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Abstract

Soil erosion is a key process of material-energy-information transfer within catchments, driven by
the coupled effects of precipitation, topography, soil properties and human activities, and it exerts
a profound influence on regional ecological security and sediment delivery to the Yellow River. The
Chinese Loess Plateau, with its thick loess cover and highly dissected hill-gully topography, provides
a natural laboratory for studying erosion processes from event to decadal scales. Jujiu (natural
check dam) deposits—formed when landslides or slope collapses block gullies—are characterized
by a single sediment source, clear stratification, pronounced coarsening-fining couplets and good
preservation; they therefore record individual storm-driven erosion-sedimentation events in high
resolution and serve as valuable archives for reconstructing modern-historical erosion and human-
land interactions. Building on the physical, geochemical and biological signatures used in jujiu stud-
ies and their application to couplet delineation, cross-dating and environmental interpretation, we
show that a double-cumulative-curve approach (cumulative annual sediment production vs. cumu-
lative interannual storm rainfall) can statistically separate climatic forcing from anthropogenic dis-
turbance and identify anomalous years. Case studies from Jingbian and Heshui demonstrate that
human impacts on erosion differ markedly with geomorphologic and climatic context. At the same
time, dating uncertainties and errors in sediment-conversion calculations indicate methodological
limitations that must be addressed before wider application.
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Figure 1. Schematic diagram of Jujiu (natural check dam) formation and deposition processes
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Table 1. Selected sedimentary indicators and their interpretative significance [15] [16]
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Figure 2. Sedimentary couplet stratigraphy and annual freeze-thaw layer

B 2. SRRER 5 B R FRE

DOI: 10.12677/ag.2025.1510131 1416 HOERAL R


https://doi.org/10.12677/ag.2025.1510131

H#oE 5%

2.2.2. HUBRLEFFFAE

RMUTRABE R R ZENY R R R 7 R PR B & Sis Zr Fnsm O B o B A 5.
Ca IR L & 8K 4R E S & Al K. Fe. Ca. Sr57o®, MMNE L YR BASRY Y. X—5
A WL T IR IAE KB 1 i i R T A 2 . FE T, R RE ARG 3R HUAE rTE v A 2UE ek il
SYWERZE, W Rb/Ze WWAEEAE il s MUZ A, Dt F T & g Rl o vl e Bl . flin, 4
S2017)F 4> ¥ XRE KB, FElkZ s Zr. E#F40)2 5 Al Fe. Rb. Ca Al Sr, #IL37 H A Rb/Zr
Ee ke lml, fEsbil 54K 2 BIR 2] 35 118 MUTAERE . thAh, 137Cs U R R 1960 4E
A4 BRARIG T PORR T 400N 2, FL UGB 7E &4 B fal 2 0] B A TR RIS TRDBR R, B6nE 1 TAR e (|l 5 17
SRR FAE I — RO R o PURRTE [E] (1 L BR A 2 FRFR AN S I T R AN B el RS AR R 4y,
T T UK R I R RO f A% R R A 2 WAL SR o 9, X T [ 40 )2 1K) Ca/Ze 55 Fe/Zr KRG
Mr¥azs, mE A KIS R T SRR T B R B FHIRA A F S SR (A W ATURLZ Ca/Zry Fe/Zr LUAE KRR
a2y, it AR R A SR B B CEPR R RZ Ca/Zr. Fe/Zr RIRBENMBPBFIZEFE R, 451, &
2R A AR RE R 5 AR ORIE T EEAER, EANRERE Y VD SRR Ay ik R, W
REFE 7S DX L TR R 22

2.2.3. HH4EE

SRR AR e B () 20 0K 205 0k & S A WU AR R AR S AR AR . BRAR B, e R B E g
WAL 1 LA HLIR(SOC) s 2 A(TN) T AV AE 2 ik(MBC) M ZE(MBN) . 18 15 i3 107 BR(PLFA) PA A A B4
FLWH - RS R E T NAHLE, TS PRI AR . X — 2002 BT AR 2 FLBR B
WA HLTRI K 73 CGREFEAR . &K &), AT R T 00K « B 20 W03 55 AR 0 I DR A7 P 4 o 2y
Jite [ v 4 2 R B v TR (R is B TR ), S 1 i s A SR A AN s R vl . Rk, 38 A 4
JE TR 4L A PT LUE B A A B R LR P AR Ak Gl AR [l K B AR RUR AR, RIS
BAEYE DR RO 3 AR R R ARFEAEN (1 Ll AR Ak ) T Fia R N JSTE SR . A VR 254
(RIRFE T2 (a0 PLFA 1% 2 20 AT) [RIRE BRI R s U WD 0 0 B B3 A0 A AR Pk S R R BB, LAV 4 R
Ay e RO T s A HE T AT A A R AR ARt A EME B o X SR AR bR AE e R R A A E A TR (2
ERTEAE), HAERMSEMARESE S AR XEKR: —FH, 42 NEYRfR & & eA BT
NG AR TR R RS 7 — 5, fOR A AT SAE R R ) S ] S IR SR Bl . A
B 6 S R P (B BHE M)A D7 s AR o 25 BT, 3 v B SRR e (B R AR R e i e AR
AFEESRE T OCRIESE, JERT 5. WERHEA S G LR A AT SRR OC R

3. RMASEER

TIRRORA R AR EN . R I PIRSE R A L S A R A R, IR
AFREEAHAAE S, AHELAET, AR In Bt 25 e AR S A2 4 19] [20]

B e SR SRR MO 21 o 2 B BT L35 A AN [ B8R 4R Bk 2 TR e [ B 8 1B FO 4
AECAERT —F A2, SEBRURRNZ A2 3 R R — SR A A B Ja — IR B R AR TR IV T . 220024
FERAFRRGMUCERZFRACE AR, Lo a5 L2 A R A 1A, Rl 3oL
B B IR ER (U CaCOR)EVRRA/E I T & S THUR BRI Z h, U Ca 5 Fe & Mmoo ER A(S) 2
SRR IR AR bR . LRI RN, BRI N — R R AR A, SE PR AR AT AR
JRBIBEAT — N EFRRI 7>, PR RRLZE Z 180 e 2 IR R, RARERIZE RO, A2
U E B R A AR, TR W] R PR R R E (BB UIRIRIRT, IXRINZE BN T8, A Rk
BEREACZE . FTEL, 4 P E B BT $R R AR AR Pk PR SR IR [21]-[25]

DOI: 10.12677/ag.2025.1510131 1417 HOBRBL 2RI


https://doi.org/10.12677/ag.2025.1510131

H#oE 5%

Padt, FETAEPRRRYZ FERRRIY, WAE ORI ANFIRAND 1R SR RS 25 Jie [m] 7 Y0 14
AZAE 8 S R AL ) —— X B, FATRI AT A B BT AR 51, A BARRRE KD DR B 447
ARG 2 UHEAR(YCs RN EIRRRZR . T ISR B AT S SGE AR, A BRI S ART
MsEpr, T R RE K HFRSCRRICE, TR 75 K H S S b oK AT, AR g 52
SCHRIE T R0 A AT & EORIE A o R IR A B N o0 7 b A W BRI AT i 55, IR T 2R
R E [, VbR TSR B TS YRV AR TR AR (v) T 52 2 el SRk ORR e (el ) B AR TR W E
7D BRSO AR JETk 0 s AR AT A B[ 26] [27]

4. AR ERARERE

Bt N S B Vi AT B P S s 5 K, O SRR Rt U WIS, e . PRI R
SEWF I OA SR AN HIREEDY “HhEROCHE T 7 RO EER, AR o AR
F0f RO, Herh R I SR - SR Oy E S S M AR AR . BRI, BTSN SRIESD
X SRR PR, SRR R R GE AR ELIE AL, AT DA AT S L 14 1 S AR S 1 SR S
B RORHEAT K LR

FEEL R 7 S AR P BRI T, TS ST B K S A L7 VoS B (R 2 A T AR, 0 T R A A TR e
(e 7 A 50 o 250 7 1 g S R S B K S s B A ety S 2 B TA] A A R AR B K i AN 2R
P IR XU R A 2, LX) 5 B AR N SR 3l 25 I 3 - S AR i L PR M o ik SRRk DU R e
(] F) SR AR B = VD R BONIE T~ AR PR e /K & 0 R AR i Ze HEAT A5 (151 3), AT DRI R R 8=, B
FHARBAL, WIS BT, (HRAER D R I G 0R mag5 . I8 B A AR IR S PR A A3
B, WX AL 2 22 5 AR AT P S SCER A ), R SR P R B g — — X, X
re R N B IREN T AN R TR AR, I HALHIEEAT fa] B

______ ETFRitERkBHTMENEE

600 o—o FHIIRN I BEmER

500 -
400 -
300
200 -
100 ;

RRE =D EH/(10°km?-a)

Oe . . . . . . . : .
0O 50 100 150 200 250 300 350 400 450
KRFERERKRT/E/(10mm)

Figure 3. Model of the relationship between cumulative interannual sediment-produc-
tion modulus and fitted values derived from cumulative precipitation
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