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YT e HB A EESE R R R L Sl T VD s R DT & B ) 22 1) A RRIE SO S RSO R W AR
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0 5l5

AR B 2 X3 AR BT o3 AT T 22 U
o H WL, 24 s T T A LSO T 2= XA I
T 8 1) B A (B R AT L 19915 IMARARSE , 1995)
A7 5 EAE T R T R XU
WA B %A Al 43 (Huang et al.,2016) . S ZE KU
) N HORH I 8 88 7K R B A A [) 2 ) RUBE | 70
AR DX B B G AR AR T S ), I KR
3 HE S 15 (Shao et al.,2011; Yang et al. ,2015; Xu
et al.,2020) . HEAL TP RTIRYIZE 5 F &
AR B, TR R AT AR R 5 AR Z ] Y
K FR T A R 2 DX A B W 2 XU T Ak

H 20 22 90 AEAR LUK , [ N Ah2 AR ST DURR
Yk B (I T JERY G R
ER AL 2F R AL %) (Lu et al., 20065 Xu et al., 2014;
Chen et al., 2015; Sun et al., 2016; Liu et al., 2017;
Ding et al.,2021; Liu et al.,2023; Shen et al., 2023 S
TR S AN 7 Z R C R 7 T 1 K L
VB, RS, T REFIIXRIOC R . (VR TR Y i
HMAYRAEZ —, 52U B IR G R UR 5 37
B AR ALF o A5 20732 W (Ding et al.,2021) o 1
DU AR AT EHERAT BOTE RN &5 [R) R 5 PR 0
AR, H 3 WE A R 7R R IR KX
ST ARAZAK (Shen et al.,2023) o HEALFEXF T
TRV ) R O RO, FEZ BRI R

rFa B H5:2024-03-23; & B B #7:2024-05-15; T F B #1:2024-07-15 ; M 28 H it B #1: 2024-07-15
HEEWB : HEARBFEESTH (42171006, 41601200) ; B Ip T4 H AR R34 30 H (Z2D2023D003) 3 B /R EIFTE K211 R sh 41 |

(XKB201418)
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52, BEAIS S it DX 3R 4 7K (X1 55 86 %5, 1990, 19935
Hi,2001)

VIR S VD M T IR R Iy Vb8 - s R A
B2 B R 1 T, V0 M DI 2 A
HiL T 3 550 A KK BRI A B B B B ek, 2
TE RS AR A 5T B BEAR R AR (Liu et al.,2017) . Wi
N 38 38 v U0 b KU Vb — iy - 37 81 () I 92 3=
B, K I5F 20 S8 R 25 S0 25 XKV 3K T /b e 2 =
St R AR TR, XUk B o R, KU
55, KB [ R, DAAR R M DX % 2 159 s A AR
(Chen et al.,2024) . i 4#TH g 2 2= XU 55 , A%
T8 KRG shsm ZL SRR T 2k E Bk LR
IR — A e ) T AR e BDAGR R R (H RS A 0]
Fh W0 B RS AW R AR (2 £ 3%, 1991, Fan et al.,
2017; Chen et al.,2024) o #B43274 3 X 7R 3 2 A T
AIC 53, F 7 i L G 2 T S VU5l X A7 28 7
K 7K I I] 4 FH B9 5200 (Goldsmith et al. , 2017 ; Zhou et
al.,2018) , {HJ& A BB 43 B T BE MR /K 25 B i 52 {5
5o AL, B RS bR S B A S B Y G
ZA 1 AN BHAA AT A X 5, Y 35 58 v VD Ml
A JEIFZALBIFTE , 3 BRI T A0 DXk oty A ek it
TR TR D K 2 X Ab 45 5 T T 9 o

PRI, A BRI 93 0 V2 3 3K o U0 Ml b SR OB R
PEATCLRE IR R (Hm/Gu) DL S A 3R 55 43
BT, BB VD b A SARA R FFE AR 19 23 R A AL RRAE , 55
BRI SR TR . WS RTINS
IRV AN R R bR S B TR R
VAR T VD i v IR AR AL KR T Y T AR A
P HEAEEZ L,

1 W5 XA

PR TV e E PO RV — (1) i T
PR S5 i B P S 0 S e S R T S, VD K BUN AR
] P4 A6 77 18] 43 A5, 10 AR 2 29 500 km’, ¥ 4R A F
1 000~1 500 m. Hrp [ —2f [ v B 5 v e B
TR 98% , T i 3D AL 7 2% (X84, 2021) . %
b DX S 7 T J4 0 %) 2 i 2 AT g P b
XUEZI , J& T Hr s KBS, b T R —f 52
P . PR K S T 185~400 mm, 4T 4
1.3 C~5.1 C, &F W ZHEPFET—9 H (Sun et
al.,2001) o 2%HiH 7R 1) PG A1 B 7K o 52 00 320 il s 9%,
A X R SR S, AFP- 34 KR 3.2~5.5 m/s. 5T IXAH

B EA B IR YE | iR AR ) VIR R s |
INFIFE R (5P, 2021) 6

2 MEEINE

2.1 MHMmEE

b 2 DR i 1 R S 108 2 U 5 5K S VD i i
SN S ST i o S T S E g 2 (PN
AR—FEF 1 35 HAR—I5 e e T — L ARV T
Bk, RAESAAEEER 112°0~117° E, LR
42°~43° N, R IR 7 —2F: [ V0 55 RS U0 R i 32
A b FRIR N 1~32) 0 N TR FE R AR,
FAEHFBRR)ZE 0~5 em VD 42, 2R AE 5~10 em FE 4, [F]
IO SRR SR LR BE AR . RAFAL B B KR |
70 B [ IR N I Sl ) X, R AT gkt A
N AL Bh I sEm
22 DRRBIELESE

BREM AR E ARG, i 2E /N F 63 pm
FZH 3, DI G ks B A 40 X S AR S o XA
1118 )2 5 GTE 2> #T (Diffuse Reflectance Spectroscopy,
DRS) , ZEMNHT , SRRV KA T E8 I IE . FREX
21 g RbERLF (AR S 2450 i I L, 5 SR i 58
PRI A R E L Agilent Technologies 2>
H] Y Cary 4000 UV-Vis B Sh—nT UWLA3S65 0 EET, A
1 nm K [8] B %t 300~800 nm f4 7] WG Be AT H14 .
W AR AE o BT 2 (Ro%) b AT — B S 8G T3, H
DIPTSR AR BT i W e B I 35 Y L
(ZEF4EESE,2012; Jiang et al.,2014) . DRS 23 Hrill iz
FE MG 7R T D K2 0 HE Al B A B0 A S 0
EIE,

{5 43 Hr R S IR CM700d 206 (/U AT,
fdi 1] CIEL*a'b' 2 8 RGER AN A T I B A1k, %
RS F B Rl A (L) L0 (a) FIEJE (b7) 3k
TE A IR EE 5 Y (6 25 4k (Robertson, 1977) . o
LR B T 0B ) ~100( 1 5) ;a TR
J& A T 60 (445, ~60(£1.40,) ;b AR B i, A5 4k,
A F-60 (5 () ~60 (B0 ) . A EI R, B 5%
FIFASGER S AR I 3 A B AR O e 15 e ik
TR IE R JE ARIBGE 1/ T 63 pum MYRE S 345 b 3
S AEM I, R B 388 R Fe SRR o Al A 3
TEAEIR 22, B AR T 3 A X Btk A7t , B 28
EAE AR R A L AT b

{i 4 [ Bartington MS2B 4 b R ALFEA T REAL R
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Maps of study area

(a) DEM map of East Asia; (b) isothermal and isoprecipitation lines in the study area; (c-f) topographic map of 7, 15, 24, 32 sampling points

D, R FAR TS & T s i & b AT PR,
Wil J 1A TARABI R A6 23R (470 Haz) s ARG Ak 2% (4 700
Hz) It 0 A A ot A 7 T T D BB X 1, 4
A 2B B RE TR O,) R R B3RS A8 () L OF
B L B 2 R R (%) o THEE AR
Xu% = (X = X)X X 100 (1)
0 IR AL A8 S0 AR M K T I R 27 FE X Ml B
S I S ) A IR S R R R R
AT
AHIFSE A8 FH A S5 804 U5 1 WorldClim 25040 48
www.worldclim.org, %5 [8] 73 FHEF K 1 km?, fRAS N 2.1,
I ]2 1970—2000 4F- o fif I ArcGIS B X R AE £
HEAT 3 v B 47 1R, AR A5 A N Y 4R 2 R OK
(Mean Annual Precipitation, MAP ) AF ¥R (Mean
Annual Temperature, MAT),

3 4

31 BETHFHE
T i % 32 AN R FE S AR, A T A T

U0 B b 2 DT AR £ B Y 25 [R] AR Ak AR AE (]
2a~c) . ZEREW,a b AYAELTE BN, AR E
PUBRBE A R G S s, Horh 2 i/ ME R 3.87,
i KAE M 8.26, % 2l X [H] 2 3.87~8.26, “F- ¥ {H N
6.03. T b i/ ME M 9.89, i KAH M 17.44, B 51X
[6] 4 9.89~17.44, -3 {H H 14.19, 34k b b Ay 1k
IR Ta', Ha 5 b Z AR . L iYAE1E
TEFEIAS T, AR 2 P 8T B 8 A AL R , e (B
59.54 , 5/ MH A 48.80 , i 1 [X [H] 4y 48.80~59.54 , *F- 1
fE°h54.72,
3.2 EECERTHEHE

AL R MR G ST e W (1] 2d~F)  fRAT RE AL R (x,)
5 REAR 2 (x,,) 22 AT Tl A R] DA 7R 40 281 P s i
RS A e e 3, HLAR AR A B A/, P ARk
WG B R o AP AT A 23 19 8 Ak 1R R 2.26%10°~
37.61x10% m’ kg, FHI(EH 13.41x10% m*-kg'o i
WAL ZR 728 A3 B 2.05%10°~36.95% 10" m* kg, -
PIE M 12.81x10% m* - kg, BARMEAAR . H 4 HLAR
AR (x% ) A8 AL R 0.27~16.21, F- 3 {H R
7.64, RN VG AR
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Fig.2  Spatial variation of chroma, magnetic susceptibility and DRS of surface sediments in Otindag sandy land

(a-¢) chroma index change diagram; (d-f) magnetic susceptibility index change diagram; (g-i) Hm/Gt change diagram and Gt, Hm first derivative peak height change diagram

B RS E T AAHE

18 5615 — B 3 BN RE 08 U0 2R k™ A
Bk, 1 B AT Do Hgk A 72 2 540 H7 (Cudahy and
Ramanaidou, 1997 ; Jiang et al.,2014) . WFFE M, ok
BRE B — B SRR E R SRS A X (e
al. ,2004) o 35K e VP R Z DI Y8 s
B — B AL A = AR g 48R T RE S R Rk
AR 1 & o P AT A 535 nm, IRIE
TE 435 nm B 5 SRERAT (U 7E 565 nm i, {HEF
R 320 oy A2 FEARZN, AR BT — B T BURR IR 05
SEm R R ORGSR A8 /R Bk 1 & /. IR
N (B 2g~1) , DRER— B S 2004 5 4 T 0.08~0.19,
XU = N 0.14, BFER BT — B 5 50 & A T 0.06~
0.09, F-#JU4 E 4 0.07, Hm/Gt{E A+ T 1.20~2.73, F
YA R 1.85, B A AR ] PE 5 A .

e

41 BESHSSERTFZENXRE
HEAF 5T 2 W, A ) b X0 B 2835 B 3R B3 15 B
FEARARR . i, 723 E g AL T 5 X R TR L
5a' b Z A BRI, H 2 Fn b Z [al HAT 1R
U AR OGN, HASHR bR 5 K Z [ AR DGR i (i
1BYEAF,2013) o FET R IR R e AT T A iR )R
TURRY) &' b 5 B /K Z [ A AE B A R AR G T 55 7

33

4

JE 2Z (A1 A B I AR AR O 1 CR B D4, 20165 7™ i
%.2017) . HREELRR, T 55T Z
FIFARIA G, S L5 Rk R 52 A4 R A o6
P, RRAZ T 47 b S LA AR Ak (2T 45, 2013) o 7E
A EE T, AR DLR VD Ml B R R X
ST DI B RUSGHERR ) , & mT LAAE A X3 A
TR, o MR IR B XA 08, WG X
Hi DX 1 S0 R BE 157 (Chen, 2009 5 #X FiE 45
2023) . AR, a" M/, W B 2 RUAE D55 L A A
Bt RhE.

PREER P R 4 2" b S S BT
FMEA (K 3) , 45 5 R a Al b S54RI Rk 22 18] 6
PR B S ) 1A O S6 FR (R 43 510 R 0.77 10685 1A
3b,c), 5 Z R FR I B A IE A O OE R (R
AR 0.79 F10.62; K 3e,f) . TEESEFEARH, a (HAS
SR SN YA O, R BT B K R
o RAE , 0 R AR S TR A R4 (L
AERIAALTE AR TR0 B (B RAE,
2012) . TERPELIRIE M S5 T b 45 5 32 th iE R ER
H R SRR AR G At R B ) A DCUE T B K
HIRZI (Wang et al.,2016) o AHXTTI 7, T IX a il
SERF R AE PRI T b DR R, e R 1
Z R E A EAM R RS 0 Y5 W o O
PEBES & R 58 AL TR B, T8 R
a b HzIE [ A0 (R M 45, 2014) . BFSEIX 2 Fl b
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Fig.3 Analyses of correlations between chroma parameters and climatic factors
(a) L vs. MAP; (b) a” vs. MAP; (¢) b vs. MAP; (d) L" vs. MAT; (e) 2" vs. MAT; () b* vs. MAT

FEME I i (R 26 2800 0.87,P<0.01) (£ 1), X i3t
B " F1 b AR 7T 82 e AHBL A M DR 41 K — A
A At AE AR 1l DX A5 2] T 58I (8 1555, 2013)
AN, WF5EIX a5 MAP &2 B E A A G &R, X —
S5 ] b DR AL (PR T L T R
AN[F] (Tang et al.,2023) . H T a5 MAT 5 i 2 A 1F
K ZR, HIFSE X MAT 5 MAP 25 i) | 5 2 [) 748
b, 5 3 Pl Ry A A A DA BB R 3L D
JEFYIIE T BE L " I RE I R R o

LN, AR D SEMER B R e R T B L H
S BB R I, 7R MR S D, P 2 (]
AR DG M 2548 22 CA R 245 ,2012) o T HAEDTRR
FEH T M ERH Y A L B A R 2
SR b B AL (A 552245 ,2012) . VIR TRV MR
KR 2 R AR A, R KA T TR A 5
W AR T AR R A A A, T B e (E A B
b'/a’ >y V8 RE 5 2T RE Y LU AE, BRARAT Ml Sz ke - S v Bk
5 AR (Gu/Hm) AT 35 5 A9 AR O 2% 2545
2020) . ¥ b'/a" HRAESEA 3B, b/a’ 5 MAP
EIEA I HR (MR R 0.87,P<0.01) ,b/a’
MAT 5 i A ¢ ¢ & (M ¢ R 200 - 0.74, P<0.01)

(F 1) BRI, ST/ RE (EE 5, Ui %
DX A8 LA, S 2, T30 B 32 bl IX P <40 L %
T GRURFE 45, 2018) o X — A SR s Vb HiK
MG o I B R s VD " b T b /a AT LA
Ve S A R8PS, H a fE X 5E X L
b XS PR (1A i 7 B g%

XL SRR F T T s R s LS
AR S5 [ K RAR 3538 2 [R] LT B AR IR AR
15 R AT REAN SR V3R 08 S vb b LB A9 AR AR A B 34
MR ZR . AR TR 5T L S AL
JOT ek RIS PR 5 1 £ O 22 B S 4 U (2 WL RN 1F
H,2003; TS, 2010) o 7 PRI SMEAAE T, B
WD, A B A B L3 N s ZERK R T
EERET AR TR AR B E T HEIES
B 0E S R LA AT LS ERIR S & 56
B WS BN P I Y 1E A DG (Sun et
al.,2011) HYE T2 —Fk T FE 110 rh L 55k R 55
T Z MR R LT EE S AR U B Sk
FRES & wb A B R R, W VD kR e & 2 W B
T2 [ RO sh VD B G B (B 4F5E,2019) 0 1k
Ab, ZAEYVE R, A LS 5 0 R0 et
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Table 1 Correlation analysis of each index

Ei7N MAP MAT £33 Xt X% L a b’ b/a”  Hm/Gt
MAP 1

MAT -0.87" 1

ZRE 0.95" -0.89" 1

Xt -0.77" 0.76™ -0.82" 1

X% 0.51° -0.36" 0.61" -0.47" 1

L 0.18 -0.06 0.27 -0.33 0.39" 1

a’ -0.88" 0.89™ -0.86" 0.73™ -0.38 -0.10 1

b’ -0.77 0.82 -0.72" 0.52" -0.20 0.30 0.87" 1

b'/a 0.87" -0.74" 0.817 -0.73" 0.49™ 0.53" -0.87" -0.55" 1
Hm/Gt -0.85" 0.84" -0.85" 0.74" -0.49" -0.26 0.94" 0.73" -0.89" 1

T 7R AR SCAEAE 0.01 2K OB ) B 52 25 485G 5727 A SCMEAE 0.05 K- (U ) b 235 4 ¢

B R E5 5 7= A2 T B A9 52 (Tang et al.,2019) o
H LA K, 15518 v v M e TR ) LA R
HIY b 1) B A e A A ) R 3, R B AU AN AR AR
AR E MBS RS U A 7 55 A8 A
HHR LAV R LA BN R, X
— NG IATE AP AR &, DF AR 28R
A e —F A e v B, o E A R — 22,
PR LR AR R A BB & R LA ARt T
By my, I RE T ARG R . 25 b SRR b
Hh o FE R A FR PR TE— 2 R e T i b IX AR R
R T2 )28 4k, a” b Hl b 7a BEWEAE NSRRI
FARARCHTERR , B a RIS X LG b A R - i)
o7 B JINARURR 5 T LA AR Ak T2 22 A2 AT R 1Y B R ),
ZE O AR T SO RIS I
4.2 BRECOEFEMSIEZBERXFR

IR R — R A AR TR
B, 28 B RS B X A R B
PR (B MERIEE,2001) o ARERE R KR 7E LA
TP BT 28 K EE AT R 5 TR T R A R Y
IR, K W b EL 3 A % (A B 155, 2001) 6
P Z AEAE A — M Se P0G R, HL AR bk A7 36
Be s, RRPR e T AR 5 52 I AR X L
B (Z=IRIESE ,2007) o % T ARERA™ FIEH R X K 4
AR U B R B B9 X AR R RN R 1Y
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TS Ho/Ge S B 78 1 B T 5 I
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WY, [ 8 e 2 e - — il R A
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AT, Hm/Gt FAB TR0 78 18+ R AR
A5 BT H/Ge He (B 3R BRI , [ Z IR8R (4
AR, 2020) o FATIPESER S S OKIE BEAR R
e T BB AT e AL R o A R 5 (B A TR Y T
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al. 2007 ; FRTAR5F,2023) o V535 5w Vb H PG &R K
FEAR TR B S b, T8 2 G 3 vy 1 v s, R 5
IV 34, 5 Hm/Gt HUABE S A AH — 3, 33Xt % W] Hm/
Gt 50 FRK i Z [ F A B IR R, T LUE
AR AR AR AR B L Ok YD M K SR A Y
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Fig.4  Analyses of correlations between Gt, Hm and Hm/Gt climatic factors
(a) Gt vs. MAP; (b) Hm vs. MAP; (¢) Hm/Gt vs. MAP; (d) Gt vs. MAT; (e) Hm vs. MAT; (f) Hm/Gt vs. MAT

A8 R AR IR ARk (257 R 55, 2013) o B
YR, 7R 0 22 KU = SR 2 e IO ) S WA AR R, i
152 1 eI Wt AR B, S R K 2 IR 7E
[ IE AR DGO 2R, BRI AT DA SR 46 7% 23 IXUTG 20 ) 5 59
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DX ] B AN i DA i 3 R ol S et o,
T b R A1 Bt I K ) 725 T R A S ) b X ) 266 B 45
AL

IR X R Z VORI 0L R () R {E I
RT3 i B (R34, 2012) , 36 W% X 0 g 1k
TR T 8 LRI . SRR R R
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Fig.5 Analyses of correlations between magnetic susceptibility and climatic factors
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The Meridional Variation Characteristics of Iron-Bearing Minerals in
Surface Sediments of Otindag Sandy Land and Its Environmental
Significance
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Abstract: [Objective] The study of the relationship between climate proxies and climate factors in sandy surface
sediments is highly significant when determining the reliability and applicability of climate proxies.[ Methods] In this
study, 32 samples of surface sediments were collected over a large spatial scale in Otindag sandy land. By analyzing
correlations between chroma, Hm/Gt, magnetic susceptibility and modern climate factors (average annual precipita-
tion and average annual temperature) , the relationships between each index and climate factors and their environ-
mental significance are discussed. [Results] The results show that the variation range of a and b” is small, and that
the overall trend from east to west is increasing: the minimum value of a" is 3.87, the maximum value is 8.26, and
the average value is 6.09. The minimum value of b" is 9.49, the maximum is 17.44, and the average is 14.24. a’ and
b" were negatively correlated with precipitation (correlation coefficients —=0.88 and —0.77, P < 0.01), and positively
correlated with temperature (correlation coefficients 0.89 and 0.82, P < 0.01), indicating that both a” and b™ could be
used as effective proxy indicators of climate change, with a” being the more sensitive to climate factors. The variation

range of L" was small, and no obvious change rule from east to west was evident. The maximum value was 59.54, mini-
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mum value 48.80, and the average value was 54.69. The relationship between L." and climate factors is not obvious,
and its change is mainly directly affected by vegetation ; it does not appear to have any obvious indicative significance
for climate. The peak value of the first derivative of hematite ranges from 0.08 to 0.19, with an average of 0.14. The
peak value of the first derivative of goethite ranges from 0.06 to 0.09, with an average of 0.07. The value of hematite/
goethite (Hm/Gt) ranged from 1.20 to 2.73 (average 1.88), and showed an increasing trend from east to west. The
correlation between hematite and climate factors is higher than it is for goethite. The ratio of Hm/Gt is negatively corre-
lated with average annual precipitation (correlation coefficient =0.85, P < 0.01), and positively correlated with aver-
age annual temperature (correlation coefficient 0.84, P < 0.01) , which reveals the sensitivity of both hematite and
Hm/Gt to precipitation and temperature. It effectively reflects changes of hydrothermal conditions in sandy land. In
low-frequency magnetic susceptibility () and high-frequency magnetic susceptibility (y,;) , the variation direction
of hf amplitude shows a constantly increasing trend from east to west. The percentage frequency magnetic susceptibili-
ty does not change significantly from east to west. The magnetic susceptibility of the region does not correlate well
with climate factors. The source of the sand material may be the main factor in its variation, emphasizing the complex-
ity and specificity of sand magnetic susceptibility changes.[Conclusions] a’, b", and b/a" are all effective alterna-
tive indicators for studying regional climate, whereas L is influenced by vegetation, resulting in ambiguous climate
information. Hematite and Hm/Gt values correlate well with climate parameters and are ideal indicators of moisture
and heat changes in sandy land. The surface magnetic susceptibility of sandy land is less affected by climate, reflect-
ing the complexity and specificity of magnetic susceptibility changes in sandy land.

Key words: Otindag sandy land ; chroma; Hm/Gt; magnetic susceptibility ; surface deposition





