B F1H o F M Y R pp.45 ~ 66

2004 41 VERTEBRATA PALASIATICA figs.1~ 8

It 2 22 3tb B 3 A X3t R 6 L TR L
Zh 4L BIEHE"

N 1,2 1 AN I e el | S 1
FOE TR REE' xWHE £ &
(1 HEBERE SRS S5 ARPIET dLE 100044)

QCEXEBEIARTSEDYE BE  CA 90007)

BE: BEEMHHERMEEYRT ,RET ATt 22 HrESRFES. EhE
BRRE, X Ry &R FEREILEIYLA, R0 5 TR LG B 2 00 5 A A 2 B4t
THAEMIESE . AT, AT R T 2R F R AINREE ST E 24, R HE
R ALAIERRAL, EERBITEE SR OB THEES, FERS S
FLE O IEE AR EEHEE T &S A MR AL R M R W R A B B
RIS E RS H 0 E R R PSRRI Rt =S
HYHMEEFH TN ESIYHENEE.

XEIR: RN, FER,HE, WAL

HREZSHES: PS34.6,015.87  XEKERIEED: A XEHS: 1000-3118(2004)01-0045-22

I Z AT HMNEREH, B FERERARIG BT ILTE KSR B IR K
FUARE L AR RE A2 K S 757 LU BB B B — A LU BT 0 BR A (7 /NEEEE, 1997) I A b3 AR A
HoZ B ERZE 5 AR S R A R UTAR M AR 33T, 3 /N 3 . Bk G R M Bl o
Fdh, W R A py A RUTTEMXN R E BB, & KEWMA LA (B 1),

20 22 50 G4 K LART B & SCHR 22 LS 20 5 7R B A0 26 DU 48 DU AR 55 11 B 2 i 1
FAEARHUZE o B HUTR X BA (1965 ) K i B A M0 28 =041 2 a4 i B 4, 3R 4
4N A RIERE AN =M B4, EEARMCEE N L, B #R
Jai DR BA (1984) R 8% — Bk 5 /F S 4 ) T P i 7= B B, 5K I B 4 — 4% AR Fi% ) i
B35 = WL, TG 56— B 5 22 M 4 b oy 30 28 9 SR T A A v Il 2B 5t B 3 58 — By 5 ep
HE R RUKTTER H o B G455 (1990) FIIAHER L (1991) A A ER MG R4 4 Bt 2R
T ehFritt (RV A o i) R HAE — B & O I, B it 6 LA SR
ZBORERMBE A AR S E, B e B 8 G B 4 — 4% BR T JRR 40 A0 48 I A
B BRI H . 22 M R2EFE 20 42 90 AR X s B 2 1 B e Ak AR R AT
TIRERR G, a8 T —E2H S ARZ RN, AT T DA Hhrg o 22 5 s AR i i
& (Li et al., 1995; 7 /Mi(5F, 1997 ; Fang et al., 2003),

L RATEFRWEFINGEFLE R, KITENG B 233 A 2 50 R1 4  xt EL At AL

1) BRE AP EES T AT E (RS :40232023) F ERERARAF THEBE (45 . KZCX2 - 103) . 2 L E1E
T XEE LIS (45 RIZ2001 - 105) FIE R E SAEMBIR R BT B (42 : G2000077700) % H .
YR H 2003 -07 - 24
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Fig.1 Distribution of mammal fossil localities in the Linxia Basin
1. T4 (Jiaozigou) 5 2. #4 (Tala); 3. T8 (Yagou) ; 4. KR (Dalanggou) ; 5. F A By (Wangshijie) ;
6. &4 (Laogou); 7. RZ )| (Zhujiachuan); 8. RZ R (Hujialiang) ; 9. ¥BIB 4 (Guonigou) ; 10. JE&
(Wangji); 11. KR (Dashengon) ; 12. J5 1L (Houshan) ; 13. 111 & (Shanzhuang) ; 14. I (Sigou) ; 15.
XXHEAE ( Shuanggongbei) ; 16. 4% Ll ( Yangjiashan) ; 17. ARG (Heilinding) ; 18. 111 ¥ (Shanjiawan) ;
19. T ¥ (Longjiawan) ; 20. F¥8 (Huaigou) ; 21. A Z (Shilei); 22. #4978 (Songshugou) 5 23. EIE 14
(Nanmiangou) ; 24. FREEHF (Yangwapuzi) ; 25. + B3 (Shilidun) ; 26. )11 (Yinchuan) ; 27. J$H (Long-
dan); Ds. Dongshan Fm. ; Js. Jishi Fm.; Hw. Hewangjia Fm. ; Ls. Liushu Fm. ; Lg. Laogou Fm. ; Dx.
Dongxiang Fm. ; Jz. Jiaozigou Fm.; Tl. Tala Fm.

JTEAFE— LR R, MRARTE G A s R A R B EL S AL , BT 302 69 ) 4 et
RIBER S THIEE(E 2,% 1o SR RLRE AR B 5 SRR 5 05
RLHeE LUK+ BOR T , b TR PR KR, L E TR E T B & K F A%
CENT
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Lietal. (1995)
Present paper 1 P ey
SEFE | FAAL nifil
258 arly Pleistocene! Wucheng Loess || Equus Dongshan Fm. [Early Pleistocen]
Ma)| Bt 500+ LR 58
(Ma) Raf m) || === RaA Lt |(Ma)
Late Pliocene Jishi Fm. ©o %0 | Jishi Fm. Late Pliocene |, ,,
2rEt | OIRA I % | @ERE | FLFt
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Early Pliocene | Hewangjia Fm. i Chasmaporthetes | 1. angjia Fm. | Early Pliocene
6 ,'.i e oS 6.0
4004 i;; Cervavitus
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1 I ezhengia
Late Miocene Liushu Fm. Mo
| Hipparion Liushu Fm. oAt
12 En: | b Late Miocene
3001 }| Platybelodon
Laogou Fm. : 778
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Fig.2 Cenozoic stratigraphic column in the Linxia Basin

1. &2+ (Malan loess); 2. 4F3% 3 1 (Wucheng loess); 3. £1%5 1 (Red clay); 4. {&&

(Mudstone) ; 5. ¥Hb7E (Silistone) 5 6. Bb 4 (Sandstone) 5 7. %%(Conglomerate); 8. TEKE
(Granite) ; 9. $5%54% (Carbonate concretions); 10. Y@ KA (Marlite) ; 11. T 13 (Paleosol) ;
12. &K (Lenticular body) ; 13. b7 )2 (Fossil bed) ; 14. A% & (Unconformity)
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®1 GERMHFERBEYEE

Table 1 Divisions of the Cenozoic strata in the Linxia Basin

GRGIT, 1965 Xie, 1991 Lietal., 1995 Present paper
Whi+ o [RUETE o |THEE
) Clayey Q "t ' |Lower M. , Dongshan Fm. ' Wucheng Loess
Q Loe
G BRAR > o Pl o [Rad
Conglomerate : Jishi Fm. : Jishi Fm.
CEEY e
: Hewangjia Fm. : Hewangjia Fm.
B AP B o | o |
4th M., Linxia Fm.| |Linda Fm. ke ' |Liushu Fm.
R Liushu Fm. I
N;
! Laogou Fm.
N
N Ked
2 .
EA=B . RER Dongriang Fm. Ko
3rd M., Linxia Fm. ! Dongxiang Bed ) R Dongxiang Fm.
N -
' Shangzhuang Fm. o
W B o [P e
2nd M., Linxia Fm. . WTEE ! Zhongzhuang Fm. Jiaozigou Fm.
Ni o
i & 4H-— Bt Jiaozigou Fm. B flufir2d 7 B g 4
Ist M., Linxia Fm. Tala Fm. ’ Tala Fm.
1 #rriit

1.1 Bt (?) i

fhdLLE e Li et al. (1995, fig. 2.3)f 4. RAMBEABEFMERBERNKEZ
b HAHT A =B FBOA RO ARy S WRAE G T ROV AR EMitE
R BRI FBohPuR gL aiRE . MPATER S BRI S b Mz rEE RN
91 m,

b 4L AR 24 T H A X U BA (1965) Kl 2 e B 4158 — Bt I 5+ 55 (1990) TE I B 41 5%
Z BRI T LI T o ER R, B — MR RS T R R AL B
DAABAT T FE e B — Fes — BeAE N R 2 R B ik, A & A I, il
BIVAH 24 F 5 i 145 (1990) BB T 48 T &6, SEhr b, bl 3 B Ty 1k i ok & B 5L
LA, EIERT AR RE R E . (R E AT T 880 R R it , A T BE AT 8 e
it

1.2 BEFHRFA4

B T B AR — BLE WA & b, R AR SO T ¥ 2 B e SCOUHE 2 T ik A
BB, Li et al. (1995) %4124 F il EALEE — Bt Z a4 0 R4, B B AR i
FCA A MR BV o 1625 (1990) KB i sh it . BT A AIZA A 2 SR 2 PR 4T
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UMTWANZ . MTWEREE G RBE . T BONIE & O A TR, /B 44T
ks, S4HE; LBOvBaalRs ABeEE S KE0H,

BB 4555 (1990) B 1 EAR & BARR S P R I B LG 035 Gomphoth-
erium sp. , Dzungariotherium orgosense , Rhinocerotidae gen. et sp. indet. fll Paraentelodon mac-
rognathus . SRV ENIHLLHNRE, BIERT KR® SRR TF Burdigalian - 1 (#H
LT RRUE LS YA Yy o0 2 ) MN3) o BT LA, SRV b ) A 0 02 L TR0 5 W T £
R F I BB AR R B R BE T 4 B R R it . AR T, SR AR AU — B
W, A R R A B, SR U0 FAF . SR AR RN TR PRI T — 3 AT TR
B ZE , RO LT R G TR R 2 A MR A IR ERE R, H—
J7 T BB i 4E (1990) HIE B RN S ZE R A 28 L, FRAT 1B R B T 7 20 357 4 e 1
W E RSP RE R R . B, A A EFERIRBR R R R BAM T4 s+
o AR EIBRIER LN D. orgosense Fl Paraentelodon macrognathus , 358 IAJE R 1)
Rhinocerotidae gen. et sp. indet. [ 2§J& Ronzotherium sp., FHRIM T Tsaganomys sp., Allac-
erops sp. , Aprotodon sp. T Schizotherium sp. 5.

BB MR ARSI, AR DB RN, BN EBRHEIFi b, =6
R AR AR R A, W4 P I Daungariotherium orgosense B 5% BT
SRUETE /R 3, S0 G RERE ( Lophimeryx ) $4/8 | J5 5 1€ R U B9 ¢ B 30 5% 76 Stampian 13
R (IR, 19735 B (5 RE 48, 1990) o Allacerops f&2E T8 T S0 Y A B ¥ 7 HE ) — 26
B4, EEHERBT 2 MR it Z o (B8 G4 EAE A ,1999) o Schizotherium 1
2 P BT I B R AE 2 Y, B 7 22 N A R B T T A R S B sh i B b (B W R
1997,1998) . Aprotodon BLHTA & BT CLELHIH (W B 78 Jr HH A0 22 N 40301, 763X =M b S T2
EGE R A (B B R X, 1997) 0 Ronzotherium £ BRI K i 11,12 % B T 47 7
(Heissig, 1969) o #&&7ERRIE K i B BB A B A 7E Sannoisian H3F1 Stampian B F3, T
LA Paraentelodon macrognathus R IIEBUAER FWATHYEE , BT R B4 5K
B2UKTFER, Tsaganomys B - BT R i gt s 3, LB b 4 i0 4L U F o 87 37
T, B St bR R M Ak A 2 — (Wang, 2001), Tsaganomys FE 22 N 73 1 H B
TFHF B SITS R . I, ACF 1 4 A BN A B T i

EWTFHHPZRARCE LT TZRATBRODIRET, W EENR S A&k
AE BB PRI RR, Fi, MFWAZ EREBRKR Pt RS F e
B R R R T R OB v AR FE B

2 it

2.1 PHRHFHREHESAE

RS UM Lietal. (1995, fig. 2.8) @4  MITHE LB TH I —EL %4
BRERRKEF KORIKEFZW R ERVRR, Y T i B =B F3; 1A
FlEHAE =B TFHMEGS N EFEH, MRE P bt AXWRSHAEYTF
BNERASE =B, BIETE Li et al. (1995) 89 FFEHMAK 2 4, B R it 11,
REBREWT AR : TERNBLANMD A W aB T N BaaRs; FB 8%
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CRHE BRESHDE DEROBRE, $THEOARERT KERKESK
o

B2 L1997 5 B b IR G 2 T B AR5 = B b 3 s 10 s 2 1 2
PRE TR RIS A, A EEH R Rt B R R SR, B
T EEA" SRS 4 AR, RIS ES N E S 4.,

KIMETMEXRES KRR SH TR EBRBAEND TR ESEAS oK &
Gomphotherium sp. KIALAT , B A A B 483E Alicornops sp. F Kubanochoerus sp. %o TERRIM,
Gomphotherium 7 1 Bl F MN3 1935 [E Artenay( Tassy, 1985); Alicornops 5t 5 1 BL-F MN3
HIEE Wintershof-West( Ginsburg and Guérin, 1979), %] MN6 A7 Hj TERRIM T 1Z 57 7 (Heissig,
1999, Cerdefio and Sénchez, 2000) , % B F £ B H 4 H 3 it b J2 (Heissig, 1976) Ku-
banochoerus YL B iNA MN6 B2 , 76 EH B Frh o it FH RO TR 5
8 JRFOBRPY 5 G S A, 5 U A (B 4%, 1988) , [H 595 5 i o 1L Bl e
RIRH

T MBAIRW S EONRS A LB T MO h R A TR D YRRILE &
& Hemicyon sp., Gomphotherium sp., Anchitherium sp., Hispanotherium matritese, Alicornops
sp. M Chalicotherium sp. %, A4 E.7~ T BB i v o 37 1 Hemicyon 1 Hispanotherium
T TR W8, Hispanotherium I Gomphotherium 1 BL TV /KIS BE, T Hemicy-
on, Anchitherium F1 Hispanotherium BT RS EE (Qiu and Qiu, 1995), H—HMHE,FE
A B Anchitherium F1 Hispanotherium B /N T8 K2,

2.2 gt A A
B NA SRS A 2 BT, B S R =4 2 20 (8 3), 347
KIFER & HRAAREZ EANIRAB R ARE (L) 2T RS — &R
AU HAP S RBME S R R SRS . REEEAES (X —H 2l
AWML Z , AR B, ¥ TR B T8 B0 kR, 2w
JIBK§ + Malan Loess S
N T o
"H' ] '|. \AERE Hewangjia Fn
o\

Tt x D=8+ Malan Loess
H. .n.n AR L Wucheng Locss 5= &+ Malan Loess

PCe ae e 0 e e s \ IO R
e e e
” HW ) 1T | ! .L ITUTITH L Wucheng Loess

wniE iH T SIS e T S S R4 Jishi P,

Liushu Fm.

0 100 200m Dongxiang Fm.

B3 &l AR (R L 2)
Fig.3  Sections at Laogou (Legend see Fig. 2)
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ST A N R FBO R 6 A SR A, IR, BN AR EBOVK
B RHMBEGEETE. ZWAS T MR ERETIR, 4R KR 2
g, BB A M 5 TRt & + BRI A 50 m, 7EAR £ BIREISF £ RIHKE
BEHLIA 30 m, MAEZE R WAL RE S RERRRF)NEEN 10~20 m ZEH . I
A, WS FEABRE TR — D =S B (B 3),

Li et al. (1995) B 1 BT “ 7R & 4" SHIR 28 2 18] K R A B0 BRA B R A TH Kt 1A
BRI — RS, RREEAK, B 10 m ZH N —BRIOREE . 7EMITHERN T
F L FAR LR A — KB AT A R G 1E, )RR 50 mo

Kb (1988) 338 T 7S W H L5 8 R BAF & M P i R s Re e, (B
RGP HEBRES . ROTRIETEEW RRRMARN F A ERA T KA
TXRE Wit % 2 sh W #4k4 (Deng, 2003), T #2535 Alloptox sp., Plio-
pithecus sp., Hemicyon sp., Amphicyon sp., Gomphotherium sp., Platybelodon grangeri, Zygol-
ophodon sp., Anchitherium sp., Alicornops sp., Hispanotherium matritense Kubanochoerus
gigas , Listriodon sp., Palaeotragus sp. Fl Turcocerus sp. 5% .

SR 2 AL A R BT £ o T T2 Y, R A O 2 B RE YRS o /R SR R L B (Qiu
and Qiu, 1995), Alloptox |2 BT H B i b eh 7 it S B¥, 4 7 5%+t 38 7 /K (Young,
1932) BEFH 5 F A K ¥ (ZE/532,1978) . I RAISFF R (R %, 18D M TEROT X
— V(R SCH % ,1991) 0 Pliopithecus TEBKIN B9 24 f7BH R MN5 ~ 9, T ZE P EZ T T XK
9 Y B A S JK 43 b 0 v e T A LD 25 R (BES o RF L R, 19865 R SCHEAE, 2003)
Hispanotherium matritense ST RN A VS B 5 L %5 5T A0k DA KO 9 i + R R
AR 78T E M WA ST, T R R A T R T K R R
MR EIShpRE R, O Bl T RS RE A H . tungurense SETRIR (RN, 1978; BT, 1979;
X4 1988 ; Cerdefio, 19965 Deng, 2003), :

2.3 R HTHEEIR A

Wk ZELEH Li et al. (1995)4545 , A0 24 T B 4148 U B R P T30, A O e i it o Bl
£ RE4E(1987,1988,1991) iR T 7E I B A4 & DL e mp BT L FL3h i f , R 3L (1991)
B A I B A — 4 PR T& =i B0 A B B A A5 U B, B RO B o it . e &
éﬂ%@&iﬁj@ﬁ*ﬁi,@*\T%@ﬁ@ﬁﬁﬁﬁﬁ,ﬁﬁzﬂi%ﬁ%ﬁﬁﬂﬁ*%‘?ﬂ;iﬁ‘ﬁ%ﬁ
BE%, &R FH =R TR —H 2 A — RSN RE . B R EIEE
A PUBL T T ER LR A 2 AR AR S R

WV 4E f A A A 24—, R O D R IR A, B B A 20K R OB, &
B 2~ 10 om BYSREEZIE . WIRHALREEEARRSIEZHRA, X FE 25 KR M
Ve RITE IR o (BIA0, e Y IR L AR (UK 17 m, H F BB R ARG
RRE, BRI _E 3R £ RAF ORI b, e AR ER AR mAEE =
& SBRIA 130 m, T EBAE 90 m, B4 —L A AW R N HL A, B EY
G Z R AT 35 150 mo MESE I E 2R & NS, B THERA SR
BRI 4L B B RS 200 me AR 2 F B = Bk T Sh 4 B Ak 4 b A AR I LT ) T B
B, AT B AT L k3R L
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2.3.1 MR T Hahae

BIWATFTHAIUAETERRATERS BIREF S WRHAIEELES THE UAEZT
HEWABRE (B 4), BRWHEIL WG B Dinocrocuta gigantea, Machairodus
sp., Tetralophodon sp., Hipparion dongxiangense, Parelasmotherium linxiaense F1 Shaanxispira
sp. F (V% ,2001c) o HS i 4 (A 9R L(1998) #3R T 7 HIE 4B Hipparion dongxiangensis I
Parelasmotherium simplum , {HIA BV S HEN . FHEII T/REHEELATTIH
1, R B B R A LTS 1+, 16 B F 20k LR E W AR ERE 5 ~ 10 m 19
& (E 4),

\ F\
A S . 5=5B1 N
Malan Loess I\
N
20m \
0 N
L [ N
- - Liushu Fm.
Wangji
=
Laogou Fm. ﬁ%
e s e |
2]
D777 .
Dongxiang Fm.
Iy
Guonigou

Bl 4 FRIRMFIES Ho £ ] T I (I 91 L 2)
Fig.4 Sections at Guonigou and Wangji (Legend see Fig. 2)

*ﬁﬂm‘éﬂ?%ﬁﬁ%ﬁﬁ??ﬁﬁﬂﬁ B‘J%EF'%?@E%@H@*%}?\ , Dinocrocuta gigantea %ﬂﬁﬂ”ﬁ%
=R Eh R AIFE ISR, Howell and Peter(1985) 845 1 Dinocrocuta 5 & W F 8 b 5
A, 25 BIAR 2 TR Vallesian H5% MNO ~ 10, 76+ E & BLAI M BHL B 7R T 53X R 1,
Dinocrocuta % 2 BT BR Y 1 PG AT (RUAR A2 4, 1978 TR IR BE SR, 2002 ) 70 76 348 L 2 4 e (X6
Z34E,1980) , #7™= FAH H T ERM Vallesian S B /2 h (ZE 8%, 1984, B (5 #F R 465,
1990) o Dinocrocuta WAEHRIE & LT H M RPLAA L (AREF4E, 1982) FIBE PG HF 45 2 & )M ( Xue
etal., 1995; TR = FEHEI, 1996) , 3% P 3L s BN A 5 BRYH B Turolian B %4, (AT #
HIARARIR T 2GRS o, T J5 2% B SR iR ¥ R B B IR RIESE o Hipparion dongxian-
gense HIRT LA E OB/ D =M SR H. parvum BB /N, B RIRRFIIR R EHEFEIL
PPN ZR SRR L, BEEHW =S RO, BRERETRENER
(BS5 4% B8 3, 1998) o Parelasmotherium HLARTE B 7E A BN K2 B Sinotherium B R
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fr, e R ET A i g e D 7 1) R Je R R B 7 PR A e A3 (S o e IR S, 19985 [ i,
2001c) o Shaanxispira t it BT ] S0 RE P (RUAR A2 %, 1978; 3k IR HESE, 2002) . 45 BT
A WIREH T FR S M s AU A B BT HE 5, A 2 T BRI Vallesian #1, ARIEXT EE,
SRIXA B (Bohlin, 1937) BIHEAL K AT BB S A00AR 41 F6 S 0 BE AR 24 (BB 54 45 5,
1990; Qiu et al., 1999) {8 ZH HIFPAEA L, M I IB{LA Tetralophodon F Hipparion o
2.3.2 MRS HRE

WIS A R B A A T R B R T & R, B LR # 2 L E,
SRR % 5 I FISEIE , R & B E)F £ XL %,

RGASER s N B 2%, R AE AT 3, 7 W28k . #ElT
Ak tH B o] ERARIRE , O R AL THIRA T 3 — B R RN SRERIEZ T L
it (& 5), MWW IL b6 EE, 815 Pararhizomys hipparionum , Promephitis
sp., Dinocrocuta gigantea, Tetralopodon exoletus, Hipparion chiai, Acerorhinus heshengensis,

Chilotherium wimani , Samotherium sp. , Honanotherium schlosseri, Gazella sp., Hezhengia bohli-
ni M1 Miotragocerus sp. % o

5ZE+ ‘\\
T NE Malan Loess . S
: | EFRA J i ﬂmm
LI

Hewangjia Fm.

Houshan
Liushu Fm.

D
MBI —20m —s"%a®se IS

T T

Laogou Fm.
bEZE]
Dongxiang Fm. —rmrrmrrerry, | B89
NN Guangtong River
Dashengou Rva

B S RHME G L 5w (B ) L 2)
Fig.5 Sections at Dashengou and Houshan (Legend see Fig. 2)

LR RS RBEARIE, Z R R B R, RENAR S B ERAUT
Blo WERATHRHANN —EEREBEEZ T, EEWA TN EEEZRYN 50 m
(Bl 5)o MRIESHA BT ARSI, J5 L AOAIARS 2 30 0K B 4 il AR 4 R B
WS YL FE , Hezhengia bohlini & B A% B9 Fh 2 (BB 5455, 2000) , 3B A Promephitis

sp., Hyaenictitherium wongii, Dinocrocuta gigantea, Tetralophodon exoletus, Hipparion chiai,
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H . weihoensis , Acerorhinus hezhengensis , Chilotherium wimani , Iranotherium morgani , Dicrocerus
sp., Samotherium sp., Honanotherium schlosseri, Gazella sp. i Miotragocerus sp. 55, M2
RERH S R S 8 O R R Promephitis hootoni, Melodon majori, Sinictis sp., Ictitherium
sp., Hyaenictitherium hyaenoides, Machairodus palanderi, Felis sp. Fll Chleuastochoerus stehlini
%o

MRS 2 o R Bh P R ATS SR L A M P BT T B A 25 Y, ST E AR 4 R BN Dinocrocu-
ta gigantea . FALB A S YREP R E L TP H P BAH Y EE, UL Hipparion
weihoense F1 H . chiai LI FE, PR = RE L) MA K, HE AT 55 I HR BE 80 3 14 24 9%,
R, X LHFER AT ICEEAR R H. primigenius BI, T ERRINFIAEIN I H . primi-
genius B = Bt Eh KR Vallesian HAH) (BB G455, 1987) o I sh At 5000 41 3B s B4t
H W FEAUFE Tetralophodon exoletus 1 Chleuastochoerus stehlini (X 7R 4 %5, 1978) , {H 3k JK BE
%(2003)IAH C. stehlini P]REF=T W4 . Hezhengia bohlini J& MR 4 35 55 B AU (o b 28
Z—, ERA BN A i B4, U0 Plesiaddax W fA4FL, 15 S JR 4R,
ERTE AR, B AMEFIRD , B H . bohlind W B RN 12 B2 (B8 o7 #£45, 2000)
Acerorhinus hezhengensis A AL BR78 B T SEK A &8, T AH 24 S8 95 LA =98 i & 1 =4k
U, GEIEARSMEER) A, tsaidamensis T, T A6 FARESI I BEN A, palacosinensis (I
AR, 1987) o MRS 2 o BB 3 Wy RE () SR TS, B 00 R 24 T BRUH Vallesian F 85 5.
AR £H HP ¥ SR T REE 5 B VL IS A B0 R WKV S W B TR 5F (Xue et al., 1995) , — 2 A [F]
HIFPAE 2, W1 Dinocrocuta gigantea, Hyaenictitherium wongii, Hipparion chiai, Chilotherium
wimani , Samotherium sp. M Miotragocerus sp. %% , W VKA i) Acerorhinus fuguensis 1354144 £
FHREI A . hezhengensis T H HE (X ,2000) o
2.3.3 MR EAEh YR

el B At A B R  AREMBUL =4 S ILRB AR L LM S BT,
IR B EY SR ARG JERE S MM TR ER, EXE S BRE%,

BRI AT ERRMERL, A B AL FHRATE(E 6), CHMMFAAE Parar-
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CENOZOIC STRATIGRAPHIC SEQUENCE OF THE LINXIA BASIN
IN GANSU, CHINA AND ITS EVIDENCE FROM MAMMAL FOSSILS

DENG Tao' WANG Xiao-Ming"?> NI Xi-Jun' LIU Li-Ping LIANG Zhong'
(1 Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044 )
(2 Natural History Museum of Los Angeles County Tos Angeles, CA 90007 USA)

Summary
Key words Linxia Basin, Cenozoic, stratigraphy, fossil mammal

The Linxia Basin is situated in the southeastern part of Gansu Province, China, and it is a
flexural basin bounded by the Leijishan fault, North Qinling fault, and the Maxian mountain (Fang
et al., 2003) . The Cenozoic strata are very thick and well-exposed in the Linxia Basin, and abun-
dant mammal fossils are discovered from the strata (Fig. 1) .

Before the 1950s, there were few works done about the Tertiary strata in the Linxia Basin, and
the sediments were mostly referred to the informal name “Gansu Group” . Subsequently, the Tertiary
red beds in the Linxia Basin were given the formal name Linxia Formation, the age being determined
to be Pliocene, and was divided into four lithologic members (GRGIT, 1965). Qiu et al. (1990,
1991) first described the Early and Late Miocene fossils in the Linxia Basin. After comparing the
Jiaozigou section with the stratotype of the Linxia Fm., Qiu et al. (1990) and Xie (1991) suggest-
ed that the Linxia Fm. limited to the fourth member of the original Linxia Fm. , with an age of Late
Miocene. Li et al. (1995) further divided the Linxia strata, and renamed different formations from
the Late Oligocene to the Holocene. We adopt some of their divisions and revised others, and we
recognized the following sequences (from lower to upper) : ? Early Oligocene Tala Formation, Late
Oligocene Jiaozigou Formation, Middle Miocene Dongxiang and Laogou Formations, Late Miocene
Liushu Formation, Early Pliocene Hewangjia Formation, Late Pliocene Jishi Formation, and Farly
Pleistocene Wucheng Loess (Fig. 2; Table 1) .

1 Oligocene

1.1 ? Early Oligocene Tala Fm.

The Tala Fm. is composed of brownish red conglomerates, sandstones and mudstones. No any
mammal fossil is found from this formation. The age of the Tala Fm. may be Early Oligocene, be-
cause it is underlying the Late Oligocene Jiaozigou Fm.

1.2 Late Oligocene Jiaozigou Fm.

The Jiaozigou Fm. is composed of brownish yellow sandstones and brownish red mudstones.
The mammal fossils in this formation are found at Jiaozigou, Tala and Yagou in Dongxiang County,
including Tsaganomys sp., Dzungariotherium orgosense , Allacerops sp., Ronzotherium sp., Ap-
rotodon sp. , Schizotherium sp. , and Paraentelodon macrognathus . Qiu et al. (1990) reported that
Gomphotherium sp. might be collected from the Jiaozigou Fm. However, our recent fieldwork proves
that this proboscidean specimen may be interfused from other strata.

The giant rhinoceros is a representative mammal in Asia, and infrequently discovered in East-
em Europe. The giant rhinoceros was diversified in the middle Oligocene, and it became very ad-
vanced in the Late Oligocene. Dzungariotherium orgosense was first found from the Junggar Basin in
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Xinjiang, with a large size, rudimental lower incisors, well-developed antecrochets, and wide foot
bones. In Xinjiang, D . orgosense coexists with Lophimeryx , and the last record of the latter is from
the middle late Stampian Age in Europe (Chiu, 1973; Qiu et al., 1990). Allacerops was a rhinoc-
erotid form lived in the Oligocene of Asia, and it was found from the Oligocene in the Lanzhou Basin
adjacent to the Linxia Basin (Qiu and Wang, 1999) . Schizotherium was also a characteristic Oligo-
cene form in China, and it was found from the Oligocene Nanpoping Fauna in the Lanzhou Basin
(Qiu et al., 1997, 1998). Aprotodon was previously found only from Pakistan, Kazakstan, and
the Lanzhou Basin, and it coexisted with the giant rhinoceros in these three regions ( Qiu and Xie,
1997) like in the Jiaozigou Fm. of the Linxia Basin. Ronzotherium was found only in the Oligocene
of Furasia (Heissig, 1969) . The entelodont was the most diversified during the Sannoisian and the
early-middle Stampian Ages, and Paraentelodon macrognathus was very abundant in the Jiaozigou
Fm. Tsaganomys appeared first in the late Early Oligocene, and its assured record ended in the
early Late Oligocene. As a result, Tsaganomys is one of the index fossils for the Asian Oligocene
(Wang, 2001). Tsaganomys was found from the Oligocene Nanpoping Fauna in the Lanzhou Basin.
Apparently, the age of the Jiaozigou Fm. should be Late Oligocene.

2 Miocene

2.1 Early Middle Miocene Dongxiang Fm.

The Dongxiang Fm. is composed of brownish red sandstones and mudstones with greyish white
marlite beds. The mammal fossils of the Dongxiang Fm. are found at Dalanggou and Wangshijie in
Guanghe County, including Hemicyon sp., Gomphotherium sp., Anchitherium sp., Alicomops
sp., Hispanotherium matritense , Chalicotherium sp., and Kubanochoerus sp.

In Europe, Gomphotherium appeared first in MN3 at Artenay in France (Tassy, 1985). Ali-
cornops appeared first in MN3 at Wintershof-West in Germany (Ginsburg and Guérin, 1979), and
distributed widespread in Europe during MN6 (Heissig, 1999). In China, Kubanochoerus appeared
first at Dingjiaergou in Tongxin, Ningxia with the age corresponding to MN6 of Europe, accompany-
ing abundant fossils of Platybelodon. On the other hand, Platybelodon has not been found at
Dalanggou. Hemicyon and Hispanotherium coexist in the Dingjiaergou Fauna; Hispanotherium and
Gomphotherium coexist in the Lengshuigou Fauna; Hemicyon, Anchitherium and Hispanotherium
coexist in the Tunggur Fauna (Qiu and Qiu, 1995) . But Anchitherium and Hispanotherium from the
Dongxiang Fm. are obviously smaller than those from Tunggur.

2.2 Late Middle Miocene Laogou Fm.

The Laogou Fm. is a new lithologic unit established in this paper. This formation is composed
of grayish yellow fine conglomerates and sandstones (Fig. 3).

Many mammal fossils are collected from the Laogou Fm. at Laogou in Hezheng County, and
Hujialiang and Zhujiachuan in Guanghe County (Deng, 2003), including Allopiox sp., Pliopithe-
cus sp., Hemicyon sp., Amphicyon sp., Gomphotherium sp., Platybelodon grangeri, Zygoloph-
odon sp., Anchitherium sp., Alicornops sp., Hispanotherium matritense , Kubanochoerus gigas ,
Listriodon sp., Palaeotragus sp., and Turcocerus sp.

The fossils from the Laogou Fm. are the typical Middle Miocene forms, represented by Tung-
gurian Platybelodon and Anchitherium (Qiu and Qiu, 1995). As above-mentioned, Plarybelodon
has not appeared in the Dongxiang Fm. , and Anchitherium from the Laogou Fm. is obviously larger
than its ally from the Dongxiang Fm. The shared genera between the Laogou Fm. and the Tunggur
Fauna include Alloptox, Hemicyon, Amphicyon, Platybelodon, Zygolophodon, Anchitherium ,
Hispanotherium, Kubanochoerus, Listriodon, Palaeotragus, and Turcocerus. Alloptox was wide-
spread found from the Middle Miocene faunas in China, such as Tunggur in Nei Mongol (Young,
1932), Lengshuigou in Lantian, Shaanxi (Li, 1978), Qijia in Minhe, Qinghai (Qiu et al.,
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1981), and Dingjiaergou in Tongxin, Ningxia (Wu et al., 1991). Pliopithecus existed during
MNS ~ 9 in Europe, and it was found from the Dingjiaergou and Halamagai (Junggar, Xinjiang)
Faunas of the Middle Miocene in China (Qiu and Guan, 1986; Wu et al., 2003). In Eurasia,
Hispanotherium matritense was found in Spain, Portugal and France of Europe, and Turkey, Paki-
stan, Mongolia and China of Asia. In China, H. matritense distributed widespread, found from the
Middle Miocene Dingjiaergou, Lengshuigou and FErlanggang ( Fangxian, Hubei) Faunas (Zhai,
19785 Yan, 1979; Guan, 1988). H. matritense is smaller than H. tungurense of the Tunggur
Fauna ( Cerdefio, 1996; Deng, 2003). Alicornops distributed widespread in Europe during
MNG6 ~ 10 (Cerdefio and Sénchez, 2000), and it was found from the Middle Miocene strata in Tur-
key (Heissig, 1976). Kubanochoerus appeared in the strata of MN6 in Caucasia, and it was found
at Dingjiaergou, Tunggur and Koujiacun (Lantian, Shaanxi) . Therefore, Kubanochoerus is a typical
Middle Miocene form (Qiu et al., 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 differential erosions. At Laogou, its thickness is only 17 m, and the Jishi
conglomerate is directly overlying above the red clay of the Liushu Fm. At some localities near the
southemn margin of this basin, on the other hand, its thickness is close to 200 m, because several
sandstone and conglomerate beds are interbedded in the red clay of the Liushu Fm. According to
their positions in the sections, the fossil localities of the Hipparion fauna in the Liushu Fm. can be
divided into three levels (Fig. 2).

2.3.1 Lower part of the Liushu Fm.

The mammal fossils of the lower part of the Liushu Fm. are found at Guonigou and Wangji in
Dongxiang County (Fig. 4), including Dinocrocuta gigantea, Machairodus sp., Tetralophodon
sp., Hipparion dongxiangense, Parelasmotherium simplym, P. linxiaense, and Shaanxispira sp.

These fossils are characteristic of early Late Miocene age. Dinocrocuta gigantea is a represent-
ative of the early Hipparion fauna in Asia, and it is discovered mainly from the early Late Miocene,
corresponding to the European Vallesian Age or MN9 ~ 10 (Howell and Peter, 1985) . The materials
discovered in China show the same trend. The fossils of Dinocrocuta were found from Bahe in Lan-
tian, Shaanxi (Liu et al., 1978; Zhang et al., 2002) and Bulong in Biru, Tibet (Zheng, 1980),
and they came from strata corresponding to the Vallesian (Li et al., 1984; Qiu and Qiu, 1995).
Dinocrocuta was also reported from Songshan in Tianzhu, Gansu (Zheng, 1982) and Laogaochuan
in Fugu, Shaanxi (Xue et al., 1995; Zhang and Xue, 1996), and the two localities were consid-
ered to be equivalent to the European Turolian Age. However, the specimens of the former came
from a drug store, and the age of the latter need further studies. The size of H. dongxiangense is
smaller than that of H. parvum , the smallest known species of Hipparion in China, and its charac-
teristic structures of the hypocone and the hypocone groove frequently occur among the Middle Mio-
cene hipparionines from North America, but are infrequent among the late hipparionines. As a re-
sult, H. dongxiangense indicates an earlier age (Qiu and Xie, 1998). Parelasmotherium is more
primitive than Sinotherium , the representative taxon in the Baode Fauna, and the former is the ear-
liest member of the giant elasmothere developing toward hypsodont teeth (Qiu and Xie, 1998;
Deng, 2001¢). Shaanxispira also appeared in the Bahe Fauna (Liu et al. , 1978; Zhang et al.,
2002) . Consequently, the age of the lower part of the Liushu Fm. should be early Late Miocene,
corresponding to the Vallesian Age of the Europe. According to this correlation, 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 al., 1999). However, both faunas do not have many
taxa, and the shared genera include only Tetralophodon and Hipparion , whose materials are too rare
to be certain about their specific status.
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2.3.2 Middle part of the Liushu Fm.

The mammal fossils of the middle part of the Liushu Formation are found at Dashengou in
Hezheng County, Houshan, Shanzhuang and Sigou in Guanghe County, and Shuanggongbei in
Dongxiang County (Figs. 5, 8), including Pararhizomys hipparionum , Promephitis sp., P.
hootoni, Melodon majori, Sinictis sp., Ictitherium sp., Hyaenictitherium wongii, H. hyae-
noides , Dinocrocuta gigantea , Machairodus palandert, Felis sp. , Tetralophodon exoletus , Hippar-
ion sp., H. chiai, H. weihoensis, Acerorhinus hezhengensis , Chilotherium wimani , Iranotherium
morgani , Chleuastochoerus stehlini , Dicrocerus sp., Samotherium sp., Honanotherium schlosseri ,
Gazella sp., Hezhengia bohlini, and Miotragocerus sp.

This fauna is still composed of early Late Miocene taxa, such as Dinocrocuta gigantea , which
first appeared in the lower part of the Liushu Fm. Other important components of the Bahe Fauna
are relatively richly represented in the middle part of the Liushu Fm. , such as Hipparion weihoense
and H. chiai. These two species of Hipparion have a large size, deep preorbital fossae far from the
orbit, and narrow and long protocones. These characters show that both of them apparently belong to
the H. primigenius group, and the hipparionines of this group in Furope and Africa are predomi-
nantly Vallesian in age (Qiu et al., 1987). The shared species in the Bahe Fauna and the middle
part of the Liushu Fm. also include Tetralophodon exoletus and Chleuastochoerus stehlini (Liu et
al., 1978). Hezhengia bohlini is one of the most typical taxa in the middle part of the Liushu Fm.
The homcores of Hezhengia are obviously less specialized than those of the midldle-late Late Mio-
cene ovibovines, such as Plesiaddax, and its premolars are relatively long, with strong ribs and
styles. Therefore, the primitive characters of H. bohlini imply that its age should be earlier than
that of the middle-late Late Miocene ovibovines (Qiu et al., 2000) . Acerorhinus hezhengensis has a
very narrow mandibular symphysis and little separated parietal crests to form a high sagittal crest,
and thus it is close to A . isaidamensis in the Qaidam Fauna but different from A . palaeosinensis in
the Baode Fauna (Qiu et al., 1987). Judging from the whole components of the fauna of the middle
part of the Liushu Fm. , it should be correlated to the late Vallesian Age of Europe. Besides the Ba-
he Fauna, the Lamagou Fauna in Fugu, Shaanxi (Xue et al., 1995) may be contemporaneous with
the fauna of the middle part of the Liushu Fm. There are many common taxa between the Lamagou
Fauna and the middle part of the Liushu Fm., including Dinocrocuta gigantea , Hyaenictitherium
wongii, Hipparion chiai, Chilotherium wimani, Samotherium sp., and Miotragocerus sp. More-
over, Acerorhinus fuguensis from Lamagou also is very close to A. hezhengensis from the middle part
of the Liushu Fm. (Deng, 2000) .

The “Shanzhuang Fauna” and “Sigou Fauna” in Fang et al. (1997, 2003) are apparently a
mixture of the Middle Miocene Platybelodon fauna and Late Miocene Hipparion fauna. Our field ob-
servations show that the majority of the Late Miocene components were actually collected from the red
clay of the middle part of the Liushu Fm. instead of the underlying sandstone of the “Shangzhuang
Fm.” or the conglomerate of the “Dongxiang Fm.”, which produced the Platybelodon fauna. Parts
of Fang et al.’ s (1997, 2003) “Shanzhuang Fauna” and “Sigou Fauna” are probably our fauna
from the middle part of the Liushu Fm (Fig. 8).

2.3.3 Upper part of the Liushu Fm.

The mammal fossils of the upper part of the Liushu Fm. are found at Yangjiashan, Heilinding,
and Shanjiawan in Hezheng County, Songshugou, Shilei, Huaigou, Yangwapuzi, Nanmiangou and
Longjiawan in Guanghe County (Fig. 6), including Hystrix gansuensis, Pararhizomys hippario-
num, Simocyon sp., Promephitis sp., P. hootoni, Parataxidea sinensis, Pleisiogulo sp. , Ictith-
erium sp., Hyaenictitherium wongii, H. hyaenoides, Adcrocuta variabilis, Machairodus sp., M.
palanderi , Metailurus sp., M. minor, Felis sp., Hipparion sp., H. coelophyes, H. dermato-
rhinum, Acerorhinus hezhengensis, Chilotherium wimani , Dicerorhinus ringstromi, Ancylotherium
sp., Chleuastochoerus stehlini , Microstonyx major , Metacervulus sp., Cervavitus novorossiae , Ho-
nanotherium schlosseri, Palaeotragus microdon , Miotragocerus sp., Sinotragus sp., Protoryx sp.,
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and Gazella sp.

In this fauna, the early Late Miocene representatives, such as Dinocrocuta gigantea and
Hezhengia bohlini have disappeared. This fauna is similar to the Baode Fauna, the typical fauna of
the late Late Miocene in China. They share many taxa, including Simocyon sp., Plesiogulo sp.,
Parataxidea sinensis , Promephitis hootoni, Hyaenictitherium wongii, H. hyaenoides, Adcrocuta
variabilis , Machairodus sp. , Metailurus minor, Dicerorhinus ringstromi , Chleuastochoerus stehlini ,
Microstonyx major , Cervavitus novorossiae , Palaeotragus microdon , Honanotherium schlosseri , and
Sinotragus sp. Like the Baode fauna, rhinocerotids are absolutely dominant in the upper part ¢f the
Liushu Fm. , although both of them are named as the Hipparion faunas. On the other hand, the
more primitive Chilotherium wimani in the upper part of the Liushu Fm. is replaced by the more de-
rived C. anderssoni in the Baode Fauna. The primitive characters of C. wimani include the low
position of orbit, well-developed supraorbital tubercle, weak postorbital process, concave dorsal
skull profile, little separate parietal crests, narrow braincase, and strong paracone rib on premolars
(Deng, 2001a, b), while the derived characters of C. anderssoni include the high position of or-
bit, absence of supraorbital tubercle, well-developed postorbital process, flat dorsal skull profile,
broadly separate parietal crests, rounded braincase, and weak or absent paracone rib on premolars
(Ringstrom, 1924). Hystrix, Ancylotherium and Metacervulus appeared in the upper part of the
Liushu Fm. In conclusion, the fauna of the upper part of the Liushu Fm. may be appreciably earlier
than the Baode Fauna.

3 Pliocene

3.1 Early Pliocene Hewangjia Fm.

The Hewangjia Fm. is composed of red clay and a basal conglomerate. The thickness of this
formation is also greatly variable, and it was eroded away completely in some localities. The fossil
localities of the Hipparion fauna in the Hewangjia Fm. can be united into one level, as typified by
Shilidun where the red clay of the Hewangjia Fm. is 50 m thick (Fig. 7).

The fauna of the Hewangjia Fm. comes from the red clay at Shilidun in Guanghe County and
Yinchuan in Jishishan County, including Hystrix gansuensis, Promephitis sp., Chasmaporthetes
sp., Hyaenictitherium wongii, Hipparion sp., Shansirhinus ringstromi, Cervavitus novorossiae ,
Palaeotragus sp., Sinotragus sp., and Gazella sp.

Chasmaporthetes sp. and Shansirhinus ringstromi newly appeared in the Hewangjia Fm.,
while the extremely dominant Chilotherium in the Late Miocene Hipparion fauna disappeared in this
fauna. Other members of the Late Miocene Hipparion fauna, such as Adcrocuta, Ictitherium and
Chleuastochoerus are absent in the Hewangjia Fm. Chasmaporthetes has a widespread distribution in
the world, and its fossils were discovered from Europe, Asia, Africa, and North America; it first
appeared in the Early Pliocene, corresponding to the Ruscinian Age of Europe. In China, Chasma-
porthetes was discovered from Yushe and Shouyang in Shanxi, Nihewan in Hebei, and Mianchi in
Henan (Qiu, 1987). In the Yushe Basin, Chasmaporthetes appeared first in the Gaozhuang Fauna
with a paleomagnetic age of 5.2 ~ 3.4 Ma, when Chilotherium had disappeared (Qiu, 1987). The
Gaozhuang Fauna should be correlated to MN14 ~ 15 of the European mammal ages (Qiu and Qiu,
1995) . Kretzoi (1942) established a new genus Shansirhinus on the basis of Rhinoceros brancoi de-
scribed by Schlosser (1903) as the type species, and renamed Rhinoceros aff. R. brancoi de-
scribed by Ringstrom (1927) as S. ringstromi. S. brancoi does not have exact locality and hori-
zon. S. ringstromi is collected from Huangshigou in the Nihe district of the Yushe Basin. Qiu et
al. (1987) indicated that the mammal fossils in the Nihe district came mainly from the Gaozhuang
Fm., so the age of S. ringstromi should be Early Pliocene. Some common species of the Late Mio-
cene Hipparion fauna, such as Hystrix gansuensis , Cervavitus novorossiae , and Sinotragus sp. still
survived in the Hewangjia 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 Hewangjia Fm. As
a result, the age of the Hewangjia Fm. may be early Early Pliocene, approximately corresponding to
MN14.

The “Longguang Fauna” in Fang et al. (1997, 2003) was also misallocated. Our own field
observations indicate that it was actually from the red clay of the Hewangjia Fm. , in the same fossil
bed as Shansirhinus ringstromi in the Yinchuan locality, rather than the mudstone of the “Dongxiang
Fm.” or the siltstone of the Liushu Fm. in the Late Miocene.

3.2 Late Pliocene Jishi Fm.

The Jishi Fm. is composed of grey and partially carbonate-cemented coarse conglomerates. No
any mammal fossil is found from this formation. Because the Jishi Fm. intervenes between the Early
Pliocene and Early Pleistocene deposits with the assured fossil evidence, its age should be Late Plio-
cene.

4 Early Pleistocene

The Pleistocene deposits of the Linxia Basin are composed of yellowish brown massive siltstones
of the Dongshan Fm. or the contemporaneous Wucheng Loess. The abundant mammal fossils are
found from the Wucheng Loess at Longdan in Dongxiang County (Qiu et al., in press) . The exist-
ence of true horse ( Equus) and the absence of typical Middle Pleistocene forms immediately put the
Longdan fauna in the Early Pleistocene, and the Longdan Fauna seems slightly older than the Nihe-
wan Fauna (Teilhard and Piveteau, 1930).
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