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Magnetic Characteristics of Terrace Loess in the Upper Hanjiang River
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Abstract: [ Objective ]The upper section of the Hanjiang River flows along the edge of the northern subtropical monsoon climate
zone and the catchment is extremely sensitive to climate change. A special landform of asymmetric four-level terraces has been
developed in the catchment, and the terraces are covered with loess deposits varying in thickness. In this study, two profiles,
located in HPC (Huangpingcun) and GKZ (Gaokezhan) on the third-order terrace in the upper reaches of the Hanjiang River were

selected as the research objects. [ Method ] Soil samples were collected from the two profiles for determination of magnetic
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susceptibility and frequency susceptibility, and furthermore, some representative samples were tested for measurement of
thermomagnetic curves, IRM acquisition curves, and hysteresis loops. [ Result] Results suggest that the main magnetic minerals
in the paleosol and loess of the terrace are magnetite and maghemite, and a certain amount of hematite and goethite.
Superparamagnetic and pseudo-single domain ferrimagnetic minerals are the major contributors of enhanced susceptibility.
Profile GKZ is lower than Profile HPC in content of low-coercivity ferromagnetic minerals, and contains more ferromagnetic
minerals in loess. But in Profile HPC section, little difference in content of magnetic minerals was found between loess and
paleosol. [ Conclusion] The lower magnetic susceptibility in the upper reaches of the Hanjiang River is related to the high
effective precipitation in this area. Seasonal abundant precipitation makes soil moisture supersaturated in the area. In the locally
humid reducing environment, a large volume of strongly ferromagnetic iron oxides in the soil are dissolved and transformed into
weakly magnetic minerals that persist stably in humid environments. The transformation of magnetic minerals leads to lower
magnetic susceptibility in the upper reaches of Hanjiang River strong in soil formation than in the Loess Plateau weak in soil
formation. When the soil forming condition remains to be a reducing environment, the higher the effective precipitation and the

reduction degree, the more the strongly magnetic iron oxide dissolved and the lower the magnetic susceptibility, which is the

reason why GKZ is higher in precipitation larger than HPC section, but lower in magnetic susceptibility.

Key words: Upper Hanjiang River; Loess deposit; Magnetic characteristics; Magnetic susceptibility

A e DR XU = B DURR K ]
BEK . MR SRR SRR, AT L
N SR A7 28 30 S A 0 92 11 i S 2 B A K A
ik z —1 20 42 80 41040, Heller £
Liu PIZEF 5 0 [ 8 4 b 2 5 RAF RS, iy ke o
0 T A A R i R 5 TR SRR R AT T
b, & IREALR A AR AR T3, B e B+
DA JE) i 1t DXy A5 e R I e R A S
FEP R RIS B T KA L B, X FRETL
RIYERHLE], 2K — IR EHNTHEEL. B
BTSN, DURR R SE AR R SR ki 1 FR, ¥
T R ALY, REIAET R R U0 AR A&
ERNN SR 7L e R S RS (R v A gt L B (EN S i
i A A R A R BRI, S R P A R
SR BT R AR AR, AR R I R
SR, UTAESR XA FGE LB, 7 —sed gL+
BIX, B AR 5 YR X TS A SR
BEMES A SIS e S — S X, ) e 3
. PEAARINE AR, g AL SRR T A2 BT X S Y
SR, R 5 XA K oA ) i e] L
AN [ 1l DX R AR 28 0 G SR AL ) T BE R [R] 76 S HORE fb
RAE N SMERACHE SR AR, R 2 5% R 2 1 ) [ 4R
ISR

ZIA R E R AT SR Rk, ARk
M R, LARE A 22 XU, Hb PR
MRF. DUT LM TR E, TR EREILAE

]

AR Ao U b, DR X A A A g i 7 S R . A
FEHL T D7 S B 28 Dy ik 2 ki i as By, AR TN
KB AGIFRA U, HARg M I E A A
[ 5L 2 A AU B8 o L R AR5 2 A 3 2 o b XU
WO T IK R AR LA E B, ARE A T
ARFFE 027 SR, 22 AR Sk Xt T IUTT L 3T 3 B
B AT AR AR TP 7R G b 2 A A RAE B A0 2 57
WA AL Sy P52, R A IR AR
MIBFFE > 2 XD o FEIXRE—> 5 B e SRS A R
TE St o8 R R Rk X, 3 -y e b R
YA 27 R A AT ARE 7 BEALRE A AT L
VER SR AREFG bR 7 BE X X e [, AR SCE B
T EHF PR (HPC) Mm% vl (GKZ ) W~ iy
i w1 i o) o A e L & 10 S S o e LRt 1)
Ry ER 24, HIFRER 5 1 m RasR 4
AT, A A TE R A5 12 X iy 3 5 73 A 2 3
B+ [ RGE R

1 MRSk

1.1 HARXER
DUTSRRITES — RS0, JbA 2 Ik, rEAK
CLLh B, FLUE LA TREPE A TR e, H M AL
Hhgh | R R A, TR AR
(FE ). BUT EWHEFRPHT OOKELL B, HikbZ
CL I X PG B, @ T b AT 11 200 i 1 2 XU A

http://pedologica.issas.ac.cn



234 SIER o1 A G R38O B e R ok 407

KB AR 15CLLE, 3T 50 4ERARHREK R
863 mm, {HKZZ XA MM, EKEZEDE 6—9
H o DL _FHFRAF 2R E 1~ 4 G B i K o] {8
WEHERL, 43 DU K 5~15 m, 28~
40 m, 60~110 m LM 130 m Z245, Hrh =%
DAL 8 e i T4, A2 305 Ak o3 51, KERBE
@l R B P SIS b, (VAT M. A
VEREDUIL Ui A9 3 FEA ) ( HPC ) ((110.72°E,
32.83°N, 4Kk 207 m ) FiE & ui# i ( GKZ)
(108.95°E, 32.70°N, ¥k 310 m) fEABFFRXTL,
XA T 407 TV AL e = G B b, Rk
WEET B MR, B P L SE R, Y
(LYK A 60~70 m, @M —Ju5M 2 LE A
RURHERR, FEBREH S, B0 M, HA S 5 £ -
R YEE R, PR R A T S BB
P IRR 13~16C, P-4 RE K & 28 A i 51 i)
47 824 mm Ml 1 520 mm, F|ME/E 25.2m, HEFH 8
Rt R, 8 R b Rl L TRV 4 1
TR K B BT, AR 15~17°C, FKE
1050 mm, 7€k % 1287 mm, #ME 16.1 m, k&
B S5 EE L, 4 20 HHE0 P2 DURRE

WA 1, BRI R AR R P, 2 Mg AT
WM, HPC HI AR R 1.05 Mal®, GKZ
T JEE ERAE IS AN BT 0.78 Ma (BUE AR &), HRTE
Ry gt L s £ Fh, FE— e, ot
FUOARBESEAHIL, b nl LU B RVEXT H .
1.2 HERXRESHZE

PL 10 cm [R] B 3 51 o) s B A 5] T A g 203t 1) T
RAERYARE SR MR, TR | RE2Ey
TEFIRENE M2 2298 . TESEIR ==, BERE AL A SR XL
FJ5, FH Bartington MS2 HIXUA (470 Hz £l 4 700
Hz ) AR G 550000 s A i A0 AR g ARG b
SR G ORI B R A3 (BDREAREE, we) Ml
BT R (e Do FIORBELR (ype) ARIEAZ
Y= ir-Yne TR AAT o AR AL AN B b b 2 TR
ik, PN AR 6 AMFRPERES , HEAT IS ith
2. whi iz (LOOP), FiFw; (IRM) R4S
2R B, PR I £R R B AGICO A /A 7= ) MFK 1
FA BURWAM S CS-3 i EEE T R, b 1Bk
KA, ANt R AR R A AT
MEIRZAIRE 700°C, B | SRR w3k
A5 it £ 17 S5 i g ith 26 MicroMag 3 900 $iz sl i 714X

%1 HPC. GKZ tth B4 ik

Table 1 Description of the stratigraphic sequences of HPC and GKZ Profile

Flm A DURURRE
Profile Depth/m Sedimentary characteristics
HPC 0~0.5 FKEE. EREG (10YRS5/3), BIRCIRGW, wibhZfl, AHEYER
0.5~3.6 B3R MR (7.5YRS/4), RHCRESH, £F /w KB OSMREL, BOEEMAE, RETHAT
3.6~4.9 R, G (10YR6/8), HUREEH, wf WBTHOR K B GG IR R st e, BEHAER
49~58 WHEE . sitE (7.5YRS5/6), WHURGH, L K B AABRED IR I 2 BEHUR,
KB RGEIE . 4040, BURREE, Pokig, FETHET
5.8~6.6 W42, EREE (10YR 6/6 ), HURESH, BEHORIK B A8 I 12D, I IRG:E400
B ZEE, 1 BB A LR WL AR AR I
6.6~7.0 W B3ER . MR (7.5YRS/4), WHOREEH, W WK B OGRS, REYHET
7.0~7.7 wEE. MEEE (10YR6/4), HeRE5H, TUARA 10 cm B,
Al UK B R R BB AR S 0. 5570, TR, |E AT
7.7~8.5 WEEEE, MARE (7.5YRS5/4), WHURGEN, KB KB ORI R,

RGO RIRE T, RETHET

http://pedologica.issas.ac.cn



408

R T 59 &

Profile Depth/m

UBUSAE

Sedimentary characteristics

HPC 8.5~9.6

9.6~11.0
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Fig. 5 IRM acquisition curves (a, c) and their reverse field demagnetization curves (b, d) of the representative samples
from Profiles HPC and GKZ
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Table 2 Comparison between the representative samples from Profiles HPC and GKZ in magnetic parameter

i 4 FX Sample name IRM, o1/ (107Am?*) IRM, 37/IRM, o1/% 2/ (108 m kg™ ) Ber/mT
HPC-12.4m (L) 8.76 89.38 42.00 36.99
HPC-18.5m (L) 8.50 88.25 69.00 44.52
HPC-163m (S) 4.59 84.32 17.70 29.88
HPC-17.9m (S) 5.12 83.80 23.30 44.55

GKZ-0.1m (L) 3.95 87.85 47.77 25.29
GKZ-3.0m (L) 7.52 91.70 67.70 19.90
GKZ-6.2m (S) 3.64 81.05 18.80 54.98
GKZ-10.6m (S) 7.33 87.08 30.43 48.50
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. HPC RE# MIZEEHE 5] A SCHk[32]. Note: The hysteresis loops data of HPC are cited from Ref. [32].

Kl 6 HPC. GKZ | FMHAE i i g 2k 14

Fig. 6 Hysteresis loops of the representative samples from Profiles HPC and GKZ
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Fig. 7 Day diagrams of the representative samples from Profiles
HPC and GKZ
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Table 3 Comparison between Profiles HPC and GKZ in geochemical parameters

i) ) PRI RUNZZiE 4 AR
ZKHEl Type Rb/Sr CIA SA SAF
Profile Weathering leaching index Residual coefficient
HPC 0.5~3.6m 2 1.17 79.24 4.15 2.99 0.39 4.93
153~183m 2 1.46 81.29 4.10 2.96 0.38 5.03
iy BRI 1.30 78.88 4.40 3.17 0.40 4.92
A+ EWE 1.14 77.53 4.56 3.30 0.42 474
I TH R Y E 1.23 78.38 4.46 3.22 0.41 4.85
GKZ 41~49m 2 1.37 80.49 4.06 2.89 0.35 7.00
5.9~78m )2 1.33 78.51 4.45 3.18 0.38 6.54
W E 1.37 79.75 4.12 2.92 0.37 6.97
A+ EWE 1.17 78.99 3.87 2.77 0.38 6.86
EUNTESELED 1.24 79.28 3.96 2.82 0.37 6.90

http://pedologica.issas.ac.cn



234 SIER o1 A G R38O B e R ok 415

LSRR Yo, 538 1 S RS 4 R — 5
WA G o-T fh 238 B 580°C Y J HLIE B, 26
v R R Y LLREER h E, (B 580°C 2R B
Oy FESANAEAE— 2 BI(E, UEIIRES S —
FERREMED 1 o DA S50 TR 5 v 10 10 45 1 T 4
MR RE, BRI LRSS &A E
2 0] DAL AR R s i 1 0 P 4 o () 5 TR R 1 £
FIRG A (P12 5 A M 2 B, HPC 51 17 2% Ay 14
2R 22 B, 1 GKZ # i # + )2 h &
ZIWRHETED Y, XA LA R AR AR T
T AR B RAIE . A, MR M2 b T DU
GKZ Hlii% HPC HTH &4 B 2 M mBm v 9.
B A g SR X R d RS BRE (SD ) R R M
YrRs (SP) BIA Ry 2y g A 2R 1G5 1) 2R
R, ME 7 ATRIE Y, DU b3 o A S R A 7%
TEHESIE (PSD) XA, (H#E LSRRI 0105
B AR CHE R R B SP UL A 5 i AL R e ik
1) B DT o X — 7 T 2R B DUVE Ak e 1
Yok B 3 8+ FORL, AT R i FOUT B T
ZLALX, WATET, 5 KU BRI T A K
T R DUV 258 MU @ METRR Y, DA Ll 35 X
A7 4 0 ) 340 b DX ) LA R E AR, S — T
ULAIZ SR 7 T S R s ZU A R VR, (A 44
KL AR 2
32 I LiFsE T Mmd RS IEERFMEKR

X&E

PUVT. | i IX. GKZ #1 HPC 1] i Rb/Sr o {H F
PIE 5000 1.24 R 1.23, WAL R385 5 R Fl
19.13x10°% m*kg ' A1 30.30x10°% m*kg™'; &)1
i PURb/ST FLAESFEHIME R 0.63, HEILFSEIE N
94.00x10°% m*-kg ™', BT [ 345 75 Y Rb/Sr HE = e
Wz X 22 5 TR g s Z A KA B, SR T
WAL BEA T AR T8 )1 . AR sE R
A S E M X, BRSO R A A 2 Y O
KR, BB 0 SR EEA R T U, fE
AR R R A3 TE R S T AR S R R T, T
X EEH W) B A AE SR R A R A R ) B RN, ELRE
feaR sy, AR AR R > 2 (E R, iR
71 B8 TR /S we ) A W 1 | RS Ty 15
T EENRE . RO A RFRLER, wixR
55 AR B A A OC G R T A K i, A AL
Rkt S a, U SRR AL TR SRR, SRk

AR, BN S REET Y, S R
AR, i L e, AEH R R NAEY
MoK 3 4%, TAEDUL B, i T MUk W pafy 2
WAAEIX, FT PR R £l 2R E AR
AEHRRK R 2 f5, XA e X A R
KRG T8 X MRl R KAl
B GREERIN, MRAK R, HEE R
BHEGATEEAREE, ZEBEFREM, S0
PR AL bl i, BB KB Fe Mn, Fe''#iif
JFAL Fe', Fe*'. Mn*'Rfi/k/rith%, 1+ 3L mag
RPN, i R R ) 1 5
YEF YR, A HER AL R PR AR, SR ag bRk
FALPEEA R S RGP, 2 R (1 DUTT. L i
DX A AR T 3 A 55 A B 4 v B X 4 S K . HPC
Ml GKZ HITH 240 2 + SR AR & A R
FE M ARAR IR, 3% 1 S H I HEK R, RAEE L
) LR AIE

e DA MK, TR K B R R K I B
AL A S R rh, SRR WA s
B, R RS RE DT, v S SR 0 ) 22T -
LR AR, FE MK, H T S5 o 3 it
W, SERRIR, BOKM ARG (AT
W JRIREE ) RIS A R AR, A 39 e A
L5 R B AL A R IR, A S RE TR
BTSRRI S5 iy - HERE AL RAR T S 1Y S3 i £
Bewg bR BT 2R 04 T M0 RS A, RV T AL
FONE T, [RDRE DR A s (0 A R K i, (K X
A e R AL TR RIS, RAEE R,
SREEVER WL IR, AL SR, v R
AR AR

KN F PN Ny, 24 I 2 b T 34 SRR BE R
AR R, SRR R R, SRR AL
PO AL, MG R . S A Ml X R £ 2T
HEH, RS+ AR S, (AR K B
SR EEYET ) 17 55 REVED DG A D AR
1T 8 PR ST 4 VR 5, {EL S R ) 1) 59
YO WA £, REAL SR B R0, 25T s R Ak
SPBHRW GKZ SIHIZ 7 T 9 50 XA
ER, SRR R HE LT HPC, % ML+
2 E AR R B2 SRR, A GKZ i
AL SR AR R A T 22 (i W ke Aol T 55
PER Y, E— 0 KB, GKZ 5 I 78 b X 4F 2

http://pedologica.issas.ac.cn



416 + b1

=

59 &

FE/K 1050 mm, 4E¥28 K i 1287 mm, FH7E %
EONARRIRE K B 1.23 i 5 HPC ) BT 76 Hb X 4F- 3
WK T 28 & 20 )4 824 mm Al 1 520 mm, 4EHy
KR ENAES K R 1.84 1%, GKZ #TH A 3K
WL, Rk, A R 25 O A R K
WO . YRR TR IR TR, GKZ
AT LA B B A R K o, A R AR A SR R v
SRBEVER AL IR RN £, LM Fe’ Hik R
B Fe®, JERUH S RETED 1. I ik 10 25 573
FE R HE R R v A SRR R ], (A5 A T A A
WhPE2 ST

P51 TR R e Ay oty M A i R T
(AR Al B3R R AL AR T H R R 2
PG, X — 7 15 AR T A 4 W A R R B A
X, AB—HHE R Fe' HE BT RE . 1E R
AL, HRORRETER IR IRIE B Fe’T, B uk
WIE R Fe*™, JERUH A SSREYED 1, 50 0 1
BERRTE TR E 2 p, (8w R
GKZ #I R )2 1 H b R T H TR+,
TERFINRAE R AL, 2N LA FRERM, 2
JEfE, B s ) ) i s A rp, Fed iR i
MaEEEIENE L2, R FEE R E T+
e, HPC Mg A 50 RO AL, (B35
BRI TR TIREL)Z, FERZ 068
W F B EIKE, A, Bl RES Mg Xk
BRI IR G, X EZ G —L e,

4 % ik

DU L3 5 DU v B 3R W R G ™
WEARERAT . AR AEH AT, (H LU BR B B9 G Bk
W ARG o BIRE (SP) FIfEF WS (PSD)
WURL A RERRE™ . BEDRERAT N % A AR 00 i Y 3 2 ik
H o GKZ ] it RO5F il g S Bk w4 i AR T
HPC #lifi, Hu - &A E 2 WRuE T,
HPC 1 ifi e Aty 3 rh i 220 A k.
A AT 2 TR 2R BT o A A MG I B I 2 8 2l
AR A7 AEIE I s A A T JR R K 3 IR S, A
B JEPREE R, R SR B R A W B i e A D
RENER" ), WP 0 26 A 22 A 2% X IR S 1
B o e, (HRE AL AR AR T8 s IR A
GKZ il Thy i S/ F o, (EL R AL 3P B (R A I T

HPC #1fi, X JEF N GKZ 1 e b IX A 3 %K
B HPC ) T P 70 3 X B9 g, 4 e A Ak T ik i
WET R, TEARGR R EOR, bR, R
BENED DIRR IR A TE 2, R R Bk P Tar 2y
FAERAC R G MR AR B BER, —J5 15 O
I Ak 4 38 0 ) G BRI AT G, 55 — T T AT REAEAE
Fe' i1k it # .

oo Rt AR R AR BT S
5B, Bt AR A IR WA RS kAR
T a A B,

S %3k ( References )

[ 1] LiuDS. Loess and the environment[M]. Beijing: Science
Press, 1985. [XZ44. #E - 5HEEM]. dtat: Bl
At , 1985.]

[ 2 ] Heller F,Liu T S. Magnetism of Chinese loess deposits[J].
Geophysical Journal International, 1984, 77 (1):
125—141.

[ 3] LiuXM, LiuDS, Heller F, etal. Frequency dependent
susceptibility of loess and Quaternary paleoclimate[J].
Quaternary Sciences, 1990, 10 (1): 42—50. [X] 5%,
XIZRAE, Heller F, %%, B HWSRR 5 SRR B
AR, SEPULLHEZE, 1990, 10 (1): 42—50.]

[4] An Z S, 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
years[J]. Quaternary Research, 1991, 36 (1): 29—36.

[ 5] FangXM,XuX H, Song C H, et al. High resolution rock
magnetic records of Cenozoic sediments in the Linxia
Basin and their implications on drying of Asian inland[J].
Quaternary Sciences, 2007, 27 (6): 989—1000. [J7 />
B, i, REE, & 0% E LR TR & o>
R RS0 R 5 U P B A e AR s (]
WIUZERFSY, 2007, 27 (6): 989—1000.]

[ 6 ] Maher B A. Palaeoclimatic records of the loess/palaeosol
sequences of the Chinese Loess Plateau[J]. Quaternary
Science Reviews, 2016, 154: 23—84.

[ 7] ThomasEXK, Clemens S C, SunY B, et al. Heterodynes
dominate precipitation isotopes in the East Asian
monsoon region , reflecting interaction of multiple
climate factors[J]. Earth and Planetary Science Letters,
2016, 455: 196—206.

[ 8] Peng WB, NielJS, Wang Z, et al. A major change in
precipitation gradient on the Chinese Loess Plateau at the
Pliocene-Quaternary boundary[J]. Journal of Asian Earth
Sciences, 2018, 155: 134—138.

[ 9] KuklaG, Heller F, Liu X M, et al. Pleistocene climates
in China dated by magnetic susceptibility[J]. Geology,
1988, 16 (9): 811—814.

http://pedologica.issas.ac.cn



2 3

VTR DL b M 26 R O

417

[ 16 ]

[ 17 ]

[ 18]

[ 19 ]

[ 20 ]

[ 21 ]

[ 22 ]

Meng X M, Derbyshire E, Kemp R A. Origin of the
loess[J].
Quaternary Science Reviews, 1997, 16 ( 8): 833—839.
Kletetschka G, Banerjee S K. Magnetic stratigraphy of

magnetic susceptibility signal in Chinese

Chinese Loess as a record of natural fires[J]. Geophysical
Research Letters, 1995, 22 (11): 1341—1343.

Zhou L P, Oldfield F, Wintle A G, et al. Partly pedogenic
origin of magnetic variations
Nature, 1990, 346 (6286): 737—739.

Maher B A, Taylor R M. Formation of ultrafine-grained
1988, 336 (6197 ):

in Chinese loess[J]..

magnetite in soils[J]. Nature,
368—370.

Hus J J, Han J. The contribution of loess magnetism in
China to the retrieval of past global changes—some
problems|[J]. Physics of the Earth and Planetary Interiors,
1992, 70 (3/4): 154—168.

Sun J M, Liu T. Multiple origins and interpretations of
the magnetic susceptibility signal in Chinese wind-blown
sediments[J]. Earth and Planetary Science Letters, 2000,
180 (3/4): 287—296.

Wang Y, Pan B T, Guan Q Y,
susceptibility

et al. Magnetic
variation in semi-arid region of
northwestern China[J]. Marine Geology & Quaternary
Geology, 2008, 28 (1): 111—114. [E5, &HH,
FWEE, . 0T R X8 -l AR AR R R
[3]. MR TS 58 U 42 M T, 2008, 28 (1): 111—114.]
Zan J B, Yang S L, Fang X M, et al. Rock-magnetic
characteristics and the enhancing mechanism of magnetic
susceptibility for loess[J].
Quaternary Sciences, 2010, 30 (1): 46—53. [& &0,
R, J7/NMEL, 5. VER A LB L 0 A AR AR
FERE AL AR LRI [9]. SEPUALATSE, 2010, 30 (1):
46—53.]

Teng X H, Zhang Z G, Peng W B, et al. Rock-magnetic

characteristics of the Tianshan loess and the mechanism

west Kunlun mountains

for enhancing magnetic susceptibility[J]. Marine Geology
& Quaternary Geology, 2013, 33 (5): 147—154. [
Bede, skEm, IO, . RIS LA A REERE R
HREALSAG SRR (7). M BT 555 PN 25T, 2013,
33 (5): 147—154.]

Begét J E, Hawkins D B. Influence of orbital parameters
on Pleistocene loess deposition in central Alaska[J].
Nature, 1989, 337 (6203 ): 151—153.

Begét J E, Stone D B, Hawkins D B. Paleoclimatic
forcing of magnetic susceptibility variations in Alaskan
loess during the late Quaternary[J]. Geology, 1990, 18
(1): 40—43.

Liu X M, Hesse P, Rolph T, et al. Properties of magnetic

mineralogy of Alaskan loess: Evidence for pedogenesis[J].

Quaternary International, 1999, 62 (1): 93—102.
LiuXM, LiuD S, XiaD S, et al. Two pedogenic models

for paleoclimatic records of magnetic susceptibility from

[ 23]

[ 24 ]

[25]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

Chinese and Siberian loess[J]. Science in China Series
D: Earth Sciences, 2007, 37 (10): 1382—1391. [X|
FEa, XA, B, . rhE S AR 4wk
AT ARIT - AR SRR BRI LA S A
0. FEAS D . HERE, 2007, 37 (10):

1382—1391.]

Liu XM, XiaDS, LiuTS, etal. Discussion on two
models of paleoclimatic records of magnetic
of Alaskan loess[J].
Quaternary Sciences, 2007, 27 (2): 210—220. [XI 55
B, JEON, XA, A I R BRI N 5
RS R PR IR )] SR msE, 2007,
27 (2): 210—220.]

Chen J S, Liu X M, Kravchinsky V A,

Post-depositional

susceptibility and Chinese

et al.
forcing of magnetic susceptibility
variations at Kurtak section ,
International, 2016, 418: 2—9.
Li S, Han W X, Zhang T, et al. Rock magnetic

characteristics

Siberia[J]. Quaternary

and magnetic susceptibility change
mechanism of the loess since 8.5 ka in the southern
of Tarim Basin[J].
Geophysics, 2019, 62 (8): 3053—3066. [E 3, #i3C
B, ki, L BRI 8.5 ka LR E 54
T 5 R R B R AL R AR AL LI [T]. M Bk 4 32 4
2019, 62 (8): 3053—3066.]

Pang J L, Huang C C, Zhou Y L, et al. Holocene aeolian

margin Chinese Journal of

loess and its pedogenic modification in the upper
Hanjiang river valley , China[J].
Sinica, 2011, 66 (11): 1562—1573. [JEXflh, #HK,
JRNEA), & DU b U743 b 4 0 XU R U B
ERFAE[]. MR, 2011, 66 (11): 1562—1573.]
Pang J L, Huang C C, Zhou Y L, et al. Formation of the

first river terraces of Hanjiang river and its response to

Acta Geographica

the east Asian monsoon change[J]. Geological Review,
2014, 60 (5): 1076—1084. [JE¥fil, wHK, LA,
S DU B UF T 00 i B b R 130 B % 4R I 2 AR A 11
WA [T]. HbEIETE, 2014, 60 (5): 1076—1084.]
Pang J L, Huang C C, Zhou Y L, et al. Eolian
loess-palacosol sequence and OSL age of the first
terraces within the Yunxian Basin along the upper
Hanjiang River[J]. Acta Geographica Sinica, 2015, 70
(1): 63—72. [N, #EK, HEH, 5. L
i RUBE B - — iy R ST T G o IE AR IR AT [T].
MR, 2015, 70 (1): 63—72.]

GuHL, Huang CC, ZhouY L, etal. OSL dating of the
Holocene eolian loess and palaecosol on the low terrace
land in the upper Hanjiang River Valley[J]. Quaternary
Sciences, 2012, 32 (3): 516—526. [F#t5E, #&EK,
SR, 5. PO e B AR B b U 8 4 — iy - 4
B AERFSE (0], S ML W5, 2012, 32 (3):
516—526.]

Yin S Y. Study on extreme climate and hydrological

http://pedologica.issas.ac.cn



418 + o IR 59 %
events and their social impact in the upper Hanjiang [40 ] Zhu R X, Lin M, Pan Y X. History of the
River since the historical period[M]. Beijing: Science temperature-dependence  of susceptibility and its
Press, 2015: 1—372. [BIBGHE. Dy 50 30 LIS IO 1 1iF implications: preliminary results along an E-W transect
ek S AR SCH A R A & i s (M. dbad: Bl of the Chinese Loess Plateau. Chinese Science Bulletin,
AL, 2015: 1—372.] 1999, 44 (S1): 81—86.

[ 31 ] Institute of Soil Science, Chinese Academy of Sciences [ 41 ] LiuQS,DengCL, YuY, etal. Temperature dependence
and Xi’an Institute of Optics and Precision Mechanic. of magnetic susceptibility in an Argon environment:
Chinese standard soil color charts[M]. Nanjing: Nanjing Implications for pedogenesis of Chinese
Press, 1989. [ [EIF}2% B o 5t - 00 58 7 /v [ ) 2% B loess/palaeosols[J]. Geophysical Journal International,
PHZOEAE MBI S B, EARfE L@ R (M) 2005, 161 (1): 102—112.
a0 R RE, 1989.] [ 42 ] Oches E A, Banerjee S K. Rock-magnetic proxies of

[ 32 ] Liu L F. Study on the age and paleoenvironment of the climate change from loess-paleosol sediments of the
magnetic strata of the third terrace of the Hanjiang Czech Republic[J]. Studia Geophysica et Geodztica,
River[D]. Xi’ an: Shannxi Normal University, 2018. [XI] 1996, 40 (3): 287—300.

TR 7. UYL = By MR v b 2 A AR S ey R 5 95 [ D). [ 43 ] Florindo F, Zhu R X, Guo B, et al. Magnetic proxy
PO BRPGINE R4, 2018.] climate results from the Duanjiapo loess section ,

[ 33 ] Maher B A, Thompson R. Paleorainfall reconstructions southernmost extremity of the Chinese loess plateau[J].
from pedogenic magnetic susceptibility variations in the Journal of Geophysical Research: Solid Earth, 1999, 104
Chinese loess and paleosols[J]. Quaternary Research, (B1): 645—659.

1995, 44 (3): 383—391. [ 44 ] Evans M E, Heller F. Magnetic enhancement and

[ 34 ] [34] Vidic N J, Singer M J, Verosub K L. Duration palaeoclimate: Study of A loess/palacosol couplet across
dependence of magnetic susceptibility enhancement in the loess plateau of China[J]. Geophysical Journal
the Chinese loess-palacosols of the past 620 ky[J]. International, 1994, 117 (1): 257—264.
Palacogeography, Palacoclimatology, Palacoecology, [ 45 ] Hanesch M, Stanjek H, Petersen N. Thermomagnetic
2004, 211 (3/4). 271—288. measurements of soil iron minerals: The role of organic

[ 35] Deng C L, Zhu R X, Verosub K L, et al. Mineral magnetic carbon[J]. Geophysical Journal International, 2006, 165
properties of loess/paleosol couplets of the central loess (1): 53—61.
plateau of China over the last 1.2 Myr[J]. Journal of [ 46 ] Dunlop D J. Magnetite: behavior near the single-domain
Geophysical Research: Solid Earth, 2004, 109 ( B1): threshold[J]. Science, 1972, 176 (4030 ). 41—43.
B01103. [ 47 ] Thompson R, Oldfield F. Environmental Magnetism[M].

[ 36 ] Bloemendal J, Barton C E, Radhakrishnamurthy C. London: Allen & Unwin, 1986: 1—227.

Correlation between Rayleigh loops and [ 48 ] LiXS, HanZY, YangSY, etal. Chemical weathering
frequency-dependent and quadrature susceptibility : intensity and element migration features of the Xiashu
Application to magnetic granulometry of rocks[J]. loess profile in Zhenjiang[J]. Acta Geographica Sinica,

Journal of Geophysical Research: Solid Earth, 1985, 90 2007, 62 (11): 1174—1184. [ZfH, #dE, B5F
(B10): 8789—8792. b, 85 BETLTR & 0 12 KA SR B S T R IR

[ 37 ] HuntCP, Banerjee S K, HanJ M, et al. Rock-magnetic AE[T]. HaFH2A4R, 2007, 62 (11): 1174—1184.]
proxies of climate change in the loess-palacosol [ 49 ] Maher B A, Thompson R. Paleoclimatic significance of
sequences of the western Loess Plateau of Chinal[J]. the mineral magnetic record of the Chinese loess and
Geophysical Journal International, 1995, 123 (1 ): paleosols[J]. Quaternary Research, 1992, 37 (2 ):
232—244. 155—170.

[ 38 ] DengCL, ZhuR X, VerosubK L, et al. Paleoclimatic [ 50 ] Verosub K L, Fine P, Singer M J, et al. Pedogenesis and
significance of the temperature-dependent susceptibility paleoclimate : Interpretation of the magnetic susceptibility
of Holocene Loess along a NW-SE transect in the record of Chinese loess-paleosol sequences[J]. Geology,
Chinese Loess Plateau[J]. Geophysical Research Letters, 1993, 21 (11): 1011—1014.

2000, 27 (22): 3715—3718. [ 51 ] ChenlJ, AnZS, Wang Y J, et al. Distribution of Rb and

[ 39 ] Deng C, Zhu R, Jackson M J, et al. Variability of the Sr in the Luochuan loess-paleosol sequence of China

temperature-dependent susceptibility of the Holocene

eolian deposits in the Chinese loess plateau : A
pedogenesis indicator[J]. Physics and Chemistry of the
Earth, Part A: Solid Earth and Geodesy, 2001, 26

(11/12): 873—878.

during the last 800ka-implications for paleomonsoon
variations[J]. Science in China( Series D ), 1998, 28( 6 ):
498—504. [BRrER, ZitAdz, ok, 4. iRl 800 ka
N EE L HE T Rb/Sr 4346 Aty 22 WUABTE (D). h A
% (D), 1998, 28 (6): 498—504.]

http://pedologica.issas.ac.cn



VTR DL b M 26 R O

419

[ 53]

[ 54 ]

[ 55]

Maher B A. Magnetic properties of some synthetic
sub-micron Journal
International, 1988, 94 (1): 83—96.

LiuQ S, Deng CL, Torrent J, et al. Review of recent

magnetites[J]. Geophysical

developments in mineral magnetism of the Chinese
loess[J]. Quaternary Science Reviews, 2007, 26 ( 3/4):
368—385.

Huang L. The micromorphology and chemical
characteristic of iron-manganese cutans in typical
subtropical soils in China[D]. Wuhan : Huazhong

Agricultural University, 2004. [#5HN. S #As LAY 4 152
BRER IR I OE & 5B AL D). BRI Al ok

%, 2004.]
Hu X F, Gong Z T. Limitation of soil magnetic

susceptibility—As a kind of climate index[J]. Soil, 1999,
33 (1): 3942 [M%WE, FR. HHERILE—{ER
— PP AR AR R R YE[)]. 3, 1999, 33(1): 39—42.]

[ 56 ]

[ 57 ]

[ 58]

HuXF, WeilJ, XuLF, etal. Magnetic susceptibility of
the Quaternary Red Clay in subtropical China and its
paleoenvironmental implications[J]. Palaecogeography,

Palaeoclimatology, Palacoecology, 2009, 279 ( 3/4):
216—232.

Guo X L, Liu X M, Guo H, et al. The magnetic
mechanism of S5 paleosol in Baoji section[J]. Quaternary
Sciences, 2012, 32 (4): 785—794. [8E 3, X FH4,
SRR, S EASHIE S5 T LR RALALHLHI[1]. 5
POZ8E5E, 2012, 32 (4): 785—794.]

ZhaoJ, LuHY, Wang XY, et al. Magnetic properties of
loess deposit in eastern Qinling Mountains and an
magnetic

investigation on the susceptibility

enhancement[J]. Acta Sedimentologica Sinica, 2008, 26
(6): 1052—1062. [%F, FEfbss, EMH, % KR
U4 3ty DX 3 0 ME R A A B R A R Ak 8 s L o R
1] IR, 2008, 26 (6): 1052—1062.]

(RERE: AiHhH)

http://pedologica.issas.ac.cn



