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BTH M A3 L EMEMRE R THERS . M EOMAMGRE S Y. +
HE U 5% SRR 7 B 1) AN BS 1) B AEAE Al AR . SO RSB AN /N SR B A AN ] B 1 R B A T
PR, AT R T S AN RN R T BRI . RN, R BTG
SRR, GLBUEBAL. TR SRR oC B AR BOoR K BE KM MR L PR K LRFIITR. +
ERBAKE—AARER. B A HREMAX TSR, DREPELEAS, £A
SIEH R T EBAAET. T8 - T FZHBERAAKER (maximum tolerable soil
loss rates). RABEARNFME . A LA AR R0, A o] AW EPr + R0
HEREFB S LETAZWERARER, AWHLTERBMABRNSESMZ/E. KL
(R F5 455 6 0 SE R A0K B A S . RIRFRCR L E R AR

1 ARGARMBTFE T IE R AT 1 B R

E2Epk. (1) S B, fE— & B AT ][] BE B RS 1k 43 B0 6 T B & ORI A Y S R
. AT EFERE RSN S L RERBHEE ., AiTHERREER, ) fizsHEaR
W, —EatEERAHTRRNSEE . SARAMSEEANRER R #HITSENE.
RERFHEEE. SEEMBEE. RENERBEIEREMRMNEMN. rRABsK. WKk
B Y B (8] (8] B 9 A AL AR BB A W B ROR AT ULy B R X

AN . (1) RS (erosion pins) R AT B HITH LEE BT E . W
HFRMSBHE S ENEL, ERXFAFENBRIGREEFHNEASIIELERS, &
WA EKFZ BN R, EREAEINT AR MLt EEHRA. Hik, BU#EEX -RE
FRFILAZKR, AT EREOMERRE RN EMmET, XL E2RERBIH.
THERAMMMN S ARBFMMFERT . HEES 2B TR ERme. HmMAGEHT
KR . (2) Hufs. FEREEBHMKBEFRAND. EF0 EmSHERFTF, R E
WERMAERAMTEY. ATHIBNEOH LT ERMELRMBHE. FEHSHD S
AR REDHR, FNTFEEFAGE., B SS RAES K R wm LL R > 1R
R A SRR M5 8. T HEME M SRS RFENE, 77 FHEE K. R
WZAh, WIRHHBEMAIRZNREESR A WAERN BRI ET.
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WEWEE., NWmwHEH# SR,

RUSLE (Revised Universal Soil Loss Equation, & Fi@E A T1E R A FE):. BEEFT
USLE GHA LR F) EAEMTRATHEIRTF Y. I EREEXEEL. W
EEMA&ES R ZMA. EF)H RUSLE 18 2| o] 56 2 bl i ZR X $HE M £ 1 A A
DI BT M., BN RUSLE P R (K2 EBMmIEEF . climatic erosivity factor). K
(HEER]HHF . soil erodibility). C (UEEHEF) M P (2R K F. conservation
support practices) [N FXIEWARHE . (YRR IR BR M EAL. b R BEE B 28 LA Y
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REZLERZ A EERO—TEE dMRFSHIHBA[; ¥ TFREL, MELER
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2.1 #ZEMBKULSEE

Menzel (1960) & BH 3 5 g8 57 i B M F0 I i T2 M {32 1 s Bl (1) 3 3B I 5k 15 °°Sr 3 4% 85 B 41
KL FOI SRR RE T EE M. W5, SEMRL RS T B E TR
HAS BT Z A . "Be, "Be, Y'°Pb, **Ra. **Ra, 'YCs 0% 765 884 BT iR, > Pu.
*Pu, *Th, "H, *'Am, “Sr, “Sr FRIHEERENHAEKEH X PN HABRE S
MR TF LR R G X EHERFEFARE Be. 2°Pb #1''Cs, HA LU
VICs AR ISR B AED, HABRARA. MABRER N Z.
2.1.1 "Cs AR

—E AR P Cs BRI 5 T IR ME B Z R FE £ B L R &R E R H Rogowski
ABOY, HIFEHA ., AR KL B0 (YR TR b i I S AR 0 TCs WA A
FPRE. BWUE T ERTRAEMARKBR) T EFREFAYCs LEEERETFREH
R FEPAGFERKKEN Cs, REBIABEMCs FAFTRER . LELRGE
¥, MEHAXNERE. RSB KRBERFLIEM L, X2 Cs VLA T BT
EHERHYSMN, HUERERETFRENREEME. HBE RSP RSB a5 E
R, SRR TR R Y BT A5 SR Y Cs M AR Cs R P A HLR PR 4 58 B g
ff. BA LB TAAUZHE, EHNELFMAYTIRIHEMNCsEBHoAM. B Cs
HERE PRI R FEEREM, PHE, MRS RRE IRIIEN ., B, +577Cs
Rl el B AR Y LA B BV Cs ZEFF 8 B LA K f AR o AR A v - B O Sk B A LR
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R RB Y AR EARETEHEE BB E LB EE Y EER%. ¥ . Zhang
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Fig. 1 The path of using **Cs technique to qualify soil erosion rates

TR, WHBES RN T EEME BT ARSI EXRAMER., B TFTRBER
GBS BN E RIS, e A RIS E RS T, YRHB3I
ECs MEFMM. XEBYCs HEAREHFTIHER B ABEMBMNBR R EZE S h#E
%:1(%27”34]0

Cs MARFTEHA BB LM H . H S, 'Cs L THIH 30. 12 4F, FRFEHAY'YCs FE 150
FU LR ARBELEAREEHE THRIIVGBUIREREN 3%, B AR LUKBNA; HiK.
Cs LU IT R KB MME IR, ASREMBERR LA ARME, B Cs
BHWE, SARRE; BE, VCs UE— KIS RER T LISG S LB ER, 0 LR
REHEMTCRA S B S AIRERRBREREE . BRI T/ 0t 7T 3] 5143 50 #0
DU, HEDSAEWN EKE IR AER,
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HAEBRENBRARFEMZENEEN (53.3K), FHHEMT6.5 K, EFTREIFETHEF
B BRI RS, AT Be REMERB SR LG, PFRKI. LRPIE 80UH)
"Be 477 F Fe—Mn S LY R AYUR LA . 15% ~ 18 % AEFE TR M-, Fe—Mn £t
HEMRABELEAGTARERK . ARG SMN R EEBRENKMAT AT g A
B, LR Be b EANU T FTEZEMEREATAESR . ARFERZMHETA S B
. TERERLESTTES . TUATHASZHHEN LB, Bal FAER D&
H L X B Be R B R T F MR mh g O S BUS S R . Walling %5 9 R 4R B 1 H ' Be
EREERHBEER B, MXPCs M E . 'Be MBRRATE LIERMAE BT WAL
EMEARBEN, 1. Be AR TEFHNEBHREKRFTHEXNTES; MEEGEEE Be
BB R E, AAMYER BN Be ] bR Be BIGEM —F AL, X THRMATS . b
2 1) Be LR ] BE 8k 76 12 S IR M . X 5 B 1 Be FTH 43 A0 MELLMERR 1538 'Be BYMIBR
¥ (BEBAEERE. VIREX. TBMBEERS) EARRMBUMA. BE. 8L Be fik
EEME S HIEFMRTIEHRZ AN ERMBERETE RN AR EHEHENRDS ., #
F'Be kg MA{NA R +E XK. TUAFLSELEMERILFIT N RAFEMBRCs WEEXHEK
540 REMVIEATAMEEHITSEMHERZ, MTAFRXBEEXHEIHAERFCRCH
B, BHER T e DA A 2, . Be 3R R LB ESHBEN —KERH
fFHEREERNER T . WEMNYCs RAMERHT.

2.1.3 *°Pb ik

TP VTR AR F G 22 A A BEHAENREMREN S RN LT
EEHE., FEEARPb ZMEFRTE T YR VA A 5 O i X 89" Cs UL =S
B E RABAR A HGCs ERBHMET HE k. XX, BATEHKCs
EREGRBEY., FEIRTERNREN. *°Pb kB EMER. *Pb (ETH 22.2
£) B¥U RIIFEDZHY . #H%Rn (K2, 2EW 3.8 X) EE=4, M™Rn BEHAA
M B RRAFFER T Ra T =4 HUL 3 7= 4 89°'°Pb 5 + 4 #97°Ra F 4 . K
HEMETPb (CPbuppora) » THEFE A HFE/D B R [ LY H. FEOPb A KRR, XH
53°°Pb LR TER 2 FMUK R UIRY £ R E K™ Ra T, FRATFAPh (XY i
“°Pb, JEA%Pbo) . X HSF P ] LUE T M A HE 8 80P B3 Ra 44 807 °Pb 13 51
“*Ra%M A 7 Pb AT LU B AT T 30 K7 Pb.. i 4 SEAE S B 3RAg 0,

T —E W5 KX N P, TR B AN FE BT (8] 28 1k . #HXF R A H 5, 2 Pba— 2 M AKX
FREERMER. AE5RIETHR LIV EGIELS. CEMROEH AL S L1 F)
M., T ERMMLAD B SYEIRMEH. NKESER T ERBRFHHER .
Walling 57 B ARt EFF5E T A FH2Ph /R i HER AU g vE, HR B EMmEEWE
BERISS, HYPh A B K B 4 R R R R R R B 5 AT R
2.2 WIAEREE

MEIUURGTHEZ R REEEG, CEHTEITHERTREN. MO SEER. KA
IBRARAE. ANEMNRRERME. ¥AEELHRE. HH RS AMYE KnausTH iz
PE# £ 0% (REE, Rare Earth Element) 75 B # 4 F % b4y Hr £ R 72 BF AN 0 28 18 st 42 1
UDIHERH I A5 FEE N R REE REEA TR E &5 82 0 &/ iR
WREDY, HEA R % REE 5+ B4R &5 16 18 T 80 50 b K 89 K (5] o 0 2B 457 . {1
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THEENMENIRTHEAREY —RIER. MERERIM TRYH G, FIHS FIELDT
Br AR M H A REE WO -, (HE A B AL R & . AT BF S 4R 1ok 5 UL FR A 23 1] 53 A
M, ERMH L TENAA LRI ERSEM, LRMEMED ., PrEEm K. &
SR AR . ARG BAEY RIERFE, La, Ce, Nd, Sm, Eu, Dy, Yb BN HEELHIL
FURERf . 7 REE M ik B AT LA BB, KWk, 800k, BRIES-EE T
LLHEMBF S TR A Eu £ HEMER—H L iR S/ A

M F REE /R 2 A B o0 FIRER 0 s BRAL AR 5 . R AL R M 7 1 7E L3 AR
WWARELE. FARTBRDHZMILE, HETESHMREMSRERE. ME KT
A EAN R A 8 S F BB AR . — OB . 25 YOI . AT LA 4R B0 A 12 7 U ER L A PR U SR

WL RRBREARZLAET . PR KEA IS 8. DABCY 2 H B R
AR BB ME . AE R ARG S T8, TR OO0 R A 4 5EE S 8 5 [ R
RS, FEEAGERSTIEYEER AN S FERIRAREERSE. HLE2AH
R R A ARG R FOR R A B SRS R . A, MERREEM B LT R M
. HEXR, BIstlREER.

3 LEEMERALFIEANIE

T HER S B R T R, — S U T BRI F R AR A B R AR, B, ik
PE— 5 B0 + HE M ER Y 22 FE AR 0T DA B SR B 78+ R AO4R PR
3.1 ImwEiE

TR T MXAI T EED L, AR EEAESE,. T HAE BT L5
HEME. HYEBERESH. EYRHELUERTERBRESREE EHWMNA., 4%k, BX
Sh2rE A AN F| A 7 2 S o 4 e BE b K Y 23 (8128 7 Sk BF 5T 4 4R 1l A 2 1) 49 A 4 44 BR
fB—HiftRE. RN, XRIBHBARETLOLE. Pu IR RERS, MEREMN
R, TEERBUENEERE XudB/D KB R TERBUARSHE SRR EHEDN
FE(E) X AP B R AT BB, TSR 2 W oh i i IR R B E Y B A9 KA B % 3R . Pu SRk R,
B AR B R T B AR AT ISR R X A B EZHEMRES., R, REHEE
HR o 0 - HERE AL R A B L AN [ a5 2 )R Ak B A AR b AN HE 8 4 I B+ HE 4R il A BT AR L
BRI EMTEER— L IBIE.
3.2 TmIEIEAR

RAH. MEHEEMNEK, T RERE MBI ZHIEER, TR HEESRE
(BS) fIfH& TX#HE (CEC) R+ M ML AR B E R, Sk E B EA TR
AT RS T YA, bt nl DU SR B 3T & SR HUR ST,

AR LA HERN S, KEIMAVESE. K. THARSEHKBEER T, T2
NEHHFEREZES, FrEXLEREHT LIPS 6T aerE,

ARZAL . TR TR — A MR LR 5 R B R0 E RS kR . BE
EREALEREM. MH. XEFEERGFRARE, M TFHREREK.
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S, ~HRENEESERARANGHNERER, mBAERE. BARKE.

BE, KRS RENRTERMMBIRPHLA. HBFR R AR A+
Y EA R A . MRS RS AR, DERMMEFREFEERMEA
FEE AR, IHECs AT A . RIEMEIHEE, MAMRENTZ. “'Pb A HEA
557Cs FR MM MBI FE W, £79Cs AR HIFEMHX, *'Pb FREBN 7 I+ 8¢
6] R T X2 R R A REF . "Be 2 H TR A T 29 1R DB 58 8 1R S A9 U BR b o
BH . MNP — RS ER A E B AR EMEEHXA L BR . REE REREAES
AR TR B A P BRI SOR B, RIHE S TEXKZEAHATRMBERF . BIiEFmt
YR EESAEATRELERMANE . BEZRANEETRIERHANEIL. ©F
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Using Geochemistry as a Tool Measuring Soil Erosion
ZHENG Yong-chun'?, WANG Shi-jie', OU-yang Zi-yuan'

(1. State key Laboratory of Environmental Geochemistry., CAS, Guiyang 550002 China;
2. Postgraduate Academy, CAS, Beijing 100039 China)

Abstract ; Soil erosion results in land degradation, farming product output and quality de-
clined, and water pollution, etc.. The problem becomes more and more serious with the
changed farming fashion,tillage mode,and progressing pressure of population. Many con-
ventional erosion research methods and techniques, such as Elevation method. Remote
Sensing technique, Revised Universal Soil Loss Equation method, Field Investigation
technique , and Soil Loss Monitoring Spot method, have their limitations, though they are
used widely today. Using geochemical tracers to measure soil erosion rates is popular and
exerting particular function in erosion study. Those tracers include radionuclides, Rare
Earth Element, magnetic susceptibility, and soil physics and chemistry index. This paper
points out several limitations of conventional erosion research methods, and indicats that:
(1) Cs, ?°Pb can be used to study soil erosion rates in about 30~40 years. "Be can be

used to trace seasonal soil particle movement and one-rainfall erosion rates. The tracing
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theory . principle and technical path are also concluded. (2) REE can be used to measure
incident erosion rates and to study erosion and deposition pattern. (3) Magnetic suscepti-
bility and soil physics and chemistry index can be expected to use in studying soil erosion
and land degradation in future. Geochemical tracing techniques have their own limitations.
For example, chemical analysis of tracers in soil is expensive. Researchers are required to
master essential analysis method and understand the knowledge of geochemial behavior of
tracers. But these techniques are very useful supplements to traditional techniques, espe-
cially in the study of average erosion rates in several ten years and in one rainfall,

Key words : Radionuclides; Rare Earth Element; Geochemical index; Soil erosion
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