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1 Hm5hE

1.1 TiRER

KL THMENEA LG FETRRICHE HHERE MR REaEMEER, HHEEKH
0 BE URELEOATHE. FiNEEs) RUFFEESHFHRAR. AFRNFENLL LHRR
B R M. 2B BN AN, 2 5 REBWLO LB REMMGUERR, it 47 4,
1.2 ®BRF*E

THARRTF, i Imm HEEW, MENFERESHERE (DRARLE (y ) MEHUEALE
(r,)» FZ/8 Bartington 22 & 7= MS2 BB L R W E. () MERARK (y ). HAR: 1, (%) = (r, -
) ! 2, x 100 8. (3)% B FRE (IRM) 375 13 7 01 18701 %% 38 R R (SIRM) , B2 F§ Molspin bk v 8 /11X
(0~300mT #1 1T) B4k, Molspin FEFRE /1 X W E S BB, () BB H ((Bo) ) » B2 A Molspin Bk np
& 3 DGR BE, Molspin FEF #{UME. (5)IER SR (ARM), R Molspin AF B R {GR R, Fr A8 32
A RE IR 100mT, B3 E BE3H A 0.04mT, Molspin B XM E .

FERAE_THREA—TERA—ERKEAE N (DCB) BB+ A U B ek, WE KR Ak
& LM BT SR BIE y My, OB (IRM,_,) . SIRM 1 ARM.

FARBERSBRASBENL2a T H#ERSHELET WEE. JEM-1200EXE 51 8L
D / Max-TIIBZ & fit A 53 H 8 BORL i) EAL 0 W A L.

2 HR5iTE

2.1 FHLTEHIREEFEMR
RIREWNELA L HHFERMNYZHESEW LR, TRy FRENMNY 2 ERE
BIELHFEAENER. BEWEXARZH 47 (98.8 £ 36.5) X 10 °'m’ / kg, SIRM £
(5669.4 + 1517.8) x 107 °Am’ / kg, M2 M 7€ (15.7 £ 8.7) x 10™*m’ / kg, SIRM 7E
®1 HRAENMLRENBEES MR (P9 + 17ER)

Table 1 Comparison of magnetic parameters between homegeneous horizon and reticular
horizon of red earth (mean* standard deviations)

3E 58 X Zaa ARM Soft IRM SIRM
Magnetic (107°m’ /kg) (%) (10"°Am’/kg) (10"°Am’/kg) (10"°Am’/kg)
parameters
BE R (n=30)
K+ 98.8+36.5 10.8+1.6 117.1+84.0 1791.3£453.2 5669.4+1517.8
DCB4#E 5 40.4+17.7 49+2.1 46.5+55.0 1161.5+571.6 3257.9+932.9
DCBALE# & & 69.3+26.9 58+1.0 69.2+69.5 963.5+516.3 2506.1£1244.5
PER (n=17)
E+ 15.7+8.7 42+35 16.9+11.7 326.3+267.0 1452.5+774.2
DCB4# 5 8.4£3.6 1.1+1.8 113472 300.5+271.9 886.2+418.5

DCBALE#Hi k& 6.8+4.0 3.3+2.5 3.7+24 51.3x41.1 660.4+565.2
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(1452.5 + 774.2) x 10" °Am’ / kg, FI&E W y £ F ik 6 f5, SIRM Z R ik 4 15, WA ENTH &
BT R BREEHTER. WRRE (Soft IRM)EITE 20mT 3G T HEH R, ERE
an P EGKREVED Y (BEB T MBS R BT) SEMEMER. WHEEMMLUZM Soft IRM 5>
FIE (1791.3 + 453.2) x 107 °Am’ / kg 1 (326.3 + 267.0) X 10 °Am’ / kg, KB E KW I
BRENTYRBFEAEER.

PR () BB 4 @ IR (SP, L2 < 0.002um) BURLFF £ M 3845, 7]
Y L3 h SP BRI EMBEZCY, KF 1R, WREMy K (10.8 £ 1.6)%, ML
R0y JE (4.2 £ 3.5)%. HHE Fine F" R Iy, 5%~ 6% 14 SP A FESEHIER
655, RAM LB EARTEEE SP BRL, BWRBE P A HSHEM SP B, B 1 XHO L
MRS MRERERBERRX (= 0.7673), KAL L F B TR AL, &
K, BT A8 IR BRI A 41 L REVE R SRR AR . AR TR BB R AL B 4 A B 7=,
HBERBT RACR L5 R 8RE, 245 D A7 SP R, Ht, y WEEEBTa 4k
YERRSR 5SS, A LB IFERE L. ARM {E xHHE & R 7 9 30E fn BUR K /MR R
&, R x40 GBI R E B BRREME B Y (SSD, B4R 0.04~ 0.06um) B R, — MR Bk
T SSDREMEFT YIS E. ¥HE ARMZE (117.1 + 84.0) X 10 °Am? / kg, MEUE (16.9 +
11.7) X 107°Am’/ kg, ZHPMEE SSDBH PR L FENATER, NARTEERFE
SSDid., E2ROTHEAES ARMBXE, NETR, HEEHKEHEX (=
0.7916), KL+ SSD BN S B A, H Ak, B 1 ME 2 WL RKH SP M SSD BAL
ST 44 R EETERE.
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Fig.! Relationship between magnetic susceptibility and frequency dependent susceptibility for red earth

12 DCB AB5H x. v, ARM. Soft IRM #1 SIRM KL L 1, AR 1 TR, 4
1% DCB 43 5 i Z 8 y. Soft IRM I SIRM #88 F F&K, R B8 K EHR (69.3 =
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SP il SSD kL, DCB A 75 i) BB RS 2 £ B SRR (MD, B2 > 15um). B, 7]
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Fig.2 Relationship between magnetic susceptibility and anhysteretic remanent
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Fig.3 Relatonship between magnetic susceptibility removed by DCB and frequency dependent

susceptibility for red earth
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7E 300mT B T, WAE KT 94%~ 96%., R WA i ERREVE T Yy AP 1E. RISUZ R IRM
AR R, RI NIRRT RAEREAL, 4R £ FHRAE, BB 300mT K AWM, WME
% 68%~ 74%, R B AR KRBT WA ARAE. B 5 RN iR B, HETT R, 3
T2 9 B RESFT  A (B) o 0 20mT BRHE, FISUZ N 100mT 24, REHRZH (B) o5
®HEYRBR IS, TR P FEEET Y, MNSUZRN (B) ST UHIEIE (B,)
EMK, AFERET Y.
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Fig.4 The acquisition curves of isothermal remanent magnetization (IRM) for
red earth (a. homogeneous horizon; b. reticular horizon)
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Fig.5 The demagnetization curves for red earth (a. homogeneous horizon, b. reticular horizon)
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Fig.6 X-tay diffraction pattern of magnetic grains for red earth (homogeneous horizon)
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RELT BB E AR RG22 gy XE. PEMBTFER ZRBMARRA LM
ERSBREREE - EEALY Y, A REEF AR XHAROER T Z BT R IE
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Fig.7 Transmission electron micrograph of iron oxide mineruls for red earth (homogensous horizon)
(G—goethie, H-hematite, M-maghemite)
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CHARACTERIZATION OF MAGNETISM AND IRON OXIDE
MINERALS OF QUATERNARY RED EARTH AND ITS
PALEOENVIRONMENTAL IMPLICATIONS

Lu Sheng—gao

(College of Natural Resource and Environmental Science, Zhejiang University, Hangzhou 310029)
Summary

Characterization of magnetism and iron oxide minerals for Quaternary red earth
was investigated by mineral magnetic measurements, X-ray powder diffraction and
transmission electron microscopy. The data indicated that there were significant
differences in magnetic susceptibility (), frequency dependent susceptibility (y,),
anhysteretic remanent magnetization, saturation isothermal remanent magnetization
(SIRM) and demagnetization parameters between homogeneous horizon and reticular
horizon for red earth. It was found that y and SIRM of homogenous horizon were
six and four times more than that of reticular horizon, respectively. Magnetic
susceptibility of red earth mostly come from the contribution of pedogenetic
ferrimagnetic minerals that were superparamagnetic (SP) and stable—single domain (SSD)
grains. It was found that y of red earth was highly significantly correlated with y
and ARM values. Following dithionite—citrate bicarbonate (DCB) treatment, y loss
amount for homogeneous horizon was significantly greater than that for reticular
horizon. Magnetic susceptibility removed by DCB has been attributed to presence of
the secondary SP and SSD grains. Based on the acquisition curves of IRM,
demagnetization curves, X-—diffraction pattern and morphology observation, iron oxide
minerals for red earth were comprised of hematite, maghmatite and ~goethite. We
suggest that concentration, grains size and mineral assemblage of ferrimagnetic phase
be reflection and signature of the Quaternary environmental changes. It can be
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concluded that y, x,, x and yx, removed by DCB treatment were increased with
increasing red earthening. Thus, these differences are considered effective indicators
for the quantitative study of the environmental fluctuations recorded.by the Quaternary
red earth.

Key words Quaternary red earth, Magnetic susceptibility, Frequent dependent
susceptibility, Magnetic minerals, Environmental changes



