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Fig. 1 Geographical location of the Sanggan River Basin, Yangyuan County, Hebei Province:(a) traffic map ( from Min Longrui

et al. ,

2003&) ; (b) topographic map of Yangyuan and the surrounding erea ( DEM is downloaded from Google Earth); (c¢)

satellite image of the Sanggan River in Yangyuan County ( downloaded from Google Earth)
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Fig. 2 Natural geological background of the Sanggan River Basin, Yangyuan County: (a) Geological map ( from Min Longrui et
al. , 2002&) ; (b) elevation (DEM is downloaded from Google Earth) ; (c¢) aspect (loaded from Geospatial Data Cloud )
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I, II, Il and IV represent the northern, southern, central and eastern part of the study area respectively
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RRBEACRETT 43 B (X ) B G e 1 AL ) A X6
&5k (Heller et al. , 1991)

[l B, Sk T S A b g R S o R R R 2R
Be G e 1 SRR BE Ui Bk TG Rk pH {E \Eh
B FoKa AU LI A2t DR 4
JRICE S H, B TR RZE (RE 20 em) +
HEREAL AR Z (FE 0 om) HAT H SR A HLAL T
HERZE RS R EM FARESm, 5m T 13
AR BREAIE R I - B B D L IO 3R 2 (IR
20 Cm)ﬁﬁ%o

+3EF4JEICE Ni,Cu . Pb,Zn Hg As . Cd. Cr
fdi | HNO,—HCIO,—HF 1R A BRIA , £1 80 571
W BE TR E

7P i FH MalvernMastersizer 2000 3447 43
BrA, BES HAR KT, AH 1 ¢ & 80 mL BEdf
JA 10mL ¥R 10% %) H,0, W, LA PR,
AR 24 h Z )5 KA OO IR - 2
RS, SRIEIA 10 mL ¥ EE R 10% /) HCl K, 2
PRARRER , FEA0 I 24 b, FERE SR INA 88
TR, EERUE, HEFWRER T, REMAY
10 mL TR BERR 4N ( (NaPO,) ) W B T 5 ik
Ay psrh HBERRY 15 min, 70440 EORE SRR, 45
o L HLALHL,

R (Fe,) IF Bk (Fe,) RGP (Fe, ) 430
el I B B — W R Jo il —4R JE 2wk L (23 3%
TR R N —A7 45 TR N — R ik FR 4 ( DCB %) 5 R 1k
FREEINSE . AR 3 A 4 43 B HA Bkl s 1
FEALE

BRliF B B = 100% xFe,/Fe, (3)

AL = 100%xFe, /Fe, (4)

Horp, i 25 B 3R 3R A R O B 45
PRSI AR R EAL ), 35 45 T S AL A G SE
BEEMY b gAY B L TR SRR
ERTE NI WA X /N 0L X (A 3 W WAl X = e
( BEZLEKE FEE R ALY kAR E A
Yt (B IAE, 2017)
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AR sN(h) R KA RLZ E] B LD h AR ff X A £

H;Z(x,) MZ(x, +h) B0 B v, Flx, +h R
FEAH

HURHEA T 38 58 B AR (E (OK) |, A FHE A T D
ARATHER BRI IR (AL 6)

Z' (%) = iwiZ(xi) (6)

SR o Rl 27 (x) BB TR A v, S5
Z(x;) R HAEH ATk (A7)

Zwi C(xi,yj) tu= Co(xi,yj) s
n=1

=120, (Yo =1) (7

ARSI R S ORI T A e R
7 e LTI BT 58 B, LA SR A I A L BUR
T GBI AT BIR 23 W) 58 78
1.2.3 #iELIE

fifi Fi SPSS 25. 0 #F 4T Spearman 43 #r , £3 |
WiVE 2 H0 5% S 4E br 2 H] A R OC R B ]
ArcMapl10. 6 B AFHE4T Kriging i {E 115, 15 2] %
JZ (R 20 em) L IEREMESHL (X X Ko ).t
SEVE (pH {E Eh {5 &K & A HLS BLE 2k AL
YA XSH) M4 @ TR 2 | 43 A 1, AR H]
Kriging il % & Spearman 72 #E4TAH G HT BT, T
BORBHRAT B IE 30, 75 W AT BEAAAE LU 800
I 3T Kolmogorov—Smirnov ¥ ( K—S 72¢) X 84 it
IR
2 HERIHT
2.1 TESHESZRZEITEST
2.1.1 TESHREAESIT SN

F 1 BN, 2 (RE 0 em) BELH (X)) (HAN
F(0.25~6.77) x10°m’/kg Z[8], W32 (VR 20
em) AL (X o) THA T (0. 07 ~3.12) x10°m’/kg
Z ], RIZBAAR M (1. 15% 10 m’/kg ) IE K
TR (0.94x10°m’/kg) , KUK JZ T HERA T
ZHIRENET Y&, RIZRBEACR (X,,5) B
H(18. 11 x 10" m’/kg ) W K F W 3£ 2 (X )
(17.34x10"°m’/kg) , F IR JZ M X T 0% )2 7T fig
S EZ I Y, AR s, BARC
TRETER Y i B A FRATS AE A [] 2 0 {HL i
B2 (R UE 5 158 B 8 e R v 7 A 1) R e MU
DRERA 2 T B SR 1 3 ik 1Y = SEAL R, LR
PR W 0 5 RE 8 S W Bl = AE B9 58 B ( Verosub et
, 1993; Chen Tianhu et al., 2005;

al.

Deng
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Chenglong et al. , 2005; Liu Qingsong et al. , 2005a,
2007) , It LA 3R J2 A X 285 e 1) i A 28 B 38 i Ak %
TR LW R R A T RE S SR, LA, R
JEFMRIZX, X, X, FESRE R REB(C V. )M
L, 5345 F 0. 62 ~0. 72 2 [a], M35 AE 5 22 K i Kl 43
R CV. <1 RYE CoV. =001~ 1, AR
P CoVo>1 AR SEPE (S 4, 2007) , £ E)Z
FOERIZREMES B BA S T,

pH ~FIME R 9. 2, e /ME K 8. 07, # H8 + LR
JERI MR (T RA5E, 1987) , W5 X+ 3 Sk s
FotE+., Eh AT 400.9~527.9 mV, 4 F %4k
S 302 R T 2 AR A R R R KU SRR
IR AT BEAS YA | T K S B 2 AR Ak A S SR AR I I
H5Z  WHE AT HRRAS BT DL 5 B A &
pH . Eh FHLE /K ENZ S RBHINF0.1~1,
Hop AHURS &K EH pH 55 Eh 28 o Ak, 1]
RS 4 AT HLT RN 5 K i ) A2 Jmy B A B I 5
i,

HR A5 rf [ 4458 0 A (B ( GB15618-1995) ( JA]

R1IFRERTF MR T E#ESH EFAEREESRHERESIT O

[E4E4E  2005) , 4 )& Cu.Zn Ni As Pb ¥/NFH
E—HARE R, Hg Cr.Cd RGBT AR =
{8, 3X AT RESE R M ST DAL T & SRS L, T B804 40
B NI R E 4 R TS Y /N . TRl H 4 )R
Cu.Zn Ni, As Pb Cr, Cd,Hg 785 2 %050 40 7E
0. 17~0. 87 Z[u], A3 HAT AR A8 Sk | SO 1 4
J& TCERAE 13 B ¥ 5 1 AN AR 5P ( Yang Pingguo
et al. , 2009) ,
2.1.2 TESHAXMESH

N T IR EIES R Xy X, Z IR R G A
FH Spearman %, Jf 45 & Bl AT A DGR 23 AT
Spearman J&— M F TR AR 1Y AE S H07 8k | i
FHT S 5 ey HOR A2 & i OBUR 1 3 R 5 (p <
0.05) FITHIMNAH M2/ BAA G2 L, 1EikfT
FHSEMES T 2Z 0, S0 K—S w5 4R Bt k47 1
R, RIS RLR, EREX,, K ESS
i, KR SHUIATT GRS AR L8O . L
(800 2 A e 4 (BB £ (B4 i DA T g AT A 00 A
(FRLAREE, 2000) , KA D 46 Kt R A 7 0 30 48t
TH B be 0] 20, e 2%
le5 \deS ‘Xil'ZO ‘Xl'dZO $~I:I)(['})ZO

Table 1 Descriptive statistics of magnetic parameters, basic properties and WIS IES A0
heavy metals for soil of Sanggan River in Hebei F28,;.EFZHM
’
N - FRMEG2Z | 285 R e | | W3R+ e 2 A
Hfi FHE B | e | BoME | BKE a A
5D ()CV. X, 5 X, 221 B
Xis |10°m’/kg| 115 0.83 0.72 | 0.47" | 0.59" | 0.25 | 6.77 — B E M X (p <
Xgs  [10°mP/kg| 18.11 11.62 0.64 | -0.69" | 0.17% | 1.79 | 52.71 | — . . »
! 0.01 |
Xios % 1.85 1.15 0.62 1.18 | 2.48 | 0.12 | 6.85 — ) AR AE 5
Xioo  [10°m’/kg|  0.94 0. 60 0.64 |-0.79"| 2.43% | 0.07 | 312 | —  TiFH(R;=0.315 il Ry,
Xipo  |107m’/kg| 17.34 12. 15 0.70 | -0.98% | 1.32" | 0.41 | 50.56 — =0.331), [6m, B
Xip20 % 2.04 1.42 0.70 |-1.11"| 1.75" | 0.06 | 7.47 — 3a b B R A
pH — 9.20 0.56 0.06 | 0.56" |-0.65"| 8.07 | 10.63 | — o ’7%:”
Eh mV 462.44 | 24.82 0.05 | —0.06 | —0.36 |400.90 | 527.90 | — TIRZRX, 5X, B
LR | g/kg | 452 4.52 0.60 | -1.41% 516" | 0.20 | 17.00 | —  HKBCRIEAML, XYW
oK % 6.78 6.78 0.67 | -0.52"|-0.08" | 0.40 | 17.10 — 182 R A A A T R
Cu mg/ kg | 13.23 3.99 0.30 1,03 | 2.49 | 6.20 | 31.10 | 35 ,
N - N
Zn mg/ kg | 50.40 8.58 0.17 0.47 | 1.44 | 29.20 | 84.10 | 100 F R0
Ni mg/ kg | 20.75 4.23 0.20 | 0.35" | 0.32% | 12.00 | 38.00 | 40 A Xy H X s(R=
As mg/ kg 7.66 1.72 0.22 -0.48" | 1.95% | 3.30 | 14.00 15 -0.456) X, 5/\/[ (R
. 20 20
Pb meg/ kg | 11.25 2.38 0.21 | 0.49" | 0.57" | 7.00 | 19.00 | 35 o
= A1 EL
Cr mg/ kg | 53.64 11.55 0.22 | 0.78" | 1.57" | 32.50 | 103.20 | 90 0.337) ¥y 2 I 2.
cd mg/ kg | 0.09 0.04 0.50 | -0.69"| 0.16" | 0.02 | 0.23 | 0.20 #H M XK (p <
L L P
Hg mg/ kg 0.04 0.03 0.87 | 0.82" | 2.54" | 0.01 | 0.24 | 0.15 0 01"" ), [&] 3c.d

TE Xis Xygs Xpps SRR KIZ 5 em FERREALFR STRBE AR RBURRA R 580X 0o X Xipo 7
FFRW L Z 20 em FE FLEEIL R SRBEL R ARG R E 4380 pH Eh A LR Sk EE 80
FYIHWARZ 20 em HHFER S, D FoRPRUEM2E ; C. V. FRER REG L F 8 F B0 (E 4B A
SRV R ) VR B 0 BT AR B A D R T o RN B R H R S E, 2 08 [ PR B B AR el
(GB15618-1995) (J#[H 145, 2005)

TR TRAY SRR S I
PR (BDX, 5 FIX, )
RS A5 dk e N A 4
BEAL (X5 F1 X ) A
R, PRI MD R
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Table 2 Correlation coefficients of magnetic parametersfor soil R S L A ( FIEAR 5 , 2000) , CO/

of Sanggan River in Hebei (CO+C1) /NTF 25% , 3% 7R A ik %5 (8] #H 5

Spearman | Xy Xus Xy Xm0 Xom X PESTE 25%~T75% 2 1), 3R 28 [ AH G
Xis 1000 G R T 75%, 3% R 25 [6) 48 ¢ P 1R 59
);“5 0(‘) 11556: . 16;700 o000 (Cambardella et al. , 1994) A8 7 FEHLE
I ol L IS I S I A 2 A L0 7o 17
Xio | 0.2547* [ 0.790%* | 0.523"* | 0.331°* | 1.000 T ( Goovaerts, 1999) , X, SRE(H/ G
Xjoo  |-0.2617"]0.556"" | 0.744"" |-0.337""| 0.728" " 1. 000 {84 88% , Ui B 75 /N T4 FT R BEE R, 50

P —1E0.01 e (WUR) MR E T —7E 0. 05 e (U= ) Mt B3,

RIMEERTAMRKIEESETRZ AHEXEN

Table 3 Correlation coefficients of heavy metals

VR X B R 02 A5 5 0 A
AR5 o W 1k 2 R
Xipo X X, B4 fH/ 2

Py N
Spearman Cu Zn Ni As Pb Cr Cd Hg = {E i//j /J\ %: 12% ’ wﬁ‘ Hja
Cu 1.000 XEC G SR R B 4
Zn10.73377 | 1.000 IR R, 4548
N 0.80477 08457 1000 PN (RRIR SA%
As 1 0.6337" | 0.5167° [ 0.567"" | 1.000 y N
Pb | 0.535° | 0.782° % | 0.586°* | 0.441"" | 1.000 B AT LB, + e T
Cr 10.396°° |0.732°% | 0.576" " | 0.282°* | 0.707°* | 1.000 S o B R 25 A)
Cd  0.339"" | 0.354"" | 0.301°" | 0.232" |0.271"" | 0.174 1.000 G M B3 T B ML
He | 0.421°° | 0.215% |0.270"* | 0.411°* | 0.301"* | —0.086 | 0.170 | 1.000 ’
PRI 22 (it IS, o A ) B

5 0.01 GUH (W) IR, —1E 0.05 G RUR) HIEHE 35
REAERS 2R s AT RE X B Al R A R YR, X

LIRS RS N AW R R TR RIS
( Thompson et al., 1986; Singer et al.,
1989) .

E 4 JR ot R OB M B AT
Kolmogorov—Smirnov % ( K—S 7% ) IE K 50
BRI, BR Cu A Zn SN ARFF GRS 30, &
MECE e 2 )5 As Ni Pb Hg Cd.Cr JCER
TFEESI A, £33 BR, B REZHELE
JLER R F IER R (p=<0.01"") , D%
EWHEME(p<0.05"), RA Cd.Cr.Hg —
BB BEMNE, XERPEEE Cu,
Zn Ni As Pb 7EVEST b A ARRIE, 17 5 4
J& Cd,Cr . Hg =ANICEZ BB 010 2 5 5%
K,

S DA R DR s s N

[ALRH OGP Dk 55, ) 249 — Ak 7 1) &8 (50 B K 4%,
RA4MPFERERT MR L EEESHNF T ERHLBNRE S

Table 4 Semi—variation function and theoretical Model of

magnetic parameters for soil of Sanggan River in Hebei

, % A CO Range
WS R | I co CO+C1 Coscl (m)

Xygs LA | 0.22 0.25 0. 88 1594.33
Xas g g nl 0.04 0.38 0.11 1391. 64
Xiys Fa R 0.03 0.43 0.07 1247. 30
Xino FR AR 0.04 0.34 0.12 2758.94
X0 RS | 0. 00047 0.47 0. 001 935. 10
Xy FEHOERL | 0. 00060 0. 60 0.001 944,34

RSHEERT UMK T E#NSHS TEERBXREY

Table 5 Correlation coefficients between magnetic parameters

and soil properties

2.2 TESEMSEITFEXSN

2.2.1 HESHZTETRESES T

R T s SR 1 2 18] 43 A REAE X
WEPESHGHAT 2 50 7 22 PR AL IR (]
da—rf; F 4), Hd, €O H4AH, 5 FoR
P A2 15 2 /N T S 56 HORE RUBE 51 56 1 A2

Spearman /\/11’5 des Xf pS XHZO szo Xf p20
b A -0.103 | 0.295** | 0.373** | -0.098 | 0.476" " | 0.545" "
M 1-0.385" | 0.230 0.549"* [-0.529"* ] 0.322** | 0.729*"
Wh | 0.381 -0.234% |-0.549" % | 0.523"* |-0.330"* [-0.733**
Eh 0.175 [0.351"* | 0.189" 0.146 | 0.456"" | 0.310" "
pH -0.241**[-0.301**| -0.079 | -0.232" |-0.411"" | -0.225"
UL 0.046 | 0.385"% |0.314"" | 0.087 |0.544** |0.488""
SoKE [-0.309% % | -0.041 | 0.202* |-0.416" | -0.029 | 0.203"

o

SIS E SRS MHEM M Co/(Co+C1) N

5;C0+C1 NG 1H, W FRom RGN B

70,01 LB (RUR) MM 3T —FE 0. 05 251 (XUR ) M6 i

%,
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Fig. 3 Scatter plots of sample magnetic parameters for the Sanggan River Basin, Yangyuan County
(a) lg¥s—laX s (1gX s NFRZE T IR IIXTEE 5 1oX s FFRZ L IBURBEAL RIS EE ) (1 XX s X, BOWEL, IEAH
AEHINI) 5 (b) Xy oo KXy WFRJZ LSRR 5 X,y FWRJE LIHICRBEALR) 5 (o) X=X, (X HERIZ T
SEREIEE s X,y AR AIIRBEIA FTAEO) 5 () XXy Koy W B AIREALH; Xy T2+ AR A 5

5z 9

(a) lgX,s—IlgX s (1gX,s is the logarithm of soil magnetic susceptibility in topsoil; 1g¥,; is the logarithm of soil frequency-dependent

magnetic susceptibility in topsoil) ; (b) X p0—X 10X} 1s soil magnetic susceptibility in subsoil; X, is soil frequency-dependent

magnetic susceptibility in subsoil) ; (¢) X,5— X5 (X} is soil magnetic susceptibility in topsoil; X is soil frequency-dependent

magnetic susceptibility percentage in topsoil) ; (d) X=X 00(X g is soil magnetic susceptibility in subsoil ; X is soil frequency-

dependent magnetic susceptibility percentage in subsoil )

2000) .
2.2.2 FIESH Kriging FEHEED T

Ry S G A AR AUE 5 IX A 32 ) AR SRR 5 5 M
K2, FIH Kriging 1L, 40l 26 LW %R )2
WEPESHL AL pH | Bk A ML Eh 28k 2kiF
[y A 7 ST el e &= v < et 51 L S 1 0 O
THEAE R TG YL I0 R %k BOUHCHER IR B Cu, Zn MR
FouR, D SAH e E 22 R B M) He Cr JTHR, B4
ezl 2 m oA E L, T ESE He 195 h 5
N 22 5 /N Te 5 A S sR B, IR IR He
B ARE RIS K Z 1000 £5 .

M S5a—c F i, 58 X PG bR FLoK 2E Ji i

RAREBHOIK X g I (> 1.0%107°m*/kg ) X0
X 00 ( < 1% ) AR AR o A9F 575 DX B 308 i 3 3 X
Xio ':F':J:f[ (0.60~0.98) XloiémS/kg] ,ﬁﬁxmzo *ﬂXfPZO
i 55 o

MIE 5d—n 1 & i, pH {5 Eh 6, HLIT K
T B EEE CuZn Hg & E5 HIESH
AR 2 8] 73 A R AE, o Eh {8 A HLET RS
+—Kb & E4JE Cu.Zn Hg S EAEMFR XL
PRI g S XA 2 W L, 7 it X S BRARR A5 i
pH (B LEILFS AR B4 DRI AR, e R A
Hi{E

M 5k ] DUF Y B4 Cr 72 75 b A X
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Fig. 4 Theoretical model of semi-variation function of magnetic parameters for the Sanggan River Basin,
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AR RIFRBEAL R T 735

lag distance h between samples is used as abscissa; semi-variance y(h) of distance h is used as ordinate, which increases with distance h increases
within a certain range, this value remains stable exceeding this range. Xy;5 , Xfys and Xy 5 represent soil magnetic susceptibility, frequency-dependent
magnetic susceptibility and frequency-dependent magnetic susceptibilitypercentage in topsoil respectively; Xing , X1ppg and Xy 5o represent soil magnetic

susceptibility, frequency-dependent magnetic susceptibility andfrequency-dependent magnetic susceptibilitypercentage in subsoil respectively

B, MR Z, REBHR/N, 5 Cu FICER 1Y 45 [1H] MKl 5g AT LUE Y BF5E IX 58 & K & 1 o A
A E AR E] H S 2 8kzs B AIE (K So) s EIACEATRE S, R MR AR 25 m A% =, A
—EAHAE, AT RE Cr TCR SR 2 Z MBI R B, &l Sp—q B, A5 X b ER R R 70k DXk i 2 132
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H, Fe,/Fe, 7570 H X 52 B &5 {8, 1M Fe /Fe, #£dL
BB A X SIS E, 5T X E K B 5 A R AR AL

3 e

3.1 TESHTUNHEIH
3.1.1 pH{E.Eh B . BHR METHLSH

Kl 5d Bow, F5E X -4 pH HYI KT 8, B Ak
Bt . 49 pH (B2 48 7R 4 HE R B 1Y) OC B4R b
(Thomas, 1996), -+ 48 i f& W fff Ca®, Mg™, K",
Na" b 3B F DL S COT I HCO, %P1 B 7, 4k
B AR I, 5 R APk PH S K A, B
2 OH i 4 398 50 1A 52 A1 (O A, 2006)
FEXF AR FE M 75, 13 pH 7 1 3B A A6 2 SR
B, T S, 3X T BRI Dy 32 HOE s, & T
T AR 2 I v ] AR AR S 2 BRUK |l )22 7K R
TR S AR TE IR AR T IR
2 (R4, 2007) , 1 Mg®™ K", Na* &£k B T+
TGN, B 28 R AR S A PV e S P . 7 S
R AR R BRI & B H ikt 5 pH (%5 1]
Iy ARRIE— S, B 5T X AL R RN RS B X pH B i
1%, 2 b e T BB PR R ST W i b B v HE
IKPELT , Fh MR A RS54 R T Ve R & A=
(FRAEE, 1987) , SEH A s | b DX 3 4 i)
ESIESSyNES:

Kl Se o, BANFFE X 58 Eh {H 3K F 400
mV i T IREE AT T, Ao X 4R Ak F 4 L
B |31 S a5 S PR = e E RV = we = SN =N
IR (Becking et al. , 1960) , Hri i Tk A%
AT R PR Ay S b A A AR, - B e ] &b T 958 7K
EE i JRAE F AR X 8555 ( Ponnamperuma, 1972)

&l 5f SR, AT AILBT S e b B R e A b DX T
iR, A HLTRAE R £ IEAE TR O T AR AR (9K
FAE, 2005) , BFFE XL R e A AL R =5 Rl AE
2 R I A BR B A A= ) B A 3 R AR A SR A
T A5 AL 5T ok B2 T v, 38R ) W 4 ( Singhet et
al., 1989; 5K BE4E, 2005) ,

(&l 51—n S, FbHE e S L DX DORS = Rk b
R, HER I X AR N AR DX e b 5 SR A
5 DX AR M T AR 5 R e A S b - &
A S AR A (PR R A5, 2003) o AR
A AT R LE A TR R I b -
RGN | O RULT WAL A AT Y & X N
P T P A AR, K AR U TR g, YT K TR
Gy WA T 40 ORI, B ORLAED  OR R T AR

B 5 AL FR RN R S T b S K RN At SR
YR AES R AT R,

25 AT, AR R 5 A 9 LA i P R e 4R
PRI BRI LA A 558 v 1) A ML 75 i, R B LR A
FA BB 158 % B ARXS T i b X4 (T RAAE,
1987; sKH4AE, 2005) , ik & AR AR AEY), iX 5 B
A1 STl s S R A e A A P S - b R R 2 R LA
MRy 3= T H S A S 2 R D B YT kT A A R —
.

3.1.2 Cu.Zn Hg EEEETETUIH

& 5h—j s, T4 )8 Cu.Zn Hg HARILE,
HrRMIK 0 45 8] 43 A R AE, 55 pH A HILE 58k
JEAE TS B RFHEAEE AL, HE 48 CuZn,
Ni As Pb JCE & 4 A E N, PF5R
DX I EB I e 0 4w P e e, X T BE R R O R b
T UL 4N, 4t B F ey RS 8 (S A
) W2, LRI, DT B 14 R ok , [RI B, pH
H AYURE bR S E SR TR
B (XSS 2003 STEEZE ) 2004)

3.1.3 &/KE Fe, Fe, Fe,/Fe, T

Kl 5g mn, PHAbHLIX B & K &R F AR X,
AR S 3 (B 2¢) A6, BFFEIX A PY L IX 32 2L
FARmEBE I, TS X R T AR KR SRR
o, B2 AT AR N IR 2 W, 4 AT AL XL, R
EIER TH . AT RAERT (10 A FA)) LR
A = B TR ZE W25 5, S B8O T 30 1) B 7K A o T
Va3 1) g 107 1 KU, 5 K B A D (R
RAIT,2010; % £ 2 45,2018 ; 4 P45 ,2019)

[’ 5p—q s, R B B (Fe,/Fe, ) FIIE AL B
(Fe,/Fe,) BRI 5 EKEML M RE—NILER
AR ERAE . BTSSR, - HEK bR 2 %t
AR & 2 AL W e Ak B 5 4 A T L )
(FEOREASE, 2017) , PRI, R 5 Xk die 5 1 AT 4L
FEAT AR IE T RE R 32 S /K sl iR i B o 45
BEELATC L SR E A 5 & e s
() LGB TR AL 8 SR TG R I Bk SR Ak (R K R
R BTEAAAR Y ) S gAY SR e, Y
TSR R AR, S Fet L 2
AR ) B PR R 5 B B R A R s X K
W Lht, il RIS, Fe™ 5 9k JF AN Fe™ | 551k
RHEETR®RAY, T HEELE RS
(Ponnamperuma, 1972; Kumke et al. , 2005) ,

3.2 TEZMERSW
RAIAWFFE B, s 3R B A AR 5
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R (P) AME(Cl) HIE(R) AW (0) ]
(T) (Jenny, 1941)

A Ao i A 7K R R e SRR 1 AR A
I TR XA A/ il B2 R K AR A AN B . il
DL g AR, BRI RE vy« 7
SR T 24 A PR 2R DR AN A N s ) U2tk S5
SR AL E— I R S X HE ] 2a #b5T E k
B, MR E b 5T B TT I G 0 2 A G
PEIFAT G A sttt mT DAHEBR B S5 S [8] 79 52 1)
T SRS, B 6 W3R )2 LR 5 28k
RO AT 228k (Fe,) At T 20%0 ~ 30%0, 121
X IERAR S MR R E A OO R, HWITE— ¢
FMT, BT RN 2 TR YE R B (Dearing
et al. , 1996) ,

ALBT pH i\ Eh B2 T3 L F R E
BUEAR (T RIS, 1987) , SiREGIL R WAERCLF 1)
J52 W I A 0 114 % e R 2 A T (Maaher et
al. , 1988; Liu Qingsong et al. , 2005b) , M3 5
ARV, W3R )R R AL A (X ) A BLT
pH {EL \Eh fE Kl £ & 555 2 8O A B0 9 IE A O
P, 5 pH {H 5 B — 7 /Y SAH SC A%, T 25 18] 9 A7 5]
(P 5b—n) L 57 X 20 2 80 2 ) SR AR B Y 25
[ A A RAAE . EAh 38 0T b A I, X 46 S8 25 1]
SRR R A AR X OG22 BRI DX
AR I REAR KRR 2 m R i, Horp R g AL
$(Xmo> EHLE Eh {5 RS A f SR X AL E A
P B S B e L, 7 A BT AR 7 pH (EAE AT 5T IX.
AL TR R e B AL, 7E R AR I (e, AR

10.00
) " ®
1.00} So 20 e oo

0.10

0.01

X 1120 (x10°m%/kg)
°
°
°
°
°
°
3

P SR HTRBLR 2, 400 AT BB = R R 5 IX
L SR VAT N =0 W ol 0 /A 1 R 1 N A R MR
S BU/5 = SO =S ) 6 8 2/ N B 52 2 o
BRI SR 25 oy i ) 5 2 20 UK ) o, BT RS,
AR THHBRR R LI LT, B A4 5 UK T
0 Bl P R S AN A 5 T B R R S P T A
e, KN ORI DL A 5 B AR T+
ek B AL BB NS BG4 ( Singh et al. , 1989;
Fassbinder et al. , 1990) ,

T S B, IR E T REIE 2 I A 53X
FERIAE S K & BRI B B AN A B AR |
WFFEIX T AR R il 2= XU e, BB DX A P L
AR AR, T ARBESERFER (10 H R
f)) LAAR T KA 32 08 R 2= W M 45 0, 5 807 Tl 38 1)
FK R o AR Y KR SRR A A
W2 oy i i UOC e T S8 AW 3 ki A B A

25 EnR R IX R IR R P
HEZARAEW A O @i @ m, H,
Xz Xyzo ATHUTE Eh {E pH fH -HERFE 48 7
FESHUN AR5 A FRAE 5 = AR A AL, e T AR
ARSI 5 T K R B R BRI L R SR =
(] 3 A RS 3 T AL BB 1 35 ] F) 52

WA i 29 B AR BRI 19 S e 433
B (Leigh, 1996; Liu Qingsong et al. , 2005b) ,
LR e e I d T R SR e AR IR Y It A e T
Yy & 18 ( Maher et al. , 1988; Liu Qingsong et al. ,
2005b) , T Ak 25 8 32 B S WK R BT IR ER
W WG AR A 45 b AR N TG E T kR B

(HORWASE, 2017) o AWRBFFE R, Hi%
TG A AR 125 1) 23 A RRAE S5 A HLST  pH L
Eh {8, D\ K A S BORH AL, 10 37 29 B A
AN K RS 1) 3 AT AR DL, 2 W % AL
. AR T B U 2 B R B AR S bk 43
AR,
4 Z5ig
(1) XREMESEIBETE o3BT s, %
BRI 25 HEREPE B0 (X, X,y X, ) 75
S RBNZAIE R 0. 62~0. 72 Z 6], &

30.000
é@i(Fe.) (%o0)

10.000 20.000

Kl 6 BHEL Z M IX 1 3R R AR S A BRI ]

Fig. 6 Scatter plots of X, versus Fe of the

Sanggan River Basin in Yangyuan County
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BBy p AR SR B AN, )R Cu Zn (Ni |
As Ph ¥IFEE K H AR T SR N, oo R Z [ 2
PR 35 TEAH G

(3) EWERZSHNEGE G MG i
Lot HUIE J2 52 0 WF 5 DX AR B S R IR R
Xy Xy Eb H ATHLBT M £ — b it
T R AR DXy L, pHL (A AR AL, D AT
REE B S EUK R R B4 I 3 4 7
RIS AR R B b 52w R4 1 5 e b, 55K
BRI E M A E 14 25 (] 3 A R A 3 1 AL
P WA ) S A o T3 1) B S ) ] fE S P
NG X R AR 2 X SRAE I DL 2R R XL 3 19 TR
W5, S EPACTRAR 3 A9 K BEOR, AR
PEALSE Y B KRB

(4) BIRPRBEAL AR TN 2 AR BE Sk £ 1
PEEY &R BRI LB, R AR S
pH | SR 38 25 B e FSC A P ) S 2 s 8] o A
R — B, MR B LA S 5 KA A AR B
DRLCARRT I, 00 3 i A 3 B B e Y S i H 3

BOIAT - SRR v ] b R SRy b R ) BRI 5 T E AT 5
WFFE 01 o [ M BORE 7 B b BT F 5 BT £ P T AE A
FEHP LT 0 5 SR DA Bl SR A A L 2 A g i
B Hh A S SR LA )
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The spatial variability of modern topic magnetic susceptibility and

its pedogenesis influencing factors study based on

Sanggan River in Yangyuan County, Hebei
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Objectives: Although previous researchers were devoted to analyze the characteristics and mechanism of soil

magnetism, mostly soil vertical profiles, very little work about lateral profiles have been employed. So we attempt to

understand spatial distribution of different soil magnetic parameters and reveal the major influencing factors of soil

pedogenesis.
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Methods: The paper primarily takes advantage of geo-statistical methods to analyze spatial variability of
conventional soil indexesand environmental magnetic parameters of topsoil in the Sanggan River Basin in Yangyuan
County, Hebei Province. Besides, some basic approaches, such as descriptive and correlation analysis et al. , can
help us to comprehend the process of soil forming.

Results: The results of correlation coefficient for magnetic parameters show that total magnetic contents are
mainly affected by superparamagnetic particles. The semi-variogram suggests human activities, for instance, apply
fertilizer, cropping system et al. , almost have no influence on magnetic susceptibility (X;;) , frequency-dependent
magnetic susceptibility (X;,) and the percentage of frequency-dependent magnetic susceptibility (X;,). Above all,
the spatial distribution patterns show that soil frequency-dependent magnetic susceptibility (X;,), Eh, organic
matter, clay—silt content, heavy metals et al. are controlled by elevation, while the moisture, free iron oxide and
active iron are limited by aspect, speculating that elevation affect soil development by hydrodynamic change, and
the aspect change moisture by winter monsoon, so we can conclude that topography (elevation, aspect) is the most
important factor for soil pedogenesisamongfive soil influencing factors ( parent rock, climate, topography, organic
matter, time). Besides, in former study, the frequency-dependent magnetic susceptibility and free iron oxide can
reflect the content of iron oxide/hydroxides and soil pedogenesis, but in this study, the spatial characteristics of
frequency-dependent magnetic susceptibility appear to be more similar to organic matter, Eh et al. , in particular,
arable land, compared with free iron oxide. Thus we conclude that frequency-dependent magnetic susceptibility is
better to indicate soil pedogenesis.

Conclusions; Frequency-dependent magnetic susceptibility and frequency-dependent magnetic susceptibility
percentage are mainly controlled by topography in this study, in addition, these two index can instruct us to
comprehend soil pedogenesis.
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