55 43 % 55 3 ) Y/ S | B S Vol. 43, No. 3
2021 4£ 6 JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Jun. , 2021

DOI: 10. 7522/j. issn. 1000-0240. 2021. 0022

SHEN Manli, ZHANG Jun, HUI Zhengchuang. Quaternary climate evolution recorded by loess chromatic proxy in Xijin, Lanzhou[J]. Journal of
Glaciology and Geocryology , 2021, 43(3):809-817. [Ih& M, 5K%%, BIArE] . 22 N PHHEE + (@ B R AR SRS U2 S ifk [0 ). v+,

2021, 43(3):809-817. |

=MAEEIEERFERNENLEIEENL

(1. 22O BERPR A Be PUARPR S 30R AT nd 5280 3, Tl =2 7300005

T

K F', BEFH’

WEM',

A OE: O T ERADIYE R A DX DU SR AT B, IR ST AT REAR AR 22 N B R R
VLB LB FL T B AR, 15 CM-700D #1530 €031 X0k 26 (] BE BORE ) 417 SRR 2EA TS24 2047
AT 22, 2 Ma iy 2N X G RETEPRIC T o 455 i 2 A Hloh U AU R, S E A e %
B A BR G AR LRI X HE L A 2. 2 Ma LI 22 JH b XA Ak 4 1 2 IR B v i e TAka 3, T
RES W 1 A BREE DU 20 U KISV RS20 o AR, 7R 1. 24 Ma 0. 43 Ma Ze 47 22107 1 U B i oA
1. 24 Ma S5 {F 2 Ja A& 2 ORI 2 XA I 6 A 1 3845, 5 B s 3l " B v 1] — 20, SRR Rl g2
BT R R TR SN 5 1T 0. 43 Ma S PRI X A BR v A 28 U LS (MBE) BOWFI L - AT, 38 4
P DX 55 DU 20 M T RS2 7 G IR TR A R AL v O RUEE IR, — 8 AN ) AR s e AN ]
KGR M PEEE L @B S kAL

R E 422 P534. 63; P941. 74 XHERARERD: A XEHE: 1000-0240(2021)03-0809-09

2. RS RIS ML 2 e, IR I 475004)

A A A A AR SR A 2 A A — E N

A A Bl b R A B 1 5 O 22 RS SR
R, EEEFEMERRGE, SWRETTRICE .
VKOS TE S TR FR R ol S 8 1 = K SRR
JE 2 b OB AR 55 DU 20 oy AR A 9 S A % SR
MRS, 20 4 804 E A Bl KA TE £ +
HEARZS [R50 A AR DR 2 AR B AR 9
i B S5 57 BB AL LB B g R S )
PR AE 22 )y T U — R A R . SR, AR
Ao b SR XK R, H T e S AR S b DR B
FEORIE A I, B 2 T SR P X (O
FIPIVY) . FE8 R R AL X, i N E A B B
s HiIRAbE: R RS 2B A U R BT

G50 MR T O 20 R AR AR P RE S 5 1 2
R PR IX , BB TF R T — Rl R R BRR
5 M ER AL 2 SR R I SR AR AR AT 5T H Y
SAGEACHIFE bn 1 S ] 1 A7 FARAS DT C ) ) 5, 4n =%
PNV LSS DU 20 8 = ok S R AR 2 R g

fm B 2021-05-12; &iTHHEA: 2021-06-10
BEEWMB: R ARPAIEESTH (41771209;41877445) e )

P, PRI ATS 5 0 A 1 s AR AT 4 B 1 WF
52, LI S R T AR H R SRy AR il % .

(R RV - e o g e o, AR A B2 4% T
UG A ZR X R A S, Bk T R A Y
SUBERIREEAE L, DT Al VR Sty S A AR ST A R 4
B QSR LM A
i, = H BAANFERERE X, R B g
A BB AR R A% AR 5 B R R2 R, RN 5 A BLS
RN KR, GRS & HIEAR G, 5 X
N B R K B OC R U1 AR, AT WP
TERRIR A & AR AN D0 , 52 BE S BRI 85 vl BE 2 1
SR e M s 5 DX, 5 B L 2 A HIL BT R B TR
B R PN AT OGN A2 T AL R B R O
U LD A T R S R R R B
B Y R AR, B T TR S ST A4 K e
FAE O, IRERET R T AR 343 A B
AKAEAR, T WA AT e ke ) 3

EEE I h2 LA AE , NSRS . E-mail: shenml19@Izu.edu.cn
BIEEE: oK%, MU, N F AR M S AL 5T . E-mail: zj@lzu.edu.cn



810 K JI

7 + 43 %

BB T AR CF 2 R IR AR R R W R R
R & - 1L =/ YA S R AT IR W = 7
SEA AT, AR A vk 39— [ ok 39T [l g 20 B R S
AR Al B R e s AL AN R PR 2 REE
R BRET 2 HA SRR AR — o, B R R AR A —
Fofv i A8 SARA TR A , 72 2 TR (9 7 et
FEPEAF RN SR B A ] A
A bk

ORI AR S T 22 M V8 AR D I AR
B I A3 I AR IR A ) T A (5 R £
B PSS T C A Al AR AR bn a5 LA
K AGHRIEN X A bT , RGEHE £ 2. 2 Ma IR +
el S PG A X A A

1 #RXHER

=2 P 2t Ak T i T DX P b PNl S R 2R
2 X B P s, T DXL TR B BT A

100° 105°

O VR ) AR L B B, MU R AR LA,
B KB4 1 450~2 500 m™ (& 1) . iZHEIX 4
DU Z 2 DL - R SR L K
KB A ST A T B MR B 2 AR b o
R L BE AT | TR AR A DU, 22 N i i 789 ) 75
KEGvEA %, BRI, & A T s
i, ML X ZAF- SR 9. 7 € AR 22 A1 H il
ZEVEK, 2 [ K A 319 mm, [ EEAE
eI 2 A R . ZESE DUZB R % X
{18 Ly, P o RTT 25 MY B SRR A o 3, — 28
F14) L1 el D00 2 AR AR bR A e SRR A LA S 42
BRGNP

2 HFEmRESEZEHST

2.1 H@mRE
1 = AT A e\ BT s R (I I T AR == 1IN )
(36°01'1. 1" N.103°44'50.8" E) (1), 315 K

110° 115°E
—T T

40°N [

350}

[Tt EEVbi/ s Bk ) W )

0 100 200 km
| e

#Em
3500

3000

2500

2000

1500 f

1000

() BERRE LA R

(b) P4 ?Lﬁii
B N

Fig. 1 Location map of Xijin section, Lanzhou: distribution range of loess on the Chinese

Loess Plateau (a), and location of Xijin core in Lanzhou (b)



38

TR RNAF : 22 M PUHEBE - SRR I SR A 28 DU 28 Ui b 811

416. 2 m (1% 3% 22 5% DU 20 B+ Ml 2 S e i O
PR E A B T T 2.2 Ma ISk P e +
BAL B AR T EY . AR AR RO RSk
€8 B R B IC SR B, AR IS DL 1 m S5 A] R X 3
ATIEHEAT T HORE , B AR5 417 DB FR AR AR i o
2.2 KIS

o B S5 1 AR JE R 26 RE IR 28 W) A2 77 1) CM-
700D A4S it T T RS R AR T
SOCIRRRE & T e, TR LB .
B A RE s A SRS AR E 200 HUA T . @FE
TR IR AT Al R IE & CM-A182 X 43l
I T A B RGN . @ eI
270.5 g FESE I i B RSE T SR 5 4 3
ORI B [ AR EAEAR b BB sh EE
TEHE = AN F P XG4 2 =k, 2 A5 31 =
ML aMb ARG R B Ja R YE, Bk
SEURAE 2 P R 2= VG FB IR A B A % A
L' a", b A Z 2 1976 4F i [H b I W] 2 5123 (Commis-
sion Internationale De L’ Eclairage , CIE ) #2 tH ff) —
Bsygi sl iR F , — R o ARl R
M2 E ARk . L{EARERSE B, B 4b A T 0~100 Z 1]

(0 /R B, 100 £ A E) ;o (AR FRLE, A1k
F=60~60 Z 7] (=60 ft KLk 1, 60 X FRLL) ; b {EHAR
T AT -60~60 Z 8] (-60 X F 1, 60 1t
),

3 #R59Mm

3.1 AEREIEEERNSERLEEES

W L 2T R A LR R R B
5 XA R KBTI o f b 5 3
F IR R AR F i B AR G, R T TR B
B R K A AR B a2 (a) BiE7R , P B
+ L 8 A8 Ak Y5 Bl 71.86~81.39, - ¥ A
78. 86, A AL IR 11. 69% , Ho i 8% + )2 L3918
79. 63, 1 32 L Y(E N 78. 115 WA T 51k
F,LHEA AR AR AR A B3,
ELTE] K S st B S B T AN R A AR B
(=2 51 by NI O [=F 7% AN R W A e SN E R N
XA e 22N B AR AL B AR T R XA R A
A 5 F T 25 i DX 5 v 0 DX AT, A G
TG A I AR R X R, B b ok TR DX
A BT AES JIT 7 b AFDG) B A, T 6 L5 i 58 K 1)

b4 L b
i
A g 72 74 76 78 80 82 95 105 115 125 135
0] B =] —
0.2 = ]
0.4 [ ;
0.6
— E=
08— M
| Lo | -
gm—;;. }, ==
14 | . =3
mjf T
m—ﬁ’l =
2.0 [
5 odE=IRE = — e
O#Ht ontgE 25 30 35 40 45 50 50 45 40 35 30
R E L a 5'30/%o
(a) FaHEHE L e (b) HHEE LR (o) HEE LR (D) RgeOIEFM

B2 PUHBE -~ I 4 i O SRR IR AR Ak (4L 6 R R IR KR (b #)
Fig. 2 The chromatic records of Xijin loess-paleosol sequence with the depth: L™ for Xijin (a), a” for Xijin (b), " for Xijin (c),

and stacked deep-sea benthic foraminiferal 8*0™" (d) (The red dotted line indicates the long-term change trend )



812 K I

7 + 43 %

YRR RS (SUABEAE FE R TR B ) I AR X 3520 5 758
DU 28 I S BR RS TR A B2 T [ & 2(d) ], Bk 7%
K AKIRI A, X F R K 32 BAR A 2 KUK JROR TR Y 22
I 1 DX, T B R AR e i — 2P A 2 R AR Y
FOk R AR R WA R S /L AR TR
AR R A5 2 53 X LB R MRl 055, ] s K B B A e
B, R A AR AR A A FLBTN LE 5 e
B, AT 300 L8 A JC T BB 53 S i ) A AR Ak
T B KIS A0 25 A2 R G B8 348, R A= Bk R 465 % o
B, TR B AR AR i Nt 23 5 | e A AL
S m, I E R L RN 534 LFSE
ST PR AR AR TR i 301 o B 2 B — 2 i AR N B 3 [ 8] 2
(a) ], X Al AE R L T A MU & = A By Btk
B RTEC, W 9T © B, 25 M X5 U 22 DAk [) vk
W 2 XA B B RG si () a5 5im J 2 X s
A Z K R XA AR B A R E i
T AR A HLT s [E N P T+ X, %1l R
[ 3(d) JHn ik 52 7 90 B % A ff S A7 A8 X B o B ik
M AR

a [EAR TG A T 2. 54~5. 10 Z [6], SF (N
3.36, B AKAS IE it 50% , Hop # + )2 o R
3.36, 1 HHEZE o FHME N 3. 90;a LRI B R
I AR 568 KGR /NIRRT, 75 S4 ik 8] T ek
B, 238 A i BT A/RNE200) ] M
bR F IR E , b (EAE LA T 9. 22~14. 26
Z 8] SEII(E R 12, 41, B AR AR IR 4 35. 4% , Hopi B
+ 20 FHAE R 12.30, i LR X ME A
12,51, A% F o (HARAGTR &, 1 b1 AR BRI B /N (R
AR AEN T Ry 2 SR L H T S o B
AL AR LR A [ B 2(c) ], A E T P AN IS 2 3
TR A S B Be M AR AR AE , — 35 AR ELA B ) —
ok, BB VR R FR RS [ T2 3% 2R A (e 2 B B AR /N
B HE AR B, I s 3 2 e R T BEAHBL, HLE
HHFFEUESE™ o' Fl b HAG 5 S, Jh[R] 32 45 F 41
IIREE R &R .

AV N o Fl b 84520 5 b i 2R
R AR B i AR AR G, RO T DR IR B
WK A 25, VEHE T 42 2. 2 Ma LRI o' Fl
b AR /N B R, T REFE s 22 M B 2R
g AE A4 1 () AR R R AR B = H R, B8R
HH 33X — b XK BRSEA B BBEAb  T Ab f T A
i AR F T 2 P b DA I 9 AR, 2R Y
20 AR 2% N i X 84 1 2R A 28 7 T AR R —

Jir — 3B PR R Ja— e Ji — AP B i — [ R Y
JR R A R, S — P e Bl P B B
NG R N SR R - g sl LD T=E A Tk 408 S WA &
SR B AR A — A, AT BB ] 37 B A X P 4
DIk H v TR S A2 s B A IR . ik Ah il
I 0 B S AR 5 R A RO B AR Ak A TR SR R R
etz [ E 2(d) X & B, — 3 HA 5 i A
PEEH PEH 22 N ML X 2. 2 Ma LISk IS 58 T4kt
T IR AR DU 20 A8 8 3o R A 3 — Hl X 1 RS
B R N A SR, o Bl B A R AR
FAURLEE A 0 SR R R8s T X R [R] 64 A
A=E
3.2 AREIBTIHSESTL

A [F) b DX A A A0 P 35 A7 1) 4 R M R DX 3 ]
B FL[FEIVE R, A7 700 A ] i s DR 36 o bl R A 22
] ) 25 57 (H SO, ARG AR o6 38 K 1y S 5+
14 Iz e — g ELAE B g 1 DX B — BOE A A 2B .
U OITRE 5 i W N (= Y 0 S o R e W SN R
HURL GRS AR SCHFFE R, 22 M HBIX 2. 2 Ma LA
S 2 /D AU A [ T 1. 24 Ma 1 0. 43 Ma W vk 5
A
3.2.1 1.24 Ma S 8 fb =k

ML a" R b = A4 b Bl s (] 22 6 [ 3 (a) ~
(c) RFE , P E s LA AL SR TE 1. 24 Ma 22 4y
AP X R A AR I 2 AT v A v i A Ak B B, L A
a M RPN W, 78 1. 24~0. 43 Ma [y Bk s g
JEIRF] 48. 46% . A JEFEFRICEM 1. 24 MaFF IR )
TR RS 5 38 2, 6 7 22 ) i DX A 1 K —
[Fa] KT Il it b 2 R, K R AR R T
B K I BT R . 31X 5 X %7 1. 24 Ma 22 )i B i
1 1 R U B — B, R B 2R XL SR F S e 22
PN DX (R B L B 5 s K 3 — ] vk ) R A% i A
1.2 Ma oA FIF 38 K, (DR A9 33 o 225 1 0% 3h 50 K
2.2 Ma LIR—BEAFE . W x %o MR 5
LI W Z AR AL 24 AN P A 4 SR A
S A (K 3) , (AR TR , 5 x. %1l s H Y
BORBAMEE O, 0B AR EE T bR 0 A T R
A ZERI AL RS A 2. 2 Ma LIRS IR — 1
B EY AR R DL AT B G 4 ZE KU R 2 M
X, 33X 5 8 A AR B b X B g 4 R — a0
HASTEE A, B =AMEARE 1. 24 Ma 2 H #)
A R 0 B SRR s T S R R X A
ZE XA BLRS R AE R 8 . [FIRE, R A 3 M REAR



34 TR RNAF : 22 M PUHEBE - SRR I SR A 28 DU 28 Ui b 813

1.24 Ma

0.43 Ma
T

() Fifgo" Ok

J405
J45%
45.0

S s : (©) ¥ L u
<20 I
5 15 I
S 1.0
< 05F | | i
k=3 oF 3 3
i | (d) PHHEREE Ly, Yol | g
| I 16 =
{4 3
""""" 2
_____________________ | G AR S SRR AR T et ) 1
| | (©) PHEEEb R
14} e N
< 12
™ - ” b LR dso
I I C— V]
10 | y {40
b VLIN- i 130
0 o | 425
74 | | () FEEE L AR
0 76
78
80
82 L L L L " L L ' ' L
0 02 0.4 06 0.8 1.0 12 1.4 1.6 1.8 2.0 22
HFR/Ma
E3  FEEH - H A T, %5 1)1 ¥ ARSI A SR AR I S R o7 200 S 1) HL R

Fig. 3 Comparison of chroma and percentage frequency-dependent magnetic susceptibility record of Xijin loess-paleosoil

sequence with low-frequency magnetic susceptibility of Luochuan loess and stacked deep-sea 6'°O records:
L’ for Xijin (a), a" for Xijin (b), b for Xijin (¢), x,,% for Xijin'™®*' (d), x, for Luochuan™’ (e),
and stacked deep-sea benthic foraminiferal 80" (f)

15 by DX 1] ) T ) A A8 Ak 3 A Ak il 2 LI 3
(e) ], WAEZ 1. 24 Ma [G] B 10 B0 7 DAAREH 0 20 85
R A B B P AR RRAE 775 28 b i S T 3K YR T LA R
o A R AAEE R =R AE A R R S TR AL
FARIE SR IR B3 R S T BB R R
) R AEGS DX 3t ) A A AR AT

B R P S DX S 2 R 1 DX 3 e
JC , HAGE AR b 35 2L 22 B AR W 2 AL s e
T A 9 2% B 7 7. 25 JXU 1) i 728 S 37 38 75 K v L B B
PEREFF A FZ IR DRI, 2 5 D 2R 3 R P S b X
ZENTE 1. 24 Ma 2647 [A) B 54 5, W] e 32 2 R <8 1Y 75
ik 15 [ Z R T s ) i ELS R B T SRR A T
KU S FF . A RS 1.2 Ma 2, |
T WLFETE, BRI E R A, 7 R R — 2D R
B 2 14, (0 7 5 D T 4R BE A %1 3 000 m
P b Bl T X oS A xs TRV )2 A
WA G S 2 ER R LI, AR 1. 1~

1. 2 Ma 5 8 i IR iR & AR 5 ZU R 4G 3 B T, 3 Uk A4
TG S A UG M I T T 291 500 m i
K A 9 IR AR AL 2 AR LG Bl XI5 IR S GE
JEURT 1.2 Ma i B #8 s (1% X b P 22 5 7B
T, BB R 7 ORUREAR B vh i BUAR Bk A 2 DR, OF
e T BT LA B 7K R RN 404 R ] f) 5S4 SR
TR FAh, Sk A 4 5 DU 20 A B8 3 AR A 1 AR
5 9 e B B T G &R A A IR AR 4 O L AR
1.38~1. 1 Ma 2 [B] 25 b 28 I3 T — W i B %) ) 3 P
T BEAk , BRI B HgA A 4 i F T Y B
TEE AR AL B e 22 b TR 3 = P
JU F e L R T A A5 R D AR ISl X A B
s BT, W AE 1. 2 Ma B E T —ZL B8 [y 3] 375
Bt , L [R]90 55 T G e R R FU R TR T
M R R TE B — SEE , &  BUR R A M
JF 25 SRR, B AR W IX (SR 3 A2 KR S8
S, AR WA B 2R U B i 5 [T s D R T o



814 7K JI

7 + 43 %

7 A B T S5 R AL 2 o PN I A T 54k, A PR AL T
B2E TFRE T2,
3.2.2 AR

A 2% P 4 Sy, % 2 X L (]
3), KB - R P L IXBR T 1. 24 Maid SR IS
BEEEAN 16 0. 43 Ma 2247 L' a T b" Y [a] I 46 1
B 2. 2 Ma DRI 0 2 (0 N 3 X — R 3 A o F1
b IebR R BB A 3, HAE X Pic k[ B 3(d) I
WAHRH B, 7£0.43 MaZ )5, i@ P s + 1)
a’ b T X %5 TR RV A SR R F A B & B
TESE U2 S RRFFEEFEIR AT 50 T, FHE s X =4
IC SRR B R T — A B e TR B FE
PRI, 7 0. 43 Ma 13X ¢ 07 2 i s i 7 3 2= M
HIX 28 7 () — VR B B ) S A T A

[FIAE  7E 7S 5 L LA VG 8 oo D e 8 b X (14 o
B A AR IS S IR A AE 0. 43 Ma 2247 1)
HEAEFAE, IS R S T 2t = SR G X
= TR R R b, ok B SR IR
V] T R R 5 0 T A A 5 2 B A e DA
i DX DU 28 S A AR PR A1 HR e 57 T 0. 43 Ma f)5X
WA S 9% TR A B 4 5
VU X 3 B dlr i d #E JRH IX 22
BRI FT E— 22 R W, 7F 0. 43 Ma 2645 & AR X
WA, TR HE A 5 [ X 5 R 2 A2
PEC S NARERTEEDRE | I LR AR R
T8 R ARy AR SR S e S R R BT XK
0. 43 Ma i) b 1 4 = {4 (The Mid-Brunhes Event,
MBE) , (R} , # 4 5 J5 P4 38 2% M M X PG 3t 8 4 4]
T B e AR TR I ) AR & B 50 A 5%, 1
S v B A A [ X, o X R RS
2R AR 2SS R R

W3 IR 1. 24 Ma F10. 43 Ma 9 S s g5 14
Ay AT, B A DRV S M X 5 DU 28 S A A, A
A2 %) T 9 g AR DU 20 A s A T R A R ) i
HoAh 2552 8 R R S ARAR LAY T4 .

4 it

AR SCE 0 Sz TR AR AU 81 B 22 N PG i
B B AL, HEAT BURE S B AT, AR AT T 22 M
X A 2.2 Ma DUR R B 4ty B DU F 51 (8 B2 95
PRIC SR , 458 1% FI T 9 X, %o 10 SR H AL A G Tt
IR LUR J LRSS

(1) A 2.2 Ma LI, 22 JH 3 DX 38 A0 48 A 5

IR —Fh B B B e T AR A 55 DU 4l Bk
FRELFEIRA K

() ARERLIE , (L 5 x, Jo e 351 T A By Bk
A M Ar . A R VG S XS D 20 B A
1. 24 Ma F10. 43 Ma & A= 5 R B2 i

(3)1. 24 Ma 4 J5 AR 4 73 XU AT 28 XL Asf
e, o] e Hh 7 R IR R TR 3h 5 1 0. 43 Ma SR
JE N AER A 2 A AL A (MBE) (1 1, 3845
ARG BT —A B3 AR T A
BB PRI, B8 - v JAE PG 38 b DX 35 DG 20 /< f i A
T BB A2 T I8 e I T R A BR S V4 B R i 4, — 3%
X AN ) S Ao 4 1 S e AN T

LA, A2 BB

B R ZMNKRFRRIREFRKE fEAA
LI e A B,

S % 3k (References) :

[1] LilJijun, Kang Jiancheng. Quaternary glaciations, physiograph-
ic stages and loess record in China [7]. Quaternary Sciences,
1989(3): 269-278. [ 435, HEA. i EEEIH L vkl S
WA e 0], HEPULLHFST, 1989(3): 269-278. ]

[2] Liu Dongsheng. The loess and environment[ M ]. Beijing: Sci-
ence Press, 1985. [XIZA4: . # L 5HEE[M]. dbat: B4t
Wit 1985. ]

[3] Chai Yucheng, Tian Xingyou, Ma Fuchen. The role of past
global changes (PAGES) research in China in the international
academic community [J]. Science Foundation in China, 1998
(2): 134-136. [SeF M, WA, DAREL . E i Sars) i3
B a2 ERAE B T]. T E R A, 1998 (2)
134-136. ]

[4] Deng Chenglong, Liu Qingsong, Pan Yongxin, et al. Environ-
mental magnetism of Chinese loess-paleosol sequences [J].
Quaternary Sciences, 2007, 27(2): 193-209. [ B Jg, X1
By, WAKAR, . B R REERE A (T). BRI 5T, 2007,
27(2): 193-209. ]

[5] An Zhisheng, Kukla G, Liu Dongsheng. Loess stratigraphy in
Luochuan of China[J]. Quaternary Sciences, 1989 (2) : 155-
168. [“41f/E, Kukla G, XUAA: . i1 3 Ri)2 % [0]. 450
ZLRFSY, 1989(2): 155-168. ]

[6] Lu Huayu, An Zhisheng. Paleoclimatic significance of grain
size of loess-palacosol deposit in Chinese Loess Plateau [J].
Science in China: Series D Earth Sciences, 1998, 28(3): 278-
283. [FEALKE, ZE R B b I R AR R RS
Ly]. mEFE: D MR, 1998, 28(3): 278-283. ]

[7] SunYB, AnZS, Clemens S C, et al. Seven million years of
wind and precipitation variability on the Chinese Loess Plateau
[J]. Earth and Planetary Science Letters, 2010, 297 (3/4) :
525-535.

[8] SunY B, Ma L, Blomendal J, et al. Miocene climate change
on the Chinese Loess Plateau: possible links to the growth of
the northern Tibetan Plateau and global cooling[] ]. Geochemis-
try, Geophysics, Geosystems, 2015, 16(7): 2097-2108.

[9] Song Y G, Fang X M, King J] W, et al. Magnetic parameter
variations in the Chaona loess/paleosol sequences in the central



38

TR RNAF : 22 M PUHEBE - SRR I SR A 28 DU 28 Ui b

815

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Chinese Loess Plateau, and their significance for the middle
Pleistocene climate transition[J]. Quaternary Research, 2014,
81(3): 433-444.

Zhao Jingbo. The essence and formation model of the loess[J].
Acta Sedimentologica Sinica, 2003, 21(2): 198-204. [ X 5
P E AT SRR ] FIBER, 2003, 21(2)
198-204. |

Sun Jianzhong. On the genesis of the loess in China[J]. Scien-
tia Geologica Sinica, 1980(2): 194-200. [#hadrfr. # 4 agH
[AEEHIIRIT [T ). HuBTREF:, 1980(2) : 194-200. ]

Ji Junfeng, Chen Jun, Wang Hongtao, et al. Crystallinity of il-
lite from the Luochuan loess-paleosol sequence, Shaanxi Prov-
ince: Indicators Origin and paleoclimate of loess[J]. Geologi-
cal Review, 1997, 43(2): 181-185. [ iR, Wik, Tk,
S5 BRVE IS 1 2 bl S TR A R B R
AR AN BRI AR R [T]. ML BTIRTE, 1997, 43(2)
181-185. ]

Ji Junfeng, Chen Jun, Balsam W, et al. Quantitative analysis
of hematite and goethite in the Chinese loess-paleosol sequences
and its implication for dry and humid variability [ J]. Quaterna-
ry Sciences, 2007, 27(2): 221-229. [ Z=IR1%, BfIR, Balsam
W, A5 B R R R R AT S TR
ARAERTFE [T ]. SRPULLNSE, 2007, 27(2): 221-229. ]

Ning Youfeng. Reviews on the quantitatively reconstructing pa-
leoclimate and paleovegetation based on carbon isotope of soil
organic matter on Chinese Loess Plateau [J]. Geological Re-
view, 2010, 56(6): 851-857. [T % . ¥ LA LKA 3
5l SRS AP SR RE[T]). 5083, 2010, 56(6)
851-857. |

Liu Hu, Liu Weiguo. Relationship of plant leaf wax n-alkanes
molecular distribution characteristics and vegetation types [J].
Journal of Earth Environment, 2015, 6(3): 38-49. [X|&, Xl
UL L O TE R e K S A A A ) 9K AR
[J]. HuERFRIF24R, 2015, 6(3): 38-49. |
Tian Shaohua, Xiao Guoqgiao, Yang Huan. Application of
Glycerol Dialkyl Glycerol Tetraether lipids in paleoenvironment
reconstruction of loess deposits: a review of recent progresses
[J]. Advances in Earth Science, 2020, 35(5) : 465-477. [l
AAE W ERE, AR GDGTs 76 8 4 ity B4 1 2 v i it o ik
JelT]. uEkBlEiERE , 2020, 35(5): 465-477. ]

Wang Haibin, Chen Fahu, Zhang Jiawu. Environmental signif-
icance of grain size of loess-paleosol sequence in western part
of Chinese Loess Plateau [J]. Journal of Desert Research,
2002, 22(1): 21-26. [TEHEGL, BRA&rR, SR, 4w
s DX T ok I B BRI AR R B LT ] A R P, 2002, 22
(1):21-26. ]

Zhang J, LiJ J, Guo B H, et al. Magnetostratigraphic age and
monsoonal evolution recorded by the thickest Quaternary loess
deposit of the Lanzhou region, western Chinese Loess Plateau
[J]. Quaternary Science Reviews, 2016, 139: 17-29.

Liu Xiuming, Mao Xuegang, Ding Zhongli, et al. Study on
the relation between loess paleoclimate trend and uplift of Tibet-
an Plateau[J]. Quaternary Sciences, 2009, 29 (5) : 988-999.
(X5, BN, TAEL, 5. 3 bl At 3 5 7 i
T OC R WIERLT . HEUZEHTSE , 2009, 29(5) : 988-999.
Wang Yang, Liu Xingxing, Li Zaijun, et al. Major elemental
compositions of Tertiary sediments in Lanzhou Basin and their
paleoenvironment implication [J]. Journal of Earth Environ-
ment, 2016, 7(4): 393-404. [ i, XIERE, ZH%, 5. 2
M 5 = 20 BORR TR AR A O BRI R [T, 3
BRIREE A4, 2016, 7(4): 393-404. ]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Yang Shengli, Fang Xiaomin, Li Jijun, et al. Studies on the
qualitative and semi-quantitative relationship research between
the topsoil color and climate [J]. Science in China: Series D,
2001, 31(Suppl 1): 175-181. [# R, Jr/hMg, 22353,
A REFEMAUREE R ERRROIRT]. hER.
D, 2001, 31T 1) 175-181. ]

Liu Liyun, Lu Ruijie, Liu Xiaokang. Climate change in the
Mu Us Desert since Holocene based on soil chromaticity [1].
Journal of Desert Research, 2019, 39(6): 83-89. [XlIZ5H), &
Byt , X/ KOO B 1T SR 1 B 5 Vb 4 tH LA
KAMRARALLT]. TPIETHE, 2019, 39(6): 83-89. ]

Chen Yimeng, Chen Xingsheng, Gong Huili, et al. Soil color:
a new sensitive indicator for climatic change[J]. Arid Land Ge-
ography, 2006, 29(3): 309-313. [F5i—i, PR24HE, ETHE 77,
. BEHO ., AR R UNIRRT ] TR X
#, 2006, 29(3): 309-313. |

Sun Y B, Liu H, Liang L J, et al. Changing color of Chinese
loess: geochemical constraint and paleoclimatic significance
[T]. Journal of Asian Earth Sciences, 2011, 40 (6) : 1131-
1138.

Wang Qiansuo, Song Yougui, Li Jijun, et al. Characteristics
of color in Chaona section and its paleo climatic significance
during the last glacial-interglacial cycle[J]. Scientia Geographi-
ca Sinica, 2015, 35(11): 1489-1494. [ ET-8, KAkE, 2
¥y, A R KT~ 6] PR T [ s B A B0 AR R A
HX[T]. MR, 2015, 35(11): 1489-1494. ]

Ding ZY, Lu R J, Wang L D, et al. Early-mid Holocene cli-
matic changes inferred from colors of eolian deposits in the Mu
Us Desert[J]. Geoderma, 2021, 401: 115172.

Chen Jie, Yang Taibao, Zeng Biao, et al. Chroma characteris-
tics and its paleoclimatic significance in Pamir loess section,
China[J]. Acta Sedimentologica Sinica, 2018, 36(2) : 122-
131 [BRAS, Bk ft, W, . EIR KX 28 4 B
JIE A5 AL RR AT Bl S 7 LT ). DURR 2R 4z, 2018, 36(2) -
122-131. ]

Cheng Yu, Qiao Yansong, Liu Zongxiu, et al. Magnetostratig-
raphy and chroma records of a red clay formation near Lingtai
County of Gansu Province[J]. Quaternary Sciences, 2014, 34
(2): 391-398. [#Hi, FrEfh, XIRT5, 5. R G HZELL
LA R R A EIC R [T ] SR ALHESY, 2014, 34
(2):391-398. ]

Gao X, Hao Q, Luo W, et al. The different climatic response
of pedogenic hematite and ferrimagnetic minerals: evidence
from particle-sized modern soils over the Chinese Loess Plateau
[J]. Quaternary Science Reviews, 2018, 179: 69-86.

He Liu, Sun Youbin, An Zhisheng. Changing color of Chinese
loess: controlling factors and paleocliamtic significances [J].
Geochimica, 2010, 39(5) : 447-455. [fil ¥, #h A7 3k, %0
Az o AR R PR PR R A U ST . R
%, 2010, 39(5) : 447-455. ]

Shi Peihong, Yang Taibao, Tian Qingchun, et al. Chroma
characteristics in the loess-paleosol at Jingyuan section and its
signification to paleoclimate[J]. Journal of Lanzhou University
(Natural Sciences) , 2012, 48(2): 15-23. [A 3%, B,
MRS, 4. M i b—h e @ A AR Al o3 HT Sy U
SO 2N CH AABEARRD , 2012, 48(2): 15-23. ]
Wang Q S. Color characteristics of Chinese loess and its paleo-
climatic significance during the last glacial-interglacial cycle
[J]. Journal of Asian Earth Sciences, 2016, 116: 132-138.

Hu Mengjun, Li Nana, Zhang Yayun, et al. Variation charac-
teristics of chromaticity parameters and environmental evolution



816 7K I 1 43 &
of aeolian sand-paleosol sequence in Qinghai Lake during the Palacogeography, Palaeoclimatology, Palaeoecology, 2005,
past 32 ka [J]. Quaternary Sciences, 2020, 40 (5) : 1105- 226(1/2): 149-166.
1117, [SHEEEE, 280505, KW =, 48, 3 32 ka LLRFEF B [46] Liu Dongsheng. Loess and arid environment[M]. Hefei: An-
KD =ty 3 791 0 8 S 5O AR S RS i AR [T ], 55 Y hui Science and Technology Press, 2009. [ X444 . #+5F
485, 2020, 40(5): 1105-1117. ] BB M. AL LRAEAEOR AR, 2009. ]

[34] Li Yang, Fang Jing, Pan Long, et al. Application of sediment [47] Fang X M, Ono Y, Fukusawa H, et al. Asian summer mon-

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

chromaticity in paleo-environment reconstruction [J]. Advanc-
es in Meteorological Science and Technology, 2018, 8(6): 24-
29. [Ztg, Jrkdh, WhbE, A5 DU GUBELE I PR A b Y
REFLT]. SG RGN, 2018, 8(6): 24-29.

Ding Min, Pang Jiangli, Huang Chunchang, et al. Chroma
characteristics and its climatic significance in Holocene loess-
paleosol sequence: a case study of the Holocene Liangcun pro-
Journal of Shaanxi
Normal University (Natural Science Edition), 2003, 38(5) :
92-97. [ T, Peehil, AR, . St Ly
H (0 BE R B SR S DAY S P A0S S AR v o 451 [T ).
WP R~7224 (A ARBHERRD . 2003, 38(5): 92-97. ]
Chen J, Ji J F, Balsam W, et al. Characterization of the Chi-

nese loess-paleosol stratigraphy by whiteness measurement[J].

file in the western Guanzhong Basin [J].

Palaeogeography, Palaeoclimatology, Palaeoecology, 2002,
183(3/4): 287-297.

Lanzhou Compilation Committee of the Chorography, Lanzhou
Compilation Committee of Natural Geography Chorography.
Lanzhou chorography 2: natural geography chorography [M ].
Lanzhou: Lanzhou University Press, 1998. [ 22} 17 #b Jy idi 4
WFZH S, Ml AR R LR RS MRS 2%
FISRM R (M. 22 22 Rz AL, 1998, ]

China Weather Network. Introduction to Lanzhou City [ EB/OL ].
[2021-06-10]. http +/lwww. weather. com. cn/cityintro/101160101.
shtml. [ A ERACR . 22k AT 4 43 [EB/OL . [2021-06-10].
http : //www. weather. com. cn/cityintro/101160101. shtml |

Ju Tianzhen, Zhu Yan, Chen Xuelin, et al. The historical suc-
cession of vegetations in Lanzhou [J]. Acta Botanica Boreali-
Occidentalia Sinica, 1997, 17(6): 62-66. [ H X%, ki, i
AR, AL MM DR B P S (T ). e LR A E
1997, 17(6) : 62-66. ]

Wei Ying, Dai Lilan. Vegetation and environment in Lanzhou
[J]. Forestry of China, 2010(1): 55. [BEEE, fR372%. 22HIAY
RS ERELT ], PR, 2010(1): 55. ]

Zachos J. Trends, rhythms, and aberrations in global climate
65 Ma to present[J]. Science, 2001, 292(5517) : 686-693.
Han Jian’en, Yu Jia, Zhu Dagang, et al. The sedimentary and
environmental evolution on Yellow River source area during
late Cenozoic era[J]. Geological Bulletin of China, 2011, 30
(12): 1941-1949. [$EER, Aofl, ARKRRG, 4F. BRI

BRI S AW oE [T]. HUSGEHE, 2011, 30(12) -
1941-1949. |
Wu Fuli, Fang Xiaomin, Ma Yuzhen, et al. A 1.5 Ma pollen

record of paleoecologic environment evolution in the central
Chinese Loess Plateau[J]. Chinese Science Bulletin, 2004, 49
(3):295-302. [RARA, Jr/MEL, SEIT, 55 b mEAIs
1.5 Ma LIk oy 2B 25 36 558 3 Ak g fL py i sk 0], Bl il i,
2004, 49(3): 295-302. ]

Chen F H, Bloemendal J, Feng Z D, et al.
soon variations during oxygen isotope stage 5: evidence from

East Asian mon-

the northwestern margin of the Chinese Loess Plateau [T]. Qua-
1999, 18(8/9): 1127-1135.
Bloemendal J, Liu X. Rock magnetism and geochemistry of

ternary Science Reviews,

two plio-pleistocene Chinese loess-palaeosol sequences: impli-

cations for quantitative palaeoprecipitation reconstruction [J].

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

soon instability during the past 60000 years: magnetic suscepti-
bility and pedogenic evidence from the western Chinese Loess
Plateau[J]. 1999, 168 (3/
4): 219-232.

Sun Y B, Chen J, Clemens S C, et al.

variability over the last seven glacial cycles recorded by a loess

Earth & Planetary Science Letters,
East Asian monsoon
sequence from the northwestern Chinese Loess Plateau [J].

1-16.
Evolution of Asian mon-

Geochemistry, Geophysics, Geosystems, 2006, 7(12):
AnZS, John E K, Warren L P, et al.
soons and phased uplift of the Himalaya-Tibetan Plateau since
late Miocene times[J]. Nature, 2001, 411(6833): 62-66.

An Zhisheng, Zhang Peizhen, Wang Erqi, et al. Changes of
the monsoon-arid environment in China and growth of the Tibet-
an Plateau since the Miocene [J]. Quaternary Sciences, 2006,
26(5): 678-693. [Z1 A, sk, £k, 4. it Lk
] 22 W~ R B R AL 5 95 R SRR A R [T ). 5 P 2
7%, 2006, 26(5): 678-693. |

Kutzbach J E, Prell W L, Ruddiman W F. Sensitivity of Eur-
asian climate to surface uplift of the Tibetan Plateau [J]. The
Journal of Geology, 1993, 101: 177-190.

LiJJ, Fang L X. Uplift of the Tibetan Plateau and environmen-
tal changes [J]. Chinese Science Bulletin, 1999, 44 (23) :
2117-2124.

Li Jijun, Wen Shixuan, Zhang Qingsong, et al. Discussion on
time, range and forms of the rise of the Tibetan Plateau[J]. Sci-
ence in China, 1979(6): 608-616. [ Z=# ¥y, Ct&E , ki
By, A TR s A A A LR BE A SR B [ ).
Bl 1979(6) : 608-616. |

Li Jijun. The uplift of the Tibetan Plateau and Asian environ-
ment evolution[ M ]. Beijing: Science Press, 2006. [ 2% 1
T R T U BRI AR (M. Jb et B AL,
2006. ]

Cui Zhijiu, Wu Yongqiu, Liu Gengnian, et al. On Kunlun-Yel-
low River tectonic movement[J]. Science in China: Series D
Earth Sciences, 1998, 41(6): 592-600. [ 2 A, {H®k, X
BHE, 5. ST Re-8zsh” (1], pERY:: D#E K
%, 1998, 28(1): 53-59.

Song C H, Gao D L, Fang X M, et al. Late Cenozoic high-res-
olution magnetostratigraphy in the Kunlun Pass Basin and its
implications for the uplift of the northern Tibetan Plateau [7].
Chinese Science Bulletin, 2005, 50(17): 1912-1922.

Xiang Shuyuan, Wang Guocan, Deng Zhonglin. Deposit re-
sponse to important tectonic events of Cenozoic plateau uplift,
east segment of eastern Kunkun Mountains[J]. Earth Science:
Journal of China University of Geosciences, 2003, 28(6): 615-
620. [WIRIT, FERA, XSk, RECHRBH SR
FEE R IR DR [T]. HERER: . o [ B R 2= 24
2003, 28(6): 615-620. ]

Wang An, Wang Guocan, Xiang Shuyuan. Characteristics of
river terraces in north slope of eastern Kunlun Mountains and
their relationship with plateau uplift[J]. Earth Science: Journal
of China University of Geosciences, 2003, 28 (6) : 675-678.
[ER, EREM, MR, RECILARBAS R A F &
FH ST T] BB BT R = 4
2003, 28(6): 675-678. ]



38

TR RNAF : 22 M PUHEBE - SRR I SR A 28 DU 28 Ui b

817

[59]

[60]

[61]

[62]

[63]

Zhu Xiaomin, Kang An, Han Dexin, et al. Relation among
Quaternary environmental evolution, tectonic deformation in
the Qaidam Basin and uplifting of the Qinghai-Tibet Plateau
[J]. Chinese Journal of Geology, 2003, 38(3): 413-424. [k
TR, T2, SR, A SRR G AR DU 20 PR 8 F)
ARTE 5 R BB TR G R [T]. M BTRE, 2003, 38(3)
413-424. ]

Pan Baotian, Li Jijun. Study on the geomorphic evolution and
development of the Yellow River in the Hualong Basin [1].
Mountain Research, 1996, 14(3): 153-158. [ L H , 7%
¥ fepE b S AL 5w R AR T]. e,
1996, 14(3): 153-158. ]

Pan B T, Su H, Hu Z B, et al. Evaluating the role of climate
and tectonics during non-steady incision of the Yellow River: ev-
idence from a 1. 24 Ma terrace record near Lanzhou, China[J].
Quaternary Science Reviews, 2009, 28(27/28) : 3281-3290.
GaoH S, LiZM, Liu X M, etal. Fluvial terraces and their im-
plications for Weihe River valley evolution in the Sanyangch-
uan Basin[J]. Science China: Earth Sciences, 2017, 60(3) :
413-4217.

Li Jijun, Fang Xiaomin, Ma Haizhou, et al. Geomorphologic
and environmental evolution in the upper reaches of the Yellow
River during the late Cenozoic[J]. Science in China: Series D,
1996, 39(4): 380-390. [ 1y, Jr/Mi, Silgdl, 5. Wk
A AR b Ui S A S T R e I [T ). P ERE: D

[64]

i, 1996, 39(4) : 380-390. ]

Meng X Q, Liu L W, Miao X D, et al. Significant influence of
Northern Hemisphere high latitude climate on appeared preces-
sion rthythm of East Asian summer monsoon after Mid-Brunhes
Transition interglacials recorded in the Chinese loess [J]. Cate-
na, 2021, 197: 105002.

Sun Y B, Clemens S C, AnZ S, et al. Astronomical timescale
and palaeoclimatic implication of stacked 3. 6-Myr monsoon re-
cords from the Chinese Loess Plateau [J]. Quaternary Science
Reviews, 2006, 25(1/2): 33-48.

Xu X W, Qiang X Q, Hu S, et al. Records of the Mid-Brunhes
Event in Chinese loess-paleosol sequences [J]. Palacogeogra-
phy Palaeoclimatology Palacoecology, 2020, 543: 109596.
Huang H-H M, Yasuhara M, Iwatani H, et al. Deep-sea ostra-
cod faunal dynamics in a marginal sea: biotic response to oxy-
gen variability and mid-Pleistocene global changes[J]. Paleobi-
ology, 2019, 45: 85-97.

Crundwella M, Scotta G, Naish T, et al. Glacial-interglacial
ocean climate variability from planktonic foraminifera during
the Mid-Pleistocene transition in the temperate Southwest Pacif-
ic, ODP Site 1123 [J]. Palaecogeography, Palaeoclimatology,
Palaeoecology, 2008, 260(1/2): 202-229.

Barth A C, Clark P, Bill N S, et al. Climate evolution across
the Mid-Brunhes Transition [J]. Climate of the Past, 2018,
14: 2071-2087.

Quaternary climate evolution recorded by loess chromatic
proxy in Xijin, Lanzhou

SHEN Manli', ZHANG Jun', HUI Zhengchuang’

(1. Key Laboratory of Western China’ s Environmental Systems , Ministry of Education, College of Earth and Environmental

Sciences, Lanzhou University, Lanzhou 730000, China; 2. College of Environment and Planning ,

Henan University, Kaifeng 475004, Henan, China)

Abstract: The chronology of Xijin loess section on the southern bank of the Yellow River in Lanzhou Basin was
already founded reliably, thus, which was selected as a carrier to deeply study the Quaternary climatic evolution
in the western Chinese Loess Plateau. The 417 samples at the same intervals were measured with a Minolta CM-
700D spectrochromometer, and the record sequence of chromatic proxy in the Xijin section was obtained since
2.2 Ma ago. The results show that the climate evolution has undergone an overall trend of gradually drying and
cooling since 2. 2 Ma, with the published records of other paleoclimate proxies, the surrounding area and global
stacked deep-sea 60, and which may indicate the impact of the global climate cooling during the Quaternary.
Moreover, two significant climatic events were also found at about 1. 24 Ma and 0. 43 Ma. The winter and sum-
mer monsoons were synchronously strengthened after the event at 1. 24 Ma, which was consistent with the begin-
ning time of Kun-Huang Movement. This event may be driven by the uplift of the Tibetan Plateau. However,
the event at 0. 43 Ma in Lanzhou area is sensitively responsible for the global Mid-Brunhes Event (MBE). It is
also shown that Quaternary climate evolution in Lanzhou area may have been regulated by both the uplift of the
Tibetan Plateau and global cooling, and both impacts to different climate events may be different.

Key words: Lanzhou; Xijin loess; chroma; Quaternary; climate evolution
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