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Abstract: Red earth sediments, widely distributed in southern China, are important archives of Quaternary
environmental evolution in the mid-low latitudes. Hematite (Hm) within these sediments is a key indicator of dry
and hot paleoclimates. However, traditional chemical methods fall short for rapid and precise quantification in
complex soil matrices. Diffuse reflectance spectroscopy (DRS) combined with multiple linear regression (MLR)
was used to quantify Hm content under complex mineral backgrounds. Applied to the Tongling red earth profile in
the lower Yangtze River, this approach reconstructed the Hm content record since the Middle Pleistocene. The results
show a good correspondence between the reconstructed hematite Hm content and the redness index (a*), validating

the reliability of a* as a Hm proxy from an absolute data perspective. Moreover, this quantitative result provides
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evidence for deciphering the magnetic depletion mechanism in vermiculated red earth and demonstrates the utility
of DRS in paleoenvironmental studies of southern Chinese red earth. Thus, DRS-based quantitative inversion is an
effective tool for analyzing complex multi-source sediments and improves the ability to identify multi-stage
pedogenic overprinting in southern red earth.
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Fig. 2 The X-ray diffraction (XRD) patterns of goethite and hematite

R — D PRI B T (e S e, NHRE SLEAT 7 DCB AbEE, F LA E I8 R A
WP R ERFE AR (] 3) o Z5REKW], K& DCB ALHE LM 7E 565~575 nm (FREk
WHFAEX D) L% 435 nm Fl 495~505 nm CEHERIR-AE XD 44776 B B i ;s 14 it DCB
PEIAEFE S, EaREFAE R I LA 2, 500~700 nm A] WL 3 B 4 o' i ih 2kt 17 22
XU H DCB ALBEREWAT A2 Bl S BRI S ST, R & AR W0a i (5 5 1k
SEPE SRR, AT A G 8 22 e 2 M [l VA A 2R A A 8 AR o I 2 T R

http://pedologica.issas.ac.cn



+ 5 22 4k
Acta Pedologica Sinica

0.35 - DCBA&LIER b)

After DCB treatment

0.30

0.30 -

I
5

0.20

rst-order derivative value

0.15

“Ffr G4 First-order derivative value

0.10

T 005 529,
0.05

0.00 -

1

L L 1 1 1 J 0.00 1 1 1 1 ]
400 450 500 550 600 650 700 400 450 500 550 600 650 700

i# K Wavelength/nm i K Wavelength/nm

e B 3ayh, TLRREIR ML b, BFRos ke =, A R ) S R AR LR b (K — B S O
3b)f, SRR DCB IREUSFE I — K SHOG . DCB #8iE = WHRERHN - FrF R H - BRRREMNIREUE . Note: In
Fig. 3a), “TL” denotes Tongling vermiculated red soil samples, the numerals indicate sample numbers, and the colored lines show
their first-derivative spectra. In Fig. 3b), the black line shows the spectrum after dithionite—citrate—bicarbonate (DCB) extraction.

Kl 3 R4 DCB EALFT a) 14 DCB AR LS b)AILL A it 1 Sl 18— B - B el i

Fig.3 First-order derivative spectra of laterite samples before a) and after b) DCB treatment

BT HRAERE SR R DRS-MLR ARV ZE R BoR (B 4) , R & &R 5 5L
BRIRANE 2 0] 2 BIF 2k & (n=18, R2=0.98, 7 Hi%Z% RMSE=0.28) . %45 R %
B BB MG R E SR v, Re8 A A0 55 8 A 40 T3 AR (1 R mm, SN 7Rk
CE RN SEE B R RN ISR T8 RO EORE B R 20 WK R R SRR
5 R E .

=18
60 | pi=gog o .
RMSE=0.28 g-kg ' -

[ 1 20 30 40 50 60
P AT I Caleulated hematite content/(g-kg™')

e n FORFEASE; RPFRIE R RMSE (iR E) I THF RS HIMRA % . Note: n denotes the number
of samples; R?* represents the coefficient of determination; RMSE (Root mean square error) indicates the prediction error of the
model.

B 4 BRAERE i R BRET TS S SEBRAS N B L
Fig. 4 Comparison of hematite contents in calibration samples with that calculated by the linear regression equations
2.2 8 RGTHTE—M SEUFIE
FEFRITHF R M AL (K 50 1, —BrSEobiE B e (GO S5R%8%
B (Hm) JEAFAIRFAE. 435 nm AbH] S RIRGAFIEIESR R T 8HER I R & s AR IR
BRI 565 nm Ak ISR A QEE AT 0.25~0.300 5 B TSI, Bl
YIE & SRR L A TR T

http://pedologica.issas.ac.cn



+ 3% AR
Acta Pedologica Sinica

] B EANBIR LT LR (B Sb) , BEE RALFREEINR, St % 7 B 2 i 2Rk
W E SRS . FIERARER “a%” % 565 nm ik, HAE 600~700 nm % BRI
HR B KRB R RFIE o MR B 435 nm AR [ EH AT I BB B I SR I AR BRI (S SRR, R
) I R A X N/ A s SR il e o= L VA

BERAONUALE (B 50 , R OLIEHE SR EEHE. ROl —»F
A 570~575 nm, HIEmEL SRR S E (0.28~0.32) o X A I s ks
MEA RS T AR i s & BB, i LS /R T 4s & B R 1R T, BB ZE N
217 1 s NS A A S R o

FEFIH TS M S S &3 T2 (KB 5d) , SGERE I B . FRER 32 0450
wEREE (0.15~0.25) , HIEERETE, RRHANSE TR, SEGFRERRE. 5
IEIEI, 495~510 nm PRUTEFERA AR 0 B B2 AH NS (R0 7, 330 B8 5 AR VR A BT AR 2R 58
AR, SREANIIN IHE KA T .

SRS, W FE 20 0T — B SO LRSS 5 SO0 R ERE, IR AR
e U R R AR v T AT R AR UG, SRR R R i T B A A S R 1 R L
BHERAT AL R FB B AT XK 2 5 THUET P b3 2 o L AR 5 2

035¢ 2)
£030 A
20.25 A

o

2020

i

§

=«
=

First-order derivative va
o
o

irs
e
(=1
G

0.00 L . . | . )
400 450 500 550 600 650 700

1% Wavelength/nm

035,
Bo30t
§

2025+

i S A fE
vat
=
[
(=]

22N\
2 s
L X

0.00 - . . . ) 0.00 L . . L . )
400 450 500 550 600 650 700 400 450 500 550 600 650 700

9% [ Wavelength/nm % ¢ Wavelength/nm

e BFET, BELLIRRMPLE P —A LR R — B S 4083 . Note: In each panel, each solid line

represents the first-derivative spectrum of an individual soil sample collected from the corresponding soil layer.
P 5 H B I SLLL R I8 S SIS ) — B S8 Ca OIS b RS 12
c BAGMULLE; d MEb FERLE
Fig. 5 First-order derivative curves of diffuse reflectance spectra for the Tongling vermiculated red clay samples(a. Yellow
vermiculated red clay layer; b. Typical vermiculated red clay layer; . Purplish-red vermiculated red clay layer; d.Vermiculated
Xiashu loess layer)
2IFHRT SENTEEERSHLEEN
5T DRS-MLR RS R (K 6) Wox, MR LHHAT (Hm) S8R

15.9~79.4 g'kg', “FIMEN 49.9 g-kg'e NIGUEFTEE DRS-MLR #5&AILE RAIRLT - FF 5 A )&
AYE, JEEAE Hm &8 5 EAURTRI & SO b 55 B A Rk, A SCRARIZ R Hm
BEREARE TRERGHAE (%) MR (o MZitT Fxtatr (8 6) o 4R

http://pedologica.issas.ac.cn



+ 9 2 ik
Acta Pedologica Sinica

R, HmERMELSAE (a*) fEBAHIN EAR S SR8, DB s s R ae
8 A5 b i 7 R SR AL A it R B P AR BT R A (R AR R SR A

Z1(84~75m, #HEMLLLE) : Hm FEAT &5 HREKT, EHEN 15.9~
33.2 gk, MEN 254 gkg's %)E a5y FRPATARMEX, R\ IAIER BT, £
A E ARG SR AN B . fER ORI, AT (GO MR E T
ARERET (Hm) , Gt [a] Hm 1) 7K 25 25 & 710 52 135 BE 26 AR (R PR AN U021 o S A0 B A B
A EFERI] (MPT) HIEAMEX (29 0.9 MaBP) 18221, it 4230 25 X R Ge A T B 0 B
FFE X ISR R IR IR T A B AE R, (R, REZEN SR A —E R E 22 R,
{ELIR B A5 PF PT BEAS 2 DASCER AR TR 7R I O #6 4e . Hm & R RAE S L3, =
BT ZE R IR B A AR 1

ZE I (7.5~51m, #ARMLLALZE) : Hm & E 5 a* il 2645 LI EE ssh b,
My BB AR, (AR ERRE R T . ZEME S A MR R (B/M AR, 24
0.78 Ma) , Hbrdids X et 2 B 5 tH ) i SR 4. AR Hm $94E 50 gkgs
H a*5 Hm S &EFIPFE, RPL LA T, R SRS KGR &
FoE, Hy s GRS O SRR (MPT) DR XA T BRIB AL ke 34 3
A8 EREFERNERT, SR WM T 5 AP XA 7 f# A0k o 2 R
(25270, BEZ () AR — 5 TR 3 B ™ P al Ak S A e 84k, Hm & &A1
a*EFREET s AT, RN S A R R T R S B BT Y R AR R T
M SSRATER VA, TG R ¢ BEARRAG, AL T 1% 2 00T BRI A% 2% 2R A i o i 2
R8I, gbAh, FEKEE I S St R KA AR . BT N KA KA B — i e Tk,
BARWE ZENRAE MPT Z JG AR bR AR R 5y, X st 7K Ar mT i 5 AR J B T
R, AR 5K I E X, R IKALBE B A P9 BOK g 4R AR SR AT B
A2 21 3 B8 K AT T P A T B R AR A 29300, 33k Y A8 s o AT R Ak SR A D (O TR P I
fie ITBEMUUE, HAEG A AGT R F M AR g S fe e S8 AP, Hm & &
RIS ¢ MIRFSRAE I FIR I, 28 BUR 1 QBN DR & 50 32 B AE 0 5 X
AT

2 I (5.1~25m, BAOMELL)E) « Hm §EAEZZEB g, SEN
65.5 gkg's 1My AT WAKIK -, AR A+ Ao XA S5 R AP IR AR T4
SRR EAERERE, REZEN Hm SRAMERENS), (H a* @A 4R /KF B
WIREA R, RPSFETERT, GEmN OB TEM. 2R EZRESES R
IR KA LRI o BRI SAG IR T RERG SR 2 i S0 R BRI, T ey Mt R K AL
(A B AN G T BT IR SR A B R . TR B, i B R R AR I K B 2 R I
AR E R ARV S I AR R B2 FEICJEIREER, HIgtE (SP) S5Hm: (SD)
SEUR TR RETER W) R AR SRRV R 1T SR, SRS R SRR (R2 T, 1Ak, A
T 5 H A S BRI RUE S . R R R A IR AR B S, AT R RZ Ik
ANIMIER .. (RAF5ES 7P, £ LR Z ERRILFEERT, BouRMKSIERIFK
Aoy, BT R LT I SLEE R . ETER IR SRR B B AT, MR T
grer g Ak FIRENE BRI

FE IV (25~02m, MEULTFEELE) : Hm SEREZE 55.7 gkg', 35 a*EHF
RS, H a*B RO, SN, ¢ ARE s tE e s E. =
HEHEN, Hm &85 a* FREIFIRCH B IERBEE 51, &0 R85 B ME R AT ) B
PR NIRRT B TR AE RS2 N 0.9 Ma, XFR MPT HJUAM By, HUTAUI R4 2
W SE T, HA R A2 KU BTG R0, B B s IR RSB, A ZEXRE PR, K
B YRR B % KT A IR X URY, R Ok R R X T 3 R Ak 2 S R

http://pedologica.issas.ac.cn



R S

Acta Pedologica Sinica

R PTIESECSST, R e Hridt— P R0, N & H A B Im i X A S I I 42 55 2 F 2l
r s Ferbagm A 18 i SER U Be ok i 2 B8, ORiZ )R LR AR T R At T B E)R
R MRS LRI AR A 2 T A SN SR . ER RIS [ 2R 45 R B
ZJE MRS RIEE (SIRMD SHRIAERRIFELL (S-ratio) Bim, HAYWU WAL T F RN
QLR RWMREIIU WAL ok g 5, W RE S AR A A IR R Mg i
Ko IR R AL A T [ A KR D BE B N R AR, U SR AE X WD DR
AE R oE Jy T B %%% T%%%%$*%ﬁfﬁﬁ%%ﬁ LI PR AN A2 o

SR I~ Z T arm, R B X REN 2P E WS, ¢ IR YRR
HAZEAR (& 6) . ﬁﬁﬁTMﬁAﬁﬁ@M:ﬂ s FRSE MR AN SR T B B
PER SHEP; ﬁ:,%@%%T%?ﬁﬁ%%ﬁﬁ%iﬁ%ﬁﬁ%ﬁ%%%ﬁ%%%%%
e H =, IR A B I AT REAL R ARAG, X DARMEE S BR R PE R P ¥ AR R R A A
Pk, BRAE Hm & & KRB, ¢ A AERHRE KT ST S, B L LR 2k A e
m@%xEﬁmﬁ%%%mIHFmAﬂhﬁ Horbr, B IUFIE MA@ ag B 30
B NOTURFFSIE . KSR S IF R B R AR TR TV ek 7R AR
U555 AN R AR R NI SR ) B IS, e T TR A S S IR SIS .

Ilm/gkg B /{/(IO 'm? kg )
40 60 80 100 150 .
MAC TR
Modern soil layer

| FZE - BWE LR
v Vermiculated Xiashu
loess layer

s

RO BN LR
Purplish-red
vermiculated red clay
layer

B 4] )
1 Typical vermiculated
red clay layer

[ | HeRgItR
r = Yellow vermiculated

—— redclay layer
8 12 16 20

ey RARHILE, of FRAE, NIV R LERE, BERAAFLERMR. Note: y represents

magnetic susceptibility; a* represents redness. I-IV indicate soil layers I-IV, and dashed lines show boundaries

1

PRI Depth/m
(=) n '

-

0

between soil layers.
B 6 HIZ 20 A BT AR (Hm) & 8 5P 5002 2 B R LA A RAAIE ORI AL R A0 € B 5508l 51 AT 1 S0k
[18D
Fig. 6 Depth-dependent variations of hematite (Hm) content and environmental magnetic parameters in the Tongling red earth

profile (Magnetic susceptibility and color data are cited from Ref.[18])
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