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B P AN AL 0 AT B — 2 B s Vb e R T AS o0 A 5 XURK D 1 L BE B L R B RS OR B Y A XUBE AR YD I
TE I SR B 5 AL A 1) 2 bR RUBE 20 A U0 BRI TS 3 5 D B A S v AR A B A X

KGR AR UK (40 ka) 3 2B 5 PGV 5 2 XUER I 5 BT 47 38 g it 5+ 4 B8 0 384

Hb Ak b BR v 2 B b ) FR S AL T R 2k
AL IX L I FEL 23 A 0 D A X R A
W (Yang Xiaoping et al. , 2016), #1572 H 45 T 1Y
RN VIR R AR S o L EE AR 2
LU PG B 1 5 b DX T VD b 3 D E A 1 Y
o F B A T8 22 I R A2k T 5 b X
(Yang Xiaoping et al. , 2004), 5 & # 4 A 5 A
PR LR E 1Y VD [ b 4F B [ OK B T 200 ~ 450
mm 2 [8] (Yang Xiaoping et al. , 2012), 4R, X
LB LRIV b L 4 BRIV I OUL Y T A% 1R T
F o H A M P (Gou Zhengtang, 2017). AW 4
B VDU 43 AT BT R 8 Y PR AIE . — R 46 R
A AR 0 A T Bl ) S e T R ) v A
PR — B A Ay o S Y A i 9 i 23 4 0 98 Bl % L 3 58
VI e 5 ok g TR A 1 2 BT 8 (Guo Zhengtang, 2017;
Guo Zhengtang et al. , 2008; Zhang Zhongshi et

al. , 2007a; Zhang Zhongshi et al. , 2007b), {H &
XiF TN TR s 300 0 85 T g g L AR I TRLATS 9K A A8 4 L
FLAE VPR VDB FR AN S B BR 85 rp 2% ot 35 i e
VB FHFN 7 HE B S 00 o 3K 95 KR 36 16 gl oK 55/ oK) B
i/ R B K LA R ik 5 A 2 R B 2 AR EAR
PR A5 2R W A2 A 5 75 — 5 T 0 5 9 A AE SO A
T2 AR S R 1Y R R i 20t S RN T i k2D X
DI )G 2 A BROROUL Y R JE 7 AR 52 o DR G e 16 IX 3
Bi i AR oY /N I s RUBE B A ) T8 R A
[F) by XA 5 A8 A 1) it R R DX Jal 2z 1) | 4R AR OC
FOAE R 2 ROBE A 45 75 #b XA 0 42 3k
A 22 A i e 107 AR B E — 20 PR R K Bl AN (] DX
AR B BLT 5 B EE Y R B A AR FH AL R A B
UL T AT S B AR L B T 48 s A () 26 B2 ) i v
T 2l F1 RSP it i I 25 VR

B 7 35 o JE AT = A R BYD T, s A B AT

W AR SO E R E SRR H (No. 2016 YFA0601900) F1 [ % H 4Bl 243 4101 H (No. 41771014) %% Bl il LR .
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Rl AT v Tty (A R VD S A 43 A X 19 S LA PG XL
A BRI 42 1 X Gl AR T DX 5 I A P 55 WL A B Y
A X . 5 T iZ b X Vb B A I s AL . H AT E
A R AR B FE R » BT B 7 38 o DR U AL AR
VP BTE A 2Z 8] Y 56 A8 A0 i B A6 52 38 L Bk A R
G B R 1 SO HLAF AR BRI 4 85 [] — I 1)
FUBE A = R D58 DX 3 2 ] 11 < 728 A k20 3R Gk
AR L 73 BT+ A A Al i R 7 X I8 2 1] 3 B A A X
— EME I 22 R, 5 A BRI AR AR Y 6 & T, Xt
VOB B AL A F 5 R0 A [ U A8 6 L 3 A B 22
S A A X DXL A D R DR T L 9 A B
R R B 58 A AR R B SCHR R T R A
T LA A 114 Bl 7 3 o i 3 558 A8 AR T 5 0 4 P L TR
YUY LR B BF T R X558 o AT I AR S TR R A X
LESCRR BT XoF Bl 7 25 g J5 Ml DX R UK Uk ) 40 ka DU
oK 9 BRI AL W 5 HEAT VA A R4

1 HRE =

A%

(e = R VA R Il & I R s R Y
30" ~42°36'N Fi1 93°6' ~106°36"E Z ], 4k 1000
~1500 m ZE A7, e Il AL R B AE W L 29 820 m, A
o i b B e v OIS B P R S B B AR B
s BB ARSI A i B2 R A D E
SOWL BNV S RE R R L b e VEE T R R R
KRBV b 45, — 2825 100 ~200 m &5 1 T 5
B b B i HE 0 R A B 22 N B 4 3 (L Zhuolun et
al. » 2015), M b, Bl 38 & R 2 — N Fa E 0 R
Th#h B by, rhER Y 2 22— FE AR T 240 FIR 1L —
H wg ) Wy 24 45 % = Ji 43 O 75 78 P 3B 43 (Chen
Jiansheng et al. , 2014; Zheng Rongguo et al.,
2016) , W &1 X 7Kz i A 5 .

o SR PG AL B 4 A ) R SR L A 2
Fr b HE A ) B O R X (Wang Xunming et al. ,
2008) 5 3 48 S B 4y ot 4 PJ K LR 43 Oy o VN R I
PIRZE . @R A A A = A R IVD L, 43 51 oy o
VG A B PH 5 AR VDS T 4 s A B VDI AR R 1
AR D,

e R P Y P ARV T AR 49000 km?*
SRR E RS RIS VB DL KU e R R
IR 2 Bk — 2L 119 A7 MBI I HRH
Gy B A EERRAR B s AL T U AR YD R
N XUIA Y 1] M4 (Li Zhuolun et al. , 2015), ¥
UV E NSRS SURDY iy b RN 2 i
FARMEM 1600 m FIPGILFBAY 900 m Z [&] , ¥

SOW LI 3 U bt S ot R g T T A
(Yang Xiaoping et al. , 2003). VbR &6 . 45/ &b
WM AT A R EZ) 200~300 m KR L K
KM 460 m(Yang Xiaoping et al. , 2011a); HFg
iR O 2R I A TR YD e, AR AR &
TORARW . B b, PR AR R R
FAEW Pz s U b AR IR A VD R i i
Cang i WA A% D Sy 7.7 CL P AL ER CAn A 3K A1) Sy
8.2 C (Yang Xiaoping et al. , 2003) ,4E ¥R K & 1Y
s Ak 3 FEL A BB A 120 mm L E A 40 mm, £ 4F
SEY Rk B 84. 5 mm(Hu Fangen et al. , 2016),

it ke B YA T BT L 5 R DAY R R T AR Y
36000 km?® . i3 [ 1 55 DU K vb 8% 5 I 74 g DA AR 3% 1L
S B G Ak DLRE A fi 1 O B (Zhang Hucai et al.
2004) , 3K 1000~1500 m, LI 3 ¥ & 4 E (Zhao
Yan et al. , 2008b) ;%) 93 % ¥ = B MY I,
IF H Vb B b g 5190 43 A A 43 JF (Yang Xiaoping
et al., 2004) ;M b, 2= 32 74 XU 2000 FAR JIE 5
7 XU 5 0] o 4% 28 32 52 7l DA AR 0 o Hs 1 5 ) < f
BT, EHE 7.8C, E£HFEKE 115 mm (Zhang
Hucai et al. , 2004),

Ly 22 A5 T U0 U T Bz 3 o D B AR TR 24
11000 km? , Z8 & 2 & ], b i 2 R th . B2 2 S hi il
LT VE I B L IR . YR R AR A VD
JEER VD AR, B A F 2R M4y 100 m (14 F P
W R G R R RV I, G 8 32 B L [ e v
. (Zhao Yan et al. , 2012) , & 2 IR WL T 5 24 4
AV UG B 7 5 3BT b, B 22 A R P I S Y
—HB 3 W IR 22 3 A AR B A 0 T R L
YR 7. 8°C L YR KE 102. 9 mm(Zhao Yan et
al. , 2012),

2 KWK H (40ka) LISk 1 = R R 55
AR Rl Rk L E AR R
2.1 HREFEERENEEE

W U R B /R E B : B2 B 7 N 11
BRI RERZ — EAERINE IS — X A
SR b 3 A58 A b AP 10 78 Ak 5 R ) A A A A TR R
E (R AE Bl AN 5 2 156 28 00 S5 LA AE 5 ELAS [R) b IX 52 %,
785 A 4 5 W R R 32 30 2 TR HE RS [R) B4 4 A
BT AR UCUKH LK o B 7 36 w8 i M IXC 174 /<40 8 A
AT B OCHE B, (R R R TR VD I b A AR )
TG MRAE T A BB R R R UK A AR Ak
PIBFFE = EAE P LR 40 ka B BB 45 0 (11 ka) ,
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Fig. 1 Overview of the Alashan Plateau (modified from Yang Xiaoping et al. , 2010)

FLR Ok Uk, #E B PE I MRV B, Yang Xiaoping
(2002) AL 4f8 Hh 55 5% WL 19 25 %€ B, R W oKk 0 L 7 -
JE QAR Pl F J 5 150~300 mm 4F KRR K & f2 1%
A FOME R K B b iy B T i 1 e K R T SE S
A M (F 1), Winnemann et al. (2002) 48 & J& 2&
T S R AL R A A R 24 37~34 ka, 31 ka FlI
28~ 26 ka M /K & (£ 1), 5 Yang Xiaoping
(2000a) 4t 5 1 Sugunuoer #x & K & & T ca.
33 ka BP(" C AEZ5 5D By 58 45 R — 3. [FlA . ok
F Gashunnuoer 58590 3¢ R W fi o 9] K 07 4 A
F ca. 34 ka BP #l ca. 21ka BP (Pachur et al.,
1995) . 5 LA ERYWF T 45 AL 18] B HAT BoRME (R
1), Yang Xiaoping(2000a) %} L P75 AR Vb 35 & Kb
T B b 3 U0 AR N b 5 A AR AT AE Y g A ad
30000 4 1) 5 0 8 A8 F1 R K A2 4k 25 R R BV
e 4 R TETER ca. 30 ka BP.ca. 20 ka BP.ca. 19
ka BP W30 A0 e H AR IE (& D JfF BB
B TE A UK K 3] % 3k € V% 1 B B b H IRy IR
Yang Xiaoping(2004) X [ P} 35 ARV 3 7R 38 F1 4R 5
T 321 2% ) LA TORR ) D AT AR I ST 1 e ) 4
TR R T RAREE ca. 30~20 ka I HAREAR,
HUWERM % w TR B AESE R K ca 25~

18 ka, 13 Bt I 0 A A 2 AR T 5 (3R 1)
Yindeertu iy j7 £k i 037 A 18 B 00 75 R Wk 81 R
1 R = K AL B B . 3F HiX 55 Badain Lake JTFLY)
Mk B — B, BRI 3R M A% UE 5. Li Zhuolun
(2012) 3 o 7 57 K 7 1 F e 5P AR AL 1 T
EL P 35 bR VD B M 31 cal ka B F9 W 7K 29y 260
mm , 275 T IACIZ b DX R K 8 TR S8 T %
T B SR B2, K2y 19~ 14 ka B IS E T
Ry, HAE 18. 6~12. 8 ka BP W [E] A & A LY
JoT H)AFAE » I 718 1 P 38 7 B 455 02 A s T 52 19 (Yang
Xiaoping et al. , 2004),

XF T 1A% HLYD IR R H DTRR AL T | 1 35K Ak 27 20 B
FIS I8 B GIE 35 2 W B 1 LD IR AE 39 ~23 ka C
BP &} #1 7] 8 17 76 K 19 1t 81 i1 (Pachur et al.,
1995), b9 2h 3 5 Zhang Hucai et al. (2004) 1§
A — 25, B RS A BV Y R i 57 T2 35 ka MC
BP, 7 H—EH4EF 5] 22 ka "C BP(FE 1), HZIF
I it — 20 3R] B M B YD TR AE R B UK IR 2 18 ka
“C BP W GIA A7 4E (Zhang Hucai et al. , 2004) ;
Zhang Hucai et al. (2002, 2004) FJ#fF 58 £ B, A F
TR L2 1A P Bl I 7E 29 18 ka "'C BP I 58 4 7%
T .#5 13 ka BP B ¥k & Bt ; Pachur et al. (1995)
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Xt i b L YD EEIIA DR D) B B SE R R W s ca. 20 ka
"C BP ZJa X B AL T IF B B KD B)
F1% 8 BRI K T B B AR SCHRIRGE B, R IR
KIYT I I A L VD AL A R F S 4 SR A B
— 2k,

oK B 5 22 A MDY BRI S AR D

54

i , Li Guoqiang et al. (2015) % F 45 L # 19 HTFLC
R BRI — B2 A0 R, 5 22 A
U — AR A WD T 2 A1 v e gt AR X LY PR B
T2 ;Chen Xuemei et al. (2013) %} WL10ZK-1 ff
K ic sk B F IR A s R UK DK A B B A A S 22
A FAVDBE 7 AL T 5

F1 FMHEFR 40ka-FH 4R HIRFREHHR
Table 1 A study of the environmental wetness between 40ka and the end of the Pleistocene, Alashan Plateau
X 35 s Y5t T 4EJ5 125 4520 e
1178 )5t U S5 YUK Yang Xiaoping (2002)
Wil 5 e 45 ) ue ca. 30, 20, 19 ka BP Yang Xiaoping (2000a)
EFFERDB| Rmils # TR Y TL ca. 30~20 ka Yang Xiaoping (2004)
i 32 T fRlEEERA i MU L[ 43 Mr s . TL/IRSL| 37~34, 31 28~26 ka BP | Wiinnemann et al. (2002)
LN 7§71 WRIR S e ca. 34, 21 ka BP Pachur et al. (1995)
i A% L W 3k 2 L ) TR 45 D1 5% ue 39~23 ka BP Pachur et al. (1995)
i HWIA AP I BRIR S e 35~22 ka BP Zhang Hucai et al. (2004)

38 30 AR BT R BT L, AT DA R B P
ARUD LT 5 1 HLYD LAY O 58 45 A 0 — B0 B2 40
ka B A VUK 45 R (19 ka) S5 %5 e H AT IE
{1 M5 2 TR 8 A e T 5 5 10 22 A AR
i A2 A A 56 — [ B 5 1 & A IF 5T 45 SR A B .
AR 3K A5 AL B B TE A W) 72 B2 Y 4% 1 T 1

SR A B 7 35 5 SRR S AR T AU UK, 4
AR DT TN B 2, B 583

B T PE 35 ARV 4 T =M 728 Ak i
HEERWAFTEA -V HAT ELEAPIRW A . (D
A2t LS R v A A T WD T 55 (2) A i
T 5 SRS — MWL A BF S AR R B2 o
Yang Xiaoping et al. (2003) X B P} 7 AR V0 55 i o8
T RSk 1) A 722 A R S L A 0 O VD e AT
FRFN KA 27 J7 LY 0 A S 75 o U0 55 vh 1) 380 K A7 A 4
it AT R I a5 ka BP WK ALIT 4G TH
W V> BT R F8T 1 3l (AR ca. 2 ka BP B 7K 37
FIREA AR BT o AR X B AR B R
T iy #b 35 U0 AL A #b BT 48 AR 2% /9 4 . Yang
Xiaoping(2000a) i 7% 4 B tH 1 4 iF 47 9 0 fie 2 5
B R, X5 Yang Xiaoping et al. (2003), Yang
Xiaoping et al. (2010) ) 7 — S8 JF 5% 4518 — 2 AR 4
OB B DU AF AT U 2220 I 48 % B, T P 3 ARV I 1Y
A AR SR LR T ca 10 ka, — FLAFLEF| 4
ik K ] (Yang et al. , 2010); b T [a] {1 Hb
AR 30 2 HE R W A O R I0T R ob B K 07
(Yang Xiaoping et al. , 2003) ; i J4 £ 4= #r i A 39
TR R d R BB PR bR v B A Y U A 4 R I

T35 AH X 3, o 8 3k 3 5 K (Yang Xiaoping,
2002) . LA ER AN HEIC RO R ERBA —
BOME L U0 AT T LR ep A L T
(£ 2). SCRRES MWL S B BIF TS A X 80 Rk B B
FF5 ARV BERE L 7 3 (Chen Fahu et al. , 2003) Al
Jt#E (Hartmann et al, 2009) PN Ffi 80 &t WU AR B 1)
WFFEEE ANy A b 2 T 2. H2, Yang
Xiaoping et al. (2010) ,Yang Xiaoping et al. (2011)
Fi L X 3ok S TE s 1 LB AR 0 R T BE AN
HER Y . 8~5cal ka BP 1 [a] ) BB S Hg 428 1H R
LUR AR SO TR = - e D VNS & S
AREF I GE— o i B — 20 1 AR B E .

Xt T A YL, Zhao Yan et al. (2008b) X3
A A 348 e [ ORI THT P A R A6 R AL
A SRR AIT ST - 2400 B 40 R0 g il T 5, o
ST WA T 5 5 £ K ) TR AR I SR B B 4
Hr A H S  EYRTE ) (R 2), Long Hao et al.
(2012) 5 15 5 FL D55 80 0 0 2 U2 I )2 1 70 BT
FW At rp ) 8 ~5 ka fRIRIE (R 2). H 5.0
kea T 46 8 B 35 by 00 2 30 4 /N 1) i 3 4 T g 3
S f#E7EF . Chen Fahu et al. (2003) X i B % 7
U BRI S AR R Y 3k L AR 000 A 4 R DT
T e, e T R AR RS . Li Zhuolun
(2012) 3 32 % 5 A B YD BErp 16 40 M 45 1 itk - g
SRR, R BRIk SE AR AE 2 R A3 T T A i i
T8/ T A A YRIE S % . {HJE , Chen Fahu et al.
(2006) 1 73— WWF S ) /s 1 98 4 AH R 485 2% AP
BTt 7. 1~3. 8 cal ka BP By S 2 T F 19,
AT T LS00 0 e SR e B L AFL T Ok B A O
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) = AR RE A 2 0k B AR L, BT LS5 R A
Xof 55 2% A AU IR 428 i UM%, Zhao Yan et
al. (2008b) TA Jy 4= fH: 307 A e 301 3 L A 0% T
I, EERIA WA EE, 6.5 ka ZJ5 & 110 4 /)
I H R A 53 8 AR WY A TG B e T 5 s FR I %
BRA P 8. 6~6. 4 ka 151 1S MEA AT
A A% F X5 Fan Yuxin et al. (2010) BT 5% 4%

— 50, RIS 0 U A R e ) RN T A L PR BRI
JH (£ 2), Chen Fahu et al. (2008)3&F Xy 22 Z ly
W C AR 45 348 1. 29 5.5 cal ka BP B0 JF
IR AL IEIE BB ER T8, 3 o 158 B 4 thE e 1) A< Ak
T 5o SR, WA BF SN N 5 22 A AU T AT
A A B2 T 549 (Chun Xi et al. , 2007),
J7 A X RO [R) 2538 1 B R H AT A R — 25 i BF
FERIL SRR Al

*2 MHESFRESHUNERERDNHE
Table 2 A study of the environmental wetness since the Holocene, Alashan Plateau.
X3 £ Py 5t TAE Ty 22 a5 2R e
il 5 L 4 2 14C ca. 9, 2 ka BP Yang Xiaoping (2000a)
WA ALY ue 9~4 ka BP Yang Xiaoping et al. (2003)
Bt FHURE, B} EIL /N 1 TL 7 ka ''C BP, ca. 1 ka Yang Xiaoping (2004)
R I 1 5 AR BHHLY UC,TL 8~7 cal ka BP Yang Xiaoping et al. (2010)
vh i IR} AL/ TR DL A RAE | MC VU & ca. 10 ka, 9~4 cal ka BP Yang Xiaoping et al. (2010)
J IS Tk R 45 AMS 10. 7~8.9, 5.4~5 cal ka BP Hartmann etal. (2009)
=Rl ALY Bk ERES AMS 7.2~3.5 cal ka BP Zhao Yan et al. (2008b)
Jits A% B Vb 15 217K £k AMS 7.4~5.7, 4.5~3.5 cal ka BP ZhaoYan et al. (2008b)
W BT VIR OSL 8~5 ka Long Hao et al. (2012)
1 2 A i ERUIRE! B TP OSL 8.3~6.5 ka Zhao Hui et al. (2012)
Th L YL ER LR OSL 8.6~6.4 ka Fan Yuxin et al. (2010)

A RIS SR AT LR B AR i B B
P15 PR R0 22 A D U5 Y A A8 A AR R X —
0. B -GS0 R v S 2 L G S T 5 T i
A LD S A A gl N Ay 4 T L A0 A e A T
S o AR X SO ST 45 R AR s 1 X — B )
o D AN [) 3y DX A 0 P A J5 3, R AT B R A
—H, HXAA BRI = NN AR B R ER 2 b
e ELSE Y DI ER B 25 5 HATIEXELLE 18 .

2.2 RRKBERERSGEZHHEE

PRS2 R B 3t A R R WK 38T AR Bl i
5t JEH DX ) U R A 5 0 XU AR 2R KU K
Forp R UK oK A 38 T A B 22 B9 32 G KU Y 52 1)
(Yang Xiaoping, 2000b, 2001b; Zhao Yan et al. ,
2008a) , 3 H /K ¥5 2Kk A JL KV ¥ (Yang Xiaoping,
2001b) s [ 2 oK I B 303 2R W2 B = XUAR 55 ( Yang
Xiaoping et al. , 2003), BRI, 0] B 8 sh 1% A% M o
JE AR A JE B HE X A K T 7K 95 (Yang Xiaoping,
2004) 5 R Y vK I 45 o J5 i T 5 <M AT RE 5 AR I
HBZRX 55 A < (Yang Xiaoping et al, 2004),
MR AT L H B 7 2 ey Mt A A2 A 1 B Bl B
X —[a) i, P e B TP R AR I R AR A =
Z A R AR EAE PG o fh T 3 = AT A S Y5 3
B2 /e I = I S 3 O S5 ) o 2 S Y AN S 1
o 2 g 0 ol A AR A R AN AT e — A DX 1Y

() 70 [13) b i 7 5 4 35K ) A 22 Ak DR T 5 1 S 1) B
FHEBTZ R .

H b R B 7 5 R A BRI SR ST AT LU
AR YR UK A5 18 A8 1) A BUAS SR AR K A AR A 1Y
DX RURE 2% 1L AR 22 Ji 100 3t IXC 4 BF 5 o B A BL Y
51, a2 2 X 4R A FE 2 R P XU
AR AL . FE 24 A1~30 ka HATA] . o [ P4 b 30 A< A 35 3k
WA L JF HL 5 BT Y T 8 e M g5 O A TE 18 I 3 A
X E 5 3% O » R U K A o ] P AR YD IR IR T T
I E s (8] 2) (Yang Xiaoping et al. , 2010),
IH B 30 e [ 9 S B K SR L T B H A R Y
IKAE 55 0E B B K / 78 5 S AR R /D 7Y 28 R TR &R
P2 3 S 7 XUy 1 5 A ) 2R 1) R A%
LR (Yu Ge et al., 2000); Yang Xiaoping
(2002) ji 4o 7 2 v [ 79 A6 V0 B XY T R R B
AR UK Afg b B AR 5 T AR O 2R KU
UL 1 5iR EC JA ITE AE ZY 40 ka 35~30 ka I}
KILE P K (Zheng Mianping et al. , 2000) ;¥ H K
i M | VHE B % £ ¢t R BT 735 5 L ca. 30 ka BP I Y
A BN L I EL I BT iz 55 PG X K 0 1
S 7 KA S VR T 0 45 S (Yang Xiaoping, 2001b;
Yang Xiaoping, 2004); Yang Xiaoping et al.
(2010) 45 H o v [ 74 8 K &R 43 Ml X AE 40 ~30 ka ]
Vi) 2% B R 00 1) 3R B IR 2) 5 o [ 0D S5 A 1 oy
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HIETEL 21~13 ka I LAY Fe I8 B B 9 97 KR
SAIE SO T AR I 2 2R XA 55 (Yang Xiaoping et
al. » 2004) 5 5 1l VU HR VD Fr o' B 6 TN 4F 25 5L A i )2
AT R ORI VKA 18~ 13 ka 1A 8] 41 ¥ 4 5 51 4
M IR T rh iR E R B3R BE T B (Yang
Xiaoping et al. , 2006), H It A] 1, Baf $i 35 5 it
DR R K Y e 22 A B AT 5 3R [ 75 R IX R
AARAEALA — B E Y .

AR BR T RXRP X P ROBE SR ZUAE S W&
& e Ry RO S AR AR S . Bl A Bkl
AL SRR S AR T 55 SR PRV L 5 22 A A I
TEAR U UK 265 — B B 1) < fge 22 AR A X i AN ] L (B
RS [6) I 080 A A G By i RE . B AR, mTRE A Oy
IHG U0 B AR T R S V0 T A O DY AR b v
BPVG XA T ) A3 S, T b HE A 1L (b P
BB FAR L (VDR b — B #6114 1R 2 7 4F I 1Y 5%
), PG XU 2 0 1) 7K VRS BE Bk b AR < AT e 32 2 10
(B ER E D0 7 o A A @ =R S I N/ @ 2 LT
T 08 ) B 2B B DO T AT RE S LA BRI
R G A O V% ) 38 85 e LA R KA .
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VIR Vb i IR

12000

BRE  RER e
=

7 AU A7 A5 0 L2 3K 19 AR 0 A R B3 7K 1 34 I
FGEAE VKA I i e i A A A v Y 3l A 06 & el
HET 28 8k = 3 4 /9 BF 5% 2R . Jin Liya et al.
(2007) Fil An Zhisheng et al. (2012) By#F2E AN, P
Wt 19 284k 5 5 2% XU 748 A 78 vk O I A] BB AR I X
PRAET —FIRRIELE . H LR RS 2N
PUIE b 4w A A
2.3 2HHERESETUNER

AEXT T AR UK o B 3 s it 4 0t =i 22 Ak
{18 D PRI A7 1 20 U R G R 4 i S S A v 3

B K TR RENE L. 5K
YRV S B PG R 52 e S [] o G 2R ] R 5 i it 4 1
T R R A S A CIL 3D D) S g b B A
R R 2= X R B (Yang Xiaoping, 2000
Chen Fahu et al. , 2003; Zheng Mianping et al. ,
2000), 41 Yang Xiaoping(2000a, 2002) A 4 H
T 2R B 2R XU CR ) JE R 2% 31058 T B PE 3 AR
VPBE Ry S BE b XA R T B K . {H 2, Zhao
Yan et al. (2008b)TA Ky . i % L V0 35 4 37 {H: e A8
A A5 X BEAS 2 X b 2 BR P KUY A 2 X R
7 JACH e 7 o T 55 7 A e i B 3 B R AR DT DX
PEAIZE 3 X5 ) 7.2 cal ka BP DLRT (4 57 11
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Uvs Nuur

Vb o Basin

16000

20000

24000

28000

32000

36000

40000

B2 o v IR T R AR ] R AR R R R R BT BRI T R R
(MfEB e F Yang Xiaoping et al. , 2010)

Fig. 2 Pleistocene wetter epochs (gray) and distinct drier periods (black) recognized in Chinese deserts

(Slightly modified from Yang Xiaoping et al. , 2010)
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cal ka BP (gt ) i, ty T 5 2 H BEAH X 5L 15
T I TR R W AN i N = A P B e (7 EP A
1 5 1T 0 B 2 1Y 2 XU 7K 0 /0 7 A b 8] 1)
HHELAE T2 S 20m BUTE 5. 2~3. 0 cal ka BP B fig
A5 AL FEEEE 5 1 3. 0 cal ka BP DLJG (4 5t i
B0l T H B2 e R B A R T T is gl
Ul 5 [ N 2 R K R 8, AR T 5. AR X — 0
SRR T R e JROGT ] 0 XA T AR RO AR AR R
FHPEER . AL, Zhao Yan et al. (2008a),
Qin Xiaoguang et al. (2017) A\ Jhy 4835 A 435 b 4= 57 i
T B AR A A 23 TR A 5 7 s I s < BT
MTUIZ A & SR B & A e % B R 1Y
A P ST A LD 355 0 S U SRR U AR A A
3 A 22 5 AL M LAAS AL 7 3 o it ) DX B 52
M) A fire A8 o 1z 5 ey it 7 4 I 30 1) e A2 Ak
A PR E b AT HEBR W] — T XU a] X8 A
ASC I s R D55 52 31 75 e D W TG 2 ) MR D B A
Ly 22 A5 FOYD BEAS 52 B 55 5 5 i 1) B2 )

FLVR o 2 B iz 38 o Dt 4 7t o 0 T S
XA G — A B B 18], A 2 4 e B i T
5 AR SRy b A B AR AR A 2 DX BB A BRI AR
LY R We? Su Zhihao et al. (2013) % [ PG L HE 14
WFFEAF 2598 » 48t S V0 S 0 S BE E— 2B 97 K
TR kB, Wang Wei et al. (2013) X 52 1 5
JE B WF ST s A i p B o T R (B 4) L JF H
KR WA 988 10 3¢ b B & B T 5 R R
5 o SR AR S ) T R AR TE Y I HLAR T AR
X8, Yin Yi et al. (2013) %} 2% 7 Angili Nuur
W e 0 BRI S I BIF 9T A L 4 i o AR
T 5 9 HA H S5 [ P4 &R R v v 2 T 5 D R
I R [R] 68 A 4 AE 5 324 B B R RE R R R
J e i | RS ) 2 R A 1 R T B L BT B A A BR
PEo A — S R S g A T A e T R
WY T T AHE R B (Wang Wei et al. , 2011; An
Chengbang et al. , 2008),

AR BRIP4 b A IR S T 5 A
L S R T — A R B ROBE MR R R, AR 4
B B TR S A A BRER B SE AR AE L AT 4B
L 1o 5 — S8 b X9 PR B 10 53 s XY I AR R I
A7 J5 7 e /R XK S 47 BARZ R A3
I 0 v STV E Al e DX BIF 88 5 51 1 4 i R B R
A 0 L 4 v B P AL 5 X/ v P R v B X (Yang
Xiaoping et al. , 2011b) .t E ¥ F 2 # X (Wang
Wei et al. , 2013) . dy /K FE 38 V0 3 ( Yang Xiaoping.,

2010) kg H = Ed W X (K 4) (Wang Wei et
al. , 2013) 5%, 35 0F I 09 A B 2 2R W B 2 ALY 5%
M) 3 o 52 Wi — R s B 2 XU b B8 B0 o) o B0
PO XUHT AR FH B0 25 L 5 SR T, 0 i B 28 LA 2 7 XL
A X BRI AR G0 e 119 91 B — Rt AR O AR X H B
DX 358 A A b %) A AR AU A 28 R A B ) RUBBE PN 1
ANAF o It LAZRG LA B 43 B AT R0, AN 45 02 420 i o 4
(R A S T 53 2 A S AL B 1 i R A I s R
FE FEA Fi il — A

3 R Il PR BT AR AL 1 A U T AE
o JE A

BEXS EIRAS R E 5T X0 G L BR45 30 % BT 3R A5 1 A
(i) BIF 5 25 S R T 7 A6 0 e Dty B 5 A2 1k i AR B
AU —20, NN A — S8 5 PR n] g 30X 26 [a]
8 EE B 7 A — B A
3.1 MERAEGNAEBEMEREREEZEERDN
SEXME AHEN

Xof 7 DXl P R A A R A Y S TR) 22 S I
P67 JEE 5T 7 12 F0 B 55 A 48 AR 00 TR 1 L ) 4R
J7 1% (Wang Nai’Ang et al. , 2011; Liu Siwen et
al. , 2016), ., Herzschug et al. (2004) %} 43 Ji&
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AL AT A A RSS2 TTRE |h T AR 0 S 20 B
ORAR B8 I AF AN HE B & B s Wang Nai” Ang et al.
(201 1) X BT $37 8 g Jer R 565 I 8 v 989 1 -5 A T8 401 )
TR B OSL A A J7 ik 5 C I 4F J5 25 1 4E A8 3
FAEROR I LU AN Ta] 2 3 0 [l — e A 4
Fr B 48 78 1Y 248 58 2 SO0 3L ] ge b 2 A Rl . i)
T A 2 DN A R B TR S 2 e YA K AL I i Y
1 ¥ B 1 18 & (4l Yang Xiaoping, 2000; Yang
Xiaoping et al. , 2003; Long Hao et al. , 2012) ,/H
J& Shi Qi et al. (200244 =5 Bk % 55 A B Ay A% 8 1 K
(AU RN RN 73218 S N N R AT SR I o
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Wy | A A R Z) % X A A Ak 1) 4 s R T
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L 5500 5 AN [ XA 5 ) 22 S SO 2 KOR .
T B AU IC 3 R 2k T WA SO R i 5 BRI
K ST HE W PR R I R I L R L A /N &
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Fig. 3 Dry and wet epochs inferred from palaeoenvironmental records
in the Badain Jaran Desert and other dryland regions in China

(a)— ELPH MR VD 8 70 Fr 3 T B9 45 8 45 9+ (b)— Huhejilin Lake; (¢)—Zhalate Lakes (d)—#5 A 7 ki ; () —i# /R B ]l : (1) —Shaobaijilang
Lake; (g) —Aomenjilin Lake; (h)—Sayinwusu Lake; (1) —EPH# 5 () — EL PR 5 bR AR 3B 121 2 BO RS 52191 5 (ko) — B4 PR35 AR RE 350 0 2% 89 KU 70 e
B 5 (1) — J E P, AT (1 28 0 i) 5 (o) — i s B VD85 o ) — S 0 080 5 () — 75 68 10 DR R A 30 1) 75 10 080 5 Cod— oy ZR B oy R b B L 42 1 5 18
W () —40°N HZE(G~9 A RN (@ — ERICREMLES 4R FHEB U T Yang Xiaoping et al. , 2010)

(a)—calcareous cementations on the dune surface in the Badain Jaran; (b)—Hubhejilin Lake; (c)—Zhalate Lake; (d)—Sumujilin Lake;
(e)—Nuoertu Lake; (f)—Shaobaijilang Lake; (g)—Aomenjilin Lake; (h)—Sayinwusu Lake ; (i)-Badain Lake; (j)—Shugui Lake in the
eastern margin of Badain Jaran; (k)—aeolian sequence in the southern margin of Badain Jaran; (I)—Juyanze, the terminal lake of the Heihe
River; (m)—a terminal lake in the Tengger Desert; (n)—Qinghai Lake in the northeastern Tibetan Plateau; (0)—Wulungu Lake on the

northern margin of Gurbantunggut; (p)—Holocene changes of summer (May-September) solar insolation at 40°N; (q)—deciphered from

the synthesis of these records (Slightly modified from Yang Xiaoping et al. . 2010)

o4 s TR A A S 25 4 /N BLA P R AR T L (H 2
R EN AT BEAS AL By T-282F 1 /INA /Y 7K BT R
IRAT ST R L R 4 T 3 7 A 0 B AR sk AT
RE 23l SR AN [F] L 2 58 A B 2518 . A TR AR P X <
e 75 Al 1) w107 A R 2 AN (] DT JHG A8 5 48 s 1
SAES, B, Yin Yi et al. (2013) I #F5E &
BT BB SRR BRARH T B RO I (8] 5 R
AL ) R A — B R BV S . Rk, 258
GEFABE LR RE , BRI A5 T S 1 A 58 R
JERR B — BRI 22 7 S OH S ) v] BEOAS 2 18 . (H
JETEM R b 22 Fh SR AR B R & AR ] 2
Mo, B PR AR B AR 2, A% HLYD B A
TEARZ W00 . JF H R &R 43 AR K ) (Li Zhelun et
al. , 2015; Yang Xiaoping et al. , 2011b), 5 &
TR &8 1Y) 5 2 A 0 8 0 TG I A7 A 5 B B R
Sk AR AR T RE R ]/ 52 W 15 2= A A0 A A B B (Li
Guoqiang et al. , 2014) , #F — 25 XF Vb IR 35 7= A= 52
W (Zhao Hui et al. , 2012). g AT U5 1Y
DX A A2 Al 1) B 28 RURE 5 R 300 B 2 R RN b

B
w

ab A

AR A [ X388 722 A 1) 2 Wil 91 L0 2 B T B 2
QT L W R e I 1Y) B AR B I A A X 4R
3T Hb DX Y 52 )
3.2 WMERMERXEKIRRRGEE PG EHXE
ERAMZERMIAR

TE v 2h B 3t DX p oy M = ST AR TE X 2R
DA PG R R B 28 56 A0 AR T 1 74 b b DX i) <
6 A5 A B A AN [ 79 8 55 550 07 1 i B o A1 1T 7™ 2 3k
b DTl PREE AR AR A i

VP22 27 0N g B iz 5 g it S G 1 3t IX 4 e
BRI S0 R Y 1 s L ok 0 T A a EL A R R
JEE P DX L 32 3 1 2 XU 80N S . ]
5 AR 20 A R KD T AR S Y 20 B A BE ST
7R 52 78 AR T LA B IR RE ORI B 1S (A
Chengbang et al. , 2008), PN 5% 1 5 3 14 W8 A T AR
Y € 7 ARt B2 8.5 ka I R W (9 A7 A
(Lehmkuhl et al. , 2001); # E P L+ 2 X 4 Hr it
FLIT A e 2 1R B L B R] BE 2l LE H RIS 9 A
M Z= K § 20 (Yang Xiaoping, 2001b) 5 37
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7 AU A 7 A0 B0 09 9 1 3K B 4 K (Zhao
Yan et al. , 2012) .

P B R A R T LA M ) B 3 e D 4 A
L W Z LT NR P 7 =< o N <= o s A = =g A e )
W, X RS T — A SR AR IR 2 P R
PR 2 DA 35 DX Sl M 1 L i Y AR A
A2 O P KU R 2 R B T B R £
O T BT R 38 R S 2 DX 4 T R A T S R 0
FE 5 N IX 88 i X0 e A A 2 32 04 XU Y R .
4, A7 BIF ST H 52 B 2K 28 b X 4 L M
FEVR T . &2 B T 0 XAl B I (Rudava et al. .
2008) s L 8 1 32 VG WU Y 52 Wi 7E 4B L 2
11.5~10.0 3| 7. 5~6. 7calka BP 0] 5 5t T 5 (A
4)(Wang Wei et al. , 2013) ; P8 K37 44 il ) A 3
B XA H i H T 5% (Zhao Yan et al. , 2012),
L

SR A AR 22 2 5 I O 08 XUER U RE 98 4 o [
VU b DT >R B 22 1Y 2K PR 4 T G 300 BT B RN 52ty
Bif 7K 2% 1 X A M . 40 Yang Xiaoping et al.
(2006) X 3 F-$ir 3 ¥ 355 1 2 A0 rh 0 18 KUSCR B3
DURRI Y 2 A » 3B J2 k4 22 BT 4t e 09 <A R )
A BR VG WGAHE FO RS Sl A A b = TR SR Bl 1 K g B Sl
EE0 2 2 2 KUY iR R 4 1 IR BE i 8 Ak A PR
BN RYLE i RV 5. 3 cal ka BP DU Jg S BT
5P H 2 09 KU Y 32 i (Yang Xiaoping et
al. , 20100, WLAK, 3X 86 5 T P4 XA I B 8 ) 1 A
BT B — 20 AR SR B, A O TR B DY X
PRI YN 2 PR I R 3 ) 2 K AR
3.3 AEEREBERN . FERIFRYMN S GFERTB
HOEBRRNERNME

o [ AR A R 2 A R R S, TSR B T )
ARSI A 2 R 0 T A U CER AT DUAE Ol 2=
UBIF TR X i i — A B AR A [ A8 5 0 HE 2 [ L
IS ) 5 DX Ay 2 DL B DX P XA o XL A
HRIAEE E A . X RFR I R G0 R DX 31 5
AR (14 5 W G ey, 3 4 43 A BT (Wang Sumin et
al. » 1998; Li Baosheng et al., 2001; Li Seng et
al. , 2004; Wang Pinxian, 2009; Wang Yongjin et
al. , 2008; Chen Quan et al. , 2017)., B%H#EH,
e, S5t A ot 3 [ P b b DX T 48 ROEE S B AL AA T
2 AU PG R AR X BT s DX AR O P XU AR
S HON A X E 2 R K ) (Li Jijun,
1990) 5 1 75 A7 2 2 A Ry AR UK DR AR 1 5 X
AEAE L v 4 37 T T K A7 ARTR A DA R AR YR % K

AL R 39 3 K A7 K A R T A R R (LD Yu
et al. , 2016) , BT 37 35 g J5 p B CAN A7 3 300 0 380 18
TR R b 52 B0 P 22 XS 04 XU B0 A 3 [R] 52 i
(Li Yuetal., 2011), ANEFBAM IR 2% H —
B Ry LS e 0 5 W) 9 JBE 2% B A 3 KX R ik 3B
PR LA CIN A BRAZ Ak L 26 B8 28 ) 4R ) 22 5 A8 A LT
Rli#h Iy 22 5% 2 46 55 1 22 {6 (Wang Keli et al. ,
2005) s KRB b 32 B2 45 F AU~ BROR IR 5 9
IR B Ty 2R R o QAR W 2 XU X S F e K
AR DRI R 1) A e DR 1) R ity I IR OR i ) 22 8] )
Wi TR RS BT 2= AR A 51 R A TP XX — 1T R K
AW G RGBT BT RGENH ARG S
U8 RV 1 25 XU FR G 7 WO R i 14 7 445 1 3t DX A
EERZHNIR WA, BAKE . o 45 X Y
RN 32 1 TR0 0 52 ), 32 23R B - 1 4 1)
i oF ¥ K SF 28 3 P 2 2 ) BR 3R (Zhou
Shuzhen, 2012),

I ML TET A 5[] B AL 26 B A DA b T )b R DY
S, BRIV 8 FR B AT 7 KUY 5 P8 XU 1) e AL S gl 32 3R
245 | PR e s e AU Bl A0 2 0 5 T v A R AL A% gl
IRV 38 23 KR BE 8 e 2R 498 U)X AR 0 B 2= XU Y
AR A B BAE M (Zhou Shuzhen, 2012), Z& XAl
PG XA 32 3 R e rE AL B 2l 0 5 e PRt R B PR v
X P PRI R S8 Z (0] b SR AP A 4 ) 2 Bk & L O
Bk 1 e 4 SR R AR AR BLAE A e, B
RS

KA B 7K 20 3 72 16 52 B A0 A 8l e K e
TR R A R AR BRI R R AN TR B A
[7) 3t DX COR PG P IR ) B R A0 2 K 343,
BRI o A URJZ R B -F 257K 3R i E 02
VO XAl £77E 6 1 K RUEE 19 S 488 L 0 2R I KR
CORPFPERGD) O TR CORVE I R G0 55 5 X it J2 I
J2 R KRR AE A B UR B R 2R B B R
e R R G 0K S A I 38R T CR PG T &
55 o A B HR AL R P A I R TR ORSF-TE R G0 %5
PRI PP R B O 28 98 A6 X Ui 2 A ] s BE RS [ X s
HEANFRI, A EAER T BB AR,

V- B4 28 ) B g b BRI K il 3 2 32 46 R V6 v i
g w52 . dt K 6 ¥ % 3 (North  Atlantic
Oscillation, ik NAO) EE L M| AL KA HE E K
PN AT Bl (K AR T 1 3 7K 8 KD » B A1
R 28 1 DAy I ) BAH O G 2R 5 2 A AU 22 R
A6 K P4 ¥ % 3 O IE A i (Seager et al., 2007;
Visbeck, 2002), it B K< 3z 3l 5 19 Jy WA 1 48 1)
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AR+ 5 R fi 32 Tl A i K W 9 B A% B BT Y g 3
ARACH T5 1w o 2R B Ry R VY ¥ 48 1) ) % 3R 0 (Atlantic
Meridional Overturning Circulation, faj )z AMOC)
(14 38 5 e 79 KA %) A6 % R0 9 55 (R 26 B A R
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I 7K 16 A0 b i % 5 920 UL T 2l 5 P AR 2R R T 8
TE UG B0 10 1 56N I B Walker PR3 96 58 ) F
La Nina $ 049 & 28 . Bl 5 KA 4 Pk 5 (Pacific
Decadal Oscillation, faj #z PDO) ¥ #H 17 %f W ( Zhu
Xiaojie et al. » 2006) . Hy L] WL, KO ¥ 26 0 57
S | NI RE S 2 R 7 1 P S S N NI E 22 N )
S 8 5 B0 KUFN 2R KUER AL Y A2 AL L A TE B R R I
25 R AN AR

AR ORI Y R U S Y O R R L TR R U
S B AU I R A A AE RS I AR
T EAT o X — RIS ACAR G b fif R 1 M FEVS 1)
N RE 2N (R N G A N e ot | NIt RS 7 ) i)
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of b B 4 S AR AR AL Y 520 (Chen Fahu et al. , 2003;
Visbeck, 2002; Hurrell, 1995; Chen Fahu et al. ,
2010) . K 4 ZE ¥ (Lia Junmei et al. , 2005;
Yang Chunxia et al. , 2014) 5 fi] 8 B % J& (Zhu
Xiaojie et al., 2006; Dong Xiao et al., 2014;
Cheng Jun et al. , 2004) . Jt K VPE ¥ 305 La Nina
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(Sun Youbin et al. , 2012) Z [A]F) R R, A R AR K
f# (Sun Bomin et al., 1997; Huang Xiaomei et
al. , 2013) . P X & ¥ (Yang Lianmei et al. , 2007a,
2007b; Kuang Xueyuan et al. , 2008) fil 5 75 V. Z=
KAH & ) K S 0% 3 (Wang Keli et al. , 20055 Jhun
et al. , 2004; Chang Hong et al. , 2017) BYAF9T 4.
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Fig. 4 Moisture index in different area and compared with other relative climate system

(Slightly modified from Wang Wei et al. , 2013)

TKIEAS ] PG U 09 7K VR A R P8 ¥ AL UK L b v
T DL K B (Li Wanli et al. , 2008) , & &% K 5 4
AEREAK A L AR w R . ol 2 U 2R AR T 7K IR 2
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S 8 rh At A e W T 3 R B TR K R B
L 25 FN A ZR R K 4 05 s B2 XU P XK PR B0
BImg 50 o

H T DA BRORUBE 05 6 T AR Uk vk 99 Ak B 47
S e D A AR g A 3R AR AR AR 22 1R O R RIS
FEA 2 o DAL I A ol 0 AR i S 47 ] 7 4 DG 1 0 R AN
TR . B A FE A U E T A ) R
W B S AR A B — B R YR KA A T
7 AR A R IR R . X T 9K 3l AR IR vk A LR R
e 78 A B BIL R 4 3K A A A2 A 19 B Bl 2 3% A BT iz
e a3 A G A TE RS B gl i oK BH 5 Y
A s TE LA 1 L TE KRS v VR IS 3l Y R
ESPS: R (1 |y LR 2SI R 22 T R A A N6
Bof ] RUBE An b R P9 ¥ 8l (NAO) K- 4 Br i
% (PDO) FJE /K JE i (ET Nina) (5% 1] . 35 26 745 14, %P
23 L4 sl ) 42 MV R 1 08 JRUHE R AR T 2 X 39 6 B

T35l DX ) U A AL m] BE 7 AR S W . BRI Z A1 IX
SR 4 PR o 0 R e D R R A A L AR L

4 i s R R A 0 B A 1
730

FH ORI R XU e 2 BSG14) 0 15 2 B 5 v it 11
FARHS SO Z —  JUH R B AR 2 & RV I R
EL PR ARV A R T 5 X AT AU KR B A
TEZALAY XU AR . b 3R A O BT 3 g Jit vy B 45 742
e %, U i MR HoE 2en il 3¢ 240k A
[ IR i RS Ay 1 A N 735 ke 28 78
VL VDA B 5 A AE AR 7 W AECE 1 £
& 2% 4k i 32 3# ( Yang Xiaoping, 2000a;
Xiaoping et al., 2004;

Yang
Yang Xiaoping et al.,
2011a; Yang Xiaoping et al. , 2011b) , 47> ¥ i
JZAFAE R R — 7K 525 DU 2 45 (Yang Xiaoping
et al. , 2006; Yang Xiaoping et al. , 2011a; Yang
Xiaoping et al. , 2011b), X B F A1k K M & BE 7
BOE 5 P 58 1 0% & X 2 A SCER i — A4~ 38 B R
Mgk,
4.1 BHEDEWIR

M b B PO AT B = AR R T
Uz A BT R 25 A5 R — K8 PR D HER U
(N O % 1F CHb R Hb A AR AR B B 4D (Yang
Xiaoping et al. , 2004, 2012), ¥bIF 2 ¥ I i )
SR AR R VD i AR AS B o E VDB R
(Yang Xiaoping et al. , 2012), H #i % Fif $17 3% 55 R
VBRI 5 7 X B V0 ) Ok TR B %
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ANACTE U5 DX B B b Al Hl L R L YR 2y AR TR
YRR E AR Z RV A AR IO DAY L 5 T AR
Py Co B B HE AR TR D | JE L RE v
BIX H R (IR A B a WAL= Y 55, il n,
Yang Xiaoping(2001b) #R # & 4 18 53 1) 73 #7 » I Ry
EL P i AR VD S 1 7 UK 3 B0k [ 2 b (e (] M 5k v
BEANED B A TTRR Y B Y 8 S e Kb I XY
b . R Y B AL Yan Mancun et al.
(2001) TN Ay B P 3 bR 0 85 U P4 50 R W 635 T 38 IR
B R IIA VT AR Y s Yang Xiaoping et al. (2003)
A B P35 ARV S ) AR A 5 T 55 7K 04 3T 3 O AR AN
YOS B A DT RL, 1 Wang Fei et al. (2015) A
SR U AR i L BRI B ) p AR R R PR AR
YR Z —; Hu Fangen et al. (2016) 38 1< X XU 70 F0
WA TURR Y 1) T 2R b BR AL 2% 19 43 BT s I B PF 3 Ak
VDR ) U D 32 SR PR T AR 3 1L B AT i T
32T A 5 T VD A A 21 68 vD B iR BT R 28 1L A5
T SGBE ] YD DX KU D Y AR A S — A R
PR AR AR A 0 DB P 35 b v 955 4 7 30 S A LD T
(Yang Yanyan et al. , 2014); [ 1 258 69 XA AE
FATEYD Fe T8 1000 4 o Ak 25 o A 473 i 5 3 2500 fR 68
(Yang Xiaoping, 2001b),

M BRI RLE B AT E A R A 5T S R Z A
TEAN— B | BT 35 5 J5 vb 3 U0 5 A4 F 58 0 B0 AT 42
—ME . XL A REAAE LT R .
75, WG IX e FR . R OF s S vh T2 AHs
ARSI 5 T 115 M5 BL P 85 10 2 2% A3 A1V 55 1) A 5 4L
D P BEANE B WETE I B D AR 2 0F 5 kD 1
PIR IO Y 3l ) (Y iz SRR b . BT
S 1 Cn A KO PR TR 52 2 MR 2 28 4, ) ik iz
AR R IER AR o S B AR W BT 0 A e T
UG W EHIE R TR A i R 4 R A B e Ve 45
VDU R 58 PR RN AL 3 BT B A R AR 2 i IR e e
RS 7 A DX TP B B ) B BOAH 56 T R U AE A
oL, A AR Xk 10 B A0 i =2 ] 1% B 35 06 R SR AS 1Y T I
DX, R o 3 R RE AR IR T (] — by DX B B[R] — o )
WA 7RI IR A A S A 1 2 KU
B U5 A W 58 R 2 X 1 78 5 DCORE i 7 R S R0 ELHE X L
I3 s — SO LSRR IR 2 R B AR B . XU
oW IR BT N AE W] RE Y R X BV B 2 R AR
GE 1Y T 8 ORI ) B 906 B L) o el ik — A S A
L3 BT A L W0 ORI B A T8] BT 178 31 78 e i A o ok B
N ZAEACHE it Ao A TR BRIR O Je X BERE S o
A AR TS )3t DO AR 9 A DT AR | i it R B T AR

2 [A) I 2 R 38 1) JR) b st T b S B BE L b B
Chnfiiz A B FRAE & VAR A DL s 2 5 Cim
fia) RGO 14 3l 285 728 Ak S X B 8 T RR 0 ) o 2 B 1)
BUE S A . X R TAE AR R R E 2
M HFIE
4.2 XA B IRIE 4 R

R T b ARV R U DX 38 A R B R
B iz A 5t 52 4 P e LBl g A R — A
LE NIRRT B S O S S
A8 3 BT BT 7 35 v L A 8 7 ) 32 R B K XU R
PeAE Tl 1 s ik A R AR XA 4% (Yang
Xiaoping, 2000b, 200la; Zhu Bingqi et al.,
2015) 5 FL AP S W 7K AT IRUAS A2 V0 5 v ) Joid 114 2 22 Hi
BA B E AT IR Y 525 VR T 2 R R vk 3R 35
A A O 5T R B TR] L (Langford, 1989
Langford et al., 1989; Bullard et al., 2002;
Bullard et al. , 2003; Zhu Bingqi et al., 2014a;
Zhu Bingqi et al. , 2014b; Al-Masrahy et al.,
2015; Zhang Feng et al. , 2016), J5 & 5 J& %} XU,
[ AR T U= AR |-l 1R P
(Kocurek G et al. , 1999; Yang Bai et al. , 2011),
IIRTD 4y 27 53 A A1) e S P B JB B 26 2 i E
T o G BT 5 e i A b 7 7 b XU A ) i v 4
PR (& 5) Y EZ Tz 5 B R v
M 4B 7 M sl (Yang Xiaoping, 2001b, 2006a;
Dong Zhibao et al. , 2004) ; 1 3k . AR 38 v0 B3 KL
I A R 16 3 A7 R A DL B Vb e A i) LK) I
DX 35 2 5 R 1] 1R ACRR 3 T 1) o 0 — 25 B B BR U
Ty 2SR V> R R /E . Yang Xiaoping
(2001 b) 3 3 Xf oty H % 23 089 WL %<, 4 I v e ) Js
675 1) g A — AR 1w 2 WY B AR D B 08 i 3 b H
H S5 5 i VD 1t XA & U 2 8T AR AL
SRR RBL T ol LA W a2 A XA 757 1) i B XL
FHARMEETE, Yang Yanyan et al. (2014) 4R 45 B2
P15 AR — 1 A% B2 AL CHEFS A 5 0 355 1 K37 508
I T e I F A v AU 1 K X Vb W B TR
R I e SR> KA = AN B AT O 1) (P9 b Pa AL pg AL
6T 55D KBS 6200 5 BEAT WU A R AE
T d R Hmvb AR PE AP LA e AR A v = A5 1
(O ET 23 43 0 36 240 .35 D0 1 6 %0 4 (i AF S X ST VD
[ 77 %0 5 K A AE 3R 7R A Z 1 Hin 10 LS i 1 10
CTAERE Y 99. 8%, X ELF 5T % B . BT R 5 R T
o i 500 1 8 o 0 R AR A A AR R B AR N T R Y
PR MR R 2, 2 22 KR G AE i i KD 50 A
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2004 ; 2011a; Yang
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Xiaoping, 2006b) ., Jf H iy fA¥0 I 32 B ol 45 51 i 45
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B BIEFEIA S RV e i 88 =X 52 T AR b 3 ) 42
SR J5 S A RIS I O 1 AR b3 O A Tk S 18 R
i) B R M B (Yang Xiaoping et al. , 2011a; Yang
Bai et al. , 2011; Dong Zhibao et al. , 2004) ,{H }&

Yang Xiaoping et al.,
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ek 55 oK Y B R € A X R I An
Zhisheng et al. (2012) YT 5EF8 H , 2 UK vk 3 78 KLY
S g i, RO B ENE W IFE S
Heinrich FHAFAESC, S 145 b 2 2R w5 45 B i AR
5 1 VP XUAHT B9 0 5% 5 Zheng Mianping et al. (2007)
(I 5 AL 8 5 FL AR IS ER 380 1 1 08 DA s 5 i
T 98 OGRS 8 S B AR B ) — BE . AT
AU ORI TV 10 =00 5 4 A 3k R By b
T IR AL AT RN 5 X 3 A R K AT TR IE
R H 5.

5 4Eie

ZER HRTC A Y E A SOk 5 R RE ST 25 R
A SR B 7 2 15 SRR UK 40 ka DL ) 5828 Ak
FIH S AL A W R /NS R e

(IR Y VK I LA Sk B] 37 38 i T by X/ i A8 7
BB WRLIE T AR R E b5 2 ER AR AR KA
(18 X IO L2 X fe =2 L AR A i = 2 14 3 3 R IR 3

A TR — 2R

(2) Rk 2y 40 ka 3K Y% vk W) 25 oK 3K 5%
Fe HF I AR AR RO (WD 1 i — A
KRB Z G 2R A )R 58 T 5 KD T 3 4
5o o (ELZ L B 1 5 2 A R U DX P B AR TH B T
Ji KA 1 i — 2B T

(3) 4 tH R B T ey o L 01 RN o S 2R 5 3 ke 1
WA — 2k E VDI 359 e R B T 5, X
UG Bk . o, 1 A% B VD US4 R 1 2 B U
7 5 e T R R A A AR s TR A T g — 2P
G35 05 AR At A A T R R S T R I
S Jry B e B DX A A AR G DUR A TR TR

() TE AR BE AR (1 J5L R L 52 i F 5 X BR B A% Ak
(18 fire R 3 DA N 5 P XU L R I 2 KU K A 3 &R
A AN [ B P A TR ] AR 6 T AR I
75 JA T AR A b T 2 T ORS TR K AR (H R
& BARME LRI A FE TR B 2 R R 5 R
GAFUEYR W 52 R 58 36 . B G L 7RG R R RN EE Y
S A AN ] 200 N 3 2l 119 5% i) . 07 78 AS [5] )
FRUEE 7 DA% . SR T4 s [) RBE A 3 5 i A
XA /IN ARAE J b 3 DX 8RB 30 1A DA Sk 1) R o A
AJ 2

(5) 7F Hu300 B A I o BT iz 38 g 5t DL v R v L 9 7
AE T A5 5 ARAN [ o AFLIZ: V0 352 70 490 I3 3k 5[] 381 9 9%
A G — TS R DL KU B R A 8 X
Fofr A2 50 A< Aok b 0 2 B X DA A R b S L F I 4
FLIE AL ) 5 38 A Ao R 174 fife R 5 82 O 22 1) b 2 I 40
b, Bk 4y B2 R b ot 4 X 2D R i — B BE S 0 e
(4 3E [] 43 A R AR 4 7 18 AU 7 1) R RE o, XU 34l
S5 B 1 A 10 DR S e R R VD A Dk i — 25 IR
SE T YD TE B 5 A FEYS T I A X
EE AR A V0 355 i 50 500 22— (4 U e ) 3 57 B0 75 258
) IABE S T3 S OE 2473 LA R E— B F
MBI FE X 3 45 Lo A T 19 A 5L V0 358 1 5 22 A
YD, B PR MRV VS 11 BIF 5 X B 4 T

(6) A 1) TAE by T B 47 38 o Ji i) B 65 Y6 A5 A
TRV I CEROTRED 1 e FRAE R 3 X R TR T
FRATTXE B o A7 A8 B 15 ST X8R A AR Ak 11
B, 20 WY B e R B AR AL A BRI AR
R ZR . 33X — [R] I iR 24 P RE A — > G B, o 2
T BELEA VE AR W 28 PR O R PG 7 — ROP PRI
AU S5 A8 LA B T A e A — R b, B B 00N B ]
K SCRL N A5 ) M ER R G R SR T 2R
TR SC 2 RV P 2 3 5 b o 1 A b B ) 38 2 Ry <



512

W SRR R UCVKIB 40 Tea LSRR BT 37 35 o JRU 3l IX 9 B 056 382 15 300 38 1 2575

fE2EE WA VERESE . T340, B 1 RS T8 4 o5 DA
IR G A4V o T 7 58 8 J5L v 152 9 05 1 F 5
FLE A 2B R R 0] 5 b 7E 1R R W A 0 1
VA DX Can g Dl ) 2o 3 A L 7 3 T bt AR
St GRE RIS UR TEDED AT AR X Cn i i
Z [A]JR AT B A R [ 25 6 SR AR 0 52 38 40 7 ol 2
T LR b 5 AT L EE A B OB 2 AR AR B
[vi) 137 28 b 3R Ak 2 A4 g 2 RK S |3 B b B A
BRGH ARG AT B ORS00 G P 5 ) R R
1B S/ S YA AR . R KR 4 B R
PRBE A B X HGAF 28 R0 6 AT BIF 5T 45 SR B PR A K
ORGSR XREEN,

B SL I AR B TR K SR AR H
(No. 2016 YFA0601900) Fll [{ 5 [ SR B} 24 3£ 4x (No.
41771014 By %) .

References

Al-Masrahy M A, Mountney N P. 2015. A classification scheme for
{luvial-aeolian system interaction in desert-margin settings.
Aeolian Research, 17 67~88.

An Chengbang., Chen Fahu, Barton L. 2008. Holocene
environmental changes in Mongolia; A review. Global and
Planetary Change, 63. 283~289.

An Zhisheng, Colman S M, Zhou Weijian, Li Xiaoqiang, Brown E
T, Timothy Jull A J, Cai Yanjun, Huang Yongsong, Lu
Xuefeng, Chang Hong, Song Yougui, Sun Youbin, Xu Hai,
Liu Weiguo, Jin Zhangdong, Liu Xiaodong, Cheng Peng, Liu
Yu. Ai Li, Li Xiangzhong, Liu Xiuju, Yan Libin, Shi
Zhengguo, Wang Xulong, Wu Feng, Qiang Xiaoke, Dong
Jibao, Lu Fengyan, Xu X W. 2012. Interplay between the
Westerlies and Asian monsoon recorded in lLake Qinghai
sediments since 32ka. Scientific Reports, 2. 619, doi: 10.
1038/srep00619.

Berger A. 1978. Long-term variations of caloric insolation resulting
from the earth’s orbital elements. Quaternary Research, 9
(2): 139~167.

Bourke M C. Balme M. Beyer R A, Williams K K, Zimbelman J.
2006. A comparison of methods used to estimate the height of
sand dunes on Mars. Geomorphology, 81(3) . 440~452.

Bullard J E, Livingstone 1. 2002. Aecolian-fluvial interactions in
dryland environments: examples, concepts and Australia case
study. Area, 34(1). 8~16.

Bullard ] E, McTainsh G H. 2003. Aeolian-fluvial interactions in
dryland environments: examples, concepts and Australia case
study. Progress in Physical Geography, 27(4) . 471~501.

Chang Hong, An Zhisheng, Wu Feng, Song Yougui, Qiang Xiaoke,
Li Leyi. 2017. Late Miocene-early Pleistocene climate change
in the mid-latitude westerlies and their influence on Asian

monsoon as constrained by the K/ Al ratio record from drill core

Ls2 in the Tarim Basin. Catena, 153: 75~82.

Chen Fahu, Cheng Bo, Zhao Yan, Zhu Yan, Madsen D. 2006.
Holocene Environmental Change Inferred from High Resolution
Pollen Records of Inland Lake Deposits, Arid China. The
Holocene, 16: 675~684.

Chen Fahu, Fan Yuxin, Chun Xi, Madsen D B, Oviatt C G, Zhao
Hui, Yang Liping, Sun Yang. 2008. Preliminary research on
Megalake Jilantai-Fletao in the arid areas of China during the
Late Quaternary. Chinese Science Bulletin, 53 (11): 1729
~1735.

Chen Fahu, Song Shengrong, Lee T Q, Loéwemark L, Chi
Zhengqing, Wang Yong. Hong E. 2010. A multiproxy lake
record from Inner Mongolia displays a late Holocene
teleconnection between Central Asian and North Atlantic
climates. Quaternary International, 227. 170~182.

Chen Fahu, Wu Wei, Holmes ] A, Madsen D B, Zhu Yan, Jin
Min, Oviatt C G. 2003. A mid-Holocene drought interval as
evidenced by lake desiccation in the Alashan Plateau, Inner
Mongolia, China. Chinese Science Bulletin, 48 (14). 1401
~1410.

Chen Jiansheng. Li Ling, Wang Jiyang, Barry D A, Sheng Xuefen,
Gu Weizu, Zhao Xia, Chen Liang. 2004. Groundwater
maintains dune landscape. Nature, 432: 459~460.

Chen Jiansheng, Chen Qianqgian, Wang Ting. 2014. Isotopes tracer
research of wet sand layerwater sources in Alxa Desert.
Advances in Water Science, 25(2): 196~206 (in Chinese with
English abstract).

Chen Quan, Liu Zhifei, Kissel C. 2017. Clay mineralogical and
geochemical proxies of the FEast Asian summer monsoon
evolution in the South China Sea during Late Quaternary.
Scientific Reports, 7, 42083, doi: 10. 1038/srep42083.

Chen Xiaolong. 2014. Analysis of the formation of the present sand
desert landscape in the Alxa Plateau, northern China, based on
OSL dating. Gansu: the Master thesis of the Lanzhou
University (in Chinese with English abstract).

Chen Xuemei, Li Guogiang, Huang Xiaozhong., Zhao Hui. 2013.
The vegetation changes in Ulan Buh desert since the last
glacial; pollen evidence from core WL10ZK-1. Marine Geology
&. Quaternary Geology, 33 (4):169 ~ 174 (in Chinese with
English abstract).

Cheng Jun, Yu Fei, Pu Shuzhen, Guo Pinwen. 2004. Features of
interdecadal variation of North Pacific Heat Storage and their
relationship to the Aleutian Low. Advances in Marine Science,
22(4): 417~428 (in Chinese with English abstract).

Chun Xi, Chen Fahu, Fan Yuxin, Xia Dunsheng, Zhao Hui. 2007.
Formation of Ulan Buh Desert and its environmental evolution.
Journal of Desert Research, 27(6): 927~931 (in Chinese with
English abstract).

Dong Xiao, Xue Feng, Zeng Qingcun. 2014. Observational analysis
and numerical simulation of the Decadal Variation in the
relationship between the Aleutian Low and the Iceland Low

during Boreal Winter. Climatic and Environmental Research,



o BT

¥ iR
2576 http://www. geojournals. cn/dzxb/ch/index. aspx

2018 4

19(5): 523~535 (in Chinese with English abstract).

Dong Zhibao, Wang Tao, Wang Xunming. 2004. Geomorphology of
the megadunes in the Badain Jaran Desert. Geomorphology,
60: 191~203.

Fan Yuxin, Chen Fahu, Fan Tianlai, Zhao Hui, Yang Liping.
2010. Sedimentary documents and Optically Stimulated
Luminescence ( OSL) dating for formation of the present
landform of the northern Ulan Buh Desert, northern China.
Science China Earth Sciences, 53(11). 1675~1682.

Guo Zhengtang. 2017. Loess Plateau attests to the onsets of
monsoon and deserts. Scientia Sinica Terrae, 47:421~437 (in
Chinese with English abstract).

Guo Zhengtang, Sun Bai, Zhang Zhongshi, Peng Shuzhen, Xiao
Guogiao, Ge Junyi, Hao Q Z, Qiao Yansong, Liang M Y, Liu
J F, Yin Qiuzhen, Wei Jianjing. 2008. A major reorganization
of Asian climate regime by the early Miocene. Climate of the
Past Discussion, 4: 535~584.

Hartmann K, Winnemann B. 2009. Hydrological changes and
Holocene climate variations in NW China, inferred from lake
sediments of Juyanze palacolake by factor analyses. Quaternary
International, 194 . 28~44.

Herzschuh U. Tarasov P, Wiinnemann B, Hartmann K. 2004.
Holocene vegetation and climate of the Alashan Plateau, NW
China, reconstructed from pollen data. Palacogeography,
Palaeoclimatology, Palaeoecology, 211: 1~17.

Hu Fangen. Yang Xiaoping. 2016. Geochemical  and
geomorphological evidence for the provenance of aeolian
deposits in the Badain Jaran Desert, northwestern China.
Quaternary Science Reviews, 131: 179~192.

Huang Xiaomei, Guan Zhaoyong, Dai Zhujun, Mei Haixia. 2013. A
further look at the interannual variations of East Asian through
intensity and their impacts on winter climate of China. Acta
Meteorologica Sinica, 71 (3): 416 ~ 428 (in Chinese with
English abstract).

Hurrell J W. 1995. Decadal Trends in the North Atlantic
Oscillation: Regional Temperatures and Precipitation. Science,
269: 676~679.

Jakel D. 2002. Storeys of aecolian relief in North Africa and China.
In Yang X. (Ed.) Desert and alpine environments-Advances in
Geomorphology and Palaeoclimatology, dedicated to Jiirgen
Hévermann. China Ocean Press, Beijing, pp. 6~21.

Jhun J G, Lee EJ. 2004. A New East Asian Winter Monsoon Index
and Associated Characteristics of the Winter Monsoon. Journal
of Climate, 17: 711~726.

Jin Liya, Chen Fahu, Ganopolski A, Claussen M. 2007. Response
of East Asian climate to Dansgaard/Oeschger and Heinrich
events in a coupled model of intermediate complexity, Journal
Of Geophysical Research, 112, D06117, doi: 10.
1029/2006JD007316.

Kocurek G, Lancaster N. 1999. Aecolian system sediment state:
theory and Mojave Desert Kelso dune field example.

Sedimentology, 46: 505~515.

Kuang Xueyuan, Zhang Yaocun, Liu Jian. 2008. Relationship
between Subtropical Upper-Tropospheric Westerly Jet and East
Asian Winter Monsoon. Plateau Meteorology, 27 (4): 701~
712 (in Chinese with English abstract).

Langford R P, Chan M A. 1989. Fluvial-aeolian interactions: part
II, ancient systems. Sedimentology, 36: 1037~1051.

Langford R P. 1989. Modern and ancient fluvial-aeolian systems:
part I, modern systems. Sedimentology, 36: 1023~1035.

Lehmkuhl F, Lang A. 2001. Geomorphological investigations and
luminescence dating in the southern part of the Khangay and
the valley of the Gobi lakes (Central Mongolia). Journal of
Quaternary Science, 16(1): 69~87.

Li Baosheng, Wu Zheng, Zhang D D, Fan Ankang, Yan Mancun,
Sun Wu, Jin Heling, Dong Guangrong, Zhu Yizhi, Gao
Quanzhou, Zhang Jiashen. 2013. Environment and its changes
in the monsoon sandy region of China during the Late
Pleistocene and Holocene. Acta Geologica Sinica, 75(1): 127
~137 (in Chinese with English abstract).

Li Guogiang, Jin Ming, Chen Xuemei, Wen Lijuan, Zhang Jiawu,
Madsen D, Zhao Hui, Wang Xin, Fan Tianlai, Duan Yanwu,
Liu Xiaokang. Wu Duo. Li Fangliang, Chen Fahu. 2015.
Environmental changes in the Ulan Buh Desert, southern Inner
Mongolia, China since the middle Pleistocene based on
sedimentology, chronology and proxy indexes. Quaternary
Science Reviews, 128 69~80.

Li Guogiang, Jin Ming, Wen Lijuan, Zhao Hui, Madsen D, Liu
Xiaokang, Wu Duo, Chen Fahu. 2014. Quartz and K-feldspar
optical dating chronology of eolian sand and lacustrine sequence
from the southern Ulan Buh Desert, NW China: Implications
for reconstructing late Pleistocene environmental evolution.
Palaeogeography, Palaeoclimatology, Palaeoecology, 393: 111
~121.

Li Jijun. 1990. The patterns of environmental changes since late
Pleistocene in northwestern China. Quaternary Sciences, (3):
197~204 (in Chinese with English abstract).

Li Sen, Qiang Mingrui, Li Baosheng, Gao Shangyu. 2004. Rapid
climate changes at northwestern margin of East Asian Monsoon
region during the last deglaciation. Geological Review, 50(1) :
106~112 (in Chinese with English abstract).

Li Wangli, Wang Keli, Fu Shenming, Jiang Hao. 2008. The
interrelationship between regional Westerly Index and the
water vapor budget in Northwest China. Journal of Glaciology
and Geocryology, 30(1): 28 ~ 34 (in Chinese with English
abstract).

Li Yu, Liu Yuan. 2016. The response of lake records to the
circulation system and climate zones in China since the Last
Glacial Maximum. Acta Geographica Sinica, 71(11): 197 ~
204 (in Chinese with English abstract).

Li Y, Wang N, Li Z, Zhang H. 2011. Holocene palynological
records and their responses to the controversies of climate
system in the Shiyang River drainage basin. Chinese Science

Bulletin, 56(6): 535~546.



512

W ST AT RO 40 Kean AR Bl 437 36 12 J5U DX 1) B 05 A 5 3 3 i A 2571

Li Zhuolun, 2012. PALAEOLAKE chronology and climate
background on Badain Jaran Desert and its marginal area during
the Late Quaternary. Gansu: the Ph. D thesis Lanzhou
University (in Chinese with English abstract).

Li Zhuolun, Wang Naiang, Cheng Hongyi. Ning Kai, Zhao
Ligiang, Li Ruolan. 2015. Formation and environmental
significance of late Quaternary calcareous root tubes in the
deserts of the Alashan Plateau, northwest China. Quaternary
International, 372: 167~174.

Liu Siwen, Chu Guogiang, Lai Zhongping. 2016. Determination of
age and sedimentation rates using radionuclide (*'° Pb and
137Cs) dating in inter-dune lakes of the Badain Jaran Desert,
China. Acta Geologica Sinica, 90(8): 2013~2022.

Long Hao, Lai Zhongping, Fuchs M, Zhang Jingran, Li Yu. 2012.
Timing of Late Quaternary palaeolake evolution in Tengger
Desert of northern China and its possible {orcing mechanisms.
Global and Planetary Change, 92~93. 119~129.

Lii Junmei, Ju Jianhua, Zhang Qingyun, Tao Shiyan. 2005. The
Characteristics of ENSO cycle in different phases of Pacific
Decadal Oscillation. Climatic and Environmental Research, 10
(2): 238~249 (in Chinese with English abstract).

Pachur H J, Wiinnemann B. 1995. Lake Evolution in the Tengger
Desert, Northwestern China, during the Last 40000 Years.
Quaternary Research, 44: 171~180.

Parteli E J, Herrman H J. 2007. Dune formation on the present
Mars. Physical Review E Statistical, Nonlinear, and Soft
Matter Physics Part 1 of 2 Soft Matter and Biological
Physicals, 76(1) . 041307.

Qin Xiaoguang, Yin Zhigiang, Wang Meihua, Zhao Wuji, Mu Yan,
Zhang Lei. 2017. Loess records of the Holocene climate change
of Gonghe and Guide basins in the northeastern Boundary of
the Tibet Plateau. Acta Geologica Sinica, 91(1): 266~286 (in
Chinese with English abstract).

Rudaya N A, Tarasov P E, Dorofeyuk N I, Kalugin I A, Andreev A
A, Diekmann B, Daryin A V. 2008. Environmental changes in
the Mongolian Altai during the Holocene. Archaeology
Ethnology &. Anthropology of Eurasia, 36(4);: 2~14.

Schatz V, Tsoar H, Edgett K S, Parteli E J] R, Herrmann H J.
2006. Evidence for indurated sand dunes in the Martian North
polar region. Journal of Geophysical Research, 111(E4): 290
~290.

Seager R, Graham N, Herweijer C, Gordon A L, Kushnir Y, Cook
E. 2007. Blueprints for Medieval hydroclimate. Quaternary
Science Reviews, 26: 2322~2336.

Shi Qi, Chen Fahu, Zhu Yan. Madsen D. 2002. Lake evolution of
the terminal area of Shiyang River drainage in arid China since
the last glaciation. Quaternary International, 93~94. 31~43.

Su Zhihao, Zhang Mingli. 2013. Evolutionary response to

Quaternary climate aridification and oscillations in north-

western China revealed by chloroplast phylogeography of the

desert shrub Nitraria sphaerocarpa (Nitrariaceae). Biological

Journal of the Linnean Society, 109: 757~770.

Sun Bomin, Li Chongyin. 1997. Relationship between East Asian
trough disturbance and tropical convective activity in winter.
Chinese Science Bulletin, 42(5): 500~503 (in Chinese without
English abstract).

Sun Youbin, Clemens S C, Morrill C, Lin Xiaopei,» Wang Xulong,
An  Zhisheng. 2012. Influence of Atlantic meridional
overturning circulation on the East Asian winter monsoon.
Nature Geoscience, 5: 46~49.

Visbeck M. 2002. The Ocean’ s Role in Atlantic Climate
Variability. Science, 297 2223~2224.

Wang Fei, Sun Donghuai, Chen Fahu, Bloemendal J, Guo Feng, Li
Zaijun, Zhang Yuebao, Li Baofeng, Wang Xin. 2015.
Formation and evolution of the Badain Jaran Desert, North
China, as revealed by a drill core from the desert centre and by

Palaeoclimatology,

geological Palaeogeography,

Palaeoecology, 426. 139~158.

survey.

Wang Keli, Jiang Han, Zhao Hongyan. 2005. Atmospheric water
vapor transport from westerly and monsoon over the Northwest
China. Advances in Water Science, 16 (3): 432 ~ 438 (in
Chinese with English abstract).

Wang Naiang, Li Zhuolun, Cheng Hongyi, Li Yu, Huang Yinzhou.
2011. High lake levels on Alxa Plateau during the late
Quaternary. Chinese Science Bulletin, 56(17): 1799~1808.

Wang Pinxian. 2009. Global monsoon in a geological perspective.
Chinese Science Bulletin, 54(7): 1113~1136.

Wang Sumin, Xuebin. 1998. The regional differences of
environmental changes and their relationship with the Asian
monsoon since the middle Pleistocene revealed by lacustrine
records in China. Acta Geologica Sinica, 72(3): 288.

Wang Wei, Feng Zhaodong. 2013. Holocene moisture evolution
across the Mongolian Plateau and its surrounding areas: A
synthesis of climatic records. Earth-Science Reviews, 122 38
~57.

Wang Wei, Ma Yuzhen, Feng Zhaodong, Narantsetseg T, Liu K B,
Zhai Xin Wei. 2011. A prolonged dry mid-Holocene climate
revealed by pollen and diatom records from Lake Ugii Nuur in
central Mongolia. Quaternary International, 229. 74~83.

Wang Xunming, Xia Dunsheng, Wang Tao, Xue Xian, Li Jinchang.
2008. Dust sources in arid and semiarid China and southern
Mongolia: impacts of geomorphologic setting and surface
materials. Geomorphology, 97: 583~600.

Wang Yongjun, Cheng Hai, Edwards R L., Kong Xinggong, Shao
Xiaohua, Chen Shitao, Wu Jiangyin, Jiang Xiouyang, Wang
Xianfeng, An Zhisheng. 2008. Millennial-and orbital-scale
changes in the East Asian monsoon over the past 224, 000
years. Nature, 451;: 1090~1093.

Wiinnemann B, Hartmann K. 2002. Morphodynamics and
paleohydrography of the Gaxun Nur Basin, Inner Mongolia,
China. Zeitschrift {iir Geomorphologie, 126. 147~168.

Yan Mangcun, Wang Guanggian, Li Baosheng, Dong Guangrong.
2001. Formation and Growth of high megadunes in Badain

Jaran Desert. Acta Geographica Sinica, 56 (1): 83 ~91 (in



o BT

2578 http://www. geojournals. cn/dzxb/ch/index. aspx

#H
2018 4§

Chinese with English abstract).

Yang Bai, Wang Naiang, Liao Kongtai, Klenk P. 2011.
Geomorphological Evolution Revealed by Aeolian Sedimentary
Structure in Badain Jaran Desert on Alxa Plateau, Northwest
China. China Geographical Science, 21(3): 267~278.

Yang Chunxia, Dou Taotan, Li Qian, Hao Weiwei, Tang Minxuan.
2014. Study on the relationships between the Arctic Oscillation
and the Pacific Decadal Oscillation and Atlantic Multidecadal
Oscillation. Journal of Tropical Meteorology, 30 (6);: 1181
~1187.

Yang Lianmei, Zhang Qingyun. 2007a. Relationships between
perturbation kinetic energyanomaly along East Asian Westerly
Jet and Subtropical High in summer. Journal of Applied
Meteorological Science, 18 (4): 452 ~ 459 (in Chinese with
English abstract).

Yang Lianmei, Zhang Qingyun. 2007b. Anomalous perturbation
kinetic energy of Rossby Wave along East Asian Westerly Jet
and its association with summer rainfall in China. Chinese
Journal of Atmospheric Sciences, 31(4): 586~595 (in Chinese
with English abstract).

Yang Xiaoping. 2000. Discovery of calcareous cementation layer and
its paleoclimate significance in Badain Jaran Desert. Quaternary
Sciences, 20(3): 295 (in Chinese without English abstract).

Yang Xiaoping, Forman S, Hu Fangen, Zhang Deguo, Liu Ziting,
Li Hongwei. 2016. Initial insights into the age and origin of
the Kubugi sand sea of northern China. Geomorphology, 259
30~39.

Yang Xiaoping, Li Hongwei, Conacher A. 2012. Large-scale
controls on the development of sand seas in northern China.
Quaternary International, 250; 74~83.

Yang Xiaoping, Liu T S, Xiao Honglang. 2003. Evolution of
megadunes and lakes in the Badain Jaran Desert, Inner
Mongolia, China during the last 31, 000 years. Quaternary
International, 104; 99~112.

Yang Xiaoping, Ma Nina, Dong Jufeng, Zhu Bingqi, Xu Bing, Ma
Zhibang, Liu Jiaqi. 2010. Recharge to the inter-dune lakes and
Holocene climatic changes in the Badain Jaran Desert, western
China. Quaternary Research, 73: 10~19.

Yang Xiaoping, Preusser F, Radtke U. 2006. Late Quaternary
environmental changes in the Taklamakan Desert, western
China, inferred from OSL-dated lacustrine and aeolian
deposits. Quaternary Science Reviews, 25: 923~932.

Yang Xiaoping P, Rost K T, Lehmkuhl F, Zhu Zhengda, Dodson J.
2004. The evolution of dry lands in northern China and in the
Republic of Mongolia since the Last Glacial Maximum.
Quaternary International, 118~119: 69~85.

Yang Xiaoping, Scuderi L, Liu Tao, Paillou P, Li Hongwei, Dong
Jufeng, Zhu Bingqi, Jiang Weiwei, Jochems A, Weissmann G.
2011a. Formation of the highest sand dunes on Earth.
Geomorphology, 135: 108~116.

Yang Xiaoping, Scuderi L, Paillou P, Liu Ziting, Li Hongwei, Ren

Xiaozong. 2011b. Quaternary environmental changes in the dry

lands of China-A critical review. Quaternary Science Reviews,
30:3219~3233.

Yang Xiaoping, Scuderi L. A. 2010. Hydrological and climatic
changes in deserts of China since the late Pleistocene.
Quaternary Research, 73 1~9.

Yang Xiaoping, Williams M A J. 2003. The ion chemistry of lakes
and late Holocene desiccation in the Badain Jaran Desert, Inner
Mongolia, China. Catena, 51: 45~60.

Yang Xiaoping. 2000a. Landscape evolution and precipitation
changes in the Badain Jaran Desert during the last 30000 years.
Chinese Science Bulletin, 45(11): 1042~1047.

Yang Xiaoping. 2000b. Late Quaternary variation of the aridity
index in the Badain Jaran Desert, Inner Mongolia, China-a
deduction from landscape evolutions. Scientia Geologica Sinica,
9(2): 205~214.

Yang Xiaoping. 2001a. Landscape evolution and palaeoclimate in the
deserts of northwestern China. Chinese Science Bulletin, 46
(Supp): 6~11.

Yang Xiaoping.  2001b. Late Quaternary evolution and
paleoclimates, western Alashan Plateau, Inner Mongolia,
China. Zeitschrift {iir Geomorphologie, 1. 1~16.

Yang Xiaoping. 2002. Changes of the aridity index in the arid
regions of northwestern China since the Late Pleistocene-An
understanding based on climate geomorphology. Zeitschrift fiir
Geomorphologie, 126 169~181.

Yang Xiaoping. 2004. Late Quaternary wetter epochs in the
southeastern Badain Jaran Desert, Inner Mongolia, China.
Zeitschrift fiir Geomorphologie, 133: 129~141.

Yang Xiaoping. 2006a. Chemistry and late Quaternary evolution of
ground and surface waters in the area of Yabulai Mountains,
western Inner Mongolia, China. Catena, 66: 135~144.

Yang Xiaoping. 2006b. Desert research in northwestern China-a
brief review. Geomorphologie-relief, processus,
environnment, (4).: 275~283.

Yang Yanyan, Qu Zhigiang, Shi Peijun, Liu Lianyou, Zhang
Guoming, Tang Yan, Hu Xia, Lv Yanli, Xiong Yiying, Wang
Jingpu, Shen Lingling, Lv Lili, Sun Shao. 2014. Wind regime
and sand transport in the corridor between the Badain Jaran and
Tengger deserts, central Alxa Plateau, China. Aeolian
Research, 12 143~156.

Yin Yi, Liu Hongyan, Liu Guo, Hao Qian, Wang Hongya. 2013.
Vegetation responses to mid-Holocene extreme drought events
and subsequent long-term drought on the southeastern Inner

Mongolian China.
Meteorology, 178 ~179: 3~9.

Plateau, Agricultural and  Forest

Yu Ge, Xue Bin, Wang Sumin, Liu Jian. 2000. Lake records and
LGM climate in China. Chinese Science Bulletin, 45(13): 1158
~1164.

Zhang Feng, Fu Xudong. Relationships between oxygen isotope
compositions of quartz and grain size from dune sands and

Taklimakan Desert.

fluvial-lacustrine sediments in the

Geological Review, 62(1) . 73~82.



512

¥ STABCSE AR R UK 40 ka LK Bl 47 3%

2 e I M IX %) B 5 1R 5 5 i Ak 2579

Zhang Hucai. Peng Jinlan, Ma Yuzhen, Chen Guangjie, Feng
Zhaodong, Li Baofeng, Fan H F, Chang F Q, Lei G L,
Wiinnemann B. 2004. Late Quaternary palacolake levels in
Tengger Desert, NW China. Palaeogeography,
Palaeoclimatology, Palaeoecology, 211: 45~58.

Zhang Huicai. Winnemann B,Ma Yuzhen, Peng J L. Pachur H J,
LiJ J, Qi Y, Chen Guangjie, Fang H B, Feng Zhaodong.
2002. Lake Level and Climate Changes between 42, 000 and
18,000 "C yr B. P. in the Tengger Desert, Northwestern
China. Quaternary Research, 58 62~72.

Zhang Zhongshi, Wang Huijun, Guo Zhengtang, Jiang Dabang.
2007b. What triggers the transition of palacoenvironmental
patterns in China, the Tibetan Plateau uplift or the Paratethys
Sea retreat? Palaeogeography, Palaeoclimatology,
Palaeoecology, 245 317~331.

Zhang Zhongshi, Wang Huijun, Guo Zhengtang, Jiang Dabang.
2007a. Impacts of tectonic changes on the reorganization of the
Cenozoic paleoclimatic patterns in China. Earth and Planetary
Science Letters, 257: 622~634.

Zhao Hui, Li Guogiang, Sheng Yongwei, Jin Ming, Chen Faha.
2012. Early-middle Holocene lake desert evolution in northern
Ulan Buh Desert, China. Palacogeography, Palaeoclimatology,
Palaeoecology, 331~332: 31~38.

Zhao Yan, Yu Zicheng. 2012. Vegetation response to Holocene
climate change in East Asian monsoon margin region. Earth
Science Reviews, 113: 1~10.

Zhao Yan, Yu Zicheng, Chen Fahu, Liu Xiuju, Ito E. 2008a.
Sensitive response of desert vegetation to moisture change
based on a near annual resolution pollen record from Gahai
Lake in the Qaidam Basin, northwest China. Global and
Planetary Change, 62: 107~114.

Zhao Yan, Yu Zicheng, Chen Fahu, Li J. 2008b. Holocene
vegetation and climate change from a lake sediment record in
the Tengger Sandy Desert, northwest China. Journal of Arid
Environments, 72: 2054~2064.

Zheng Mianping, Meng Yifeng, Wei Lejun. 2000. Evidence of the
pan-lake stage in the period of 40~28ka B. P. on the Qinghai-
Tibet Plateau. Acta Geologica Sinica (English Edition), 74:
266~272.

Zheng Mianping, Yuan Heran, Liu Junying, Li Yanhe, Ma
Zhibang, Sun Qing. 2007. Sedimentary Characteristics and
Paleoenvironmental Records of Zabuye Salt Lake, Tibetan
Plateau, since 128ka BP. Acta Geologica Sinica, 81(5); 861~
879.

Zheng Rongguo, Li Jinyi, Xiao Wenjiao, Liu Jianfeng, Wu Tairan.
2016. Acta Geologica Sinica, 90(8): 1725~1736.

Zhou Shuzhen. Meteorology and Climatology (Chinese Edition).
Beijing: Higher Education Press Pub, 101~170.

Zhu Bingqi, Yu Jingjie, Rioual P, Gao Yan, Zhang Yichi, Min
Leilei. 2015. Geomorphoclimatic characteristics and landform
information in the Ejina Basin, Northwestern China.

Environmental Earth Sciences, 73: 7547~7560.

Zhu Bingqi, Yu Jingjie, Rioual P, Ren Xiaozong. 2014a. Particle
size variation of aeolian dune deposits in the lower reaches of
the Heihe River basin, China. Sedimentary Geology. 301: 54
~69.

Zhu Bingqi,» Yu Jingjie. 2014b. Aeolian sorting processes in the
Ejina desert basin (China) and their response to depositional
environment. Aeolian Research, 12: 111~120.

Zhu Xiaojie, Sun Jilin. 2006. Positive feedback of winter ocean-
atmosphere interaction in Northwest Pacific. Chinese Science

Bulletin, 51(18): 2268~2274.

& % x Mt

PR A, BRGVE . T, 2014, BRI VD 00 U2 K 40 ok U IR A7 %
INEE. IKBREDEE, 25(2):196~206.

BRI . 2014, BT st T B0 AR XUV b 3 55 WL B R DG BB AR AR
ML —— DA A HLAN 35 22 Ze i X O . Haf . 22 MRS A 2
i 3.

FREE My, 4% [ sk, BN B, BCIE. 2013, 22 A R Vb U AR AL
WL10ZK- l%ﬂﬁﬂﬂﬁﬂimm%ﬁua&mifmﬁf“ . 7 T S
LM T, 33(4): 169~174.

B, FAE, WA, A0 2004, J6 KT PRV B I AE AR PR AR L
FRAE R H 5 BT B R IR E B0 6 &L M PERR B, 22(4) . 417
~428.

o BRERR, EE R, BB, BAE. 2007, 525G R EIE L
SIREEASE. hEVPEL, 27(6): 927~931.

WO, BENE, B POAE. 20140 JElBRA BT ER IR E — vk MEEF*E
KRR A PR AL B L. RS BT 5T, 19(5):
~535.

SESE. 2017, B b m FILIEZE ORISR B k. P E R A b BR B
B 47(4); 421~437.

BN, BIKE, WATE . M. 2013, & FEIR KA 5 I 4R bR AR
RIS E ARG FE . AR %M. 71(3): 416
~428.

BLE R, SRREAE . Xfd. 2008, XtE EZEIRGEE R E RS KL
KERMFER. BFEKL. 27(4): 701~712.

B, RIE, Zhang D D, J0Z R, EWAE, Mk, BTEGE, #EOE
g, ML, EAU, TRE L 2001, o [E 2 R IXRE B R T DL
KB P LA, B AE R, 75(1) 127~137.

2. 1990, [ PG b M X AR B T DLk IR 5E
WF5E, (3): 197~204.

7%, MRIUIER . ZRA L B E. 2004, KUK KT I A T 2 R PE 4L 4
S P AR b MRS TE, 50(1): 106~112.

2R H . EAI . AT, VI 2008, X PG RUHE B0 PG L X K
VA% B AR 7R . KR £ 2008, 30(1): 28~34.

Ho XU, 2016, AR UK I LAk rh [0 9 536 8 RO R 4 R
BT A . B ERZE AR, 71(11) : 1898~1910.

B, ET9E, 24, AR, 20110 47 200 P4 0Tt 1 R IT
T FCxE S5 7 G5 o 4 38 0 8 . B¢ E AR, 56 (2) . 161
~173.

AR, 2012, ELFRE RV I KR i Hb DX B A DO 22 WA AR AR R S R
s 5t Hl: MR 2= Ae .

XU ST, A R, RS, 2016, U MEAZ F2OPD ST Cs I 52 B P

TR Hma



o BT

2580 http://www. geojournals. cn/dzxb/ch/index. aspx

#H
2018 4§

TRV WA A S AR R OB R, MR 24, 90(8): 2013
~2022.

B, JRiE, kK, BWTFS. 20050 KOFAE4EICBRIR 5 % 18
5T ENSO JR ¥R M R AE. A 5 B BFF . 2005, 10(2):
238~249,

Z/NG, PR, SRR B, B, KA. 2017, HREEAR
e S A-—— Bt 48 A 4R AR S k. MR AR AR, 91 (D).
266~286.

MR, 254, 1997, & TR W KA (9 4 8h 5 #AH F  1% 2 1) 5%
Z. B, 42(5): 500~503.

FAIEG . VLM, B0, 2005, P KA 5 2 KU o P b X K
Pk, KRHEIEE, 16(3): 432~438.

ETE . FEA, FIAE. FE . BRI, 2011 B S R A
20 T 5 O B TR . Rl TE AR, 56(17) : 1367~1377.

TG, 2009, A BRZE R b ST A4S . BR#iE R, 54(5) : 535~556.

FIRRG, BENE. 1998, W SRAB /R 1 vh 5 DUk 30 [ X 8
AREEMER LR, M2, 72(3) . 288.

EEAE . O, 2k, BORSE. 2001, B ARV R RV L
TR BT, 4R, 56(1): 83~91.

WA, BEL, BE. MMM, BREF. 2004, bk s 540K

FERAL R PGV Z AR BRI % 19 R R AT 5. Bl A4 %M. 30
(6): 1181~1187.

MEM , SRR, 2007a. BLZE AR P R A B 3 8h 5 5 R o R
KRG, A S5 R, 18(4): 452~459.

MM, SRR . 2007b. R WP KA Rossby s F % 5
o E K. KRR, 31(4) . 586~595.

/N 2000, ELFH 5 PR U 155 Ml X8 R 45 )2 i ke B I H o R
. PO REE . 20(3) : 295.

T, BRI, EIRE, XM, 2000, AWK VK I b E EIE 0 S KA
i . Bl2#5E R, 45(3): 250~255.

JRUE . PR, 2016, BB T B AR AR MR SRARRT
WF9E. HRIBIE, 62(1) . 73~82.

HRE, ZEHE, HO0sE, R, AR 2016, BRI
R R 5 35 X R B AR B 40 1R IR MR AF AR . 90(8): 1725

~1736.
JAM T, 2012, R g2g 5. dbat. w A HOH WA, 101
~170.

/NS PNERFE. 2006, 4 ZE P Jb K SV B 87 R ARG — wg b 1) i IR
25—V AU IE R B A AT, BE A R, 51(9): 1097
~1102.



512 W ST AT RO 40 Kean AR Bl 437 36 12 J5U DX 1) B 05 A 5 3 3 i A 2581

Environmental Changes and Landform Evolution of the Alashan
Plateau Region during the Last Glacial Period since 40 ka

YANG Limin"#, ZHU Bingqi "
1) Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Science and
Natural Resources Research , Chinese Academy of Sciences, Beijing 100101, China;
2) University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Study of environmental change in the Alashan Plateau since the last glacial period (40 ka) is an
important basis not only for understanding the climate changes and sediment sources of the mid-latitude
deserts in the Northern Hemisphere, but also for comparison of climate changes in different scales or
global level, further revealing the evolution and change of climate factors. A large number of research and
results have been reported in scientific literatures, but a systematic summary and comparison analysis has
been absent, especially about environment changes of the plateau and reasons since the last glacial period.
In this paper we reviewed the historical environmental evolution of the Alashan Plateau since the last
glacial epoch through a systematic summary and comparative study of Chinese and Western literatures. It
can be pointed out that from 40ka to the end of the last glacial period, the climate in the plateau was wetter
than that of today, and after the end of the Pleistocene the drought environment was prevailing, with
aeolian activity enhancement. However, the environmental change in the Ulanbuhe Desert of the
northwestern plateau is different from that of the holistic plateau, i. e. it showed a continue drought
conditions during the whole last glacial period. The early and middle Holocene environment was generally
humid in the plateau. With the further development of lakes and vegetation and the weakness of aeolian
activity, the late Holocene environment was arid and the desert likely expanded. However, the early
Holocene environment in the Tengger Desert was supposed to be arid, and the most controversial issue is
about the existence of the drought events in the Badanjilin Desert during the middle Holocene. These
problems need to be further researched. In addition, the westerly and the East Asian monsoon systems
have different effects on climate change in the study area in different periods. Classic studies about the
linkage of environmental changes between the Alashan Plateau and the global climate are still rare,
especially lack of the representative evidence of environmental change’s events. The study results about
the aeolian sediment sources remain inconsistency, mainly due to the limits of the study methods and the
complexity of geomorphologic agents. It is difficult to carry out qualitative and quantitative analyses on
sediment sources. The morphology and distribution of sand dunes and the related direction and dynamics of
the wind agent are mutually indicated, and proper wind energy is the key for construction of the aeolian
dunes. Judged from the climate change in a global scale, the formation of sandy desert usually corresponds

to the ice age or the cold and dry climate conditions.
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