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Two Significant Stages in the Aridification of the Eastern
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Abstract: Reconstruction of the progressive drying and expansion of deserts in eastern Asia during the Quaternary period is
important for understanding the evolution of East Asian winter monsoon. The eolian deposits preserved in the Chinese Loess
Plateau (CLP) are an unparalleled record of major wet/dry oscillations superimposed on the general drying trend of the Gobi and
other nearby deserts of inland Asia. The element concentrations of these loess deposits in the Yangqu section in the eastern Loess
Plateau indicate two major stages in the general aridification since 1.2 Ma. The first major step in aridification occurred at 0.94 Ma
as indicated by an abrupt decrease of Si, Fe and Rb/Sr proportions and a significant increase of Ca content. We consider that the
dominant factor for this drying step in eastern Loess Plateau was the increase of global ice volume, especially of Northern
Hemisphere ice sheets, which force the Intertropical Convergence Zone to shift southward and inhibit the northward movement of
moisture monsoon airflows. The second stage toward present aridification occurred at about 0.31 Ma. This step may be a localized
regional event, perhaps attributed to the breach of Xin-Ding paleolake.
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B A R IR T 40 DAOR HE AR T 3 2k 1y AR
TR, DUAR P 51 DA 22 380 3 4K TR Sy v o XU 21
S S O < | | R R A Ll oA ] L0 R e o S <R 11
Yy Sk B 588 3 40 S A AR BRI T — A R A O
F (An et al.,2001; Guo et al.,2002). B4 BAKIA
A, R EE RH R 1Y) B A )2 R AR oK s AR Y T
L Y A0 ORL T R B T IR B Y 18] UK 3
Chen et al., 2001 ; 9N A 5k F1 42 1E A, 2002) . #8 £+ —
i R E A A AL sk T AR W 2 XU A 2R XL B
JE AR A Ko b 5 ) 3 R R BE 1 A8 (An ez al., 2001
Ding et al.,2005) , [a] o ma fi 1 b2 5Kk ok i 19 42 1k
(Ding ez al.,2002; Hao et al.,2012).

R ARAFAE B b gl A R AR AR T
i 1 S YN PN Bk VD RS T R R AR AR AE L R Ak A
L AE A DA E S R AN~ B S W R S = U i
(Sun et al.,2010;Hao et al.,2012). 1 + 3 )2 v wf
A A R B =, FE R TR 5 0 Ak IS D) R AR
FH 5 88 2 8 Ak 230 A XA AIG, S i 7 R Y &
JRUHR B (R4 5 B 4§, 2007 ; Sun ez al., 2010) . # +
1 Hb 3K AL 2 o0 R F T 48 R Ak 2 KAk 1 K OF
(Yang ez al.,2006). ¥ + i R f7 B k3w JH T 8
A v R TR O 20 D ke A e 2 R g R A R R T
W AEfE (Wu et al., 2007, 2013).

JEHi X T o e T R AR T A
R DAY (8 bl X, IR ERAR T — S R T
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LRV & RIC 3, Ding et al.(2005)IA K B 1 R b
f£2.6.1.2.0.7F10.2 Mala) g4 & , 5 2= XURN 7 0]
EE T EUD O D AR P R S [ TEAR U ol
A BB 5E L BoR 0.5 Ma RISk, 9 X T 51k
TG D S e o AR LR IR S Ros = 8 RS SICP SR PR RS
BN (Gylesjo and Arnold, 2006). % # + &
JE v 00 M DX A6 A i A 5, R 7E 2.60~0.95
Ma U [v0) 58 8 bt DX 0t 24 780y ) o) 198 5 D 2 72 it R
R Ek AR AR — BRI A A B 2 5 0.95~0.50 Ma LA
TEHC AR IR A 288 3 5 50.50 Ma 2 J5 #%
75 R HL JERE B 2 A (Wu et al., 2007). Sun et al.
(2012) XF & 4 /&5 Dt B 40 i 1 Ml X2 4 ) 187 2.6 Ma
LKA AL 5T R0 4 5 Bl TR 4k w8 43 9 32 e [m) 6 2804 747
Br, R 8 S R C A 7E~1.60 Ma Fl1~0.43 Ma &
AR EEYT IR O 5K X T A B 2 R
RESRAROC . 8t m R A A S 8(Deng et al.,
2006) FIHLER b 24 2H 5 (Chen ez al.,2001) [AFE R T
B AR DU 42 Lok T R ARG SR i

SR, HH X S A 5 3 A v e B R L S
DX TG B G L AR R B A DR A il = AH S BIF 5
S Tk — 2 R B R TR AR TR T A R T R AR
R, FRATTRT B 32 1L 7R 350 B il b DX A7 AH X 58 4 11
B IEAT TR R AN M ER 1k 2 o0 R I, FRATT Y
G R WR W S R AR IAE 1.2 MaLIRE T T IR
IRTAHR RN (e X o
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Fig.1 Location of the Yangqu site (black dot) in the Chinese Loess Plateau
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1 WF5E X S A0 s

ABIFE B B — T T A AR VR R B R
FE B B b AR (38.06°N, 112.67°E) (& 1). % X 4E
YR K 8~9 °C, RN N 441.2 mm, ) & A7 F — 4
A N BE | JRLRE £ 62 m, 8 Sk B . BT A AT UL RH B Y
S1 %S4 H3 )2, SR WoR RS (A B IR 4L A Bk R
AR A e 2 B 5 L AT R
b2 S5.L9 A1 L1578 FH il M DX 4 25 5 iR, L9 Al
L 15 AR X HoAth 8 1 )2 8 R , 249 7~8 m, b B #0OM 5 S5
AT T Al 4 18 2 W 7 LYl T R A 2 A
S15 AR M BRITH Tt 88 A4 BOe kR ) .

FAT IR AR T 259 > B N BEAT #E AL 3K,
7.1~22.3 m f1 25.5~53.1 m Lk 20 cm [8] f§ % kE , H
ftb A 40 cm (8] Bg SR A . AR (o, IR FR R AL 2R
e v b T AR 2 (R0 AR 4 Hb T 5 B 05 b I ) R
S0 S MFK1T-FA/CS4A MY ES s . s R 1k 2
JCE LA 4 em [H] BERAE 36 [ AP 390 4 45 2 43 B AR
(Innov-X Systems XRF) 78 b Bk fb 24 #5120, fiff
50 kV H1 10 kV 5t 5 76 38 fif 19 #5 & b A7 K. A<
SCHRIE T S13 WAL LA K 1 i (Si) Bk (Fe) (85 (Ca)
Agn/FR L (Rb/So) | o e & & . BT L9 L15H
SR JZE i 5 B e RS b XCRE AL AR 8 AT
23 (A6 b, AR AR AE 42 € R AR B o L 42 38 2 Ding et
al. (2002) 19 250 HHE R AR R e Ak s
SEIAERR AR HELR (T DL 2.1 8643 ).

2 AU E MDOCER AL

21 FER®WE

SSARXT T HA T R ER L LIRSS TR
PRl I B 350 T 20~25 m A R i 1 R AL R R S5
JZ % A A b DX = g AR S5O 2) L9 Al
L 15 AHXT AR, 43 3% B F 34~40 m 1 54~59 m (&l
2). LAS5.LOF LIS AR R, e 317 75 % +
e J G Al b X7 R R SR R b R A S TR L AL
A RPN SR 0 E Tl 2 N ST R S14 B IR
5 (18 2). 3£ T Ding et al.(2002) % iy + 3 )2 e A
210 R SCVR IS AR AR ZE AL FRATT AR % AR A5 BH ity ) 1 A%
AT MR A IO 2R AR, P E Al A
B 2 22 ) 2P N A AR A A ) T Y R S TA]
FRATT & e R L RO 115 DOk (B 2), i
L14 5 L15 2z AR # 70 R & it A1/
By R 1 200 ka LA IC s EA 74341 (&1 3)

22 TWELTW

WYy 0] TR - %) A R N T 97 BB 8 N T I
WG 42 [A) 40 259 s AR 4 19 % He (Lisiecki and Raymo,
2005) (&l 3) , 3 v - v Jart HCAth il IX A 30 s A — 3
(Ding et al., 2005; Hao et al., 2012). S5 i/~ H fi%
1o B G AR AE, U] S5 32 T i B A A A RS 9T L
HEVER . Rb/Sr7E 1.20~0.94 Ma i 75 8855 118, 78
0.94 Ma 5 2 9/ , H 5 OREFFA R E , 31 0.65 Ma Fl
0.31 Ma Z- 47 Bk i 2 980 (& 3). 45 & i 7F 0.94
Ma Z 1ij it 7 AR AR, 7E 0.94 Ma W W (34, 7
0.94~0.31 Ma i 1] % + )22 7 0 75 2 1 oy 1 48
2 & B R, B3 0.31 Ma X — R B Ay 84
(& 3). Fe £ Si & & 7E 0.94 Ma 22 47 B 2 Ak /N | %
H1E 0.94~0.45 Ma B2 5 9 38 Jn, 4R J5 78 0.45~0.31
Ma i #i sk /1N, 6 0.31 Ma X — W B 2 5/ (& 3).
BT S55m & B Ml £EE40,0.94 Ma Z HI Y Fe &
16 0.94~0.31 Ma 3 18] A X 5

R PH il 50 1 XRF o6 % & & 48 1k, &A1)
VLK i 55 )2 B R 4 34 B B - 1(1 200~940 ka) , 11
(940~310 ka) I TIT (310~0 ka). Fr Bt (1 200~
940 ka) Xf 1 F A XF i 19 b 4 65° 5 2 K BH 4 S A
AT g B A o 22 (H B CED 3) 5 B B TT(940~
310 ka) A XF T 3K i 5 2% K BH 4 S R O O 56 (B
3 (& 3) 5 B B TIH(310~0 ka) # X T 55 19 B %
A B S R Al L R R B3 (R 3).

3 e

31 ELXZEFEB1.2 MallRFXENTRELEY

B P R AL A 32 B A7 S R T R R R
T A 1) 20 R R s e R B Ak
A bnw H T4~ 2 Z KW £ 5 (An e al.,
2001; Hao et al.,2012). Rb 78 X Ak i & v 4 X F4
SE 1M Sr AR X 25 5 i % (An ez al., 2001) , [H it Rb/
St LU AE 38 /N T8 7 25 XA 8 38 5 A sk 55 . B 1
Ca @it FEAREE T S8 MR A Mk, &8
B 1R 3 2 0 10 A8 A6 5 B T 38 5 19 Ca I8k i 71 38 B2 375
S0 78 ke 22 (8] 7 A P A R TR AE G (Sun ez al.
2010). Atk , 8 £ v Ca & B AR bt v] DUAE /R 22 X
94 JBE (8 ARG AR A PR Ry oty )2 ep i Y R R S S 1Y
IRl 2 T B XIS Ca & & A . 2 - P % Fe f1 Si
& B BB T Fe,0, Ml SiO, 7 & % 75 1k (Maher
etal.,2009). ¥+ Fe,O, L R (W B/ Bk &)
EHEEED R TE LR IFENICAERE I,
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Fig.2 Spatial linkages of magnetic susceptibility (MS) between the Yangqu site and other parts in the Loess Plateau

R WK A F Ding ez al. (1999) 5 8K )1 # 1 E H F Sun et al. (2006) ; 3§

et al. (2012)

I It Fe,O, b % (i 25 4k / 8k & &) 28 4k v] DL AR
kB2 X5 BE Y 48 BR (Ding e al., 2001) . B AR

) FE A% AR X I WE U B ), Fe % i AR X 4
jm A5 1 Ve B 0, 5 & A X o b L ST A
XFME AT AR E Y JT R, 7E 5R 09 1k 2 KA o 7R
b, L 2 B

BT bR AR AR Y 23 B, AT B A ST A R
iR BH il b IXCFE 1.2 Ma RO 8 A2 9 vk W S 6 5
HfLE KRB ETREEREL0.94 Ma, RIAE Si.
e 7 & Al Rb/Sr t A & & W/, Ca & & B 2 34 in
(& 3). 3% — W 5 A H A XA il 5% .
- R T v E S I A 96K IC S R L 7 0.95 Ma
S, T I AR T A A A IS AR A AR B T Y
FRAREL JFRE 28  (Wu ez al., 2007 ) 5 B 4 75 JE Bk [A]

P #00E A F Ding ez al. (2005) ; # )1 35 i sk @ F Hao

i E WA CAEBTE 1.3~0.9 Ma B3 19 5K (An er
al.,2005) , 3% 55 14 55 (1% T 5 4k R 2= P B A OC
B A JE R R E B R (MAR) 78 0.94 Ma 2
4 58 2 540 (Sun and An, 2005) ; & £ % 1 F B4k
2 AR 3 9 °Sr/¥Sr 7E 1.0~0.8 Ma Z J& Bl i ik
AN R R T Ak KR SR B AR 55 (Chen ez al., 2001) ;
J# 4% HL VD IRAE 0.9 Ma 2 J5 #7283/ KU /D 45 7
TR R L (Li ez al., 2014a) 3 3 58 5 3 1 Fly
JRPEIE R VD AE 0.9~0.8 Ma & /4B T B B iy 4
(Fang et al.,2002). FHHl #h X 55— 8 2 09 1+ 51k
FAF L AT 0.31 Ma ity , fEFf % SiFe & & fl Rb/
St HAE W /N, Ca 5 4 B 0 385 (18 3) . 3 A<M A
A 0 7E B 4 SR At b AR A RGE , AT N X
W R AL AT BRI 0 R R T IX S B B AL A
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Ko RN 4= 3K T TR BEAR W) & (181 5) . SR T00, AT
XRS5 AT RE AU X oK ) — [a] oK 4 [m]
N ART(TIRZ NP 4 o ) NI S W T R v o
PR (1) Ca & 76 0.65 Ma B ok B 58 (334 i, A 2
1E 0.6 Ma Z 5 AR i 1% 247, I I 7E 0.65 Ma
Catr B ARMIF ARG B E A —2;(2)Fe ¥ &
FE AL AE 0.65 Ma 2 J5 B w48 i, Ui B 0.65 Ma Jf
AN B B AR T A

P4 Hp ) ) T 6 S s R R A AR R ]
AL B — AR K AR AE L9 B, L9 Z R A
PE B L2020 32, i I 5 B ) A 2# XA RS

e T , 3 HE 77 25 15 0.94 Ma 22 i 3 - 85 i 4% 3 R —
AH T e 04 B R FNIRL BE . 7E 0.94 Ma Z )5 , 41 )2 Fil 8 Fig.4 Field picture from the Yangqu Section
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R KR TR 2 — 2 gD, TR AR
32 AARTFEHEEHHIRIHLHERT

T e JiAE SR B B B R A Tz W T
B W P4 i T 54k 9 B 2l AL (Li er al., 2014Db) ,
XS R kO, T R R R T BB A% B P D
AN i N2 R A WA R - KR SR TGN
e Ji b A R T R 8 5 1 RS R i b AR 4 I T A S
o D /N R DX R BRI ) A 5 LR R 2 R
B & A RN Ry 2 3l B9 38 (Liu ez al., 2015). &
M, FRATTIN A 75 960 i i B T O AN 2 S B iffy i X
L2MallRMR T2 ERRE 5L, &EL
B AR S RN R AR TR 2k AT AR Gk B A
TR E (Li ez al.,2015) 5 Hk, 35 8 =5 J5L A0 B T
23 5 AR 0 5 2 XU 5 RE AR B A e et b R o
1 (Ding et al., 2005) F1 7= # PH #h ¥ 1+ 12 5% B /s F

W E 2= XU AE 0.94 Ma i3 (8055

FH il b X0 0.94 Ma & 3+ 24k 5 2 2R vk & B
SNV R U R DR /N B v R R A M R R
SRR (R 5) . B, FRATTIA R Xk T Rk
1 3 A7 A ER K IS i, R R b K R K 1 Y
SR ST B M UK G B0 26 5 IR 2 IR
JEE R BE O, s il 1 2 Z= KU A6 19 #% 3 (Ding er
al.,2005) ; F Y, b2 BR UK & 19 0 aE 6% s 7G40 A1)
ey He, i — 20 b i 4 = KSR B (Ding ez al.,2002) ,
DAL 0kt 348 o B ol DX 24 M FRURL B2 5 B0, g T T
Jb 2 Bk vk o6 Bk 23 5K 2l B A ) R b X RS
B, 5| o g TR A AT . IR R T R
0 XF I T v B 0 A Y (ORI A TR 3R
7R N Z BT 69 32 5 41 ka B2 557258 1 100 ka fi 0>
R JE M s Lisiecki and Raymo, 2005). H 7, % F 5]
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rb BT T A B R 1 BIK 2l AL R R R L R R R
COL M JE T M b2 Bk vk 35 9 5K AT A 47 78 1 B2 %2
i H (Clark ez al., 2006 ). [H Bt , # 4 & 5 45 36 0.94
Ma Ze 45 1 T S0 S 1 5 KR COL M BE T 5 2t
HERVK ST IR AT REAAAEE IR E R

FH it b X 0.31 Ma W 3 50 5% /9 1 52 4k 3 44 AT
AETE 22 SO T DX PR B8 A A8, ik 2 TR R 7E o+
i JHG At b DX oy A 48 A X I Yk R O A
I S . Bk F R AT AR R R T T ) 2 e
A DI 5 Y T B, (H B R R E AT
Hu ez al.(2016 )iz FH M )2 2 U0 R M 2 A B
FEAEAR 2 Ty vk 6 Y T b B TR 3L B s 1 AT AR AR 2R
58, 85 B B R U TE M B AE 0.41 Ma DLk & A4 T Pk
PR, w7 R R R 1] R B . Ren er al.
(2014) Xsf i Hiy DX 3% 3 YT 30T 38 B b 48 288 O R OL B
JEMAE S5 A FENE L R P AR R
I 2 ol W09 2L &% A2 7E 0.60 Ma £ 0.13 Ma Z ] ,
Wi Jo7 T X3 LA 25 S BT 0.60 Ma LAk AT M —
S S N R R U A0 o =l W S S O S A
2006) F1 2= /D AE 1L AT & F = 9 op BB Hi (Zhang et
al.,2007) 15 WY 1 M Hb DX 7E M 5 DU 22 i ) % AR T 5
1) K 325 B T, 5 B80T O 0 R AR ol e DTG A o T
FE T 2L M ARl B AT X T T 2 AR A T A
A H AR 2L AR AR R E— DAY

4 LEig

3 o 0 A R D AR AR BE il 0T 1.2 Ma LLOR #
PR R RN 24 50 2 % 5 1 2 BT, 0o Y BH R b X 28
THREENTREeSEF. R TREAFEFELE
£ 0.94 Ma, £ B R Si Fe A 4> & i Al Rb/Sr e {H
FWUNG Ca & B B3N, sk ik R 22 5 4k
VKRB, e ) b 2 BR UK 35 P Ak R G TR R
JE B B T I AN SR X ISR E R RSB R
FE R AT 0.31 MaZe Ay, ik 3514 vl g & i T4
TE I 2 i B B Sk ORI 5 R TR AT ST o s A
P ok i) T R B T EE S IF B
— 5 T b FON TR M X A A

HiMHHAREELFFERNFFELR
FRET ALY R Z, A8 A B A L B
Bt AR ik Tl it K S s AR R R IR 2 AR
wmPEXRAE AR RAE T RA
(12120113059300)F= B % & A& A 4 K 4 (41322013)
R 8!

References

An, Z.S., Huang, Y. S., Liu, W. G., etal., 2005. Multiple
Expansions of C4 Plant Biomass in East Asia since 7 Ma
Coupled with Strengthened Monsoon Circulation. Geolo-
gy, 33(9): 705. https://doi.org/10.1130/g21423.1

An, 7. S., Kutzbach, J. E., Prell, W. L., et al., 2001.
Evolution of Asian Monsoons and Phased Uplift of
the Himalaya - Tibetan Plateau since Late Miocene
Times. Nature, 411(6833): 62—66. htips://doi. org/
10.1038/35075035

Bintanja, R., van de Wal, R. S. W., Oerlemans, J., 2005.
Modelled Atmospheric Temperatures and Global Sea
Levels over the Past Million Years. Nature, 437(7055):
125—128. https://doi.org/10.1038/nature03975

Chen, J., An, Z.S., Liu, L. W., et al., 2001. Variations in
Chemical Compositions of the Eolian Dust in Chinese
Loess Plateau over the Past 2.5 Ma and Chemical
Weathering in the Asian Inland. Science in China Series
D: Earth Sciences, 44(5): 403—413. https://doi. org/
10.1007/b102909779

Clark, P. U., Archer, D., Pollard, D., et al., 2006. The
Middle Pleistocene Transition: Characteristics, Mecha-
nisms, and Implications for Long-Term Changes in At-
mospheric pCO,. Quaternary Science Reviews, 25(23/
24): 3150—3184. https://doi. org/10.1016/j. quasci-
rev.2006.07.008

Deng, C. L., Shaw, J., Liu, Q. S., et al., 2006. Mineral
Magnetic Variation of the Jingbian Loess/paleosol Se-
quence in the Northern Loess Plateau of China: Implica-
tions for Quaternary Development of Asian Aridification
and Cooling. Farth and Planetary Science Letters, 241(1—
2): 248—259. https://doi.org/10.1016/j.epsl.2005.10.020

Ding, Z. L., Derbyshire, E., Yang, S. L., et al., 2002.
Stacked 2.6 Ma Grain Size Record from the Chinese
Loess Based on Five Sections and Correlation with the
Deep-Sea A0 Record. Paleoceanography, 17(3): 5—
1—5—21. https://doi.org/10.1029/2001pa000725

Ding, Z. L., Derbyshire, E., Yang, S. L., et al., 2005.
Stepwise Expansion of Desert Environment Across
Northern China in the Past 3.5 Ma and Implications for
Monsoon Evolution. Earth and Planetary Science Let-
ters, 237(1/2): 45—55. https://doi. org/10.1016/j.
epsl.2005.06.036

Ding, Z. L., Xiong, S. F., Sun, J. M., et al., 1999. Pe-
dostratigraphy and Paleomagnetism of a ~7.0 Ma Eolian
Loess -Red Clay Sequence at Lingtai, Loess Plateau,
North-Central China and the Implications for Paleomon-

soon Evolution. Palaeogeography, Palaeoclimatology,



%13

BACHRAE 3 8 AR 8 L P B ) 1.2 Ma I3 0 7 0 PO 3 T A S 979

Palaeoecology, 152(1/2): 49—66. https://doi. org/
10.1016/50031-0182(99)00034-6

Ding, Z. .., Yang, S. L., Sun, J. M., et al., 2001. Iron
Geochemistry of Loess and Red Clay Deposits in the
Chinese Loess Plateau and Implications for Long-Term
Asian Monsoon Evolution in the Last 7.0 Ma. Earth and
Planetary Science Letters, 185(1—2): 99—109. https://
doi.org/10.1016/s0012-821x(00)00366-6

Elderfield, H., Ferretti, P., Greaves, M., et al., 2012. Evo-
lution of Ocean Temperature and Ice Volume through the
Mid-Pleistocene Climate Transition. Science, 337(6095):
704—709. https://doi.org/10.1126/science.1221294

Fang, X., Li, L., Yang, S., et al., 2002. Loess in Kun-
lun Mountains and its Implications on Desert Develop-
ment and Tibetan Plateau Uplift in West China. Sci-
ence in China Series D, 45(4): 289. https://doi. org/
10.1360/02yd9031

Guo, Z. T., Ruddiman, W. F., Hao, Q. Z., et al., 2002.
Onset of Asian Desertification by 22 Ma ago Inferred
from Loess Deposits in China. Nature, 416(6877): 159 —
163. https://doi.org/10.1038/416159%a

Gylesjo, S., Armold, E., 2006. Clay Mineralogy of a Red
Clay - Loess Sequence from Lingtai, the Chinese Loess
Plateau. Global and Planetary Change, 51(3/4): 181—
194. https://doi.org/10.1016/j.gloplacha.2006.03.002

Hao, Q. Z., Wang, L., Oldfield, F., et al., 2012. Delayed
Build-Up of Arctic Ice Sheets during 400 000-Y ear Mini-
ma in Insolation Variability. Nazure, 490(7420): 393—
396. https://doi.org/10.1038/nature11493

Honisch, B., Hemming, N. G., Archer, D., et al., 2009.
Atmospheric Carbon Dioxide Concentration Across the
Mid-Pleistocene Transition. Science, 324(5934): 1551 —
1554. https://doi.org/10.1126/science. 1171477

Hu, Z.B., Pan, B. T., Guo, L. Y., etal., 2016. Rapid Flu-
vial Incision and Headward Erosion by the Yellow River
along the Jinshaan Gorge during the Past 1.2 Ma as a Re-
sult of Tectonic Extension. Quaternary Science Re-
views, 133: 1—14. https://doi. org/10.1016/]. quasci-
rev.2015.12.003

Laskar, J., Robutel, P., Joutel, F., et al., 2004. A Long-
Term Numerical Solution for the Insolation Quantities
Of the Earth. Astronomy & Astrophysics, 428(1): 261—
285. https://doi.org/10.1051/0004-6361:20041335

Li, J. J., Fang, X. M., Song, C. H., et al., 2014b. Late
Miocene - Quaternary Rapid Stepwise Uplift of the NE
Tibetan Plateau and Its Effects on Climatic and Environ-
mental Changes. Quaternary Research, 81(3): 400—
423. https://doi.org/10.1016/j.yqres.2014.01.002

Li, Y. L., Wang, C.S., Dai, J. G., etal., 2015. Propagation
of the Deformation and Growth of the Tibetan-Himalayan
Orogen: A Review. Earth-Science Reviews, 143: 36—61.
https://doi.org/10.1016/]j.earscirev.2015.01.001

Li, Z.J., Sun, D. H., Chen, F. H., etal., 2014a. Chronolo-
gy and Paleoenvironmental Records of a Drill Core in
the Central Tengger Desert of China. Quaternary Sci-
ence Reviews, 85: 85—98. https://doi. org/10.1016/.
quascirev.2013.12.003

Lisiecki, L. E., Raymo, M. E., 2005. A Pliocene -Pleisto-
cene Stack of 57 Globally Distributed Benthic A180 Re-
cords. Paleoceanography, 20(1): 10—15. https://doi.
org/10.1029/2004pa001071

Liu, X. D., Sun, H., Miao, Y. F., et al., 2015. Impacts of
Uplift of Northern Tibetan Plateau and Formation of
Asian Inland Deserts on Regional Climate and Environ-
ment. Quaternary Science Reviews, 116: 1—14. https://
doi.org/10.1016/j.quascirev.2015.03.010

Luthi, D., Le Floch, M., Bereiter, B., et al., 2008. High-
Resolution Carbon Dioxide Concentration Record
650 000—800 000 years before Present. Nature, 453
(7193): 379—382. https://doi.org/10.1038/nature06949

Maher, B. A., Mutch, T. J., Cunningham, D., 2009. Mag-
netic and Geochemical Characteristics of Gobi Desert
Surface Sediments: Implications for Provenance of the
Chinese Loess Plateau. Geology, 37(3): 279—282.
https://doi.org/10.1130/g25293a.1

Martinez-Boti, M. A., Foster, G. L., Chalk, T. B., et al.,
2015. Plio-Pleistocene Climate Sensitivity Evaluated Us-
ing High-Resolution CO, Records. Nature, 518(7537):
49—54. https://doi.org/10.1038/nature14145

Petit, J. R., Jouzel, J., Raynaud, D., et al., 1999. Climate
and Atmospheric History of the Past 420 000 Years from
the Vostok Ice Core, Antarctica. Nature, 399(6735):
429—436. https://doi.org/10.1038/20859

Ren, J. J., Zhang, S. M., Meigs, A.J., etal., 2014. Tectonic
Controls for Transverse Drainage and Timing of the Xin-
Ding Paleolake Breach in the Upper Reach of the Hutuo
River, North China. Geomorphology, 206: 452—467.
https://doi.org/10.1016/j.geomorph.2013.10.016

Ren, J.J., Zhang, S.M, 2006. A Tectonic Movement during
Later Stage of Late Pleistocene Epoch in the Xinding Ba-
sin. Seismology and Geology, 28(3): 487—496 (in Chi-
nese with English abstract).

Siegenthaler, U., Stocker, T.F., Monnin, E., et al., 2005.
Stable Carbon Cycle - Climate Relationship during the
Late Pleistocene. Science, 310(5752): 1313—1317.
https://doi.org/10.1126/science.1120130



280 HiBERBL2%  http://www.earth-science.net

46 %

Sun, J. M., Li, T. Y., Zhang, Z. Q., et al., 2012. Step-
wise Expansions of C4 Biomass and Enhanced Seasonal
Precipitation and Regional Aridity during the Quaternary
on the Southern Chinese Loess Plateau. Quaternary Sci-
ence Reviews, 34: 57—65. https://doi. org/10.1016/].
quascirev.2011.12.007

Sun, Y. B., An, Z. S., 2005. Late Pliocene - Pleistocene
Changes in Mass Accumulation Rates of Eolian Deposits
on the Central Chinese Loess Plateau. Journal of Geo-
physical Research, 110(D23): 1—10. https://doi. org/
10.1029/2005;d006064

Sun, Y. B., An, Z. S., Clemens, S. C., etal., 2010. Seven
Million Years of Wind and Precipitation Variability on
the Chinese Loess Plateau. Earth and Planetary Science
Letters, 297(3—4): 525—535. https://doi.org/10.1016/
j.epsl.2010.07.004

Sun, Y. B., Clemens, S.C., An, Z. S., etal., 2006. Astro-
nomical Timescale and Palaeoclimatic Implication of
Stacked 3.6 Ma Monsoon Records from the Chinese Loess
Plateau. Quaternary Science Reviews, 25(1/2): 33—48.
https://doi.org/10.1016/j.quascirev.2005.07.005

Sun, Y.B., An, Z.S, 2002. Variation of the East Asian Win-
ter Monsoon Recorded by Chinese Loess during the last
Four Glacial - Interglacial Cycles. Earth Science, 27(1):
19— 24 (in Chinese with English abstract).

Wu, F. L., Fang, X. M., Ma, Y. Z., et al., 2007. Plio-
Quaternary Stepwise Drying of Asia: Evidence from a 3
Ma Pollen Record from the Chinese Loess Plateau.
Earth and Planetary Science Letters, 257(1/2): 160—

169. https://doi.org/10.1016/.epsl.2007.02.029

Wu, Y., Zhu, Z. Y., Qiu, S. F., etal., 2013. A Rock Mag-
netic Record of Asian Cooling and Aridification Process-
es during 1.95~0.40 Ma in the Southeastern Chinese
Loess Plateau. Chinese Science Bulletin, 58(30): 3636 —
3644. https://doi.org/10.1007/s11434-013-5775-5

Yang, S. L., Ding, F., Ding, Z. L., 2006. Pleistocene
Chemical Weathering History of Asian Arid and Semi-
Arid Regions Recorded in Loess Deposits of China and
Tajikistan. Geochimica et Cosmochimica Acta, 70(7):
1695—1709. https://doi.org/10.1016/j.gca.2005.12.012

Zeng, F.M., Xiang, S.Y., Lu, Y.L., 2007. Environmental
Evolution of Late Pleistocene Loess Deposits at Lintao
County, Gansu Province. Earth Science, 32(5): 703—
712 (in Chinese with English abstract).

Zhang, S. M., Ren, J. J., Nie, G. Z., 2007. Paragenesia of
Quaternary Pediments and River Terraces on the North
Piedmont of Wutai Mountains. Chinese Science Bulle-
tin, 52(4): 521—530. https://doi. org/10.1007/s11434 -
007-0081-8

Bt iR 325 & STk

RS, SRR, 2006. T 52 75 i i T 0 e B 400 1) — Y A
D). M T, 28(3): 487 —496.

VAR, A, 2002, B 4 vk e B FE B 40 S Y
RWAZERASAL . M BRFE 2, 27(1): 19— 24,

W7, ARG, R, &, 2007, H A IR kg BT I 4
WEARAT b ERBL 22 32(5): 703—712.



