liushu Fm. indead of the underlying sandgone of the' Shangzhuang
Fm.” or the congomerate of the® Dongxiang Fm.” , which produced the Platybeodon fauna. Parts
o Fang et d.’ s (1997, 2003)“ Sharzhuang Fauna” and“ Sgou Fauna” are probably our fauna
from the midde part of the Liushu Fm (Fig. 8).

2.3.3 Upper part of the Liushu Fm.

The mamma fosslsof the upper part of the Liushu Fm. arefound at Yangiashan, Hellinding,
and Shanjiawan in Hezheng Gounty , Songshugpu, Shilei , Huaigou, Yangwvgpuzi , Nanmiangou and
Longiavan in Quanghe Qounty (Fg. 6) , including Hystrix gansuensis, Pararhizomys hippario-
num, Simocyon 9. , Promephitis 9. , P. hootoni , Parataxidea sinensis, Plesiogulo 9. , Ictith
erium 9. , Hyaenictitherium wongii , H. hyaenoides, Adcrocuta variabilis, Machairodus 9. , M.
palanderi , Metailurus 9. , M. minor, Fdis 9. , Hipparion 9. , H. codophyes, H. dermato-
rhinum, Acerorhinus hezhengensis, Chilotherium wimani , Dicerorhinus ringstromi , Ancylotherium
9. , Chleuastochoerus stehlini , Micrastonyx major , Metacervulus 9. , Cervavitus novorossiae, Ho-
nanctherium schlosseri , Pal aectragus microdon , Miotragocerus 9. , Sinotragus . , Protoryx 9.



and Gazdla 9.

In this fauna, the early Late Miocene representatives, such as Dinocrocuta gigantea and
Hezhengia bohlini have disgppeared. Thisfaunais dmilar to the Baode Fauna, the typica fauna of
the late Late Miocene in China. They share many taxa, including Simocyon 9. , Plesiogulo 9. ,
Parataxidea sinensis, Promephitis hootoni , Hyaenictitherium wongii , H. hyaenoides, Adcrocuta
variabilis , Machairodus 9. , Metailurus minor , Dicerorhinus ringstromi , Chleuastochoerus stehlini |
Micrastonyx major , Cervavitus novorossiae, Palaeotragus microdon , Honanotherium schlosseri , and
Sinotragus 9. Like the Baode fauna, rhinocerotids are absolutely dominant in the upper part of the
Liushu Fm. , dthough both of them are named as the Hipparion faunas. On the other hand, the
nore primitive Chilotherium wimani in the upper part of the Liushu Fm. is replaced by the nore de-
rived C. anderssoni in the Baode Fauna. The primitive characters o C. wimani include the low
podtion of orbit , well-developed supreorbitd tubercle, weak podorbita process, concave dorsa
skull prfile, little separate parietal cress, narrow braincase , and strong paracone rib on premolars
(Deng, 2001a, b) , while the derived charactersof C. anderssoni include the high podtion of or-
bit , absence of supreorbital tubercle , well-developed podorhital process, flat dorsal skull prdfile,
broady separate parietal creds, rounded braincase, and weak or absent paracone rib on premolars
(Ringgtrom, 1924) . Hystrix , Ancylatherium and Metacervulus gopeared in the upper part of the
Liushu Fm. In conclugon, thefauna of the upper part of the Liushu Fm. may be gppreciably earlier
than the Baode Fauna.

3 Hiocene

3.1 Early Riocene Hewangjia Fm.

The Hewangjia Fm. is conposed of red clay and a basd congomerate. The thickness of this
formetion is a9 greatly variable , and it was eroded away conpletdly in ome locdities. The fossl
localities of the Hipparion fauna in the Hewangia Fm. can be united into one level , as typified by
Shilidun where the red day of the Hewangiia Fm. is 50 mthick (Fig. 7).

The fauna of the Hewangjia Fm. comes from the red clay a Shilidun in Quanghe Gounty and
Yinchuan in Jishishan Gounty, including Hystrix gansuensis, Promephitis §. , Chasmaporthetes
9. , Hyaenictitherium wongii , Hipparion 9. , Shansirhinus ringstromi , Cervavitus novorossiae ,

Pal aectragus 9. , Sinatragus 9. , and Gazdla 9.

Chasmaporthetes 9. and Shansirhinus ringstromi neMy gopeared in the Hewangia Fm. ,
while the extremely dominant Chilotherium in the Late Miocene Hipparion fauna disgppeared in this
fauna. Other members of the Late Miocene Hipparion fauna, such as Adcrocuta , Ictitherium and
Chleuastochoerus are absent in the Hewangia Fm. Chasmaporthetes has a widegpread digribution in
the world , and itsfosdls were discovered from Europe, Ada, Africa, and North America; it fird
gopeared in the Early Hiocene , corregponding to the Ruscinian Age of Europe. In China, Chasmar
porthetes was disoovered from Yushe and Souyang in Shanxi , Nihewan in Hebel , and Mianchi in
Henan (Qiu, 1987) . Inthe Yushe Basn, Chasmaporthetes opeared firg in the Gaozhuang Fauna
with a paeomagnetic ageof 5.2 3.4 Ma, when Chilatherium had disgppeared (Qiu, 1987) . The
Gaozhuang Fauna should be correlated to MN14 15 of the European mamma ages (Qiu and Qiu,
1995) . Kretzoi (1942) edablished a new genus Shansirhinus on the bassdf Rhinoceras brancoi de-
scribed by Schlosser (1903) as the type Poecies, and renamed Rhinocercs df. R. brancoi de-
scribed by Ringgrom (1927) as S. ringstromi. S. branca does not have exact locality and hori-
on. S. ringstromi is oollected from Huangshigou in the Nihe digrict of the Yushe Bagn. Qiu et
a. (1987) indicated that the mammd fossls in the Nihe digtrict came mainly from the Geozhuang
Fm. , ©theaged S. ringstromi should be Early Hiocene. Sme comnon Peciesd the Late Mio-
cene Hipparion fauna, such as Hystrix gansuensis, Cervavitus novorossiae , and Sinotragus 9. dill
survived in the Hewangjiia Fm. , while the derived taxa in the Gaozhuang Fauna, such as Ursus,
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Nyctereutes , Canis, Hipparion houfenense, and Sus have not been found in the Hewangia Fm. As
a reault , the age of the Hewangia Fm. may be early Early Riocene , gpproximetely corresponding to
MN214.

The Longguang Fauna” in Fang et al. (1997, 2003) was a o misdlocated. Our own field
observations indicate thet it was actualy from the red clay of the Hewangia Fm. , in the same fossl|
bed as Shansirhinus ringstromi in the Yinchuan locdity , rather than the mudgtone of thé' Dongxiang
Fm.” or the dltgone of the Liushu Fm. in the Late Miocene.

3.2 Late Riocene Jishi Fm.

The Jishi Fm. is conposed of grey and partially carbonate cemented coarse congomerates. No
any mammdl fossl isfound from thisformation. Because the Jishi Fm. intervenes between the Early
Hiocene and Early Heigocene depositswith the assured fossl evidence , its age should be Late Rio
cene.

4 Early Reidocene

The Heidocene depodtsof the Linxia Basn are conmposed of yellowi sh brown massve dltgones
o the Dongshan Fm. or the contermporaneous Wucheng Loess. The abundant mammal fosdls are
found from the Wucheng Loess at Longdan in Dongxiang Gounty (Qiu et d. , inpress). The exig-
ence of true horse ( Equus) and the absence of typical Middle Ae gocene forms immediately put the
Longdan fauna in the Early Heisocene, and the Longdan Fauna seems dightly older than the Nihe-
wan Fauna (Teilhard and Aveteau, 1930) .
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