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HSEHER R A AL AR BIE A S I IR | T L £ v 9 TG 1 J7 78 AR 2 K T AR B
BZRLE(EL.2), ZMZ T HOZRENHAETIRN LRI RMEEEHN. &
1992 FEH R B “HTBAEE /R BI6 K KB BE" 1: 150 J7 #1 & M & & ( BGMRXUA,
1993) , RSB WRERAMIRE N HIELE E, B E, ;o EHRNMB=ZRITITLERTF,
HEB/RAEMIZNERRAWA I EIZRFHUHWE , AT IEPHENMWE, BT
TR Lt )X BT SR B E S5 S8 H M I BB R E R B YR, AT AR Pl 68
K H B ST L ARRRA.

£ 2001 SFHEFSNTAEF  EEEREME T REOFHIBTTRY &+ & B T LAY o
it UBEIYIHAL, AEX LR ATBETIRN YE2MIBESHE, ATRERA
BUTRABZAZ TOMEZ, Bitg, TULE M —FE S AR AN EAZ T O %8
BRBEATERRRRE, MERTRAUBEANME, BEUELFOFHIIES, &

D hEMZGMRUF TREEFEME (HS:KZCX2-YW- 1200 IRR GRME XS A (55 :40472022)
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X, AT R A B R A9 (B T A P it P a0 2 i P B it e S B = b 33
i TESCEEA b, BATA A REH X EMES TR TRABHRANRRRAMUK S, &K
ZATULEE M , RO SR M R R A 2 R — DTS AR R,

Dl AR RBIAES N EERNMK AR ESE RRRAURBIDEA,
{8357 S VRS /S At AL 5 A R AR 1k B P BT IR A R B A REAR I R R T R
H XL A FE G L TR MR R RS M AR R R R
HHEEZNRANFERELA, PRS0 B 5 AR E Y A4 O BT T 1R
PRI BOMRE o X — A SR T 00 S A O X 7R M 38 VRO T 7= A R et SR B 3,
RAEAL . PE— ARG U REY X RS TR, B, 25308 S 02w
T H A RAEYMZ A PEACLLBOX —BF B A K A] RERY A SR T WP B4R &8
Hitie.

1 T EE H4H B £ F A AE

B, ©ABTR LR 2H = AR TR L R A Pa AL, (o) PREE(H2Y 23 km, IRIBEFHMSE
MR LA R FETD EE X —#h X A ra 38 35 A T LR 4R ARt 1 FR. Tk
WA H R ) FE T AR i 87°38. 7'E, P % 87°20. 5'E; Jbik 46°28. 5'N, By #i 46°23.9'N, # A4
7%k ARG R L BR LT AR ST . AT B R m P T 3 A EIE, UK dn A T L b
A LFm 0AFIE O, hFESIE I REERANMuAZOL, BRI Z R EE AR 2
HUENE , AR PRI E/E AR BhE m (& 1, 5 ZRERS], K3 e Rm D .

1.1 #BAEREE

EREIEAYTFETRMAERL 41 km 2R FE M, &R S 46°24. 544N,
87°28.619'E ; | & &1, :46°24. 782'N, 87°28. 484'E( AZ|E LI RIBHH F K —E 5
FHAFILE R IK B €455 A KA 5 DU A, N 5% 89 KR4 va 1 35 35 40 3 =
RPMAFIE, HHRAE BT,

SEMEImE B

R (AT
17, R OFFHBE, BARSHEIS DERRRONE T, KEMAE, %5
i, KR e

TliE e (3t 46.2 m)
16. Lt e F i o, Hoh B A 8.7m
I5. ZIRERmAm s 0.4 m
4. ZIREERBEMTE  BOEE R FEMR ETE R L HAR, BRI WKL R, £
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JEH839.7 m AB( i 2 XJ 200614) % B0 =R T FSE 5 2 B 07 7m
13 LRI B SR R LSm
12. 404 IRAR 9.5m
1. LTI ORI MR TR KA 6 0.3m
10, tRERFHES 3
9. (b 1.8m
8. I OMITIL TR, A NS RS 0.3m
1. iR ERENDE, Ribd R KBRS R 7.5m
6. TEEADE, LUK, BE L HELE 2.4m
5. AROREHDE WETLEEKERDE, RLEELARIESEEEE  0.8m
4 ROATRS BOETE BYOR, RULTE BRI 6, ST, 30 AT # 3
AT (/ISR L & XT 200613) Tm
3. iR ERE, AT LERLE NS 6REREY 2.3 m
————————— PAARE - -~ === - -
W R R
2. RGO E, 7 L HiE R 2 2.8m
I REBERE MRS BRI, 653, T 2 2.4m
1.2 S

T RACRHM S REEARRRRA 2. AN EAR —ERS ERNEE,
“EAVPAARSEMEA(E2), BRIRERA BN AFE, (HE RS WARKA]
AEME LB/ T3 4H RO TR IS 57 mARARIE 2 , v IAE ST/ TE B E . T RBYRE L
0 55 AT A R ) B R AL K, BOR VLAY RS e (BB 2) o P a3 5 48 A IO £ it 28
HE P BI R (B P& (B A ik RAE R — BER M A RF /bR E2AARBEL, —
ip SMEEAEAR ST, MERHMA(BFEREAHERENLE) MEREREA
BB RTTRREIWT . BATEHBILL FATAREBE " R BRI E A R , A D IR A TR
[ BT, gk 2k A9 B[R] A= AR A

BEME, ML mAR—EREL S0 m LI ENERGEREBHER(E2) , £
ERERERRYE, SHEEE—, il LA AR NB AR EE AR K FREER, ARA
KERARZEEBICEES M, Sl LB RN aERME R R R
5, A B AT ZEWTEBE | 0L B LIBRIE KA , F e T 1T a9 EER i i _E & &0 0L 20 & f A R KBy
FMEHE, EEEHENPRE—EEL0.3 m WEMKKEE(E8 B), ZLMHE K/
WBFN TRRRRE AR RS, AR E R T BRI P AR E KR
H=9. FERIE T B E AR T S E ] I B S A W A R Sk 89 2R G 8k 4E Bt
2L HENH BN EBOVE S X LR QUK B BRER B, R OUFR (A £ B B 4 i 8k
SR, 7E— LR A9 KL RE AT K A RANEE %, R LB PR AR B R
& XLRHESATABT RN R DR E LIRE H MR, REER#ITHERXH
TR E A ¥, B Z At FE 8 DR IR TR T H0E AL Bl — R MR
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2 Tk nbEH =
Fig.2 The Dingshanyanchi Formation
A T LL 3k 3t 28 3t 22 X, W] ALK AR LRRURE [l R AR 2, B BT Sk UL E I AR R s B (2R
HIE S 17 J2) A close view of the strata, showing sedimentary thythms and columnar structures of out-
crops; the white arrow points to the contact with the capping conglomerates of unknown age; B. TRILE M 4H
5K 35 3 40 Superpositional relationship of Dingshanyanchi and Halamagai formations; C. ZETRLL
5 20 T 4R 0 B MU )2 W B U Escarpment of the type locality of Dingshanyanchi Formation
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N AIRARF LA S (LT X AR EAM BRI GE A NBIR, EEZR2—EL
PUBSSERR Y EAE AR R . TRILE M B RBA A AR BEAERE, L&A
AMEBENLEE, BEZT RERANIECESRILERR.

2 DLEMAFTLaAS

FEF AT EMZ P EE RS ULA R — ML ARIERE
B EEAHE P A HAREZARSA 2.3 m £b(XJ 200613) ,ZEHIE I kA 7™ 8%
BEIPEBFEEP (XTI 200617) ; 5 — T EABRMUMA T ZAHN L3, EEZAFIEP
MFEEER 34.5 m BETR R 12.4 m 4 (XJ 200614 ) , EAth | ZB4L A H#o2 ( XJ 200640  XJ
200641 .XJ 200642) U FHEMA A+ R KEFENLE

2.1 TmLEHARBEILNMLAAS

TR EL i 4H R ER XJ 200613 01 XJ 200617 LA R Z A8 S, B b [ IER 1 S Z 89/
HFEY, DR R R SR . RIS S8 iba s e sk, AT Lt
JEER SR , Xt s YR BOBT M B SR K

ALk 30 F

Insectivora
Soricidae gen. et sp. indet. (large)
Soricidae gen. et sp. indet. (small)
Talpidae gen. et sp. indet.

Chivoptera
Myotis sp.

Lagomorpha
Alloptox gobiensis ( Young, 1932)
Desmatolagus sp.

Rodentia
Heterosminthus orientalis Schaub, 1930
Protalactaga major Qiu, 1996
P. grabaui Young, 1927
Democricetodon lindsayt Qiu, 1996
D. tongi Qiu, 1996
Megacricetodon sinensis Qiu et al., 1981
M. pusillus Qiv, 1996

Paracricetulus schaubi Young, 1927
Plesiodipus leei Young, 1927
Cricetodon sp. nov.
Miodyromys sp.
Myocricetodontinae gen. el sp. indet.
Plesiosciurus sp.
Keramidomys fahlbuschi Qin, 1996
Sayimys sp.
Rodentia fam. indet.
Camivora
Hemicyon cf. H. stehlini
Perissodactyla
Anchitherium sp.
Artiodactyla
Cervoidea gen. el sp. indet. (large)
Cervoidea gen. el sp. indet. (small)
Proboscidea fam. indet.

XASPRE FRY 22 FUNEELS Y TE 12 2 58 b /R EURR/NEELsh B a9 7
FHH[E)AS : Alloptox gobiensis, Desmatolagus sp., Heterosminthus orientalis, Protalactaga major,
P. grabaui, Democricetodon lindsayi, D. tongi, Megacricetodon sinensis, M. pusillus, Plesiodi-
pus leei, Miodyromys sp., Keramidomys fahlbuschi, KEVHI WY FRELEH BB An-
chitherium 1 Hemicyon cf. H. stehlini, WRBH /RIPHPBILBHE, KESEH /R
VIREET AR L S REE A B R B9 R K R F 18 1 3 kW sh ¥ B (BR 48 4%, 2000, 2001;
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%5 Mm%,2006) , RLAFHEEE 11 & 12 M/ shi, 510 W E A KA sh Yy 8 4R
W7 A 6 4~ Heterosminthus orientalis, Protalactaga major, P. grabaui, Megacricetodon
sinensis , Plesiodipus leei # Paracricetulus schaubi, P8ISS M SE G RN EH,
Ml Paracricetulus schaubi (X Jy RN EL ARSI B . deoh, RKL WY BE
Y Myocricetodon F1 Mellalomys TEiR & /R Sh ) T B IR A 89, T2 T0 L Eh 26 R #R 30 )
BEhE BT Myocricetodontinae H R, R, ZESL SN BER /NI sh ¥ R A Heterosminthus
ortentalis 1 Megacricetodon sinensis (XN B E A FBR ZWHFHORN R 58 R
YR, e B STUL A Sh B AR S,

Bk, BR% 545 (2006) K 8 38 4E Sk N & oy . X HT iR Esh M BE A R BT B I &%
SR T H S HF . BHPOERR BRRRMEARR=shHAR T X
REOB L RSB . MNX =B B S FARKE, BT ARERTH
RAERIEE . RPRRIBIYBEAE S T LB L /RSB, ARG ARR S
YB¥ R 8 Plesiodipus progressus ¥ P. leei B B — A, ME R B #YEE AR Z Y BE
PEEANHEMEPHEEETRAORE. TRILEWERBH BN SRR SY
B, IRIRERTE M 5 RO HEFF | X 20 ) 1y B 09 B X 55 BR UH 37 36 42 Bt AR WA L 3h 4 4 A o
MNS RS HIZE MN7 + 8 482, Bk T8>t TR Eh b 4B a9 BHAC AR 2 Fox — B2
A (8] g PR MN7 +8 B,

HeAh, LR AR RN YR SR L H|E A4 a3k, BRAIEFH A4 H
AN THEZENL 148 m &b, 7E Desmatolagus sp., Alloptox gobiensis, Mioechinus sp., Ansomys
sp., Plesiodipus leei ( J& % 78 25 Gobicricetodon sp. ), A] 5@ & /RS 4 BEXT Lk ( Guo et al.,
2002) , BAARARRRE I H (EH R ,2006) 88, A4 SEHTERENM (197 m) @) AS tbAH
BZIBFEEIE SO m, AREFIH AL 160 m 8B —HET Ansomys sp. #9 M1/2, B i 7
RE R R SN B3 Y Ansomys oriensalis Heift (B EH & 6 SR L6, A WA, B A
BER LT,

2.2 MbEHRBARMSEMELAAES

B 1R ELsh Wit a LS, 7 XT 200617 #b &K 3 ABERI @K MRME LA (KRBT
AEE) RITEATLE WA TEHREA PRHEE - EEYER LA NRESDY L
A, BEFtadaPERERM R A EDHR T EFELENPTEENEER
(Lithospermum) ,\ K H A 4 A HMAEM, 4 F THRBZEARINL L RIUFEFIBX ., &
YA EFPERERBESHIRYEN TN EFOINRNTRELEE LBEEEE
b 8 M  HPREMBEN, B — A REDYHEMREEE S LT HBENEE
(F2), FEFIEFH Pupilla cf. P. aeoli . Punctum orphana . Vallonia cf. V. pulchella UL
R Gastrocopta sp. I RBIF R AR PHE RWRFREKR, FRLFREDLER LI —H
BEINMHERBELEER TR — L HFHBE LI HEFRMBME, ERE QAT HEHAE
BEM(FEFIT%,2005), ZFTHRDIFANMBEHMATES , TEERZNALTR
HAEWMAE
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TR R AR AR R R FABINT

(G R A S
Pupilla cf. P. aeoli( Zx G ¥TUMIBARLITR) , 14 DMK
Abida cf. A. frumentum 14 4~ f&
Punctum orphana( B 0 £ S92) ,13 MK
Gastrocopta sp. (WHRFKEH) 11 AN HE
Vallonia cf. V. pulchella( EFAFLASIRAFLIFN) ,9 N 1ME
Vertigo sp. (JEFFIREEM) 2 MK

KA BT R AR
Amnicola sp. (FIIABEREF) 1 DMK
Planorbarius sp. (3R BIZREM)2 MK

2.3 TBll:MAERMERES

BB P (H S XT 200614 ,46°24. 757'N; 87°28.476'E) (W A HA KB FL Y
e q PR EEEE (470 om) MR AT 8RB X =2k & Hipparion ( Plesiohip-
parion) houfenense REMKALMC AR BARSERHF. EANLAZRE=
RS R AR, LR RS E R B = ik S B AT B R A 2 it (B S
) (B #%5,1987) . B, 2R 3L sh ¥ b B U1R AT BE D0 BE P i s A s b
it

RIEL TEUBLEA S, BRAOVOIL BTN E LA 0 ST RS AR Dy P Aottt
R = % PR TH B RSN L AT .

3 BB EYHEFEE X

TRLLEE TR 2H B 57, (EVEB /R B IL K B = R B N AE MBI X LLE S R
o AL MARRIH, A X BEARI IR ESEEMM RO HRBNEE TR
WA = LR (54,2000, 2001a) , iy FIRLE A hEE = T frid
HAZ L, BPIEEEA AR RTUR IR, B, T A ST R EHBMXRBN—
AFREE, WASHE R/, A HEALAREM R -, Al XFHA—FEW®
O ORI ROE B [ B O R R B S R AR AR, B RTAT MIZE R 2 T BR T 28
BEITHAHRGHNTER, Y 14.2 m £H, ERJLEUEE THRRHGE S R/
ZREMHTE,BER/N. XEMRIEHRIENRUBEAN EE—AXER(E
FKAES,1990) ,2001 S ESKIBRIFRA SN 5 TR R A WA TUARE W B &
HAEES TR RNDEAZEAR AR, URESREWPREERESHE, FEUS
AN— TR A

A XBATERMARNEERKMA (FHES,1999, 2000, 2001a,b; FREFS,
1988) , X A] BE 5 HA AR B A B TTRRINER X . EXA 7 MAA NS EBEE R
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R (X B) B HAHHE WK EE KIS A FE (Dicrocerus grangeri) X5 % &
(Platybelodon sp. ) . TEIZBIYIEE T, TRBABHA ST W4 R A th# (Eotragus
halamagaiensis) B AELE AR B B4 FL sh ) + B H 3 ( Turcocerus kekemaidengensis) ,
E L, PR SE B S B 508 & RSV BERT XS b, AH 2 T BR4E 5 %5 (2006 ) 57 M BR/R R 30
s, Bt 5 BRI G L0 AR 3L 3 9 23 A i MNT +8 4R 2, 5 b Pttt o A ( BS
% 5% ,2006) .

TRl 20 PR A W LUNE R o0 £ X AT REFNE B UTAR IR R LU R A A %
EHERYE) B X METETR, LS AR/ N FL 16 A H & 55 LAsEH R/
IR (BRRARSIEE) i, B, B AT & 3E MM R 7 Al SE 540 5Tl Eh wh
H TR — B HZE A R FARTRR , BRE 2 A EE YRR,

TRLEL A T RSB A, A BT T T AR B 5 sh R a8, B BEERIA
Rt —EHAEARBIANR, BRIUEHEHATE SN BN G, 8 BRRER
MR RIFE M A KIS R BIRERE M. Bk, 4 0K s 1 38 35 sh W BE FF 45 A ra hi 35 35
HIERIR B P AL A A G . RICH (1988) BAKYE /N FL SN R iR
BB AORBOY R R, SRR BG4 2L 30 ¥ 40 83 MN7- 8 A8 24, SFF (1989 ) 4R 48 5
MRBLENAR I ENNE B T ILAESH R (B8 TRENYEE, B & RN
Yo M (1989) TEBT ST R R0 35 40 AR BT 25 LU R BRid 5% (1988 ) B T K S 250, ERIA
M 30 2 40 bl /R AR TLARE AT B 2 2 (B b1 SR TR S B B S HE S
TR R B R AT KR B, 3X G A BERC U Xk SCre RS 25 sh W BE R B (X IR, Bk A
(1995 ) LM T B WREITA P A H R B AE H R, EBEGLE(1998) XF 05
WEHHFERENARINNAEEESHAEMNHUINA, BFARBETEE RN,
H3E4E (2001a,b) FISR SCH 4 (2003 ) MR 1995 4F LASK #94 Y1t B TAEMUET R4k 5 2 30
AR FYR ST B RO sh B & 30k, Rt S5 B0 3E 2 3L sh o0 3 o
) MN6 KAEAR S, it B8R, R\ /AR —FE R A SR, TR EA
TERENBE S BRI MN6 (ZEB T IERE MNS) Xt b S iE . X — MR SA R BRI
Fir 35 25 shBE RO 7= B R AL 5 T0 L 3h 20 IR ARk A E A2 18] i 7 40 A K 8 BT A 48 3t 2 7
ERBERBEATE . K ERSHT, UL LR A T 32 LA s BT (X 58 SGA S Rl
FEARY, R Ra 17 30 55 4R sh RERHAUN A B T 18 & /REAR B HA(MN6 ) . [E)6F, A= 3
E 2B UE YRt B, T0U L ER Tt 4R FARG i 35 55 40 2 18]I R K B (8] [8] B o

WRE B AT EE TR, BATA N S48 g #08 A (U B3 B B S e & s E A
HTRLZHEMEANES , SAELFERANEE T EMGHHHME. %
HHEEB L REBRAOMBICFEE T IEYAES , HPIPWEES A IBELERFEE, FUA
H 5B RN R B S B P Ot A2 T ERUNAS MNT + 8 i JiiA (8] R 12.5-11.2 Ma
(Guo et al., 2002) , THILERMAREISHYREME L A4 B VR, BAEME LTI EIT L
REATEI A4 A SR EEE A E (148 m) {4 THRIARHER A CSBr K
(X ILABF ,2006) BB R L2 15.5 Ma, R, T80 E A4 FIREET B A 5T Lthig
HRFIRER T £/ 3 Ma, /B2 TRANA MNS, XB% (2006 ) iR 18 & sh A SF e ¥ =L #m £
A4 TR ENLBEEARREA . (B S E A REA R E R RSB RS I, AN A b
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AR T A4 SiE -G ILE SRR BARIE 2 K I FF — A S B0@ /R JA 19 7T g
o SEX L WA BTN R ZHE EEWHFE—SRNEEBTE
?ﬁﬁ—l\ﬂfvﬁo

4 MREEPFAMEZ

EEBORMBIZ P, Ye et al. (2003) FI & E4F (2006) WA I8k /R BTG B2 & &) H A48
THHHE— PR, FEET BEPHtt Mo PPt EZHNEERE T XS F
B P LUE AR, IS AR EN T X —%k. MeAEE EF, Ea N Y
PSR T o o o A T R PRI B R . KRBT B & RN T LL AR T T AT LASE
TR HEAHEER(E), BTSRRI, RRFENBUDTARAFREE
Se89, B, 75 S0 E VAT I S 33 A B B tE— R R T b R 4R B R B R, R KRS TILAR
BT, BRI RER S THEARE T MR LN GBS /R BT L RIREHE LT
KEAHwMNME (B 3), XL&BEP, BRI T E&AF LINH R AR Y0 T 50, H it #
WS T, RERRKEBEN DY RS FREAREEH A RS RHE—FHR) .
RIEX 254 HZF ), RATA L B4 AR Gt — Pt E S5 E
FERMAE R B D E IV — BT L (B 3) . BT XL YEREERETF
TE B 150 R LA B 3 40 2 T R 45 ) e Tt — P T i R A I RS RS, ARSI EE R
RERNIAE Y, FE AT I X — B B PR MEE MBS /R 43 b A b % 3t (X A ) 4F {4 J2 5 o ) HE D% (a] /L

TR 3 HHAI5 55 AT XBE (2006) 1 Nargolwalla et al. (2006) 32 i &9 = E 0 R
B BRI 5377 AT Lo Nargolwalla et al. (2006) FERMFRU P SETHZIE
HARKUAR R B B BT o X HX P P03k, BATE BB LU T LA 1) PR BRI L 30) 43 5F
AN—F, LLIR, P B BB MN H o 8] 25 B R R K80 A 2) BRUN %3 (8] X R 48
KERHEAINT LRI TEFE I o LN, Nargolwalla et al. (2006 ) 0 Ivanov et al. (2006)
TEE R P TR R BIARSE MN RN E A A A, (B4 A F Rt B &0 R
—HL L MEAEYFERNEALSY B (age) " EREYHZE B KW (Mega-zone)”
(Steininger, 1999), 3) F EZE 8% EABXFE R Z KT LR S BEABREF, H
UNXRFE (2006 ) FAERFE 5 4 (2006 ) 72 [l — & hi ¥ 7 Xt o B A W) R AR S A w1 43 3 Lh 3R A
BRERAR, BHEERTHRAH, MBFERERE, FHEEHAIVHAANEATIHEL
T B AL (NMU) , T BR65.R S BT 2 AL S B LI B P kR 2. X425l
HLRATTEMITEWRT —EREXE,

4.1 BEHERH(H)

AV R BRI RAG R BRI EFEE TR HIEATE iR
(FESE,2000) , X TMANMBEER TSR/ R EENRRRANSABERL, H A
=MEE®. WEHE EFE, XA BIE LT LUMERYH PM28-30 XFEL (& 3), EA1%
BREEES PM28-30 25X LR R BEHIE . B ENBENFE, ERITAREIEREL
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Fig.3 Late Oligocene-Miocene sequence in the Ulungur River Region, composed from sections

from the Tieersihabahe locality and Dingshan Salt Lake locality

Sra AR B SRR B8 BT ( F %, 2006 ) AT LU £ db B T 4 B8 X b P 4K 4 KB & (2006 ) , Nar-

golwalla et al. (2006) LA Fz Mosbrugger et al. (2005, fig. 3) Z-EBATA; RTEARMNEKLIE 8

Zachos et al. (2001) , 52 2k 3 LUK ¥ o 8 45 (2006 ) RO T s A BT B, B 0 s BF 3T L 9 0 22 AR

Correlations are based on and modified from works of Zachos et al. (2001), Mosbrugger et al. (2005),

Deng (2006) , Meng et al. (2006) and Nargolwalla et al. (2006); solid lines are based on magnetic polarities
from the Tierersihabahe section and dashed lines are preliminary biostratigraphic correlations
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89208 L M 4 1 R LU AR W D R R 4 A A W e A R ] BEME L B A

4.2 BB

B (2006) 1L SRR EEIEFRE B RS TR WERHE K
JEFXT B FRIEE AR P FGEL RH R RRR R, AL TR B T E L 40.25 m 4b, F#85H
23.03 Ma, FANEH—FEH , SR KRR B XT AU R AR IE 2002 (R E XK IRER
HZE (HRER) RUHAP) (TR SCPEER)) Rxhx A YFEREMNHRREE X,
i i R TF BTN Bl T A TF R ARG, B X A ) AR BT A TR A BRI R B
W AEYIE X EINERFE SRS (2006) 154, BRI BRI AR = T A MRk
FOIMRBESERR, BMEYFRELNEF BT E, W= F LA SFEEEN
EYEE. XERKEELGRTEYMWEMAYEROBEAIT L, BRI, BT+
E it AR R A P U R P BRI 7E T LT AT AR B AR RER R — 1 i
SHMEBRETEBSFEESAHHLREEFLRUEMEK RN H G ER AR
E X,

LA NMUL A6, NMU ZLUEHEIE XA B0 AR RAY 51 A9 (Qiu et al,, 1999;
5 EHEENAIR) o ABEE(2006) #F— LM EATH MN HE 23T, thin, NMUT /9
JERXTBF MN1 LU R & s @i C6Cn. 2n JR A, BEX—X LI RBEHAREE, THES
(2006 ) AR R E B A LUERIB RO KRR, L2 NMUI [R R W BRIFEDIRE. B
2006 FFLARI XA P AAIE M " R R R N IZBYTR- I HAAG (HRE,
2006) , BRI A F MNL JEF HRREXT A . XF5 (2006 ) A L3R NMUL B9 R R RSB
RELLE IR TE o [E K B9 Meraxallerix (B M. junggarensis) fE N E R IR S s, B M.
junggarensis BRI AIER R FR T HF, ELRFRESHE L M. jungga-
rensis HIREMIERE LA 70 m B E L, DI HORERE IE B9 Hb BT B K42 22.4 Ma(FH =
4,2006) . WARLA M. junggarensis B EHATE R B IR E L NMUI g5 R4, ERIR R
WX 22.4 Ma, BT MNIL KR, B C6Cn. 2n ERBYET (8], [F)3B, ISR LU M. junggarensis
ERMEEXREIRE L EYFRBMBERBHMER B2MWKBAEATE T 22.4 Ma,
HAVNB XA FTREHIR B3R, BIEXMERMEE  FEE 2T, BRITAN, BEET
HE R4y 3 g AR BEE A LB R B AR A YR B R LM MN 3 B R4
Z SR FER , B AAMEHIL Y AR LS LOGHEE AR F Rt Z 8
fIR&T 2~ BRMBIRELEh 88 . 507 EFF L S HEFEAMBER LR TL —3.

4.3 (LWEERA(FY)

HERE(20060) TS, EHXREREESHEPSWHEN () KA NN E, Bt
HUREAR S5 b R 2 2N T B T A 89. 25 m &b, B FRAT B & 20. 43 Ma, X& RS Nar-
golwalla et al. (2006) TR LM & EXNREFFEANREE —ENEA(E3), BTW
RERT RO R 2 OB H, BB AR —BUEFT X S (BRIBCREFEMR), AR K
o] 5 & PR Z 5= P 8976 /R i A0 /R B ( Burdigalian ) X3 bb, B, BATIIRM LIBE R 78
Bt E B SA/REN/RMIEREX L, SR EFER) WE XA —B, X—XTthi A BRIE
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EWRE,

MNEHBES LR T R AR E R EN R R RASH Y TILF 23R MN1-3 &t 5]
By R (F R4 ,20060) . EREREAL¥BEAAREINLEREZ. NEARKLAE
B RONEATEB BN SEME) MN1-3 EEEXT b, XA P AT BRI AR . — B XA
HFSREMELEEYAES, —EX MR EBIERAERT - MK HEEN Y FI. B8
e FEE—MNR, HREELE N TEPHEX ML X RSP HFRIIER,

FURHRERRETRERE SR BRABFFREY ., ESBmHHREBLS, R
FRASKUERARAEE ERFARALMAIR NI KAOULEREFR RN 11
A RIS R B RE S T, B IR T ED 25 SO W BE oF B9 # Il 2 F 97 14 £ ( Platybelodon ) 3
AU, EZARAEE TRAD RS YR, KA AT 88 o # it & F 8, (B A HER b
H Bt A e AR AT REME, 8 2 T MNS(Ye et al,, 2001a,b) o A0SR FE, AR AR ARG B2
BEIEPRRRASWAIBEEAEKEIRIHE S FoRE T MN4 FAR> MNS Bz, BRI L AE
SABRHREILE  BY (BRI 1 Ma 930 /R (B 3) o iXEBERKBVIRTE T S $iR s U F] REFF
fEo BSh, TILER b I IR TR A7 B e LS B R A MN4 205 BRI Zh B B9
FrR (R BARA R AR E X R LW AT RETF 2, B SR RHe E 5 #IE L, R
R AAEOH 2T AT BE AR TR L,

4.4 EHT(H)

EE#BANE LR AIBE SR BRI YRR ST T e, WER
P8k pBT ARG AT REM MNS BEEAZ MN7 + 8,48 T BE AR M A RS a@ & R 8.
HrEEER.

4.5 HMH(B)

WA B ATIE AR — AT Z B R R WL Sh Y B (R R 1984 BR S R4
S, 19905 FKIKBF S, 2002 ; X5, 2006 ; BR % 45,2006 ) o AN VR A i85 0 40 9 3 73, AR 1B
HAN BE n Rt — B AR S K BB R ( >S5 Ma) . HRIVEMEREELEHR EHRBENR
HETHEAHOEDRF. MLUELE HEMMENSFETRLEMAN. ITFEF
it — 5 A B M REIE IR SR B0 E

4.6 R{EH(H)

TRLEL LR FERAT &R 89 B M= Bk D (A R A AL R i i A Al Bttt . 341
BRPHE A E AR PHH, S TRES. B, LA s EREAITRES T
MNO-13 LR Y) . BEH— SR MB MRS EY T, RITREBRECER
= DA OB SR BT, R 3 IR AR FRR . BRAITBLEEE,RIE B TR
PE, UL 6 Rk 48 B SR AR ST T E B B B 8] B A5 LB, WTRER LM RE . — BTl
FAPFIURYBREK  BNEINE L MEHANTEA L AA B EBE. 55, T RER T
HMANTIIRY R TURERRE, A RN E EERKES, 7 LAY #t— & 89T =
PR EE. =, TRERMRAOHFFQLEENE-, BT A RERA RN R
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Lo X— ST LB — 5 01T WM A SR TR Rl
5 SBREFRREEE

£ MR At — B R X AN BT B R, 2 BROM XM B9 IR 8%, B A8 ( Zachos et al.,
2001) BIBRYH A9 FEARIT 3 ( Mosbrugger et al., 2005 ) #[ bt 5 — Bt & B i LUF JLAS 7 ET 89
R4k 1) BRETET I A 2 BRIRERHA ;2 ) T i Y 2Bk S & B (£ (Mid-Miocene Climatic Opti-
mum) ;3 ) B T 2 FRIRAE ¥ (Zachos et al., 2001) (& 3), phoh, XERET B B2 H
S AR L R B S e B R T 25 XURN KUBL IR TE R RS SC RA B . 3 40 T VAT L s b A
o TP PR , 7E R — 1~ b 2 OX 35 P 7R X — B BR LR S 4O MO R NS BE | Do Lk b T S
RET+HEMENESE,

BRI B A MM E MBI EA LR TR 62 KRB B h it s —
RS ER . EHRRHMESATREUP, YR REE, BNARE T BH
it “FEEHER” (Meng and McKenna, 1998) LA LI 2  RIE LM E R L/ N5
VIR EERANEE. EHHE—PHEF LW, Wi s FHEED . 2REHH
PR IR HIANYER - R LE T LR MAAE , BEH—RPEET
THERER+STARK (REE,2006: B 3), #RER 88 Fh kA Ml F K.
UAh , NBR BT R BA T 18, SRR TR S S B T — B R a9k, B GA 7
H—#E LA BB E N ENREHE, DB A TS A NBARNAEE,
FHX B MTIRYHE LT RS EMLRIBENELE X, XBBRI—-1TF
FHF s S ERIE R RS AR, B8 Zachos et al. (2001 )4FE & KERBHTER
FHEH WSS, St 2R E— MBS, Btk oK EFE /N, {8 Pekar et al. (2006) A
N Zachos et al. (2001) XA R X FEHRZE L FERE , MR OK B 7E @i 3 R,
2R TR KRGS, FEit, a2 RERBERR FH—PHRIE,

RIE BRI A B R 00 SR AL A RS, AT SR E MR EE R REM
Tl EE A ER T RE &8 LR Y) . (B SR L HIHE LA, WA K HE E A —MREXM
Z5, MR L HH LA RRE — 8 R TLAR Y o 4K, oh B F B B 0 LR AR 1L
(Guo et al., 2002) , MLt ML, R R R AL 2R M 2B Z (8] 50 F 05 T 33 55 403X
—ERBALURE KRB &3 ERFBETUR, 5 £ TaE SR 8RR, b, i
BEHATHREBNERE FHE KL FRE RKE, UR/NEASY (R E W
hE ERE BFL)EEDIANE 49 Mikn (R XH,1988; 57,1989 ; fHHE,1989; R
I, 1988; FAEME 4L 1998; RN 4R, 1999, 2000; it 3 4, 2001a, b, 2005; R X # %,
1998a,b, 2003) , RAX BT AL MR+ E . X—-ZSHEAERBHDIYHALIR
BT —MEIE B EENIE, SHEREBESA RRRA LI RTAL A A8
B SN BE BT S AR R FRR A 2R B B AR R, 5 3 & B I L [R1HA #b B F0 A Y0 B B Bk
MIMRA R AR RIS S BERS B SEAE 24 F MN6, B WIS 2 T o 3t £ 5%
SREERERF, XA BAREIRAR KA KN AT — 2R S B8, 5
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G AR 2 P AR A AL B0 % ( Zachos et al., 2001 ; Mosbrugger et al., 2005) , ZEJLEFF
A K P sh R A LIS , (B H R E K 2 ( Bamosky et al., 2001 ; Barnosky and
Carrasco, 2002) , HA—AFEFEKEE,Bamosky Fl Carrasco (2002 ) 1A 8% 8 31 th 6915 B2
B R DL RIAR R B Sh A RE A AL, BT LA s it R (LR R R BB ALEABE 1.
1B a0 SRR A B T L I B AR SC A FE I L, AR 4, AL SE b it K sh i BE AR (L AN SR AR
IS R P VSRS . 789 B H At X ) A it B U A 1L, thanith B 21
( XB3FEE,2004 ; XBiE5 , 2004, 2006 ; Qiu and Qiu, 1995) , L&k K &5 #h ( XB 3 . FB5ME 20044,
b), A K7 H LG (K5#,1988)

HTE N MK SRR ERIFARIRBERE, ENIZEHX IR GESHF A
BIEE T R LZE M SR E RSPt s ot Z Mz e, AT LGB —19)
FHEER MR MBS E R EERE KNER, B2, ERFRRERENEL
HI R R I B A FREE L B sh ¥ B a0 284k, T4 T 780 = JR b P i 88 Ao ) b 8 3
BX LA K w4t J7 FoAt 3, X APt rR HAAD & A R B IR A BE S Ak, AT A E
675 Bl AR T FL B YRR A AT BE B B o P i @ISR R ERER R RS E o
FRIRZ I, TEAR X IR FAE A BB R R P & PP LS B0 LUR R, T AE h i R S0
BEE RBIH TR AT, SR AN AL T BRI,

WEEMBIYBERE, L SmA SR BEARAENEN, B, XEhZETE
ARSI PR AT AR 14 Ma 5 2R URZEH R A K. RRREAMBLIE R
A2 A —EABHZEN . IMBEERM GRS RM, RERAEE T R £
FrE it B A2 6 Ma (BT IE], GSRTR LU Eh M 20 9 0 25 B T AP PR I R M BA B MG P R TR
R AEMB B EXAWA 6 Ma(B3) , AshPBEMITIRE BFERE , L L
HAARBITRN A REHES TERRA. EEMR EEERATHERESRERAILLZ 14 Ma
(BEALIES5 ,2004) LI 11 ~12 Ma B XUBHEFR ( R E %4 ,2006) . BRI ERERRAKE
TR , R AT & A KSR, B TR B T3 £ 889 5 B X
e EZYRX AL B 3L (Sun, 2002) , X MK ABEFRY S HRE R . F
BEEULTEEMMEX XA ERARRER. EXTRHREMAE TR
1k B AL L R RUBBHERR T BOS RBRE R T B B L.

B TEMEREEMEDIDE FALRRSL EH AL e LB eEE R T
Hat A FRNEGTRRBET EL, KEREAELL T BM G LA RHNE; P RAHF
AR B I EARLEFIPZINEAELELTEREASG, FEAMF RO TR
AT EAR G AL R TAHADLS ;T AR F TS Wk 2B 7T 480 %
AL ENEAA TR B VE RAB ANRF EH LR BLARFE.FE.
RO EF RN B FLESA T E RPN EH LR ;B LR R AT A
i, HHAERETFTRBOME,
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THE NEOGENE DINGSHANYANCHI FORMATION IN NORTHERN
JUNGGAR BASIN OF XINJIANG AND ITS STRATIGRAPHIC
IMPLICATIONS

MENG Jin'?  YE Jie’ WU Wen-Yu' NI Xi-Jun' BI Shun-Dong’
(1 Institute of Veriebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044 )
(2 Americon Museum of Natural History New York NY 10024 USA jmeng@ amnh. org)
(3 Department of Biology, Indiana University of Pennsylvania Indiana PA 15705 USA)

Key words Junggar Basin, Miocene, Dingshanyanchi Formation, biostratigraphy,
environmental change

Summary

A new lithological unit, the Dingshanyanchi ( Dingshan Salt Lake) Formation, is estab-
lished based on a set of reddish silts that is distributed in the area of Dingshan Salt Lake in the
southemn area of the Ulungur River, northern Junggar Basin, Xinjiang (Fig. 1). At the type lo-
cality, the Dingshanyanchi Formation measures 46.2 m in thickness, overlays the Middle Mio-
cene Halamagai Formation, and is capped by a set of 5 m thick conglomerates of unknown age
(Fig. 2). Along the escarpment, the contact between the Halamagai and Dingshanyanchi for-
mations varies from place to place. In some areas, a hiatus is distinct between the two units,
whereas in others they appear continuous. We tentatively consider that a disconformity exists
between the two formations and that the hiatus, if any, does not represent a major
sedimentary gap.

Within the basal beds of the Dingshanyanchi Formation, 2.3 m above the base of the for-
mation, a fossil assemblage was collected, consisting of two dozens of species, mainly small
mammals. Of the 22 small mammals, 12 are in common with the Tunggur fauna of Nei Mongol
(Inner Mongolia) ; Alloptox gobiensis, Desmatolagus sp., Heterosminthus orientalis, Protalac-
taga major, P. grabaui, Democricetodon lindsayt, D. tongi, Megacricetodon sinensis, M. pu-
sillus, Plesiodipus leei, Miodyromys sp., and Keramidomys fahlbuschi. Among identifiable larger
mammals , Anchitherium and Hemicyon cf. H. stehlini are also present in Tunggur fauna. Fau-
nal correlation suggests that the lower beds containing the fossil assemblage are middle to late
Middle Miocene in age and are correlative to European MN7 + 8 or part of the Chinese Tung-
gurian. In addition to mammal fossils, 8 gastropod species were collected from the same beds,
of which 6 are terrestrial species and are common taxa in the Chinese loess. The lithology and
faunas indicate the aeolian origin of these red beds, or at least some of them.

The upper beds of Dingshanyanchi Formation, at the level of 12.4 m below the top of the
formation, yield sparse and fragmentary fossils. The only identifiable specimens belong to Hip-
parion ( Plesiohipparion) houfenense. This species, along with tooth fragments of rhinocerotids
and proboscidean from the same level, suggests a Hipparion fauna with the age of Late Miocene
Baodean or Pliocene. Fossils from the two levels indicate that the Dingshanyanchi Formation
spans a time interval from the middle Middle Miocene to Late Miocene, or even Pliocene. How-
ever, the thickness of the formation appears thin in conlrast to the time interval inferred from the
fossils.

Previously, the Kekemaideng Formation overlying the Halamagai Formation was considered
the youngest Tertiary record in the Ulungur River area. The Kekemaideng fauna consists of
mainly large mammals that are cowelative to those of Tunggur fauna. We interpret that the
Kekemaideng Formation, which consists of primarily conglomerates, is laterally equivalent to
the lower portion of the Dingshanyanchi Formation and represents a different facies that has a
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more restricted geographic distribution. The macrofauuna from the Kekemaideng Formation may
well be attributable to its taphonomy.

The age of the Halamagai fauna has remained uncertain. Different views treat it as from
MNS to MN7 + 8, respectively. Given the superpositional relationship of the Dingshanyanchi
and Halamagai formations, the Dingshanyanchi faunas provide an age constraint of being no later
than MN6 for the Halamagai fauna. The age of the Halamagai fauna, which consists of fossils
primarily from the lower beds of the formation, is probably equivalent to MN6, possibly plus
part of MN5.

The superpositional relationships of formations from Dingshan Sali Lake and Tieersihabahe
sections allow us to compose a lithological sequence in the Ulungur River area, including four
units; Tieersihabahe, Suosuoquan, Halamagai and Dingshanyanchi formations (Fig. 3). The
Tieersihabahe section ranges from the Late Oligocene to Middle Miocene ( Meng et al., 2006) ,
whereas the addition of the Dingshanyanchi Formation extends the sequence into the Late Mio-
cene or Pliocene. Magnetostratigraphic work has been done at the Tieersihabahe section, but is
pending at the Dingshanyanchi Formation. With the available litho-, bio- and magnetostrati-
graphic data, we provide a preliminary division and correlation for the composite sequence in
question ( Fig. 3). The work cited in Fig. 3 is only for convenience of correlation; we note that
they differ in several aspects from each other and from other studies on the Chinese Neogene.

The oldest portion of this sequence is represented by the Late Oligocene ( Tabenbulukian)
Tieersihabahe Formation and the lowest beds of the Suosuoquan Formation. Three biozones have
been recognized within the Tabenbulukian sediments and are collectively correlative to the Euro-
pean PM28-30. This suggests the possibility to divide the Chinese Paleogene Land Mammal
Ages into biochronologic subunits.

The base of Xiejian Stage, a chronostratigraphic unit of Chinese terrestrial Neogene, is
7.25 m above the base of the Suosuoquan Formation and is correlative to the base of Miocene
and Neogene. The recognition of the boundary is based on correlation of magnetic polarity ob-
tained from the formation with the base of C6Cn. 2n, not on biological evidence, because the
Xiejian Stage (Age) has not been appropriately defined by any biological marker. Similarly,
the base of Shanwangian is identified at the level 56.25 m above the base of the Suosuoquan
Formation in the same section, with the geomagnetic polarity age of 20.43 Ma.

The Suosuoquan Formation at the Tieersihabahe section contains beds with a time interval
equivalent to MN1 -3, but beds of age equivalent to MN4 and part of MN5 appear missing.
This suggests that hiatus between the Suosuoquan and Halamagai formations in the Tieersihaba-
he section represents a gap of ca 1 Ma. However, a section in the vicinity of Tieersihabahe lo-
cality that has a continuous transition from the Suosuoquan Formation to the Halamagai Forma-
tion and a newly discovered fauna correlative to those of MN4 or 5 suggest that sediments depo-
sited during the time of MN4-5 are probably present in the Ulungur River region.

The Halamagai Formation and the lower part of the Dingshanyanchi Formation probably
span an Interval from part of MNS to MN7 + 8, or late Shangwangian to Tunggurian, as dis-
cussed above. The upper part of the Dingshanyanchi Formation is biostratigraphically less con-
strained. Based on the fossils and the continuous sequence observed in the field, it possibly re-
presents sediments laid down during the time equivalent to MN9—-13. If this is the case, the
depositional rate of these beds must be very low.

The lithology and faunas from the Late Oligocene-Miocene strata in the Ulungur River area
are significant in several aspects. Given the paleomagnetic and biostratigraphic calibrations
available and interpreted, the Late Oligocene faunas are coincident with the Late Oligocene war-
ming, although the faunal structure remains similar to those of the Oligocene in the Mongolian
Plateau, which had been established during the Mongolian Remoulding at the Eocene-Oligocene
transition. The transition from the Oligocene to Miocene does not show significant turnover of



2 g FRE OHTEIE R AL SO R TUL it 4E R AR S H R 8] 107

mammals at the generic level. Many Oligocene genera survived into the Early Miocene. How-
ever, at the species level, there is a considerable turnover at the transition.

The fluvial sediments and highly diverse fauna of the Halamagai Formation are in sharp
contrast to those below and above. The fauna contains 49 species from almost all Neogene mam-
malian groups, including primates, proboscideans, and bats. Large numbers of specimens were
from ungulates, carnivoreans and small mammals. Similar Middle Miocene faunas have also
been known in other areas of northern China. The fauna convincingly indicate a warm, wet en-
vironment with flourishing vegetation, probably including patches of forests. Because of its coin-
cidence with the Mid-Miocene Climatic Optimum, we entertain a causal relationship of the
Halamagai fauna with the global climate. In contrast, the Miocene Qin’an section (Guo et al.,
2002) at the east rim of the Tibet Plateau displays a different record, in which there are no sig-
nificant lithological and faunal changes during the Middle Miocene.

The lithology and faunas of the Suosuoquan and Dingshanyanchi formations suggest aeolian
origin of the sediments, more so for the latter. If this proves to be true, the source areas must
be different from the loess deposits that have been laid down in central China, and the formation
of the Dingshanyanchi Formation is probably related to the global cooling starting from the late
Middle Miocene.
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