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HNEEL ST M ER B EBKN 3 B, ST 6 MENAREA(E 1), £B%
E , X AL XS T E B LA T R I L R e bRt SR T SR £ 45 1R LA
THEZHE L.

1) BE @R R E T H (45 :40472012) ¥ Bl
Wk B 3 :2007-01-10



3M FREE FFEEMA KL (R ) & i _EHritt/ B RN L3 233

1 Hb =8
R R A Sk 1l Bt — Bt

23. RIKEBERBINE, KTEEHEE 4.00 m
22, RIKFOHA R, BAVZH, B SS 2.30 m
21. RIRH OSBRI, K EERET 3.60 m
20. REGFOME TR+ 2.50 m
19. BAEEMY AL 5.00 m
18. 1 EHKGFEMEFA L, TEHARB O LN 2.40 m
17. HEGLE 0.50 m
16. BRAMY MY SHRAEE. KES/NMNIASIYLA 4.40 m
15. BWEMT M, KBS/ Ny a 5.10 m
14, JRGEMEPEUR - 2.80 m
13. B EET MPREAEZE 3.80 m
12. AR, BRER, & /MY 2.50 m
11, FERER+ 1.00 m
10. BEHOESRBERTIE, Oz, 28— REAR,

TR SEERLA 1.40 m
9. HEMSREMEERR L KRR B NER , NUARR A

BHEE ., IR/ NI R RS SRR A BER K, 5.50 m
8. REEHVRAY M. FBELE WA, BEEIER 7.40 m
7. BEMORE RO S KA R E R AR 2.30 m
6. JEHCARABEIRAZE, P EFAIRE B K B TR+ 5 5 6 S Rk

PR, F/NHALEhY) Rk SRR K 4.90 m
5. B AR EO 1 2.60 m
4. K IKBAMY B At R ARBURREL 2 4.50 m

3. EEOMKBE TR L, Ty R G MR ARG S M A K
TR E R, N R A AT o RER S /NE LS &

MR A 6.30 m
2. REGHETBE, S EE IEL LA 5.80 m
1. FREHABERSERCSMPHTR T SRS Bak/nh
TR, ik, IR AR 1.40 m
—————— BEgs-----
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Fig. 1 Columnar section of Niutoushan locality
1. Bk breccia; 2. BRE conglomerate; 3. 4H#bE fine sandstone; 4. #3Wh2 siltstone; 5. K+ FMmabsE
clayey siltstone; 6. #3WS kL1 silty clay; 7. %5+ clay; 8.454R concrete slab; 9. &/NEZL LA R
fossiliferous bed; 10. T4+ )2 red clay; 11. £/ZHE diagonal bedding; 12. #R3Z4EZHE cross bedding

£ 3 BNEIZMAS HHE P Bl (Sinocricetus progressus ) 18I0 V5 —E E 4 #b
M B BRIE TR EERR D EN K/ NKIGHIES 4 2, T FE R KT 2.6 Ma( R4 4E%E,
2006) , Foi B il 5% R N 5T LB ST sh W B, A B A0 BT sk MN14 (Qiu and Storch,
2000) , RESHWIEFLA, LLEITE BRI BT A S T HIR R & & Z /a1 H e v
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YT 4.4 ~3.6 Ma(FRIBEE BB 4L 2001 ; KR ZE 4 Tk JERE, 2001 ) 5 MR 4 FLAR B ( M-
momys bilikeensis) {75 A% & FIW , 294 4. 0 Ma( Repenning, 2003)

®1 4L UHEFRRDREESMEG

Table 1 Fossil small mammals from the Niutoushan ( =Pulu) section

JZ{ layers
N LB all m: 1
MAZLZY) small mammals 3 6 9 12 15 16

. Sorex sp. X X
. Erinaceus sp. X

. Ochotona sp. ( large) X

. Ochotona sp. ( small) X X

0. cf. 0. nihowanica Qiu, 1985 X

0. cf. O. youngi Erbajeva & Zheng, 2005 X
. Ochotonoides sp. X
. Hypolagus cf. H. schreuderi ( Teilhard, 1940) X X

. Cricetulus sp. X

—_
(= Je]

. Nannocricetus mongolicus Schaub, 1934 X X
. Sinocricetus progressus Qiu & Storch, 2000 X X
. Microtus minoeconomus Zheng & Cai, 1991 X

—_——
W N -

. Allophaiomys cf. A. pliocaenicus Kormos, 1933 X
. Allophaiomys deucalion Kretzoi, 1969 X
. Mimomys sp. X X X

—_— =
[NV =N

. Mimomys sp. 1 X

. Arvicolidae indet. X X X

. Cromeromys irtyshensis Zazhijin, 1980 X X
. 7 Borsodia sp. X
. Mesosiphneus sp. X

N RS = e
—_ O O 0 =)

. 7 Yangia sp. X

(o]
[\

. Pliosiphneus sp. X

B
W

. Meriones sp. X
24. Pseudomeriones complicidens Zhang, 1999 X

25. Dipus fraudator (Schlosser, 1924) X

26. Paralactaga sp.

28. A. cf. A. atavus Heller, 1936

29. Micromys tedfordi Wu & Flyan, 1992

30. Chardinomys nihowanicus ( Zheng, 1981) X X

oA R K

B2 R ( Mimomys sp. ) SRR VS —rf B b HoAth b (A4 B —BE R A S R IR m M T,
RAVER “ M. orientalomys Young, 19357 iR i# ( 25{% 4, 1987 ; X {} &%, 2004; HL B 16 %,
1988 ; KRZR4E R IR42,1991) o ERZVDEEAT BT 4 P EI 55 2 R AV/INK I B E A 268 1.2 R LA
SRS — B2 A M EOR T SR Mimomys #4%}, W] RER— BT AP , R AU7E4R
RV ER PGS TTATE 3.2 Ma 274 (KRR 45 ,2006)

FERL (Arvicolidae indet. ) B 410 28 N “ Germanomys sp. nov. ” (¥ 1E 5%, 1988) , /-7
FRME—F EEMITE FErt b ath e FERFVHEARVEFIES 2 B X/NKigHEE
% 1.2 EHE ARG 3.2 Ma 2245 (RRZR4E4,2006) . FSEHEAS SVEPLT lles Medas
FUEE Mas Rambault fz Valerots # s 9“7 Germanomys sp. ” ( Michaux, 1971) +43#3{l,
AP SIS 8 Villanyian ], 5 — YIS F Bibarian fH (Kowalski, 2001) ,

P B 1t 5 ( Chardinomys nihowanicus ) #) 4L B # & 72 KRG 10 (FRE3 4, 1981) ,
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A, RO S TR W R EE 12 BaiE Y BeRHR (3 k2% ,2004) s Mt 4
WA T IO ZEL( 25 3. 5 Ma) BI55 IO2HEIRAL Flynn et al., 1997) , 767 &5 ST #)
HN A fATF 4.8 ~3.0 Ma( £, 2003)

SERE 3 B/ A G R T E B AR R R A,

6 RNEESMAS K% (Hypolagus) TEMIFL A B P FL T 4.2 Ma, T FR Ik
G (H. schreuderi) B B0 FFE49 3.4 Ma(Flynn et al., 1997) , KR BICFE 2B EH A E
)5 18 Hly 53 ( Teilhard de Chardin, 1940) FILZR TSN ILSE 4 H s ZEBR B RE (KRR 4
££,1997) o JEWIHb SR IR BB T R,

& i %A B ( Nannocricetus mongolicus ) f 7 BT W sp At — R EHHm M5l —
B S EE (Schlosser, 1924 ) ; 52 LE Bl 5 %7t 3h ¥ 8 A H 77 7E (Qiu and Storch,
2000) ; Hl R & & Z 118 B SR IC % 4.5 Ma(KEZR 4 TRIREE, 2001 ) , SRE U EN
RIRVERITE S 2 B /KRS 1.5 4 BUA AL A IHERR3.2~2.6 Ma £
(RRZEHE5E,2006) .

i L ( Mesosiphneus sp. ) & F3 15 1 25 AR B4 U B B B, HCa#E ALK P AR 24 F M. para-
tingi, T fG—HEMItE A9 F 2976 3.4 ~3.0 Ma(Flynn et al., 1997),

BB R YD KL Pseudomeriones complicidens ) {y ¥ RY /™ s H ot 1 Bk B 1 , B A 2 F Ik
BT eoeb 2, e e B ottt (GRIREE, 1999) o FEERZ VD EE A (3R 1) 3] 1 4
M 3.2 Ma 7275 (FR43445,2006) . TER 6 F KM EIE KN4 3.5 ~3.2 Ma
(FRZ4E SR IREE,2001)

SKEEVFIE L Apodemus zhangwagouensis ) W A0 A LA AL 23 9 BRIV I 240, 490 3.7 ~
3.4 Ma(R3CH Flynn, 1992) , TEERZUPIEER HG TR 1 5 A B AC A fdi 112 3.2 Ma 25
(KRZH 455 ,2006) ,

1 B (Mimomys sp. ) \FERH( Arvicolidae indet. ) FIYRIA[¥E H 3 5 ( Chardinomys nihowan-
ieus ) I EE T8,

SARE,E 6 B/NMASMAH G55 3 BN S MAH A BV ELENE, B T2
PrAgsier , A AE B AR , (B i i VA T AR AN b AT AT e T R it

£ RNEIABMABAE BRI F IR B ( Cromeromys irtyshensis ) ) 3L 517 3
(2 P PR A R 48 ) A9 I B Bt (AR 24 T o = 9 B S0 tH SRR 9 MN17)
(Zazhigin, 1980) , 7EMIHLEH KEAE 3.4 ~2. 8 Ma(Flynn et al., 1997) ,

3 SR AE i ( Pliosiphneus sp. ) /2% J& 1 H Al © A # P R, HAWHEGE T
FRIIRHIHACH BL, RS ML B Mesosiphneus praetingi 4k F [ —#E ALK, FHHHAY
LB T LR,

Bl Bk BL( Paralactaga ) 7E R & B Z o) 4| THI #Y y BURE M 4R 1C R 290 4.9 ~3. 3 Ma(£B4R
46 5k JE#E,2001)

ARG 8 B ( Micromys tedfordi ) TEAG 41 F b BB XIC %A 4.6 ~ 3.4 Ma(Flynn et al,,
1997) ,FE R HIE A 5.3 ~ 3.2 Ma (K4 TR IREE, 2001 ) , AR Z VD EEA 09 P &1 T
53R 3.2 ~2.6 Ma( KB4 445,2006)

KRB ( Mimomys sp. ) \§FFE} (Arvicolidae indet. ) .52 %4 . ( Nannocricetus mongolicus)
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25 iy 6 B ( Sinocricetus progressus ) BIBHX Iy i,

SEKE, B9 B/NEIALSASRE BB IEA ML, HRZHFE 5% 6
B/ s A AR FRE RS FIR B2 YA /K S S H SO AL A o = e R S
FEEHRERE, 28R, BRI, HE W LS 6 2/ N s 458

F12 BHASMAES ZAET, h=utBk R (Dipus fraudator) (K& R ( Micro-
mys tedfordi) FIYE{¥E H i#t 5. ( Chardinomys nihowanicus) J2& “ Fi S ¥ RE” B 8 W #9 5L 5%
1M Mimomys sp. 1 {6 KT SR EER BI/INVKTHES 4 )2 BB 25 Mimomys FhAH Y,
L , 2 30 Wy 4H G i B e i) By A7 A -2 22 b P i e 3t (R R 4255 ,2006 )

SE 15 B/NEELBA S  BRUNST 2% B (Allophaiomys deucalion ) 1) B 2Y 7= b 72 & 7F |
Villany-5 #1557, #IA KR ER Y Villanyian B3 —Biharian T3 1957 69 45 70 7 1R 59 B 5L
(Kowalski, 2001), 7EMK% Hri% 2 15 ) Tizdar 2 S 4 i HRET4E K 2. 25 ~1.96 Ma
(Pevzner et al., 1998) , LYW {E 5 B T #F 10 A 485 bt A9 tb G E 4115824 1. 66 Ma
(Zhu et al., 2004) ,

IR A FRR 2 F ( Borsodia sp. ) tb AL IR 2 3B B ( B. chinensis) JR4& , 48R ¥4 ) 11
57 BRI Borsodia sp. , FBH R HETH (KRB 4% ,2006) ,

WUR 35 3 5. B IR BL.( Cromeromys irtyshensis ) FIBHIN F3R, J& B FBT i/ B BRI,

M2 515 BN s B (BB  E R TOAR MR H HIE R
ErhE L R R, Hoth B R AR B TR 25 4 K A 5 B TH A A% 55
Bk T B 1. 66 Ma( Zhu et al., 2004) ,

£16 ENEEAMAS LR W (Allophaiomys pliocaenicus ) BRI 1E K FG T4
I _E 5y T 5 6-18 2, BIEbARa B THE— B D B T0ER , KBAE 1.8 ~0. 8 Ma BBt (£4%
44,2004 ) s 7ETE H S F IR TE R A #5041, 25 Ma (Ding et al., 2002) , ZERRIN 4370 T
E Biharian #] ( Kowalski, 2001) .

/MR H B, ( Miicrotus minoeconomus ) #£ K /A Y #I E _E 2043 F25 9-18 2, M M4 F I &
S B+ Berp R — R B TR, KBAE 1.6 ~0. 8 Ma( R {r455,2004) ,

0 . ( Meriones) £ KA HH &R B HI T 9 B S FRFEBHMSED L B4 E
W, HAE R AEUE 1.6 Ma 274 (B8R 445,2004)

M6 R/NER A S 55 15 B/NEILSYA S L ERA AR MR, BRE
HER A T B34, W Microtus minoeconomus FHx 5. FYL, Allophaiomys cf. A. pliocaenicus
BRT A deucalion, HIL BT LA, f51T8ET 1.8 Ma,

3 BTG ERG S

M ER/NEFL S BRI A AT LA 55 3.6.9 FIER 12 J= 4 A/ NRFL S A
A NLE B LRI, 5 15 A 16 RARREHI . ENRRLRNAESR 12 B 15 B2 6,

FEAEAG A5 (1988 ) IRYEAL GE I 6 0 #1222 R AR W1 R 2 WO 7 ¥ A AT T v B R
7 ( =HEA) K LR LS SRS SRR TARIESE 11 A58 12 JRZ 6], BONER 12 )2
R BRI S8 E A RM RO RN LB HZ BRERS , T8 O J=2rA LR B 13 i 7L
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F2 4LUFEGREFEANKGR G SRR E R /NS A S LR
Table 2 Comparisons of the small mammalian complexes from the Late Pliocene sections of

Niutoushan, Donggou and Xiaoshuigou

] 3kl % Ik
/N EL Niutoushan layers Donggou layers Xiaoshuigou layers
small mammals 3 6 9 12 2 4 7 1 2 4
(a) (b) (c) (d) | (A) (B) (C)|(A) (A) (B)

1. Soricidae indet. X
2. Sorex sp. X X X
3. Paenelimnoecus cf. P. chinensis X
4. Erinaceus sp. X
5. Talpidae indet. X
6. Ochotona sp. X X
7. 0. minor? X
8. 0.7 erythrotis X
9. 0.cf. 0. lingtaica X
10. Ochotonoides complicidens X
11. Hypolagus sp. X X
12. Hypolagus schreuderi X
13. Pliopentalagus nihewanensis X
14. Nannocricetus mongolicus X X X X X
15. Sinocricetus progressus X X X X X
16. Mimomys sp. X X X X X X
17. Mimomys sp. 1 X X
18. Mimomys sp.2 X
19. Arvicolidae indet. X X X X X X
20. Cromeromys irtyshensis
21. Borsodia sp. X
22. Mesosiphneus sp. X
23. M. paratingi X
24. Yangia omegodon X
25. Pliosiphneus sp. nov. X
26. Pseudomeriones sp. X
27. P. complicidens X
28. Dipus fraudator X X X X
29. Paralactaga sp. X
30. Micromys tedfordi X X X X X
31. Apodemus zhangwagouensis X X
32. A. cf. A. atavus X X X
33. Chardinomys nihowanicus X X X X X X X X

Y, EANFEEAME 12 2 B A AT LHIEEL A —2

MR Allophaiomys deucalion B ALK S0 0 A, F LG/ EH AR LETH
12/13 RIaMUT- A E H . R A4 Sk WL i 55 740 5 AR BT AT , o s B3R 5t A ) R
—kE ERTERIEE 15 BEREEHIEE 11 5258 16 J239H A. deucalion A S Cromero-
mys A (R4S ,2006) , R EA TR B R EAR TR, B 5T R 40,

AR5 6 s BEHUWT , 28 3k 1L 2R 12 2/ ZLEh W2 & P I Mimomys sp. 1 () M3 15 76 5
EZHERATHRZEAKBRR, BEBVKIEFITEL 4 Z 8 R—F HKF, Bl 2l
B R EI LM AR, RIS 12/13 JRIEE RS/ SR Ge 57 2 B9 7] BEVE 3Kk
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®3 FLUMEANTEEHRHARE/NEANMESILE
Table 3 Comparisons of the small mammalian complexes from Early Pleistocene sections

of the Niutoushan and Donggou

43kl T
s 5
/N B Niutoushan layers Donggou layers
small mammals
15(e) 16(f) 11(D) 16(E) 19(F)

1. Ochotona sp. ( large) X

2. 0. magna X

3. 0. youngi X X X
4. 0. cf. 0. youngi X

5. 0. cf. 0. lingtaica X

6. 0. aff. 0. intermedia X

7. Ochotonoides sp. X

8. 0. complicidens X X
9. Serricolagus cf. S. brachypus X

10. Spermophilus sp. X
11. Cricitidae indet. X

12. Cricetulus sp. X

13. Cromeromys irtyshensis X

14. C. gansunicus X X

15. Allophaiomys deucalion X X X

16. A. cf. A. pliocaenicus X X
17. Microtus minoeconomus X

18. Borsodia sp. X

19. B. chinensis X X
20. Yangia sp. X
21. Y. trassaerti X
22. Y. tingi X X
23. 7 Clethrionomys sp. X
24. Meriones sp. X X X
25. Dipus sp. X
26. Allactaga sp. X

S M ER AN ST SN R e SN BN 7 L Re s 2

REFRE L, 3 B B AL HIESE 3.6.9.12.15.16 EZHMSPHGHA a.b.c.d,
e f, 57 B ERF U ERTRIRIIAYEE 2.4.7.11.16.19 E#yshWA 294 A.B.C.D.E.F
(R 2-3) VKB 1-2.4 BN 50EA AB Sh¥Y4H & (FRHESE,2006) , #shH)
204 a—c [ Sinocricetus progressus . Mimomys sp. Arvicolidae indet. #1 Chardinomys nihowani-
cus WRENH S A-C MR, HILENTFERA LR AT IAREXS LY. MRS PE S e
{9 Allophaiomys deucalion SEh¥141 £ EARR), BB — 1R, HIMEILI 4 {89 Allophaio-
mys cf. A. pliocaenicus, 87~ T BRI KB S 3hW4A & F AEEAE[A

WA, TERE TR KBRS 1| FAWAE Sorex spp., Soriculus sp., Erinaceus sp.,
Paralactaga anderssoni, Dipus fraudator, Mesosiphneus paratingi, Mimomys sp., Borsodia

chinensis, Arvicolidae indet., Micromys tedfordi, Apodemus zhangwagouensis, Chardinomys ni-

howanicus, Leporidae indet. ¢ 13 Ff (ZAR 55 ,2004) , KA ZE /LG 8 NMEM S 4L L3
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HE c ME, TAR—FR. ZEFE 6 EAIMAT Ochotona sp., Yangia tingi, Allophaiomys
cf. A. pliocaenicus, Pitymys cf. P. hintoni, Borsodia chinensis I Chardinomys nihowanicus 28
&, FORHRL 'y iR A3k WL iy £ BURYAIRY F AR,

Bt , 25 FE B AN [ 3 T A b 2 5 B el SR &R R R R TR 122, BRI TR 1 L /K
TR TAD B 2R 7 3k 8 A Sk L KR VA ) TR T 5L 3l 4 B R AT R B B R AT LA
HEFINT :a-b-A-c(B)}-d(C)}-D-e(E{(F) Si¥IH G, ENIEHEF K01 LA 2,

5 SEEMWHEIEEYHIEXT

ZEWHFTRE, AR E B LS HHMAT AL 750 m 9 E W 29 JZ # H (2
128.08 m) YA 1.2.3.9.11.,16 FI%5 19 BRI T /INEELEH (B4R 4, 1987,1989 ; {5

Laowogou Niutoushan Donggou Xiaoshuigou Danangou
m
Q .
100 —
Fl 19 e [oeae .
_______ o
90+ 16 ¢
150 e - E[8
80—
[y D
JS 125 |d- 0
tC
70 57
9 c.
19 . 4 .
B[ 4
2 .
A2 e ]-eznt
60+ Tt .
T30 6 lb
504
w04 [ 7T 3ea
T
304
20 3.
10
A
1=
0d

B2 Ak LT 5 4RI Hh R A A R BT AR O R
Fig.2 Biostratigraphic correlation among the sections of Niutoushan, Laowogou, Danangou, Donggou and
Xiaoshuigou
1, 2, 3...1is stratigraphic sequence; the solid circles represent small mammal fossils
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2 ERFGA 1993 B R 255 ,2004) o ) ET AN T T I —R B A Y B L BY A b
/NS A Yy SR B T (SKIREESE 2003 ) o T LU, BUR AR (5B R4 1Y
A FEHUR FH A ARILAR T T

% 1 ]2 : Trischizolagus sp., Cricetidae indet., Chardinomys yusheensis ;

% 2 |2 :Kowalskia sp., Nannocricetus mongolicus, Sinocricetus procressus, Arvicolidae indet., Chardina trun-
catus , Micromys tedfordi, Huaxiamys downsi, H. primitivus , Apodemus zhangwagouensis, Chardinomys yusheensis ;

%5 3 J2 . Ochotona sp., Nannocricetus mongolicus, Sinocricetus progessus, Mimomys sp., Arvicolidae indet.,
Pliosiphneus sp., Pseudomeriones complicidens, Micromys tedfordi, Apodemus zhangwagouensis, Chardinomys yushe-
ensis , C. nihowanicus ;

%5 9 JZ : Paenelimnoecus chinensis, Nannocricetus mongolicus , Sinocricetus progressus, Mimomys sp., Mimo-
mys sp. 2, Mesosiphneus praetingt, Dipus fraudator, Paralactaga andersoni, Micromys tedfordi, Chardinomys ni-
howanicus, Karnimata sp., Saidomys sp. ;

% 11 |2 : Lunanosorex cf. L. lii, Nannocricetus mongolicus, Sinocricetus progressus, Mimomys sp., Arvicoli-
dae indet., Mesosiphneus praetingi, Castor anderssoni, Dipus fraudator, Apodemus zhangwagouensis, Chardino-
mys nihowanicus ;

%8 16 2 . Sorex sp., Ochotona sp. ;

% 19 2 ; Nannocricetus mongolicus, Chardinomys nihowanicus.

RSN G « SEEEFIEAIEE 11 EahWAE G KRB, BOVETE R 4 DR
HIEEWIGGARTEHR)EEL, SIS b TR S BB WH IS 16 RN, REFERA
AR ERALARSE, S G ¢ R B IHEE EEAENNKEYHEE . ETIYHE
d TR S5 IEEE 19 ZH _EEAE Y, A EATEGE EFSERI TR

it b RS, A Sk L AT A AT A e Rt E R A W SR AR TSk AR AT LA
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Summary

The Niutoushan (or Pulu) section, which was originally described by Du et al. (1988) as
one of the stratotypes in erecting the “Daodi Formation” , is located about one kilometer south
of Pulu village, Yuxian county, and 1.2 km north of the Danangou section ( Cai et al., 2004 ).
Both the Niutoushan and the Danangou sections are on the east side of the highway connecting
Xuanhua city to the Yuxian county seat.
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In addition to the Donggou section near the Qianjiashawa village, the Niutoushan section
potentially represents the only other record of the Pliocene/Pleistocene boundary in the Nihewan
district, as indicated by the presence of derived Mimomys cf. M. youhenicus. We remeasured the
Niutoushan section to develop a more complete profile in 2005. The profile was original 43. 18 m
measured by Du et al. (1988). As a result of our fieldwork, the profile is now 82 m, with an
additional 12 stratigraphic layers (11 to 23) (see Fig. 1). Small mammals were collected from
Layers 3, 6, 9, 12, 15 and 16 by screen-washing ( see Table 1). The mammals from each layer
represent one faunal complex with some species spanning multiple layers.

1 Chronological analysis of genera and species

The earliest record of Hypolagus is ~4.2 Ma, but the species, H. schreudert Teilhard de
Chardin, 1940, is recorded from ~3.4 Ma in the Yushe Basin (Flynn et al., 1997) to the early
Pleistocene of Zhoukoudian Loc. 18 ( Teilhard de Chardin, 1940) and Sunjiashan 4 of Zibo city,
Shandong Province (Zheng et al., 1997).

The earliest record of Nannocricetus mongolicus Schaub, 1934 is Early Pliocene in the Er-
temte fauna of Nei Mongol ( Inner Mongolia) (Schlosser, 1924) | and the youngest is estimated
as 3.2 ~2.6 Ma in the Donggou and Xiaoshuigou sections ( Zheng et al., 2006).

The Bilike fauna of Nei Mongol, including Sinocricetus progressus Qiu & Storch, 2000,
was originally considered to be Early Pliocene or MN 14 ( Qiu and Storch, 2000) ; it was subse-
quently correlated to the Zone IV of the Leijiahe sections, about 4.4 ~3.6 Ma based on faunal
comparison (Zhang and Zheng, 2001 ; Zheng and Zhang, 2001) , or about 4.0 Ma by the evo-
lutionary stage of Mimomys bilikeensis ( Repenning, 2003).

Mimomys from the Niutoushan section as well as from other localities of the Nihewan dis-
trict were originally described or recorded as “Mimomys orientalis Young, 1935” (Cai, 1987;
Cai et al., 2004 ; Du et al., 1988; Zheng and Cai, 1991). The present study suggests that it
should be considered a new species of the genus Mimomys. An estimated time span of 3.2 ~2.6
Ma was given for this taxon in the Qianjiashawa sections ( Zheng et al., 2006).

An arvicolid (recorded from Niutoshan as Arvicolidae indet. ) was reported by Du et al.
(1988) under the name of “Germanomys sp. nov. ”. This form has been discovered from many
Pliocene localities in the Nihewan district. In the Qianjiashawa sections, it occurs from about
3.2 Ma (Zheng et al., 2006 ). A similar species from early Villanyian to early Biharian of
France and Spain was reported as “? Germanomys sp. " (Michaux, 1971).

Cromeromys irtyshensis has a late Villanylan age in the southern region of Western Siberia,
Russia (Zazhigin, 1980) ; In the Yushe Basin it has been paleomagnetically dated at 3.4 ~2. 8
Ma (Flynn et al., 1997).

Allophaiomys deucalion has a late Villanyian-early Biharian distribution in Europe (Ko-
walski, 2001 ). Furthermore, the appearance of the genus Allophaiomys is estimated to be 2.25
and 1.96 Ma based on the paleomagnetic data of localities Tizdar of Russia, Kryzhanovka 4 of
Ukraine and Pseekups of North Caucasus ( Pevzner et al., 1998). It has an age of about 1. 66
Ma in Majuangou Site III of the Nihewan district (Zhu et al., 2004 ).

Allophaiomys pliocaenicus is of early Biharian age in Europe, but about 1.8 ~0.8 Ma in
the Danangou section nearby ( Cai et al., 2004) and 1.25 Ma in the Gongwangling Site of Lan-
tian, Shaanxi ( Ding et al., 2002).

Microtus minoeconomus was recorded in the Danangou section spanning Layers 9-18, or
1.6 ~0.8 Ma (Cai et al., 2004).

Mesosiphneus sp. seems to represent a similar evolutionary level as M. paratingi, which has
an age of 3.4 ~3.0 Ma in Yushe Basin (Flynn et al., 1997).

Pliosiphneus sp. is the most advanced species of the genus because of its essentially rootless
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hypsodont molar, as in that of Mesosiphneus paratingi. Both are of the same evolutionary stage,
and are probably latest Pliocene in age.

The typical stratum yielding Pseudomeriones complicidens is a set of sands under the well-
known Wucheng loess in the Shuimogou section of Ningxian, Gansu. It was considered to be
Late Pliocene because of association with ? Mesosiphneus teilhardi, Paralactaga cf. P. andersoni
and Ochotona lagrelit (Zhang, 1999). It also has a paleomagnetic date of about 3.5 ~3.2 Ma
in the Leijiahe sections of Lingtai, Gansu ( Zheng and Zhang, 2001) , and 3.2 Ma in the Dong-
gou section of Nihewan district ( Zheng et al., 2006).

Micromys tedfordi has an age of 4.6 ~3.4 Ma in the Yushe Basin (Flynn et al., 1997),
5.3 ~3.2 Ma in the Leijiahe sections (Zheng and Zhang, 2001) and 3.2 ~2.6 Ma in the
Qianjiashawa sections ( Zheng et al., 2006).

Apodemus zhangwagouensis has a date of about 3.7 ~3.4 Ma in the Yushe Basin { Flynn et
al., 1997) and 3.2 ~2.6 Ma in the Qianjiashawa sections ( Zheng et al., 2006 ).

Chardinomys nihewanicus is originally recorded in Layer 12 of the Pleistocene Danangou
section (Zheng, 1981; Cai et al., 2004) , and also appeared about 3.2 ~2.6 Ma in the Qian-
jiashawa sections ( Zheng et al., 2006) . Elsewhere, it is found in the Pliocene Mazigou Foma-
tion (about 3.5 Ma) to the Pleistocene Haiyan Formation in the Yushe Basin ( Flynn et al.,
1997) and 4.8 ~3.0 Ma in the Leijiahe sections ( Zheng and Zhang, 2001).

This chronological analysis indicates that the small mammals from Layers 3, 6, 9 and 12 of the
Niutoushan section should be regarded as Late Pliocene, and Layers 15 and 16 Early Pleistocene.
The layers are essentially equivalent to the European early and late Villanyian, respectively.

2 The Pliocene / Pleistocene boundary

Based on the above analysis, the mammalian complexes from Layers 3, 6, 9 and 12 of the
Niutoushan section are Late Pliocene, while Layers 15 and 16 are Early Pleistocene. Thus, the
Pliocene/Pleistocene boundary should be situated at the level between Layers 12 and 13.

This boundary was once recorded at the level between Layers 11 and 12, with Layer 12
considered as the basal conglomerate of the upper strata (Du et al., 1988). It is obvious that
this interpretation disagrees with evidence from the small mammals of Layer 12 described here.

The present analysis points to the level between Layers 12 and 13 as the boundary, because
of the coexistence of Allophaiomys deucalion and its direct ancestor, Cromeromys. Both occur in
Layer 15 of the Niutoushan section as well as Layers 11 and 16 of the Donggou section, which are
very near the lower limit of the Pleistocene. At the same time, the M3 of Mimomys sp. 1 from La-
yer 12 of the Niutoushan section indicates the crown height being very close to the Mimomys from
Layer 4 of the Xiaoshuigou section, which is near the upper limit of the Pliocene.

3 Comparison of the mammalian complexes from Niutoushan, Donggou, Xiaoshui-
gou, and Danangou sections

If the mammalian complexes from Layers 3, 6,9, 12, 15 and 16 of the Niutoushan section
are represented as faunas a, b, ¢, d, e and f, those from Layers2, 4,7, 11, 16 and 19 of the
Donggou section as faunas A, B, C, D, E and F, and those from Layers 1-2 and 4 of the
Xiaoshuigou section allocated to faunas A and B, respectively (see Tables 2, 3 and Fig.2), a
faunal sequence can be obtained as follows; a—b—A-c(B)-d{C)-D-e(E)-f(F). Chronologi-
cally, faunas a-d and A-C are Late Pliocene, while e—f and D-F are Early Pleistocene.

Using this faunal convention, the mammalian complex ¢ of the Niutoushan section is equi-
valent to that of Layer 1 of the Danangou section ( Cai et al., 2004 ) ; they share eight genera and
species, including Sorex, Erinaceus, Paralactaga, Mimomys sp., Arvicolidae indet., Micromys
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tedfordi , Apodemus and Chardinomys nihowanicus. Complex f of the Niutoushan section is compa-
rable with that from Layer 6 of the Danangou section in having Allophaiomys cf. A. pliocaenicus.

4 Biostratigraphic correlation of Niutoushan and Laowogou sections

Seven fossiliferous layers, namely 1, 2, 3, 9, 11, 16 and 19, were successively found
from the Laowogou section located 750 m northwest of Daodi village (Cai, 1977; Cai et al.,
2004 ; Du et al., 1988 ; Zhang et al., 2003 ). The small mammals from each of these layers have
been reidentified and listed in this paper. By faunal composition, the mammalian complexes
from Layers 11 and 16 of the Laowogou section are almost equivalent with the mammalian com-
plexes a and b of the Niutoushan section respectively.

Summarizing current knowledge, the earliest known Cenozoic stratum in the Nihewan dis-
trict should be Layer 1 of the Laowogou section, which has an age of at least 3.4 Ma based on
small mammal biochronology (Zhang et al., 2003).
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