Ba6% E3 WA WY W pp.210 —232

2008 47 A VERTEBRATA PALASIATICA figs.1 -3

TS Tt i B RS 5

1 y 1 2
& B Mg Eise
(1 FER R LG EENY S T ALARAERIPHLREXESLEE  JLE  100044)
(2 BITRERER BT 361005)

R B8 T RS BRI AE Y2 e T 12 AT S s a B A ELC
B, ARG HOE 5 V0 B T A 2 BB R o AR R HES 1 29 3.7 ~ 2.6 Ma BYBR PRI O USRI B & Y3t
B4, I YL Paenelimnoecus chinensis Lunanosorex cf. L. Lt Trischizolagus . Pliopentalagus
nihewanicus Ungaromys .Mimomys sp. ,Chardina truncatus ,Mesosiphneus praetingt M. paratingi . Plio-
siphneus lyratus . Pseudomeriones complicidens ., Castor anderssoni, Huaxiamys downsi. Chardinomys
yusheensis .C. nihowanicus .Hipparion houfenense 1 Gazella blacki 208 F¥51E, shYBERNR LS
WALRAZI A& FRA TR R EBERAE VW RAEZ B RO L YAES .
TREKEWYEE B SR R R LA LR S A S . SR R R IR &
JE A 3 A A A AR T B R BRI R PR

KRR PRI, LR, RS, YR RS IR

FRERSIES . PS34.622  CEAFRIAAD A SCE4S:1000-3118(2008)03-0210-23

TS 2t 1 88 T 150 AROK B TR AVE AR HE AR ) (R FEN 55,1996 ; BRI 3 4,
2006) , ZEFRYIZT \HEETRT MM ( = AFE) L4 30 m( ~ “90 ft” ) LR+ (A
BEE FBRA ) RO A B S A B R (Barbour et al., 1926) , F B A
ok 2 EEFH R (Teilhard and Piveteau, 1930) 8% 08 tH 4R FEHH ( Black et al., 1933) . BR¥F
(1988) 1 Hif% TA B B R AW FHEIRHL 30 m BT (SB8A) e KRal
A7, [T 2RI FEREY 12 m A EZ/KEGHIE FEREL 7 m LR 13 Fi%
4, HEHy EFri . MEETAEMNELAZEENL 20 ~30 m B 6 EHL G+
AR EZ, B = S MR EEmMAE R A =i 5a £, e it (B 7%,1974) .
B TP%E T LIEFNEZ 45 m EREPBRA FIES R B E RN LIS R B A K EIEAL
YA B R BB FRER SR R BIAE S T B R R FR R R
PHRGRITAH (£ 21, 1982) ;{HIKIRRFE (2003 ) AN X PN 4H Z [A] 1 30 J2 R T AT

1) BlR BABI 22540 B (45 :40472012, 40730210) , 7 EF 25 ARG TR EZE 7 5 B (%S KZCX2-
YW= 120) 0 R BRI 2E R SRR A TR EE 6 (475 1 J0630965) BE B
deHE B 4822007 11-25
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2, BB S R A R A XA, BRI ORI 48 & I R B A RO e B
i, HEETREMETE LEME UE TR ED ARKEGRE o8 BRDER /D
K AL B R K W (= ) SR BTV S5 i e ) — A A AR A0 VR I AR AR
Wik dn 4 o FEHhA” AT BTt (AL B4R 45 ,1988) 5 5k JRBESF (2003 ) 1A S ix 2u )
HEAREE , AEWHZE X LB AU R B A A — 3R 70, BUCK Rt A DA B4, HEALR
25 (2004) AN BRTIESE A B 5T, N2 W RN A B A/ ftd. ZTHRMERNH
FIHERARSR | RLLHS - R EE ¥ — ik oy e/ NR FL sh Y id 72 o R R BUE K A&
YA SRR, TR R EH ; b T HrR 2R W 3L 3h 9 46 B, b AG 11 o i _E 3T
HEFT R BT i (GRIREFSE 2003 s E0R 2 55,2004) o EHTEL/ BTG R 57 IRAEE R 19HI
(FEfR255,2004) (JRFI T (FRLRHE4E,2006) | & LA H IE (B[ 5 <5 , 2006 ) A4 Sk L
I (B R 55 ,2007) EBRHRE

FEIR DS AN S BT A AL ER R AR £ BTG #UR 0 A TR Tk
AHESTHRA EME, A RS RS L SRR A LR 5 R R
Lo

HETCH 12 MapsE&E — RSN WHAY A ZC(E 1) AOKEE
B EAR AR B b ARESI YA & R B AR AT BB 2 5 1 U AR
RE AL @R —E g BB A YR FPo, AT E TR R R

2 B sh Y S RN

TRTRIVS ZHh_T  tH T FL 3h W Bk TR S R b 41 o 9 ST 26 (lagomorphs ) | G 5 28 H Y
BRIV A} (Murinae ) LA K 7R 25 -3k 1 T8 A 9 K RY 08 3L 3 9 45 i i (224 2, 1989 ; Tomida and
Jin,2005 ; Erbajeva and Zheng, 2005 ; 857 4 G55 1993 (3848 SR 4, 1991, 7 H (R,
1980; 3R (T4 ,1983) Sb, HA 128505 | ISk B A X —AEBEH T TP L2,

1) ZEWHE: A TRAE AT R E, HREEE S (REXES) HNT
645 750 m WEEW LR BEH 29 150 m, % F| E A E 4055 (1988 ) 357 “ FE " 1Y
BHAHE , IR B RILE 40°08'59” R4 114°39'31", #KJKBESE (2003) MR L%
(2004 ) B3 2500 4 (FIEE A 128.08 m, W T ZE _E3£29 J2) J 1985-2006 4F 8] ) {bA R
2, 9MAR 6, FES/HILIY 29 B, HAEMB PS5 m R 1 Fis,

2) TR EIE AL VRS Z A I AR R, PRIR B LR B R VIEM R4 500 m
896 m i, MIFEAIEILLE 40°12°11. 7", R £ 114°38'45. 2"  H| H R FRIE R = & 840 m,
UEETE A% T B 5 (1996 ) 22 37 U6 Ta] V5 4 HE F T 9 B B st 5 2 — o VR MR T V2 42 b
WY T T H LS/ EHE AR R w2 —, AR EE 10 M 11 22206, 8D
G R HEE TR L 18.9 m B E N (KR4 455 ,2006) . Frill & EEE 56.25 m,
MTZELWHH 28 B HPN2.4.7.11.16 F119 X 6 ERER —H/HILNWILA
(3£ 33 F) KA Z PR S ILFRA % (2006,382) o

3) FRWFIE: A FERERFRE, B EMBENEEY 500 m ARE F3L47404 700 m
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Fig.1 Sketch-map of the Pliocene mammalian localities in the Nihewan Basin
1. % Laowogou; 2. ¥4 Donggou; 3. 43kl Niutoushan; 4. KEj ¥4 Danangou; 5. 7£%974 Hua-
baogou; 6. £T T4 Hongya Nangou; 7. 3£F 74 Yuanzigou; 8. 574 Hougou; 9. /NK 4 Xiaoshuigou;
10. #E#7 Lianjiegou; 11. $ZEV4 Jiangjungou; 12. & JL 4 Taiergou

BIE - B AaRAM, 404 40°0613. 4", R4 114°42736. 6", AR EE 838 m, &

FEAE (4 (1988) B “ FEA" M ER T —( =MEHm) . FMRA 21 -&ka
2,80 L3 1 L9, 2005 440 L6 \L15 01 L16,2006 4E38f L12, 3R 4% (2007),13-
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L12 R/ EL S A & R _ BB, L15- 16 {UR B i, Rtk B3 oe EHga 7
FRYIE T LI3 F1 L12 Z (6], iZElm3t & B/ NEZL s f 29 M HAE#Z 8 20 A LK
R&%(2007,% 1),

®1 EEBINEFIEILEY

Table 1 Mammals from the Laowogou section

%% Pliocene
FhE species JZA{5i layers
1 2 3 9 11 19

Sorex sp. °
Paenelimnoecus chinensis Jin & Kawamura, 1997 °
Lunanosorex cf. L. lii Jin & Kawamura, 1996 °
Quyania sp. .
Ochotona sp. o
Ochotona minor ( Bohlin, 1942) .
Trischizolagus sp. )
Cricetinae indet. .
Kowalskia similis Wu, 1991 .
Sinocricetus progressus Qiu & Storch, 2000 o o ° .
Nannocricetus mongolicus Schaub, 1934 J . . . .
Ungaromys spp. . ° °
Mimomys sp. . . .
Mimomys sp. 2 .
Chardina truncatus ( Teilhard, 1942) °
Mesosiphneus praetingi ( Teilhard, 1942) ° o
Pliosiphneus sp. 2 .
Pseudomeriones complicidens Zhang, 1999 L
Dipus fraudator( Schlosser, 1924) ° U
Paralactaga anderssoni Young, 1927 °
Castor anderssoni ( Schlosser, 1924) °
Micromys tedfordi Wu & Flynn, 1992 . . °
? Huaxiamys sp. °
Huaxiamys downsi Wu & Flynn, 1992 °
Apodemus zhangwagouensis Wu & Flynn, 1992 U . °
Chardinomys yusheensis Jacobs & Li, 1982 ° o .
Chardinomys nihowanicus ( Zheng, 1981) o . o o
? Karnimata sp. .
Saidomys sp. .

4) KREg{AEIE AL TRFHARF , FHEIKRERE TR ARREL 1000 m B KESE
WL EEI E 2 300 m, Jb& 40°05'36", R4 114°43'35”, il i #h X S ALY F 37 it/ 58
it A R T (ZE AR 25,2004 ) SR AT (B 46 % (1988 ) 57 “ Fasth 4 " M E EHIH 2
—o FURHER 1-2 BHIAA LG CRG4E FERke,1991)  Brafba Lk 2,



214

G I I/

46 %

K2 AEBEEPHEILEY

Table 2 Mammals from the Danangou section

JZ{7 layers
FhJE species —

1 2
Soriculus sp. .
Blarinella sp. .
Erinaceus sp. °
Ochotona sp. . .
Phodopus sp. .
Sinocricetus progressus Qiu & Storch, 2000 ° U
Nannocricetus mongolicus Schaub, 1934 ° o

Mimomys sp.

M. sp. 2

Borsodia chinensis ( Kormos, 1934)
Ungaromys spp.

Mesosiphneus paratingi ( Teilhard, 1942)
Paralactaga anderssoni Young, 1927
Dipus fraudator ( Schlosser, 1924)

? Dipotides sp.

Micromys tedfordi Wu & Flynn, 1992
Apodemus zhangwagouensis Wu & Flynn, 1992
Chardinomys nihowanicus (Zheng, 1981)
Lynx variabiis Tang, 1980

Paracamelus sp.

Antilospira yuxianensis Tang, 1980
Palaeotragus progressus Tang & Li, 1983

5) HMEFIE : A FE R E,
R E ALK R P8 &+ L A 75 46 25 1000
m FEHE A, BB B 2y 500 m, EE
T (1982) BT “ R EL4H” #0135 B 10]
H Ry BIRIE, ERA AN AFA R
FY R, BN REBEEA (KIRE
%,2003) . FrillFIEE 2 50 m, AR
ZEHAHE E, Ho, 5681 BRhES
BT BB 3 S BRI
“RIEAE”, R3I PRIV AN ELME
(1982) F 3, H i “ Sinoryx” K EH B A
B’ GG /N R EREET
2002 P REE,

6) 41 ERIEHITE : i TR v &
TRE AR, RREEXE 2 (JFEFE
SO ENFEEA S0 m IR, b5
40°08'07. 3", ZR £ 114°39'57. 1", H|HEJE
WEKXKEBE S8 m, EREERSE
(1988) & “FEHA " W EEFHIHE 2 —,
B e e 25. 31 m, 7 2,14 F
FEaE, FE/NEASYI(FRS) .

®3 AT ERHREELEY
Table 3 Mammals from the Huabaogou section ( after Wang, 1982; Zhang et al., 2003)

Fh12k species

B A7 layers

BFEL4H Yuxian Fm.

“ErRA”

“Yuxian Fm.”

“ B
“Huliuhe Fm.”

1 3 5

? Blarinella sp.

Leporidae indet.

Cricetinae indet.

Sinocricetus progressus Qiu & Storch, 2000
Pliosiphneus lyratus (Teilbard, 1942)
Chardina truncatus ( Teilhard, 1942)
Pseudomeriones complicidens Zhang, 1999
Huaxiamys downsi Wu & Flynn, 1992
Apodemus zhangwagouensis Wu & Flynn, 1992
Chardinomys nihowanicus (Zheng, 1981)
Canis sp.

C. multicuspus”
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S
107 layers
B EL4H Yuxian Fm.
FIR species “ TR “HAR”
“Hulivhe Fm.” “Yuxian Fm.”
1 3 5

Nyctereutes sinensis ( Schlosser, 1924) L
Viverra sp. [
Hipparion ¢f. H. hippidiodus Sefve, 1927 .
H. houfenense Teilhard & Young, 1931 o
Hipparion sp. .
Palaeotragus sp. o
Gazella blacki Teilhard & Young, 1931 . .
Gazella spp. . .
Antispiroides hopeiensis Zong & Wei, 1993 o

1) EZME(1982) FICHICH " Canis multicuspus sp. nov. ™ , AT RR M E R, B BRICE R AHETFEM, K4
MESMFIAZ.

R4 OEEGFERR/NEELEY

Table 4 Small mammals from the Hongya Nangou section

J2Ai7 layers
. R/ RE Y
38 specie Yot oot 7.

1 4
Lunanosorex cf. L. lii Jin & Kawamura, 1996 . .
Beremendia sp. U
Sorex sp. °
Yanshuella sp. U
Ochotona sp. . o
Hypolagus schreuderi Teilhard, 1940 o o
Pliopentalagus nihewanensis Cai, 1989 U
Nannocricetus mongolicus Schaub, 1934 ° L
Sinocricetus progressus Qiu & Storch, 2000 . o
? Kowalskia sp. .
Mimomys sp. ° °
Ungaromys spp. . °
Mesosiphneus paratingi ( Teilhard, 1942) U °
Dipus fraudator (Schlosser, 1924 ) ° °
Mus sp. °
Micromys tedfordi Wu & Flynn, 1992 J
Huaxiamys downsi Wu & Flynn, 1992 o
Apodemus zhangwagouensis Wu & Flynn, 1992 U
Chardinomys nihowanicus (Zheng, 1981) ° °

7) SEFEEE A TRABEMERAN R, AREFE S (FE¥rES) TN
Fi%y 300 m, b4 40°10°05. 8", R4 114°38'28. 9", HIEEIIER B E 863 m, EE N
BEARSERR, BT HIE R 20.9 m WL 6 Be 2.4 BELA(IES),
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Table 5 Small mammals from the Yuanzigou section

8) WMHEESE &I 2T
MEZ M TR R, HEEF

JRA layers B (FEFEZ) MRENT
LGS 30 mbsin, 0
N p 38.6", R4 114°38'53. 17, ¥|1H
Y h=x i 22
Ochotona cf. O. lagrelii Schlosser, 1924 ° E%ﬁ(@ﬂi IEJ:)% 870 r‘no‘ Fﬁyﬂ\u DUE
Pliopentalagus nihewanensis Cai, 1989 . E 30.3 m, FE ﬂ‘j A /:xi: *E iﬁ H,
Sinocricetus progressus Qiu & Storch, 2000 ° . %*i AI‘E 1@ % ( 1988 ) E 7RG Hb
B—" . D WWEEHEZ—. A6
Apodemus zhangwagouensis Wu & Flynn, 1992 . Z,4.5 EREa R s F 16
Micromys tedfordi Wu & Flynn, 1992 . fz]:lij]%( x 6),
9) ANKIEIE : B F R G
SRS AR R R B AL R Table 6 Small mammals from the Hougou section
i (A Al %4 8 s N =
SRRV HEER 7R 300 m #/hK AL layers
YO ALt 40711743, A% pace Yoot oo .
R 114°38'40. 6", IR H0 p ;
ﬁ%fg 848 mo E‘EE%YE ‘{%*Ht& Lunanosorex cf. L. lii Jin & Kawamura, 1996 L] L]
R,/%*i‘lﬁﬁ%( 1988 ) Ej“ *E ? Beremendia sp. °
W EBEE 2 —, FE Qoo :
EE 18.37 m, *ﬁﬁﬁi 7 E , ;i EF' Hypolagus schreuderi Teilhard, 1940 J ]
N - Pliopentalagus nihewanensis Cai, 1989 .
1.2.4 Eafen, LR B/NEEL : ,
B Nannocricetus mongolicus Schaub, 1934 o
Qj% 14 ﬁ( %% 7) ° Stnocricetus progressus Qiu & Storch, 2000 U
10) jbzﬁﬁé?ﬁ?@%ﬂﬁﬁ Mimomys sp. ° °
TRABAMFR TR L Mo 2 .
KRB BB R 1500 Voo -
m E"Ji%?%?’@i’dﬂﬂ(ﬁ&i%o jh% 40° Mesosiphneus praetingi (Teilhard, 1942) . .
, . . 43" Dipus fraudator ( Schlosser, 1924 ) °
09718.3 ’;Z‘F\gl 1142407387, HJE Micromys tedfordi Wu & Flynn, 1992 o
E%ﬁ@ﬁ%g 852 mj, Fﬁmu %‘Jﬁ Apodemus zhangwagouensis Wu & Flynn, 1992 °
E 21.74 m, jj?ﬁ ?% *H f&*ﬂ 5 = éﬁ Chardinomys nihowanicus (Zheng, 1981) U .
TR UAEIER, PG Kminae s :

B34 6 Fh: Ochotona cf. O. lagrelii Schlosser, 1924 Pliopentalagus nihewanensis Cai,
1989 | Sinocricetus progressus Qiu & Storch, 2000, Mimomys sp. . Mesosiphneus praetingi ( Teil-
hard de Chardin, 1942) | Dipus fraudator (Schlosser, 1924 ,

11) ¥Z0 5 AL TR F, B EIKRETTZ 1500 m B ER O, FEHE
18.35 m, ALK L2 FRITRFMMER, YoM 7 B, R 1 BE&{eha, 7 hA : Ochotona

minor? ( Bohlin, 1942 ) | Nannocricetus mongolicus Schaub, 1934 Mimomys sp. . Ungaromys
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spp. « Mesosiphneus paratingi ( Teilhard de Chardin, 1942 ) | Dipus fraudator ( Schlosser,
1924) | Chardinomys nihowanicus ( Zheng, 1981)

12) &JLIgHIE : AL TR S/ i TR R, R E S/ E DR RR & 15
WOKIESE —3 I8N, db4h 40°12'52" R4 114°38'22", BIHE TUGIR & 953 m, #IHEH
JE151.45 o, AT B B A 12 BX. 146 25 BIHE IR 33. 55 m &5 i S 3R 19 B/M 5t
FR,123 m 425 M/G R, HA 55 9 B(97 JB) FI%R 3 Br(29 J2) 705l R B th A0 | 3%
H/NEFLEIY . & A BACRE S AL T HITH 68 m #1131 m 4b (MRS ,2006) , £H
AR, 5E 3 B R/ NI ELBh 0 « Sorex sp. . Erinaceus sp. Ochotona cf. O. lingtaica
Erbajeva & Zheng, 2005 .Hypolagus cf. H. schreuderi Teilhard de Chardin, 1940 ,Nannocricetus
mongolicus Schaub, 1934  Sinocricetus progressus Qiu & Storch, 2000, Mimomys sp. 1. Meso-
siphneus paratingi ( Teilhard de Chardin, 1942) | Dipus sp. \Sicista sp. .Mus sp. \Micromys ted-
fordi Wu & Flynn, 1992 Apodemus zhangwagouensis Wu & Flynn, 1992 Chardinomys
nihowanicus (Zheng, 1981) .7 Saidomys sp. ,

x®7

8K GEFI T YN EL BN

Table 7 Small mammals from the Xiaoshuigou section

Fh2k species

17 layers

BB A/ FHA Yuxian/Daodi Fm.

2

Lunanosorex ¢f. L. lii Jin & Kawamura, 1996
Ochotona minor? Bohlin, 1942

Hypolagus schreuderi Teilhard, 1940
Nannocricetus mongolicus Schaub, 1934
Sinocricetus progressus Qiu & Storch, 2000
Mimomys sp.

M. sp. 2

M. sp. 1

Ungaromys spp.

Mesosiphneus paratingi ( Teilhard, 1942)
Dipus fraudator ( Schlosser, 1924 )

Micromys tedfordi Wu & Flynn, 1992
Apodemus zhangwagouensis Wu & Flynn, 1992
Chardinomys nihowanicus ( Zheng, 1981)

3 EHSHEI

AR B T LR/ ARG e B LI EIE (XRS5, 2006) (RS &) (BE
£645,2006) A4 k1L EE (R 2% ,2007) #4T T RGEHZ THE, EERELEYHETF
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S T IR RN E RS T &5 _Eatt/ ERi Rk, (B 2 4R 09 2 ZR = IS FD
SENH R EE S B RIS A A E A S E A E R AR AN, I T AFEHE
AEFERE—EX, XEEA LSRR TEEESEHEENEETE, HEaE
E 128.08 m, 429 B, R EFG/ EHARLEE T 19720 E2Z06, LFHGHERE
76.45 m(ZE{RL% 2004) ,

AL b YRR AN [B) 1 T 22 B A X b R A 2 B X AR IR AR s Y R R
A EMREABEREENGERHIT AR B E X R FER, B X Sir &R E
[F—F W _EAEEA M — 1 RIEBR - SR IEE (5%, 1996) #E 47 X o2& — 47
K BEELEFREES T LEHEHGMEZ AT, A CEERIES A HE
EMEYEME S EXNENH#IT T,

1) EREFFEMEXN A FEEFR A MSCHETFIE.GB. EEE.
SRR B ERMENEE N EESHAEIE. RUEEEEBRAEIHE, B4R
%1 EAREAZHRBLR T (FRIEBESS,2003) ;55 2- 19 E AR E A/ FMH, 56 2
BT B DAE G EESRIEMETEEEESE 1| EAMLEXNL; %3 B 548
FNEIEE 1-4 B BEWHNEPE 1-5 BAEX ;5 5-15 BRI EMEERN SHBK
FEREEIHES 1-5 BIREAER S HEHES 1-6 BEFEMEFRAEXL(E 2),

2) T"HREARFEHEN L AR EH R S A Mt SHF 6L 08 /K E
A3k IR SE 6 NS . & LG HE A #0445 3R (X P4 57,2006 ) B8, 78
151.45 m JEA9HIE L, L35/ FHa (8 /i) FLA FHEEHRZ L4528 m 4,
L4 (Kaena) F1 5 5 5 (Mammoth ) AR A3 5 A HIEEFZ £ 9 m M 2.5 m &b, X
FELBEANFIEARR T4 3.4 Ma BUTFRET (B, ARB/NRZL0Y @@ H E _ B s B R R
AT 1011 B2 (8, ZERIHERZ 545 18.9 m 4b (KPR 45%,2006) . T & T AH
BEEGE , A AR AR, AT T BT . W SRIR TR BT 8, TR 3 /K i
B EER N KRB T & LRI m A BN (3. 04 Ma) , REYMZER 5, KEiEH)
E_EHGHE T m B, BIER{R 2% (2004) M55 1-2 2, HTH L 2 M2 3 BRI
BEEM, DG LEREAATRER BRK . SR A4 Sk Ly F H AT X KRS 18 & m A TR .
ZHEIELHRMELERE4S. 6 m, EMEHAEFLKEETE 12 113 BZE(ER2%,
2007) ,

MERRAHIE S 4L LFI AR, fiE 1-10 ENEEMEYTEEN 8-12 F;
R4k LFES & JLIEHI AT, RARE 1-12 ZHEERBMHE FEEM1-3
BEE.

WA A SREEZEMEFIEE - aBREMET, THHEY T4k LS ma s
3,

3) TRAAR FAPEER L AN e LUE G, ERA A E sz H G REE
BERREHK; FRETEFEMHZEX L FBEUTHOB L EEARENT Z EH#IT; R
TR ELHGHEX L FERE LG/ EHatEZALWMEUGEN EET#H1T, BT
EEWHEE 19 Zrria BT e e H L ESE, RERBEAHERX 7T,
MRE SR/ EHR AL T 19 M55 20 B8, IRAT R H R B R g 2w 655
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Fig.2 Biostratigraphic correlation among the Pliocene localities in the Nihewan Basin

Solid black triangles and roman numerals represent the fossil layers and assemblage zones, respectively

B —AN DAZE B VA T A v B B R O

55 A HZEHXT N R R KRBT LU RN 9 NG . R EIBRE

I ZZEIE 1 2 ; Trischizolagus sp. I Chardinomys yusheensis 415 ;

I EZZEE2 R . EHEE 1 E; Chardina truncatus , Pliosiphneus lyratus . ?Huaxiamys
sp. Huaxiamys downsi 1 Hipparion cf. H. hippidiodus B ;

Il EEWE3Z AEMEEE1 N4 ZE BEHWSE 1 2 ; Beremendia sp. Fl Yanshuella
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sp. ¥R, Mimomys sp. ,Ungaromys spp. .Mesosiphneus praetingi M. paratingi A1 Chardinomys
nihowanicus M| FF 15 B, Huaxiamys downsi B jg 1P ;

IV ZBWEI R LHNMWE 3 BT TIWE 2 2, Hipparion houfenense 1 1,
Paenelimnoecus chinensis Mimomys sp. 2. Paralactaga anderssoni FF 5 B ¥R, Gazella blacki &
JE L

V. ZBEWE 1 R SNEES BT FEEI R 4k 3 B M Quyania sp.
Castor anderssoni;

VI #ERFEREE 4-5 F . 43k115E 6 JZ; Quyania sp. | Mesosiphneus praetingi B /5
HE,

VII {52 B /MK 1-2 2 ; Lunanosorex cf. L. lii #1 Pseudomeriones complici-
dens B J5 IR ;

VI {RA{EEE 4 2 VPKIREE 4 J2 43k 12 9 )R UKFEIASE | R ; Ungaromys spp. \Mi-
momys sp. M. sp. 2 I Mesosiphneus paratingi B Ja ¥R, H ¥ 2 #96 B Phodopus sp. K1)
WEZE 00 Mimomys sp. 1.Borsodia chinensis 1 Cromeromys gansunicus;

IX HILEEIR KEAFE2EINA%ETE . 4KLE 12 R BFWE 19 2t
M £ 89 B S 25 Ochotonoides complicidens ., By . Yangia omegodon #1 Bl 1% 53¢
Paracamelus sp. ,

MR R E SR, - VII 4H-E % % W, Lunanosorex cf. L. lii Hypolagus schreuderi . Plio-
pentalagus nihewanensis . Nannocricetus mongolicus \Sinocricetus progressus ,Ungaromys .Mimomys
sp. Mimomys sp. 2. Mesosiphneus praetingi .M. parating: . Pseudomeriones complicidens , Dipus
fraudator Micromys tedfordi , Apodemus zhangwagouensis 1 Chardinomys nihowanicus % 15 />
Mo MERRL b SRUL, - VIL H &7 205 58 R IAF2E 0 I- 1T H S M RSt F2ER) VII-
X HEHRAFERT.

4 PRI BRI SR A9 A AR

IR EAREYHZER D A RS AR EAUAWHEL S o EE R &, eEE
R TR A3 2 4 B B L Sh Y R AR R B A T AR (R 8) .

MFRFAETLUE W, RS b il il 2L sh Wy R By 57 T 2L sh W 41 Ak, H wp /) i 2L 30
Yy 46 T, RIEFLEHY) 11 F /DAY E R RE (11 F) RIEAE(S F) 5L (30
), REFL A RRAL4 ) FTFEEHE2 M) BB M) /NHILZY A 14
AL B Fi: Lunanosorex of. L. lii, Hypolagus schreuderi ., Pliopentalagus nihewanensis . Nan-
nocricetus mongolicus | Sinocricetus progressus , Ungaromys . Mimomys sp. | Mesosiphneus prae-
tingt M. paratingt . Pseudomeriones complicidens  Dipus fraudator , Micromys tedfordi , Apodemus
zhangwagouensis 1 Chardinomys nihowanicus, X H 15 M4 E, 555048 1~ BRY31.2% ,
TR RMAR,
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Table 8 Distribution of fossil mammals in the Pliocene biostratigraphic sequence of the Nihewan Basin

4 P13 EIFF biostratigraphic sequence I 1l m 1 \% VI VIl VIl IX

Soridae Fischer von Waldheim, 1817
1 Sorex sp. (large) * *
2 Sorex sp. (small) *
3 Soriculus sp. * *
4 Paenelimnoecus chinensis Jin & Kawamura, 1997 * *
5 Lunanosorex cf. L. lii Jin & Kawamura, 1996 * * * ¥*
6 Beremendia sp. * * 7
7 Blarinella sp. *
Erinaceidae Fischer von Waldheim, 1817
8 Erinaceus sp. * *
Talpidae Fischer von Waldheim, 1817
9 Yanshuella sp. *
10 Quyania sp. * *
11 Talpidae indet. *
Ochotonidae Thomas, 1897
12 Ochotona cf. O. lingtaica Erbajeva & Zheng, 2005 *
13 Ochotonoides complicidens Zhang, 1999 *
Leporidae Fischer von Waldheim, 1817
14 Trischizolagus sp. *
15 Hypolagus schreuderi Teilhard, 1940 * * * *
16 Pliopentalagus nihewanensis Cai, 1989 * * * *
Muridae Iliger, 1811
Cricetinae Fischer von Waldheim, 1817

17 Phodopus sp.

18 Nannocricetus mongolicus Schaub, 1934 * * * * * * * *

19 Sinocricetus progressus Qiu & Storch, 2000 * * * * * * * *
Arvicolinae Gray, 1821

20 Ungaromys spp. * * * * * * *

21 Mimomys sp. * * * * * *

22 M. sp. 2 * * *

23 M. sp. 1 * *

24 Borsodia chinensis ( Kormos, 1934) *

25 Borsodia sp. *

26 Cromeromys gansunicus ( Zheng, 1976) *
Myospalacinae Lilljeborg, 1866

27 Chardina truncatus ( Teilhard, 1942) *

28 Mesosiphneus praetingi (Teilhard, 1942) * * * *

29 M. paratingi (Teilhard, 1942) * * *

30 Yangia omegodon (Teilhard & Young, 1931) *

31 Pliosiphneus lyratus ( Teilhard, 1942) *

32 Pliosiphneus sp. 2 *

33 Pliosiphneus sp. 1 *

Gerbillinae Gray, 1825
34 Pseudomeriones complicidens Zhang, 1999 * * * *
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e
H YR IAF biostratigraphic sequence I II 11 v v Vi ViDL ViDL IX

Murinae Oliger, 1811

35 Micromys tedfordi Wu & Flynn, 1992

36 ? Huaxiamys sp.

37 H. downsi Wu & Flynn, 1992

38 Apodemus zhangwagouensis Wu & Flynn, 1992
39 Chardinomys yusheensis Jacobs & Li, 1982 *
40 C. nihowanicus (Zheng, 1981) * * * * * * *
41 ? Karnimata sp. * * *

42 Saidomys sp. *

Dipodidae Fischer von Waldheim, 1817
43 Dipus fraudator ( Schlosser, 1924) * * * * * * *
44 Paralactaga anderssoni Young, 1927 * *

Castoridae Hemprich, 1820
45 Castor anderssoni ( Schlosser, 1924 ) *

46 ? Depoides sp. *

Canidae Fischer von Waldheim, 1817
47 Canis multicuspus *
48 Nyctereules sinensis ( Schlosser, 1924) *

Felidae Fischer von Waldheim, 1817
49 Lynx variabilis Tang, 1980 *

Viverridae Gray, 1821
50 Viverra sp. *

Equidae Gray, 1821
51 Hipparion cf. H. hippidiodus Sefve, 1927 *

52 H. houfenense Teilhard & Young, 1931 *

Bovidae Gray, 1821
53 Antilospira yuxianensis Tang, 1980 *
54 Antilospiroides hopeiensis Zong & Wei, 1993 *

55 Gazella blacki Teilhard & Young, 1931 * *

Giraffidae Gray, 1821
56 Palaceotragus progessus Tang & Li, 1983 * *

Camelidae Gray, 1821
57 Paracamelus sp. *

* % % % %
»*

shBE S H &8 Ungaromys Borsodia . Mesosiphneus paratingi ,Chardinomys nihowanicus .
Nyctereutes . Hipparion houfenense ., Antilospira 1 Gazella blacki %5, 7] 5 111 79 & 4= 2% XUB% b 37
tH(MN16 ) 54y ( Teilhard and Young, 1931; fEBETT,1988) #8%fth, H&H Yanshuella .
Hypolagus schreuderi, Ochotonoides complicidens . Ungaromys , Cromeromys . Mesosiphneus prae-
tingt M. paratingi ., Castor anderssoni., Dipoides | Dipus fraudator . Micromys tedfordi, Apodemus
zhangwagouensis 1 Chardinomys nihowanicus %5 W] 5 %y 1 25 o R W 18 240 3h ) B ( = 3CHB .
Flynn,1992;Flynn et al., 1997) #8 %t th. B & & Ochotona cf. 0. lingtaica. Ochotonoides
complicidens | Trischizolagus . Pliosiphneus lyratus .Chardina truncatus .Mesosiphneus praetingi M.
paratingt (HALTEE AT M. intermedius) | Yangia omegodon . Cromeromys gansunicus , Bor-

sodia | Pseudomeriones complicidens , Paralactaga anderssoni ., Castor anderssoni, Micromys ted-
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fordi  Huaxiamys downsi ,Chardinomys yusheensis 1 C. nihowanicus ZR] SHH R EERM V
TN RE (R E FKIKEE 2001 ) AEXT E . BEIEH Chardina truncatus . Pseudomeriones comp-
licidens 1 Paralactaga anderssoni 7] 5H T B /K EIHHIShYH G (FFILEE, 1999 ) FAXT L 5
HE&H EBEEMYH Mimomys L)} Chardinomys nihowanicus , Ochotonoides complicidens .
Nyctereutes sinensis #| Hipparion houfenense %5 0] 5518 B 77 ShABE (BEAE ML, 1981 ) AB X L
A& H Chardinomys . Nyctereutes sinensis . Hipparion houfenense . Paracamelus 1 Gazella blacki
SA S5 HM R GEXKWEE P ERRL WA S HEX I, 5 — S A B i Hh g 5 i
H3.4~3.5 Ma( FE=HHZ,1999),

L4 Mimomys #0557 B KA/, JB. 5 M9 Mimomys sp. B P 28 7 L 52
ZN¥EE (Qiu and Storch, 2000) Y M. bilikeensis {15 & B EIE 5 ME T EFHE K, HEHAR
P REBRFSNVYREFT R M. bilikeensis 7347 55 IV 77 (4.3 ~3.6 Ma) , R EE R Y
R0 4.2 Ma(FREEAE (FKIREE 2001 ) o (R IRTRIVE 58 11T 20 & 7 B ALK
REBHFIMHIE IV A, At LT 3.5 Ma,

HR4E Pliosiphneus lyratus 7655 3 0] BRI #1  H ) B B 0 SRS 7E y MO RE A 1% 3. 6 Ma /£
A, VBTV A b Bz M A 58 1T 20 &7 Y Bt B 5 A 24 5 iR U8 Mesosiphneus paratingi T£
BRI (N SHFERFEAR L M. intermedius ) FHI AL 25 3 59 73 77 B BR 53 B 7E 3.5 ~
3.2 Ma 3.5 ~3.0 Ma, R Z Z#A95E TI- VIIT HA 455 AT Y5 Pseudomeriones
complicidens T8 Z M 73 A HIBTFRTE 3.5 ~ 3.2 Ma, R A # & Z A HY 56 11- VII H 57
WREE H AL R Y8 Huaxiamys downsi 7588 Z2 {7 FUAR +L 73 3 70 A6 O B R 20 1 7E 4. 2 ~
3.3 Mafll 4. 6 ~ 4.0 Ma,Apodemus zhangwagouensis fEMi #1235 #H A RFFR7E 3.6 ~3.3 Ma,
Chardinomys yusheensis 7555 ZZ I A+ 43 75 IR RR 43 BI7E 4.8 ~3.4 Ma f14.8 ~3.7 Ma
LU AP0, VRIS S S X SEFh 2 S [- 1T A B H AR ARG 7E 3.7 ~ 3.6 Ma JE L,

1B Mimomys B93ALFREE & Mimomys-Ungaromys FB4H 4 W04 A5, YR 10 725 253 _b 3 i
EFL B R PT 5 R 5 Villanyian B3R (Kowalski, 2001) AHXT EE o

SEXRE, RIS g E e AR e i, AR R E 3.7 ~2.6 Ma
WEEM .

S EE B Paenelimnoecus chinensis 1 Lunanosorex cf. L. lii $t—FIFE T LR
HLA L TR 7O AR AY B AR B 3Bt SRR W FL 3h 40 43 B3 B9 MINL6 (Jin and Kawamura,
1996, 1997 ; 275, 1993 ) BT BEMEREA , T /B MN1S (KRZR4E,1984) BRI REHER /Do

5 MEFLBYIRE T SR A A A IR

S TR A AT VR AR O E R BB GT LR IR KR T AR B R IR B4
AEANY BB NER SRR, SIYHOAREWNTH A ERZHAERE(L
P RIEZE(S ) MEZ(30 Fh) CRIAZE(4 Bl (AT (2 B AMEEEE (5 Fh) % 6 2K
SYIH N, SRR R TR K EBE RBIPF AL RIS RSB R E ; I e fmk
HEF G RIERH(3 F) RFIERH(7 F7) B REAH(7 F) (Fr B DR (2 ) 4R
PRI (3 ) St — R0 B SRR RABH(2 B CBRIER (8 F) A RA} (2 Fh) Sk
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HZR AR FRATE ABREE  BERAH (2 F0) P RIEAH(1 F) FIB&IERH(1 Fh) BB S R
W K IRERH(1 F) B TR BRI ; B Soriculus | Blarinella F1 Viverra 23K E R
W B Fo HULAT DLRIWT VR IS Fth gt AR A FR— DI ERE N
L EBERAA T ERORHERERE, ETARAEHNIETR BN T &t (&
9 H IE-I 3) o

x99 AREFTIMNEWHILDMBSIT

Table 9 Statistical analysis of the specific numbers adapted in the different environments

[i1¢=24 K FRR AR - RAREY TREFRY et
Stages Species number Grassland Shrub-woodland Arid grassland Wide-spread
1X 16 8 (50% ) 3(18.7%) 2 (12.5%) 3(18.7%)
VIII 22 14 (63.6% ) 3(13.6%)" 2(9.1%) 3 (13.6%)
VIl 15 9 (60% ) 3 (20%)7 2 (13.3%) 1(6.7%)
VI 17 11 (64.7% ) 3 (17.6%) 2 (11.8%) I (5.9%)
A 15 9 (60% ) 4 (26.7%) 1(6.7%) 1(6.7%)
v 19 12 (63.2%) 3(15.8%)” 2 (10.5%) 2 (10.5%)
I 19 12 (66.7% ) 3(16.7%) 2 (11.1%) 2(11.1%)
-1 17 11 (64.7% ) 4 (23.5%) 1 (5.9%) 1(5.9%)

1) B 5 W 4 F Soriculus F1 Blarinella # A immigration of the subtropical Soriculus and Blarinella;2 ) 55 J5 W34 43+
Soriculus 3 A immigration of the subtropical Soriculus;3) BT #) Viverra ¥ A immigration of the subtropical Viverra.

100% n=17 n=18 n=19 n=15 n=17 n=15 n=22 n=l6
()

80%

60%

40%

20%

I-11 11 JAY v VI VII VIII IX

B shrub-woodland [l grassland [ arid grassland [] wide-spread

B3 Yeialis fi it R R A S EL sl R 28 | 2 LU AR IR

Fig.3 Columnar diagram showing the percentage of the different environmental species in each stage

MEFATLUEE, R TE IX eI, BRI S KRB 60% LU L, B &
Y B DA R R s FRARE A S BITE 20% L) E BRI T-TL V. VIDHF | 7 B iy 24
BRI A M B AL K B s TR B RS AT 1- 1LV A5 A9 Eh /), B b 248 1 T 2102
/N, Castor anderssoni B IBEER T V HRIB HYIAEE ;585 IV VIL VI 4 B9 215 T2
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A 43 7R ) B B SR L EGR  B X A B RS B B [ R IE R, B A ETR
FEMHIMAEMZ T,

M8 FRF] IR PR R AR S, KB RETES I Bk, R a8
Trischizolagus sp. .Pliosiphneus lyratus 1 Chardinomys yusheensis B8 J5 43 B4 3t 25 B Pliopen-
talagus nihewanensis . Pliosiphneus sp. 2 1 C. nihowanicus T, LELIAIE M IESE VI B
Bt A &4, Mimomys . Pliosiphneus/Mesosiphneus 4% H % 3t 2 W Borsodia/Cromeromys 0
Yangia BTEAR, XEEFRBHHWBM I EHESEL LEA - HLEWBES, DEEY
SBTEZRMEEEMER , — AN X RN T BH#i T2 5 TR Sy —F
TE I o

6 A EEIRFIN A

TR 3t b et 2 B oA T 8 AT kA st BORN A T R W R R 5 A BRRTEL
HYMLARIEE PR T U= = a e 12 D A s S e RABE,
RAE 3 MR n B —E 0B S B A LUVNEZL S (46 7)) 8 ., & 8557 #) B
80.7% o ZhRFEIRHR R 3Tt (AR = TERMERE LA s Y10 HA /9 MN16) | AT 53R %
R HALFRNIE R G R VA R B EZEHRLN LR T E/KEW el
A SRR AT L R BT B L SR B B O DR B, P IV O VILVIL HAF
B 73 TRA BB BRI AE SIS OR TR IR, R E R AT ELIR .

BT & LI m Ak, HoAt 5] i A A A RE SRR BORE AT AR 5 4E 0 Am HE Y 2
BIEE R G ERH SR R E CUURARE S £ )R S L Sh Y16 MRt R
SRR 3 & B AR A ST PR i L RAR IR — BB N, X — e TR AR B9 R T BE
HERA o o B R DR B[R] LR B 2 B S R R I B T4

Bigt £ Edhe X P48 E&R(Jack Teeng) W49 RHEHK T FUHE fLH0 k7 R0 Bl

PLIOCENE BIOSTRATIGRAPHIC SEQUENCE IN
THE NIHEWAN BASIN, HEBEI, CHINA

LI Qiang' ZHENG Shao-Hua' CAI Bao-Quan’

(1 Laboratory of Evolutionary Systematics of Vertebrates, Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences Beijing 100044 ligiang@ ivpp. ac. cn)
(2 Department of History, Xiamen University Xiamen 361005 )

Key words Nihewan Basin, Pliocene, mammals, biostratigraphic sequence, environment
Summary

A sequence of fluvio-lacustrine and paludine deposits with thickness over 150 meters
occurs in the Nihewan Basin, Hebei, China ( Yuan et al., 1996; Min et al., 2006). A series
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of ~30 m (= “90 feet” ) thick red homogeneous clay exposured near the Sanggan River Gorge
( =Shixia) was originally considered as the weathering matter of the base rocks (Barbour et al.,
1926). Due to the absence of fossils, its age once was speculated to belong to the Pontian
( Teilhard and Piveteau, 1930) or the Late Miocene Baodean ( Black et al., 1933 ). However,
a sequence of ~30 m thick red gravel-bearing clay at the bottom of the section of Dahonggou in
Shixia was named as “Dahonggou Formation” by Chen (1988). At the same time, the ~12 m
and ~7 m thick red clays in the lower part of the Hongya Nangou and Pump Station, respec-
tively, were also included into this Pliocene formation. A series of 20 ~ 30 m thick redish or
yellow-redish alternating sandy clay and gravel beds are exposed in the Luanshigedagou near
Hongya village. Yielding Hipparion and Chilotherium , this deposit was considered to belong to
the “ Hipparion Red Clay” with a Pliocene age (Huang et al., 1974). The sequence of ~45 m
thick red clay containing sandy gravel and lens of calcareous nodules in the Huabaogou near
Xiyaozitou village was divided into the upper “Yuxian Formation” and the lower “Huliuhe For-
mation” by the composition of large fossil mammals. These two formations were respectively cor-
related to be equal in age to the Pliocene Jingle Formation and the Late Miocene Bahe Forma-
tion (Wang, 1982). In view of the illegibility of the boundary and the lack of significant differ-
ences in the fossil faunas between these two formations, Zhang et al. (2003 ) incorporated them
both in the Late Pliocene Yuxian Formation. A series of fluvio-lacustrine and paludine deposits
exposed on the both sides of the Huliu River were named “Daodi Formation” and considered of
Late Pliocene age (Du et al., 1988). The original sections used for erecting the “Daodi Fm. ”
are located in the Laowogou near Daodi, the Nangou near Hongya, the Jiangjungou near
Xiyaozitou, the Hougou near Qijiazhuang, the Yuanzigou near Yuanzi, the Xiaoshuigou near
Qianjiashawa, the Lianjiegou near Beimajuan, the Niutoushan ( = “Pulu”) near Pulu and the
Danangou near Dongyaozitou. Zhang et al. (2003) figured that these short sections all belong to
the “Yuxian Fm. ", so they suggested that “Daodi Fm. ” should be abolished and attributed to
the “ Yuxian Fm.” , whereas Cai et al. (2004 ) retained both “Daodi Fm.” and “ Yuxian
Fm. ”. The red clay stratum from the first layer at the bottom of the Laowogou section is still
unnamed due to the uniformity of the grain size, the absence of gravels and aquatic animal re-
mains. Based on the limited fossil mammals, the age of this stratum was thought to be the late
Middle or early Late Pliocene ( Zhang et al., 2003; Cai et al., 2004). The Pliocene/Pleisto-
cene boundaries, on the other hand, have already been established in the Laowogou, Donggou,
Taiergou and Niutoushan sequences (Cai et al., 2004; Zheng et al., 2006; Min et al., 2006;
Cai et al., 2007).

Judging from the known information, the lower part of the exposed strata in the Nihewan
Basin should be attributed to the Late Pliocene Yuxian Formation or some unnamed red clays.
These outcrops exist in the Sanggan River Gorge area and on the both sides of the lower reaches
of the Huliu River with lithology of aeolian clay, fluvio-lacustrine red clay contained gravels and
paludine sandy clay.

On the both sides of the lower reaches of the Huliu River, there are 12 localities and sec-
tions, in which one or more layers of fossil mammals have been found (Fig. 1). The purpose of
this paper is to update a faunal list of these mammals based on the review of specimens and their
localities, and also an attempt to correlate the other sections to the Laowogou section by compa-
ring their mammalian compositions and lithological strata. Finally, a Late Pliocene biostrati-
graphic sequence and the environmental changes in the Nihewan Basin are discussed.

1 Pliocene mammal localities and strata

1) Laowogou section ( N 40°08'59”, E 114°39'31") lies on the west side of the Huliu
River and ~750 m northwest of Daodi village, Yangyuan county. The section is 128. 08 m in
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thickness, within which 29 layers are recognized (Zhang et al., 2003 ; Cai et al., 2004 ). Ini-
tially, the layers from 3 to 13 were considered by Du et al. (1988) to be the type strata of the
“Daodi Fm. ”. At the same time, the small fossil mammals were collected from layers 9 and
11. After additional field work during 2002 to 2006, the number of fossil-bearing layers
increased to 6. The distribution of the small fossil mammals in this section is listed in Table 1.

2) Donggou section (N 40°12'11.7", E 114°38'45.2") is 56.25 m thick and divided into
28 layers. Small fossil mammals were found from the layers 2, 4, 7, 11, 16 and 19. This sec-
tion was once selected to establish the standard-stratotype section in the Nihewan Basin ( Yang
et al., 1996). The Pliocene/Pleistocene boundary was placed between layers 10 and 11 by bio-
stratigraphy ( Zheng et al., 2006). The identification of fossils was listed in the Table 2 in page
322 of their paper.

3) Niutoushan section (N 40°06'13.4", E 114°42'36.6") is 82 m thick and divided into
23 layers, in which layers 1 to 11 were also chosen as one of the stratotype sections for the
“Daodi Fm.” (Du et al., 1988). Samll fossil mammals occur in layers 3, 6, 9, 12, 15 and
16, in which the Pliocene/Pleistocene boundary was placed between layers 12 and 13 ( fossil
list see Cai et al., 2007 ;235, Table 1).

4) Danangou section (N 40°05'36", E 114°43'35") is 97. 85 m thick and includes 27
layers. This section was once selected as an important section of the “Daodi Fm.” (Du et al.,
1988 ) and used to establish the Pliocene/Pleistocene standard-stratotype section in the Nihewan
Basin ( Cai et al., 2004). Ages of the lower layers 1 and 2 were considered to be Pliocene
(Zheng and Cai, 1991). Table 2 lists the fossil mammals.

5) Huabaogou section is the typical stratotype for the “Yuxian Fm.” and the *Huliuhe
Fm.”. It is about 50 m thick and includes 8 layers. “ Sinoryx” is misidentified by Wang
(1982) and here provisionally eliminated from the faunal list ( see Table 3).

6) Hongya Nangou section (N 40°08'07.3", E 114°39'57.1"), as one of the stratoypes
for the “Daodi Fm.” (Du et al., 1988), is 25.31 m thick and contains 7 layers, in which
layers 1 and 4 yield small mammal remains ( see Table 4).

7) Yuanzigou section ( N 40°10°05.8", E 114°38'28.9") , a sequence of paludine depo-
sit, is 20.9 m thick and includes 6 layers, in which the layers 2 and 4 are fossil-bearing beds
(fossil list see Table 5).

8) Hougou section (N 40°09'38. 6", E 114°38'53. 1") near Qijiazhuang village is also
mainly paludine deposited with 30. 3 m thickness and 6 layers. Fossils are present in the layers
4 and 5 (Table 6).

9) Xiaoshuigou section (N 40°11'43", E 114°38'40. 6”), as one of stratoypes for the
“Daodi Fm.” (Du et al., 1988) , is mainly paludine deposited with 18.37 m thickness and 7
layers. Fossils occur in the layers 1, 2 and 4 (Table 7).

10) Lianjiegou section (N 40°09'18.3", E 114°40'38") near Beimajuan village is 21. 74
m thick with only one fossil-bearing layer, from which 6 species can be recognized.

11) Jiangjungou section belongs to paludine deposit on the top of the red clay and is divi-
ded into 7 layers, in which only layer 1 bears fossils (7 species) .

12) Taiergou section (N 40°12°52", E 114°38'22") is 151.45 m thick with 12 members
and 146 layers. The Brunhes/Matuyama and Matuyama/Gauss boundaries lie at 33. 55 m depth
and 123 m depth, respectively. The Pleistocene and Pliocene fossil-bearing beds lie at 68 m
depth and 131 m depth, respectively (Min et al., 2006). Our revision suggests that the Plio-
cene small mammals should include 15 taxa.

2 Correlation between Pliocene lithology and biostratigraphic sequence

In recent, systematic magnetic and biostratigrahic works have been undertaken in the
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Taiergou ( Min et al., 2006) , Donggou ( Zheng et al., 2006) and Niutoushan sections ( Cai et
al., 2007). The Pliocene/Pleistocene boundary has been primarily established in these sec-
tions. For conveniently unifying and correlating the isolated and dispersed localities in the Nihe-
wan Basin, the Laowogou section is here selected as the type section for its well developed Plio-
cene deposits (76.45 m). The Pliocene/Pleistocene boundary in this section was estimated to
be between layers 19 and 20 ( Cai et al., 2004 ).

Even in the same section, the sedimentary facies often change very quickly, which makes
it very difficult to directly correlate among the different sections in the Nihewan Basin. It is also
impossible to correlate transversely among the sections by using the index beds bearing mollusk
or gravels due to their lack of uniqueness. It seems an analysis of the lake transgression and re-
gression cycles is an effective way of correlation ( Yang et al., 1996) , but this way is only ap-
plicable for the Pleistocene strata. In this paper, the Pliocene strata correlation will be based on
the synthetical analysis of lithologic-, bio-and magnetic stratigraphies.

1) West side of the Huliu River; In the known 6 sections, the Laowogou section is the
most integrated and typical one, which layer 1 belongs to an unnamed aeolian red clay while
2-19 to the Yuxian Fm. /Daodi Fm. The red clay of layer 1 from the nearby Huabaogou section
can be correlated directly to that of layer 2 of Laowogou. The layers 1-4 from the Hongya
Nangou and the layers 1 -5 from the Jiangjungou can also be correlated to the layer 3 from
Laowogou. Furthermore, the layers 5— 15 from Laowogou can be correlated to those 1-5 from
Hougou near Qijiazhuang village and 1-6 from Yuanzigou, resepectively (Fig. 2).

2) East side of the Huliu River: The biostratigraphical correlations among the 6 sections
except the Taiergou one were primarily suggested by Cai et al. (2007). According to the mag-
netic results, the Pliocene/Pleistocene boundary lies, and the Kaena and Mammoth events
begin, respectively about 28 m, 9 m and 2.5 m above the bottom of the Talergou section. Age
range of the whole section is about 3.4 Ma. Considering the similarly thick deposits, the bot-
toms of the Donggou and the Xiaoshuigou sections could be correlated to the Kaena layer of the
Taiergou section. The Upper Pliocene strata in the Danangou section are possibly partically
absent, whereas those in the Niutoushan section are well developed. Compared the Niutoushan
section to the Donggou one, thickness between the layers 8- 12 in the former could correspond
with that between layers 1—-10 in the latter. The deposits between the layers 1-12 in the Niu-
toushan section can be correlated to those between the layers 1-3 in the Taiergou one. Further-
more, the single fossil-bearing bed of the Lianjiegou could be correlated to layer 3 of the Niu-
toushan.

3) Correlation between both sides of the Huliu River: The correlation among the sections
on the west side is mainly based on lithology, especially on the bottom red clay, whereas that of
the east side is based on the Pliocene/Pleistocene boundaries. The Pliocene/Pleistocene bound-
ary in the western deposits has only been estimated in the Laowogou section, which is selected
as the typical section to correlate between eastern and western deposits.

In sum, the early and late biostratigraphical sequence in the Nihewan Basin should be
divided into 9 stages (Fig. 2):

I Layer 1 in Laowogou; remains of Trischizolagus sp., Chardinomys yusheensis.

IT  Layer 2 in Laowogou, layer 1 in Huabaogou; assemblage of Chardina truncatus, Plio-
siphneus lyratus, 7 Huaxiamys sp., Huaxiamys downsi and Hipparion cf. H. hippidiodus.

III Layer 3 in Laowogou, layers 1 and 4 in Hongya Nangou, layer 1 in Jiangjungou;
appearance of Beremendia sp. and Yanshuella sp., the first appearance of Mimomys sp., Unga-
romys spp., Mesosiphneus praetingi, M. paratingi and Chardinomys nihowanicus, and the last
appearance of Huaxiamys downsi.

IV Layer 9 in Laowogou, layer 3 in Huabaogou, layer 2 in Yuanzigou; appearance of
Hipparion houfenense, the first appearance of Paenelimnoecus chinensis, Mimomys sp. 2 and
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Paralactaga anderssoni, and the last appearance of Gazella blacki.

V' Layer 11 in Laowogou, layer 5 in Huabaogou, layer 4 in Yuanzigou, layer 3 in Niu-
toushan; appearance of Quyania sp. and Castor anderssoni.

VI Layers 4-5 in Hougou ( Qijiazhuang) , layer 6 in Niutoushan; the last appearance of
Quyania sp. and Mesosiphneus praetingi.

VII Layer 2 in Donggou, layers 1-2 in Xiaoshuigou; the last appearance of Lunanosorex
cf. L. lii and Pseudomeriones complicidens.

VII Layer 4 in Donggou, layer 4 in Xiaoshuigou, layer 9 in Niutoushan, layer 1 in Da-
nangou ; the last appearance of Ungaromys spp., Mimomys sp., M. sp. 2 and Mesosiphneus
paratingt, and the first appearance of the progressive species, Phodopus sp., Mimomys sp. 1,
Borsodia chinensis and Cromeromys gansunicus.

IX Member 3 in Taiergou, layer 2 in Danangou, layer 7 in Donggou, layer 12 in Niu-
toushan, layer 19 in Laowogou; appearance of derived species, Ochotonoides complicidens,
Yangia omegodon and Paracamelus sp. .

III- VII assemblage zones share entirely or partly 15 species, including Lunanosorex cf. L.
lii, Hypolagus schreuderi, Pliopentalagus nithewanensis, Nannocricetus mongolicus, Sinocricetus
progressus , Ungaromys, Mimomys sp., Mimomys sp. 2, Mesosiphneus praetingi, M. paratingi,
Pseudomeriones complicidens, Dipus fraudator, Micromys tedfordi, Apodemus zhangwagouensis
and Chardinomys nihowanicus, which are different from those original and derived species from
I-1I and VIII-IX zones, respectively.

3 Composition and chronology of the Pliocene mammalian fauna in the
Nihewan Basin

Following the above biostratigarphical framework, the fossil mammals from the different
Pliocene localities and beds in the Nihewan Basin are listed in the Table 8.

The Pliocene mammalian fauna in the Nihewan Basin composes of 57 species, in which 11
species of large mammals and 46 species of small mammals are identified. Large mammals
include 4 species of carnivores, 2 species of perissodactyls and 5 species of artiodactyls. There
are 14 dominant species of small mammals. There are 15 extant genera in the entire fauna,
making up 31.2% of all 48 genera. However, there is no extant species in this fauna.

Eight taxa in genera level and 4 taxa in species level are shared, between this fauna and
the Late Pliocene ( MN16) Hefeng fauna from Jingle, Shanxi ( Teilhard and Young, 1931;
Zhou, 1988). 13 genera and 10 species are shared between this fauna and the Mazegou fauna
from Yushe Basin, Shanxi (Wu and Flynn, 1992; Flynn et al., 1997). Compared with the V
biozone of Leijiahe section from Liangtai, Gansu (Zheng and Zhang, 2001 ), they share 17
genera and 15 species. This fauna also has some comparability with the Shuimogou fauna from
Ningxian, Gansu (Zhang, 1999) for 3 species occur in both faunas. Based on the co-occur-
rence of 3 species of small mammals and 2 species of large mammals in both faunas, this fauna
also can be compared to the Youhe fauna from Weinan, Shaanxi ( Xue, 1981). 5 genera and 3
species are shared between this fauna and the red clay fauna of Renjiagou section from Lingtai,
Gansu, the magnetic dating of the latter is about 3.4 ~3.5 Ma (Zhang et al., 1999).

Judged from the evolutionary stages of Mimomys, the Pliocene mammalian fauna in the
Nihewan Basin can be roughly correlated to the early Villanyian European ones ( Kowalski,
2001).

In conclusion, the Pliocene strata in the Nihewan Basin should belong to Late Pliocene
with an age range from 3.7 to 2.6 Ma.
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4  Paleoenvironmental reconstruction

The well developed fluvio-lacustrine and paludine deposits in the Nihewan Basin indicate a
paleoenvironment with widespread water body in the Pliocene. The typical sylvatic elements,
such as chiropteran, primates, proboscidean, large carnivore, rhinos and cervids etc., are
absent in this Pliocene mammalian fauna. The appearances of ochotonids, cricetines, arvicoli-
naes, siphneinines, equids and bovids indicate a grassland environment. The occurrences of
insectivores, murids, castorids, and camivores such as Nyctereutes, Lynx, Viverra imply a
shrub or woodland-forest environment. In addition, lagomorphs, murid Micromys, wolf Canis
and giraffine Palaeotragus may live in a wood-grassland area. Jerboa Paralactaga, gerbil
Pseudomeriones and camel Paracamelus are similar in morphology to their extant relatives found
in desert or semidesert environments. Only the insectivores Soriculus and Blarinella and feliform
Viverra belong to the familiar elements of the subtropical forest in South China. All in all, the
Nihewan Basin in the Late Pliocene should be a temperate woodland-grassland mixed partial
deserts area. The changes of the presumed environments in the different ages are shown in the
Table 8 and Fig. 3.

Transition events on the level of genera or species can be observed in some stages of this
biostratigraphical sequence. The most obvious one occurs in the age range of the stage III, be-
cause at the same time Trischizolagus sp., Pliosiphneus lyratus and Chardinomys yusheensis were
followed by morphologically more derived Pliopentalagus nihewanensis, Pliosiphneus sp. 2 and
C. nihowanicus, respectively. A similar event also occurred in age of the stage VIII with the
morphospecies of Mimomys and Pliosiphneus/Mesosiphneus, respectively. These species share
some common evolutionary tendencies in their dental morphology such as increasing complexity
of the occlusal morpha and heightening of the crown. These tendencies might be considered
adaptations for grinding the coarser and harder foods in the new arid environment.

5 Conclusions and problems

The Pliocene strata are distributed in the Sanggan River Gorge and on the both sides of
lower reaches of the Huliu River area, with known fossils-yielding strata concentrated on the lat-
ter. Thirty beds from 12 different localities are arranged in a biostratigraphical sequence divided
into 9 assemblage-zones. The entire Pliocene fauna in the Nihewan Basin is dominated by small
mammals (46 species, 80.7% of the total) of Late Pliocene age. This fauna can be roughly
correlated to those from Hefeng ( Jingle) and Mazegou ( Yushe), biozone V of Leijiahe ( Ling-
tai) , Jinglean red clay of Renjiagou ( Lingtai), Shuimogou ( Ningxian), Gansu, Youhe
(Weinan) , Shaanxi and Qipanshan ( Yinan) , Shandong. The percentage of steppe species is
much higher than that of wood-grassland ones, especially in the stages I-III, IV and VIII. The
species transition events that occurred in the stages III and VIII indicate aridification trends in
the environment. On the whole, paleoenvironments represent mainly temperate woodland-grass-
land mixed with local deserts in the Late Pliocene Nihewan Basin.

To draw more precise conclusions, some problems seem to be ineluctable, such as the lack
of updated magnetic results, the reliability of some Pliocene/Pleistocene boundaries, the vali-
dity of actualism in analyzing the palecenvironment and the veracity of the identifications on fossil
species. To resolve these problems, a deep and synthetical work of lithologic-, bio-and magne-
tic stratigraphies is necessary.
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