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Relationships between surface soil magnetic susceptibility and modern
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Abstract  For proper understanding of the relationships between magnetic susceptibility and
environmental factors and the influence of climate, especially the temperature and precipitation, on
magnetic susceptibility, surface soil samples were collected from two environmental transections,
E-W and N-S, in eastern China, and the magnetic susceptibility of soil samples was measured.
Spatial distribution characteristics of soil magnetic susceptibility and its relationships with modern

climate parameters such as MAT, MARH, and MAP were analyzed. Results indicate that the X, and
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X,y values are high in the east and low in the west in E-W transection and that X varies complicatedly
with latitude and X, declines toward the north in N-S transection. At 0 C <MAT<12 C or MAP <
1 000 mm, X, rises with the increases of MAT and MAP. At MAT>12 C or MAP>1 000 mm, X,

shows the opposite change. Precipitation plays a primary role in the process of weathering and

pedogenesis, and the influence of temperature is secondary. The regression equations between X, and

MAP indicate that magnetic susceptibility can be used as a quantitative reconstruction proxy of

paleoprecipitation. The research results show that the reconstruction of the paleoenvironment using

magnetic susceptibility has certain limitation, and magnetic susceptibility reflects the change in

paleoprecipitation well in the area with 200<MAP <1 000 mm.
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Fig.1 Sites of surface soil samples in eastern China
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Fig.2 Spatial variation in surface soil magnetic susceptibility
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Table 1 Correlation analysis between magnetic
susceptibility and climatic factors for E-W

transection (n=152)
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Table 2 Correlation analysis between magnetic
susceptibility and climatic factors for N-S

transection (n=88)

MAT MARH MAP Xy Xy
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Fig.3 Variation in surface soil susceptibility with climatic factors
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Fig.4 Variation in surface soil magnetic susceptibility with the climatic factors in eastern China

4 VLG i A ) 4 R [ I 0
WF5E & BURE AL R Bl MAT Fil MAP ()38 i K 3507
15 °CF1 1 100 mm %A= %5647, Balsam 2% 45 48
NWFFEFERE, X 42 BRI FRLHS 1 X 3% 4 i Ak oK
5T IARRE K 1 0C R 58 R IR AL B e 7K S 3
Jed S I FHEAE 1000 mm 24, H @+

S A AR v fH AL R A= AE R 7K D9 1 000 mm 72
A RSB A S MR R T
MAT I MAP BU{EAFAE . B RAS A AT RESE
TR G AUREE 9 22 5 | R HE K M i
B FERK R X, K B
FIPCERE AT B LB AL A AT B RA /K 5



504 R B RS AR

%36 &

1R MBS % X B PR I R R R S
PR AAG I 5 71 155 R K A B A 56 5 RO
F&7K /T 1 000 mm i #0 X, G AL RARE 38 7/~ V51
WEE, A EHE R AR TR BT . WAL R 5 S
PR 14 2 2Rt s B /K R BB 6 - M i U A 44658
YRR A D55 VE o 2 IR JE R K KT — e fE
(MAT>25 °C ,MAP>2 000 mm) , Bk A8 © 241
JIN S ABE AT BN P R M AL R AR B I TR R

A BRI AT B A A ) B B I s T O
PRI B Pl PR R Y R A R AR R R
PR R R AR R Y A
T8 G s R T L I B (SP/SD, 20 ~ 25 nm )
B o R SARERES B AR AR B0 A A
AL FEA TR RS 1) BE AR T 70 Ry 2R #5737
(R R Bk DURRUR SR IR AT B . &k
FERRh G L0 W 7E TR s B p L — ik, —
WAL =, AR ER A K i AR 328 1 4
PE R RETRARA , 7 Ji S8 A PR 35 1 Pt A 4 A1
FRERA LR B, RGPS SR Y Ak
T 7 TR 3 S AR A R T AR R i
BB AL KA JFR B S B R 1Y
KRV AR IR, + e G AL R T 5 2) e Rk
W Ay A 3 R P = ) S R W T ) s R K R
B [ IR AL F a2 Kk 1) AR kT
(1 B34 & A 70 3 XUAR 1 - e rp 04 %) i
SN SCHFRE SRR 1) SRR WA, 50 LR R
IR 5 AL R ARk o AR SCAH + ERE AL R
AR AL LB RN IR AR L5

E-W Wit R 5 i X, 2 BB LT, + 54k
TR, HA B ek 50, H38Ah Ttk
A, TIRASHEA BT A ok s A gk, 9 B
FETF IR, W AR R A KR ) SRR 5 Ak 1Y)
HlE P R AR R o TR AR HEK A
RAFR S ST, w9 9 KA DAk 2 KAk
R R 0 E AR SR ER A T A 4 e A R
BEVER 0 B RO 7 SRR G A iy e R 4
IS AERE K LRGN O, B 7K O R P 9 e Ak
TSR T 51 0 b AL R B i 25 R
E-W Wi Al N-S W 1 b B 55 5 14 % A FH X R
TR REIL R KK R B 5 W4 1k 2R 1) 1E AR 5 2
VR A A T ARG W A A BRI 2, E-
W T 38X 5 MAP (175 B AR & 2 B A 0T
ARRTR KR o A e — T R X
AR B EEARMRIAE

N-S W7 T B i e B - 7 B 0 1 A1 A9 1 Ak
R, FM] N-S W 1 e i £ 8 A AR v, 2 MAT K
F 12 °C 5% MAP KF 1000 mm B, fifiZ MAT F1
MAP ({38 i, 407 S Bk Rl M 7 1 45 7 R W A=
B AR R RE VRS W BERVE S o5 25 iR 2L X
Aol 18 v i A T R S PR T IR B, AT
Y R AL R A AR R R e AR U
i IX R R B KRB R, SRR MR AR IR
& T IEREVERY TR, (E R A R R A
Bl RETED D IR, 3 b i R A R YE T Y 2
DA B8 A F el ™ o, i oA AR (R ) 7RI
PSS E B AR BT AL 2

MAT /NF- 0 °C Hu X [ B i i 25 4 A 35
MIEIR 0 F i 400x10™° m® - kg™', MAP /NTF
200 mm A HE i A AT Tt R A AR A R R (H
MRS . BTN Z ARG ZR 03 B A A R K
BEME o RS TRE RREN TR K (T RE
FETE 0 CHYJa SAE , 7E IR BERCAR M H X, 5 B i A
FH AT REAR 2 MK B 1 20 B L 3 M IX
KOS R AL A A FH 8 TR 1T A FE A I
XTSRS VR AT BTy i, 52 e A5 B T BE =
TR,

TRAEHT , — AR K 2 AL T 100 ~200 mm,
WA R Z S AN, VR RS , fEfb %
R [ 2 B S A R A e
PUARAD B b AR b = A RETE ) R RE R R AR
BRE, WA AR D B IRAAAETE , AR
B T B RERR AT H L AL 3 SR E AN
SER R R BN R ) E
AR AT A I, R K B AR T 350 mm/a B,
AN DI B T B AR R L W
MAP ik T 200 mm ) 11 X f4) B 5 4 Ak SR AE 341K,
1M 200 mm FE7K L2 E 52 X AR TR IX 155
SRR R, PTHEWT o [ AR 3R AR o L LUAR LA
T 9 SR AL 30 A2 R K A5 B B R R R T 4
L LIV LA T 2 X LR 22 W IR
Y52 . 200 mm R AR Ay R 7K X 4 BERG A3 &

SN P JE Bl 454 . MAP IR 200 mm {1 1 5 b
X, B T2 LK, AREKD, KA T4E LR
B, ARGV RV R Rk ATk, 2
i — S O B R T SRR, AN g
HEAR U HOORAE T oK
3.2 SEXTIEMERENENRI

X F5AMEHEF R RS X B B i 17 T



55 4 3]

AR, A P AR R R R AR S B IR 1 19 56 R SO FREE 78 X 505

RAEARAL (R 4) B MAT 1 MAP (938 0 X, 32
FhiE AR I S LG, SP UKL 55 44 G 1
IR AR B 5 A BRI A B AR 1B X, L
AR, X5 MAP A2 = T MAT, %
MAP [FIBEXT X BAT E R0, MAT S0 2, TG
Hog E-W Wi X, 5 MAT JLF ARG, B2
JEE R R PRI R, AR R RN T R
Z WA BRI 0 T ) X, B MAP 975 4k
TEAE MAP 15 F 254 A1 B, SPBURE i [ 7K 6 134
INBEAT 2 A B B VR AR IR o E RGHT s X AR
fb 2R [ BE A5 B A+ 5 R 84 i T RO
2 AT b R X, A KRR AR
= $ﬁ$ﬁﬁ1t$?aFTéli&i4k4/ﬁﬁﬁ [ 5
5517 L FEARWF ST b, ik 1 3 I T I Ml IX K 7
2000 mm P I, 177 PN 52 iy AR S 43 M DX R K AR T
100 mm , F#B43 AL S AEFE K B LA L+ Z T,
TARHRMEACRAE B 3t B R K A 3, R e AT
RG] A8 K B3 7% B+ 3R 55 il 1 2038 1
54K

7£ MAT>25 C 8% MAP>2 000 mm 15 i
T BEAL R AELARE /N, T A5 S R A SR (AR o A v,
By SP H5URE A5 B 4= F Ak 4 PR Rl e R 1 3 RE b
R FE TR FAE S Bk VR LT
WﬂﬁAR[SSJ

F ] 2R 50 e DX R I R B 1 AR Ak 32 2 R XL
Ryl MoK EE M EFRM R 55 KR
PV VAR 160 PR S 585, DA T B A ) AR A K
FOTRRESY o E-W T A6 2R h 2R 17 7Y 8 A
52 X 1 P T O 3 e 5 TR A, Y gk
200 mm 5 [ 7K 28 BT 5, 28 XU /R 2 AR i
550 PILRLZE R0 7E 25 (8] L8/ B 22 XU B
LT 26 A A B AR Ak, Ay 2 KT A 8 5 4 3
AR, AE R [R] 1 S5 9 P ki 5 Ak 2 R RN 2R I
W KE AL o N-S T I B T A A R
MWW ROV R , BT RS 2 XU B Gk O, (EL32
FAEF =AY SPRURL S I 9 902 04 Ak 2R 1t Fe 1)
JCTBRH AR, T8 7R T 25 XU FH R A ) 1) D 55 o
3.3 SEETEEUUENEEXR

E-W W7 1f + 38 1k 2R (28 1k 5 # + w J5URn
Je PRI % AL R B K B AL A
{u[Zl, 50, 55]( [7{21 5) .

B S R X A T R T R X R
5 15 B R AR R K 2 14 TE 4 6 56 32 28 W T LA )
il A R AE S B K 35 b F T ol B K o 10 R T

1000
800 |

5]
600 [
b,

MAP/mm

400

200758 s MAP=0.002y,2+2 564y, +297.712
' R=0.50
g 0

0
0 50 IOO 150 200 250 300 350 400
X,/107%m? - kg™!

e HAEmER
& HEIETFRPETFRE

e E-WHiH
o FEALEEEY
5 E-WHEAESHEILTEMEX
TERA RS EHEKENXRITLL
Fig.5 Relationships between soil susceptibility and
MAP in E-W transection and other regions in

northern China

OO0 E-W K I 2 G AL R AR
AKEIEAT RIA S AT, A5 B 56 RBUR K IR ZE
X RE . WS AH B RHIE TS 7 78
A6 75 T 52— DX ] DUR A 3w b e Al
Rk E= , E TSt K i

SBRIRIE/NF 0 °C (9 4) FIFE/K/NF200 mm
(16 4> HRE S 5, #7318 R X 1 J3E
KRG AL 38 RS, TR BT R R B
KER k£ m e R N 0.16,0. 19 Al
0.31 SRMERE 3 AW FHLEERIT R
0.04.0.16.0. 10( & 4) .

FFA SR RE 15 MAT 1 MAP %% 12 °C F1 1 000
mm Z3F o R A AR 2R AR SRR K AN
[F 50 4 Do Jc, 7 2&:0 C<MAT<12 C H
MAP<1 000 mm .0 C < MAT < 12 °C H MAP >
1 000 mm MAT>12 °C H MAP <1 000 mm Fl MAT
>12 °C H. MAP>1 000 mm, 3+ FE 52554 T
0°C<MAT<12 °C H MAP <1 000 mm f MAT>
12 C . MAP>1 000 mm [X [&] 4

WX 5 MAT F1 MAP #4722 Fh ok 501 5
ST RI(E 6) ,7E 0 C <MAT<12 C H MAP <
1 000 mm [X 1] X555 A7 B4 1m0 051 R AR P 4
HEEREAF, H X, 5 MAP [ AHE R 0L KT
MAT, TEIZ X0, K 3R 5 1 R K TR
J , R R AR BRI R Y ]
V53 Hr 2B ZE K BT 1000 mm (4 1 X, AR 95
PR B K R AT AT



506

I RR e RS A

%36 &

151

MAT/C

MAT=0.011y,+4.278

_ R=016

0 100 200 300
X,/107%m? - kg™!

400
()0 C<MAT=<12 T

25t
pe
MAT=20.604¢0%02x,,

. R=043

ans.t

0 100
X,/107*m’ - kg™
() MAT=12 C

MAP/mm

- ° ° L]
L]
eoe
° ‘ : e o0
e .&
® e s
)
..-o. cee = °
e oo MAP=1.674y,+356.647
=" =043
100 200 300 400
X,/107%m? - kg™!

(b) 200 mm<MAP=<1 000 mm

2000 o @
1800 % MAP=1 823.017¢%x,;
R=0.47
16001
1400
12001
1000 . - -
0 100 200
X,/107%m? - kg™!

(d) MAP=1 000 mm

6 TEWMURSFEHRMEHEKENKR
Fig.6 Relationships of magnetic susceptibility with MAT and MAP

MAT>12 °C H. MAP>1 000 mm [X [i] X, 5,
B 126 JR DAFR B A5 45 SR 5, O HLX, 55 MAP
FIARSETE R TS5 MAT B SCME, FEZ X ] N, [
AKX - ERE AL R [RIAE LR TR . puk ]
DAFS S, B R R 5 2 R T R 3 Y R
SRR, MIAZERE £ MAT>12 C H MAP
>1 000 mm [X[i] P, 1) FH 0 £k 256 55 gty K A —
SERERE AT

AT RIAET R IX X, 5 MAP A 1R 4R
M, AT LA ST R AR — B K e 4 R B T
A RMTGIR T R IX E AR B AR,
T3 3K v MR R ID VD L IR AL R R 2T
20x107° m’ kg™, FTRE S EIRMAL R FH & T
SRR A %, AR ST X, 5 MAT FI MAP
FARSC R B RAR, JoIE A R H 0 R g e R
SR g mUE R Tl SR A
HEEE PSSR MAP 1754k,
3.4 HUERERLEMRAKNERMN

HVF W5 3 e e i w o s
B AR 7532 , LR AS T) i P 4 s 3 A 7l K
RE A R AR K B R BN
S K BRI AR, A5 e i A
BT ag

HAT, fFoK EE 2 i R b e+ 22k
P X R AF Y4 AR KRS i T i X 20200 o T gy
WK T Ml X 0 ol K EE A BT e T
v B -l A R R — R 2R AL A
oL, % 41X MAT il MAP {I%, — 7 T 0 C <MAT
<12 °C H MAP <1000 mm [X [a] Py , 7K i B 5
REAL R BTN 1 B IEAH SCOC 2R, ok 178 S 4k o e
WYX HAE YR K B UK, 722 TR k%
TR, P R AR — 3, R AR b
FE R ARB R  BEAL R 5 K A 5 R %
A3k 0. 93, FRIH R AR B R K 38 1) fa #h, (B
PEH X BAR KA JEE AL AL AE 300 ~ 500 mm |
RIKFNFEK BE

SRR e v R A T W N 2SS
FRAG7R KT - HEREE T W 5 LA b
AR IR K 4R S — X [E] (200 ~ 1 000 mm,
1 000~2 000 mm) , °] LA 3o 57 F 4 s B0
S A R K o SRR — T ) 1T A T
SRR R K Ak T I A BRI, T R B A o
A R K T B AU s B B R AR AR,
e HRA i )RR B ORR ) T S e AL 2 6,
FEREA T PR BT R L R R IS . LR
AHTF] Y A 5987 BEAR A [R] (8 7K B 2514, 78 1 I R



B4l

AR A P R AR IRER AR S AR IR T DG R SRS 507

RPN 25 B B XA AL . FEARIDL
S T A B 3 B K B R A T AR Y
PG AR AL S 5 K AR A — B R
FRBT TG A 256 S Wty Y B O B 3O AR
PR E A A AR RS R AT A F W R 7K X 1] 9
M

UM DR AR 5 AR A2 2 K /Y
SN B /N, B 22 1 2 S W B S5 RV T )
AIES™ R £ (8 FH R 1 8 R 1 A 3R i R
IKAERAEA o PRI, ZEXS PR DX AT i A FAR RS
B v - B 2 B B SR B S R,
AL AR A S A AR AR 2L

4 ZiL

I 30 v AR L X E-W R N-S 453
BEWTTAI 1) 88 N RAE SR 1 X RN X, 2 BT 3% LG
A1 25 8] 43 A7 R AE B H 5 B A A R 1 ¢
#,FEALTIAKR:

1) E-W T 438 X 30 AR 1 7 IR A AR AT
Hrf x5 MAT MARH Fl MAP 8 3 1EAH¢ X, 5
S B AR S = T Xy N-S W T 58 X, =5
] 53 A R 52 2% o X oy B AR v P AR L P e B AR 1Y
¥, 5 MARH i1 MAP #4153 1F A 5,

2)X, 2P H B MAT 0 MAP 5400 Je 34 J5 0 i
Al o Xy Bl MAT F1 MAP (1% 38 fin o2 3 58, &
IURAATF X AFFERG YT IGO0 o A% R X
A2 B 52 0 A] BB A AE — DA B I, RO T
0 °C,FEZK KF 200 mm B, A F) T #E M0 P 1)
AR TE 0 °C LUR B0 KR T 200 mm (1) FR45
o SRR R TR B AR Az B RR . X R X, 5 R
i PR 1 5C R Y R AR R /K S TR

3) @7 X, 5 MAT(0 C <MAT<12 °C F1 MAT
>12 °C) Fl MAP (200 mm < MAP <1 000 mm 7l
1 000 mm<MAP <2 000 mm) (#J [5] J5 )5 F2, [E]14
7 RE[FFE R MAP 2R T MAT XFX B9 520, [0
VA A5 2% B AT R G Ak 23R — S it 4t pRBOR Tty
A TR g, ORI R b R TR A R KO
[

4)X 5 A] LLSE PEFI B MAP A2 4, S AT &
b Bl - VR R AR E R R bR . RS G R RE S
Fa 7l BE AR K A8 4k, AT Tl Bk Edt (HAE
SRF FHIAER £ X 5 MAP 857 46 pR 550
H AR A BRI, TR AR AR R K
T ] P 2R B A B ) AR Ak, DRI R P G Al 3 -

IR Ak BRI B T R K B RO X A AR
2955 200~ 1 000 mm A 2 T BRBE Fl Ty < i
A AT 5 DX ]

Sk

[ 1] ZhouX, Sun L. G, Huang W, et al. Relationship between
magnetic susceptibility and grain size of sediments in the
China Seas and its implications [ J ]. Continental Shelf
Research, 2014, 72. 131-137.

[ 2] Gavrilov M B, Markovic S B, Schaetzl R J, et al. Prevailing
surface winds in Northern Serbia in the recent and past time
periods: modern-and past dust deposition [ J ]. Aeolian
Research, 2017, 31. 117-129.

[ 3] YangS L, Ding Z L. Magnetostratigraphy and sedimentology
of the Eolian Deposits since the late Miocene in Northern
China and the paleoclimoatic implications[ J]. Journal of the
Graduate School of the Chinese Acodemy of Sciences, 2002,
19(2) : 202-208.

[ 4] LiulJB, Chen F H, Chen J H, et al. Humid medieval warm
period recorded by magnetic characteristics of sediments from
Gonghai Lake, Shanxi, North China[ J]. Chinese Science
Bulletin, 2011, 56(23) : 2 464-2474.

[5] DongY]J, WuNQ, Li FJ, et al. Time-transgressive nature
of the magnetic susceptibility record across the Chinese Loess
Plateau at the Pleistocene/Holocene transition [ J ]. PloS
ONE, 2015, 10(7) : e0133541.

[6] Long X Y, Ji J F, Balsam W. Rainfall-dependent
transformations of iron oxides in a tropical saprolite transect of
Hainan Island, South China: spectral and magnetic
measurements| J |. Journal of Geophysical Research: Earth
Surface, 2011, 116(F3); 1-15.

[ 7] Shankar R, Prabhu C N, Warrier A K, et al. A multi-decadal
rock magnetic record of monsoonal variations during the past
3700 years from a tropical Indian tank [ J]. Journal of the
Geological Society of India, 2006, 68 447-459.

[ 8] LiuW M, Sun J M. High-resolution anisotropy of magnetic
susceptibility record in the central Chinese Loess Plateau and
its paleoenvironment implications [ J ]. Science China Earth
Sciences, 2012, 55(3) ; 488-494.

[ 9] DonglJ, Wang Y, Zhang S H, et al. Environmental magnetic
comparisons between distal and proximal sediments of
Huangqihai Lake, Inner Mongolia, China[ J]. Science China
Earth Sciences, 2012, 55(9) : 1494-1503.

[10] Chen F H, Liu J B, Xu Q H, et al. Environmental magnetic
studies of sediment cores from Gonghai Lake: implications for
monsoon evolution in North China during the late glacial and
Holocene[ J ]. Journal of Paleolimnology, 2013, 49 (3).
447-464.

[11] AnZS, Kukla G J, Porter S C, et al. Magnetic susceptibility
evidence of monsoon variation on the Loess Plateau of central

China during the last 130 000 vyears [ J ]. Quaternary



508

I RR e RS A

%36 &

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Research, 1991, 36(1) . 29-36.

Hao Q Z, Guo Z T. Magnetostratigraphy of a late Miocene-
Pliocene loess-soil sequence in the western Loess Plateau in
China[ J]. Geophysical Research Letters, 2004, 31(9) . 1-4.
Guo Z T, Ruddiman W F, Hao Q Z, et al. Onset of Asian
desertification by 22 Myr ago inferred from loess deposits in
China[ J]. Nature, 2002, 416 159-163.

Deng C L, Zhu R X, Verosub K L, et al. Paleoclimatic
significance of the temperature-dependent susceptibility of
Holocene loess along a NW-SE transect in the Chinese loess
plateau[ J ]. Geophysical Research Letters, 2000, 27(22) .
3715-3718.

XNFEs, EEU, XARA, S B 4
REAL ARSI SR PR ER T[] 3225, 2007,
27(2) : 210-220.

Liu X M, Liu T S, Paul H, et al. Two pedogenic models for
paleoclimatic records of magnetic susceptibility from Chinese
and Siberian loess [ J ]. Science in China Series D: Earth
Sciences, 2008, 51(2) : 284-293.

Guo B, Zhu R X, Roberts A P, et al. Lack of correlation
between paleoprecipitation and magnetic susceptibility of
Chinese loess/paleosol sequences[ J]. Geophysical Research
Letters, 2001, 28(22) : 4 259-4 262.

TAPFL, PMREL, A, . R LU LRSI RE
PR KORLBEIC s [T ], S22 B 5T, 1998, 18 (1)
86-94.

Ding Z L, Xiong S F, Sun J] M, et al. Pedostratigraphy and
paleomagnetism of a~7.0 Ma eolian loess-red clay sequence
at Lingtai, Loess Plateau, north-central China and the
implications for paleomonsoon evolution[ J]. Palaeogeography,
Palaeoclimatology, Palaeoecology, 1999, 152(1/2) : 49-66.
Porter S C, Hallet B, Wu X H, et al. Dependence of near-
surface magnetic susceptibility on dust accumulation rate and
precipitation on the Chinese Loess Plateau [ J]. Quaternary
Research, 2001, 55(3): 271-283.

R, #hEAE. i E B R AL A MO SR R
X[T]. hERZ. B, 1994, 24(12) : 1290-1297.

Han J] M, Lu H Y, Wu N Q, et al. The magnetic
susceptibility of modern soils in China and its use for
paleoclimate reconstruction [ J ]. Studia Geophysica et
Geodaetica, 1996, 40(3) . 262-275.

Wi, HIME, MRk, & Bk L ek v B H IR
BEX[]]. TRXHPE, 2009, 32(5) : 676-683.
A5, XN, XA, AE. BEA% BV 43R L G
BB R L] SN msT, 2012, 32(4) : 771-776.
ERIEE, BREHEENE, AT, 25, R AR R 2 L1
FAFAE R AR /R T[] HuBRRh - v [ B R 224l
2014, 39(10) . 1454-1464.

Balsam W L, Ellwood B B, Ji J F, et al. Magnetic
susceptibility as a proxy for rainfall: Worldwide data from
tropical and temperate climate [ J ]. Quaternary Science

Reviews, 2011, 30(19-20) ; 2 732-2 744.

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

XDEH. i B AR AR LM ] 3 R bt o e
fiift, 2010 63-66.

L LR A AE. PE LML deat: i EfOl
JAt, 1998 95-830, 860-864.

XIERS, Ande. REALR RO L], HuBk iy P~
iz, 2009, 52 (4): 1041-1048.

VPR, EE, FJem, &5 Iz H Al S I (77
BT L)] . RILRBPTIR5 BR 5, 2012, 21(3) « 327-
334.

REZ, XU, BJREGE. 155 R RECSRAFIEL )], B
iz, 2000, 45(10) : 1091-1094.

Dearing J A, Dann R J L, Hay K, et al. Frequency-
dependent  susceptibility measurements of environmental
materials[ J ]. Geophysical Journal International, 1996, 124
(1):228-240.

PebE, RIMT, R, F EMHUKEE TARSEZ
B EREAL R ARIE KO [ T]. S ML prsT, 2007,
27(4) . 651-652.

Tl , IR, ATEhAE, . T E AR IRLL L AR e K H
PR ()] HUBsRY B2, 1999, 42(6) : 764-T71.
Maher B A, Thompson R, Zhou L P. Spatial and temporal
reconstructions of changes in the Asian palaecomonsoon: a new
mineral magnetic approach[ J]. Earth and Planetary Science
Letters, 1994, 125(1-4) . 461-471.

Gao X B, Hao Q Z, Wang L, 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.

SRS AR B RIERACR AT LT]. IR AR R
SR CHAABIEERR) , 1992, 23(4) : 387-392.

B, et 87 5 o SRR BB X R L
HRgsmi[J]. R, 2004, 41(1) ¢ 7-12.

Blundell A, Dearing J A, Boyle J F, et al. Controlling factors
for the spatial variability of soil magnetic susceptibility across
England and Wales[ J]. Earth-Science Reviews, 2009, 95
(374): 158-188.

Singer M J, Verosub K L, Fine P, et al. A conceptual model
for the enhancement of magnetic susceptibility in soils[J].
Quaternary international, 1996, 34, 243-248.

FiTbE, arEhae, WL, S KILT RS A TR
KE L IERETERSR A BB R AURI [T ] PURRAER, 2000,
18(3) : 336-340.

Torrent J, Barron V, Liu Q S. Magnetic enhancement is
linked to and precedes hematite formation in aerobic soil[ J].
Geophysical Research Letters, 2006, 33(2) . 1-4.

Chen T H, Xu H F, Xie Q Q, et al. Characteristics and
genesis of maghemite in Chinese loess and paleosols:
mechanism for magnetic susceptibility enhancement in
paleosols [ J ]. Earth and Planetary Science Letters, 2005,
240(3/4) : 790-802.

BT, XUFTHY, #R1E, 4. PR LIRERAT]. 5



B4l

AR, A5 P AR R R AR S BN 19 5 R PR R

509

[45]

[46]

[47]

[48]

[49]

[50]

PUZeF5T, 2007, 27(2) : 193-209.
Maher B A, Alekseev A, Alekseeva T. Variation of soil
magnetism across the Russian steppe: its significance for use
of soil magnetism as a palaeorainfall proxy [ J]. Quaternary
Science Reviews, 2002, 21(14/15) : 1571-1576.

Bigham J M, Fitzpatrick R W, Schulze D G. Iron oxides[ M] //
Dixon J B, Schulze D G. Soil mineralogy with environmental
applications. Madison: Soil Science Society of America Inc,
2002 323-366.

Torrent J, Liu Q, Bloemendal J, et al. Magnetic enhancement
and iron oxides in the upper Luochuan loess-paleosol
sequence, Chinese Loess Plateau[ J]. Soil Science Society of
America Journal, 2007, 71(5): 1570-1578.

ZEXEIC, RS, sEANEE, A SIS 2 EI I -l
BRFAE A REERER L)) HIRFL g, 2017, 32
(5): 513-523.

Ji ] F, Balsam W, Chen J. Mineralogic and climatic
interpretations of the Luochuan loess section ( China) based

on diffuse reflectance spectrophotometry [ J ].
Research, 2001, 56(1) : 23-30.

Quaternary

K, MEIR, HRIE, % W wER L #ARS R
HREMER SRR ] MWL s, 2012, 32(4):

679-690.

TR, ZR T A R T A P TR A R AR AR AT
FE1]. MEPERL S5 42 5T, 2000, 20(4) @ 62-68.

Lu S G, Xue Q F, Zhu L, et al. Mineral magnetic properties
of a weathering sequence of soils derived from basalt in

Eastern China[ J]. Catena, 2008, 73(1) : 23-33.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

FITIE. TSR S WA B B O B S IR
SCLTT. NSRS TRERE24, 2000, 8(1): 9-15.
Balsam W, Ellwood B, Ji J F. Direct correlation of the marine
oxygen isotope record with the Chinese Loess Plateau iron
L]
Palaeogeography, Palaeoclimatology, Palaeoecology, 2005,
221(1/2) ; 141-152.

EeEE, EIE, 205, % rf*liljtﬁﬂ—rﬂéﬂ‘rcié
TRAPUBBR EAL R, M{h%%ﬁzﬁ%7kiﬂ/‘.’/\:/%[ﬂ~
R, 2005, 28(3) : 311-315.

XUF5E, XUARL:. o [ B BRI B ey AR R L
[J]. #pugimtse, 1993, 13(3) : 281-287.

Boyle ] F, Dearing ] A, Blundell A, et al. Testing competing

oxide and magnetic susceptibility  records

hypotheses for soil magnetic susceptibility using a new
chemical kinetic model[ J]. Geology, 2010, 38(12) . 1 059-
1 062.

SIEV, TR, T/ DYAL g S I B i
BEALREHEL ], 22N R=2240 (ASRBERR) , 2007, 43
(2): 7-10.

Liu X K, Lu R J, Li Z Q, et al. Magnetic susceptibility of
surface soils in the Mu Us Desert and its environmental
significance[ J|. Aeolian Research, 2017, 25 127-134.
Mitusov AV, Mitusova O E, Pustovoytov K, et al.
Palaeoclimatic indicators in soils buried under archaeological
monuments in the FEurasian steppe: a review [ J |. The
Holocene, 2009, 19(8) : 1 153-1 160.

IR, INRIR. RELDRG 3-8 L=l LTS Rg
b SRR L] w4, 2001, 7(3) : 300-306.



