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Abstract: Pedoturbation is a ubiquitous surface dynamic process that profoundly influences soil development, nutrient and
contaminant transport, soil erosion, and geomorphic evolution. Traditional investigation methods primarily rely on field

observations, morphological analysis, or spatial distribution characteristics of short-lived radionuclides, which, while providing
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valuable information, are often labor-intensive, predominantly qualitative, and limited to short-term quantitative studies.
Optically stimulated luminescence (OSL) dating, a well-established Quaternary dating method used to determine the last
sunlight exposure of mineral grains, has recently demonstrated unique advantages in quantifying pedoturbation through
technological advancements, particularly by single-grain OSL dating techniques. This review examines the fundamental
principles of OSL dating, elaborates its methodological framework for pedoturbation quantification, and systematically
synthesizes its recent applications in analyzing soil formation processes, reconstructing bioturbation history, and investigating
soil erosion-landform evolution relationships. Finally, the review discusses the technique’s strengths and limitations, aiming to
demonstrate its potential for addressing pedological questions and promoting interdisciplinary innovation between Quaternary
geochronology and soil science.
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(a)o A (N A CLIEIE A LAASES Y s AR R A YIRS R & AR Z A AR5 . A SR BBl bRID T AR ZHsh Al
IR R AL R, HAAER AWK (b) FE (¢) Fizn. Note: After burial, mineral grains receive radiation

from cosmic rays and a, B, and vy rays produced by the decay of radioactive elements in the soil (after referencel®) (a). The
right panel illustrates soil mixing by bioturbation. Colored points within the white channel represent materials from different
soil layers. The two black circles mark the sampling sites for undisturbed and disturbed samples; their respective age
distributions are presented in (b) and (c).
B 1 B AR R 3 I S O i B
Fig. 1 Schematic diagram illustrating soil mixing revealed by luminescence dating
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% (Overdispersion, OD) B437391, JHrhr, OD {ERFHE th AR S50 PR 2 5 E M B 5 i, nld i v i a2
74 (Central Age Model, CAM) VOHEAGH, 2L 25 18 FA De {5 AR 22 KT EINBCF 1
De ftitHfEH. 4T3 PE)F T De A ATRHIERS, XL B IR FRE vy LI SRS A2 B A 48 A
DL OD {E 4, Z48hmd & LA 4 R, HBUE 5B HRE fE S IEAHOC: RSZHRBNI BEBTFE  De 43
A OD {HZ) N 30%-431; TMERHE Z BN sz A VIR a5 i S B TR S5 A AR I iR J2 Hh B4, 5
OD i NI AL 120%.
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A Py S L B OREL ) B AR, (R I IR ERURIR NZJE AL, H AR R R B HIRILE S .
DRI, s i 22 5] B ORE W] T 7 30 S0 358 ) "R VR A R IR P2 S BRI 02380, 3w S ) TR PR Bl P e R T
T IR b R ORI LU AT A, B, PUBEERE. 1, Zhang SEEINEARILHE L E
T T & SRR B GI AR f5 R . 78 20 em VR FERIBHEJE BT (Apl), FHIERRL 5 b =ik~50%; [
EREESGIN, AZ LB 40 em TREEIIHHE T (Ap2) [£2 16%, 60~80 cm PRFE] A/B L i
JRiE— PR 4%~8%, TMAE 80 cm LA RIRFEMIEEEZE (C =) HhIUSAARAS tH 2 77 &0k .
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B RACTEN) LR T, 52 R R MR s 2R e LA 2 5L I RORL LL g (BRGS0
RLE 5 AU E  EL 8, Non-saturated factor, NSF), MRS “ B RI5)H %" (Effective reworking
rate, SRopf):

SRefr = 5 XNSF (2)

WFRAR TR, Sottfa Piahd R ae 5 e S W B IR LS IR 5

X TUUAR SRR T 5 B T ORI A B B A ROROGE6e, TRNIsh 2H 73 B A X
{HEAHRHES: (Mounding) RYAEWIPLEN A T HIHIHT AT LA 55— BE Al T HIR LAl . HEBAE)
(IO 2R R LR is BT S (RIS AE R K IR, S 5T 76 1 2
Tk, TERCHTHITTR R R, X Bl A= Vs 28 R ) B ii B 2 CEIPTAR R R —IR B LU D fE—
FEFE b St 1 HEBRAE M) )R B A [44-481

(20 MR—4 BUEA . PSRRI ARG, BRI 51 1) RO BT LA R S L AT B
AR, TR ok T B 2 RORL ) BT A R EE R AR . AR IR BN i R IE A I e, {H
Johnson ZEE YORZAE R B ] T ROC B T 5 7 LI AR . BT X RESR BT S I e
—IRZ BT, SHR— HUS A RS M — P 8 R LR P Bl AR VR A AR AL ARFAE , G0 59 73 A 127481
BEARZ A 73412, Johnson SFHTIFERIE FE BRI B 1 == & i 38 I, @257 7 DA SR —3 807
2
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A, A RFROCFERS,  LORIA], z AEIRIRIE, DE)REHRKT RS, T ARMEE,+1
FAERURL 5 i I 1) A A AR 8 o AT U S A S BRI B dR 55 KU Be THE
MR hE A, KRG 1A AR HAEAS R R 21 N RO R A . i g R
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(3) BB, f Rl Furbish ZEMO-S015] N\, 2t Fudi H R AR — 4 BIOBE AL aT e A& A T
WFFE LSRR I)3E 5l , B9 RT TR G AR (1) 336 W RokL o A 52 br B R Mgt (Rarefied) F19E
HH:A% (Non-continuum) FFAEPY. Syttt 53 51 AR SR i L HERORL (I BE LAz S0 BOG il
AR, JRERE T AR IR A E R MR T . SRR AR v R —E WIS T2 (Fokker-
Planck equation), - --3ERURIS S @Y BARFLHOBE AR 51 — 48123 Pshid A i@ — 14> Pe
ZHGHT RN, SSHGE T A RBEEER: B RS KA RN SRR . AR DL K
REY BAR.

H:T Furbish ZEHO-SUR AT, Gray S5 MSIE— D (57 17 3 R0RERE ' 5 B2 1) TG B VR T ) Th A2
FICASt IR - 3R R 5 1) R &5 243 5

JaL
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b LIRORREETFEIROCIREL, ¢ AWHE], z J9RALEEAE T L B RREE, W, AR AR ERT 84 T ELBURL
IBENHSE, k. NREGTEIE B HGR, Dr NIRRT EIFIESR, Dy 3mSR BURIRHIE & 15
ARVBHE, v 9 Do HARIE ST EZ R L% B 8 Rz R 25 R S kA A
AR R R M LR TR SR AT XL, Gray FERONESE, B AU T~ 1 LR R B A
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3 BEGINAEEIA & A L3 1) B ik e

FOGHER B LI AN RAE N T 2w S it 7R AR . NI E A A LR F IR
fiEEfT s S BRAE PR B R R DA S AR ek — i SR AR AT R S 3 R
3 EENR—ELERE

AN TR b X ) - R R ORORE I ST I R B, AR LR — e IR VG N A E R ) OD AN E
FEURL 7 H1123837.390 - H X P AR ARSI B IR BE 3G D& s/, FEAEBEUZ NG THE, Bk 7430
SR LRI UR BE AR G PEDST, iR OD A A7) & Mk o5 Py X B H AR B AR “ IR BRI B A 7
(Active Reworking Zone, ARZ) . & ARZ Fi5, HTHaEX 559, 75 nT FREUAT 5 RE R JTARAE RS BT,
MAE ARZ b33, SR I /E FH SO ek 48 17 I SR — 30 A, 385 Mk LASR IR0 ) i 46
PURAAE 537390 SR T, I WA 5T & B, I Al BB 4 2 IR v AR B TR — R AL I A RS B .

Zhang SFEE H T AR08 R S5 INA R B Mg 5T LI RO GRHIE 22 e FORE B . AR
T 3 E W SRR R AN . TERR B MR 25 T (R R ~PTHE R ), ARZ KK 4
FEEIL R E e IR EEVE I N, TR SRS, HIRGREE HA K. RN R W R ik,
BOLFR A h R H S G AEIE T F . EMFRHESST, ARZ WISk A HER W EIT#,
HET A R ARZ JRGHBIZ T i B PLsh s B, i B Pl I UTAR RS G 08 o0 A B AR Bt B[R] RS AR 22
Hrp g FER R (R ARZ WREFEBRD) FIFEEES T MR Peh sz ma iy 18] o X )T ok
HIVTRE I “HBAEES”, IZFRERR A “RUEFE” (Stabilization age) B2,

Gliganic S5EESERT FTH AR R 3G S AR R I, T35 -5k 8§ S EUURY =% 258
FUHEN, M UL BRI E SR KD TR RS . T2, JE T IR R AR AL, Ao A g s 43 B 51 0 5% R FE 1)
FOE TR RIT EUTRAYIML B ARZ BIIFE] . RONILES ARZ & bR INAR A, st 3R48 7 Xabn
FRIFRHESS (Aggregational chronology). [FIR, JHAFRE—IREEIC R M AITE—E R b Rk
RRINAE R . X — G TN E D AR R R ESE R TR AR, O T R R e FE
L0 [ ZR AL BE R BIRL P N R AR s R TR AL T B AR

BRI FH N4 75 B AR AR N 3 AR AR AEARHEZL A, $RBNH 7 A B th R SR AL 338 i
ME B R MRAEMR LRI, LR AUE. HUE. AP (e S8R 2= 3k FE A 5 R0,
TERHTHLIX , HSE RS B, AR A YE S IG5E, ISR LT 3 B B
BOANE R . JUHGEXN TR E, HUR B Z R G A S LR s % UIAH B, (A,
von Suchodoletz ZEMUZERT 707 [E — Ab B 22 ZF 1 e S5k 1) 22 BT AS, 8 338 B0 R I 4 R0 &5 SR A 1)
53 E N 358 B AR I TR T S R R B AR AR . B T B R, A E R
ANWIEEH s AHHZ R, FITHR NSRS, R HEE SR R, T I, (FEFHE L
VT A T SR B B (R PR 4H 23 R A A e 20 I HEWT R Lk B IR I NS R ] . g5 R BN, Bt
FE 9~11 ka HI TR A H o R ALATBE 1 “C MELE RN ~8 cal. ka BP, W1 C ZHERERELM,
JIT A5 45 R A A3 53541, 3kt AN THT SCRE T B2 T HRahHE 1) L3k B 4 ke . J5MUlth, Zhang 2567
TERF ST R B AR 2R T, X R AL TSR AR AR A B, I THD B R IR UK DASK BL
DIBRWER N E, 20 16ka i, LIBPRANRAL BN, AATHE AN, S EFREE R ERE .
ZHEWT AR B AR b PR BT TR DA S SR P 4 X PR R T 11 14C AR 1 SRR,

3.2 ERTIEAEIIENETE

FRIAAEWIA /X (krotovina) 1E A HIBAYNEEN =4, Wt LIRAY) S A 2 2 U R U3,
PRBS, b A, s B SRR AR IR R R AT T 2t IS R, 6T RMR T R O R
RPN B, PR, IR TR S R O] BEN A A LR S AR R R A AR AR AR, B
AT REE T I R RO AR I L BT Rk, RIEAMIR R A EENAEMAESE.
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INEE KR AG IR FEANAE, 1717 B AL A0 I SR U S T2 RS A AR R A Sk 2 1) R P DR e 8

5 4 77 1 AR EE LB T 25 %) FE SRR Fe SEA SRR, e I S R I 14C A E
TERGER . SR, AT R SR — i, SR 2 B SRHEAIL T IRER, UER
ASRFEAE AR X DAUER X 0 P SRR 05T i 14C IR 52 BR T A WL I RAFIR GBS, M2, B
M ARBEES I MER s B T RE R, SaUiRASES 5o, WAERE AR
A 7 T B B2 SR L8 I AL AR

Zhang GRS RGAF T, B RER TR CINAEAEIX 5 T SR . V3 DA B RA BT IR b
AR B WA FEIEA YA T B AR O SO B, 6 = AR B T AR R TR T &R
SRR . BOLFER S BB R, TSNS 2O RIFMHZ 2 PR 10 R — R BE IR N A
a R BB 2 R Hodr, 70 om PREE 138 (U R S R UM E AR 2, RIAH R R AR
s T 80 cm A1 160 cm IR FE P B A TS IEY R B2 /N T RIRFE L Z 8, R Aok
BTFRZRE L. @RISR, HEG USRI ASRE, (EFHE—DHE X
P TR R AN 2.7 ka, HARFTRERAE— XK RIHE R (AW 38D [Fe T .

B T I 7R AR YIRS R GuRE G IR 7L I A IS AAE, R TR G AR RS 1 43 A REAE R R
E—ERE LRI . MUY LIRS = 4= a2 (R “3 7
TR B, 3R T R G i o Bl IR S S FR BRI, SR T, Madsen S8 14X 52 21 V01 (Arenicola
marina) YA FIEMERTH 0 7RI, BEGCAFRSBEIR B AR R 2R PE DG R, B 43 B 4 TR 2% B T 1)
VSN ERF & “45i%7 7 (Conveyor belt) BEX——RI#)5 LA SO f7 300 FiEsg, mdkE “9 i
FiBA . ZJ5, Kristensen %M1 Sprafke S515800) 52 AR 10T MR 1) - 4965 TR YA 72 R B, LY
AT RWTFE “ARikam” B,

TEEENZE, FRFAAN T T EEM LI, msLhs b, 3 R AR 2 A
A, N T A X A FE LS LR I TTRR,  van der Meij 25000t EL 3 T B A £ I (i
W]y 3 3 T 1 R VR A A A GE3) T RS MBOLHIERRE, S 2R E S
FIBNAEXRT DTk BRI RS R LR E AT —E £ R, HORBRERESR.
ZHE TN R RIRNIRTEA [F) IR B R R A X DTk S AR S RN BE g T B Al
3.3 ERETIERM—HITEL

IR BN RE N MU R R 5K, T LB E M IR YIE R, T BB A 13542 1k
T 2R B Ak AR5,

fE gttt 18IERN (Soil creep) B 7T 3 EAAT RN AR BRI BCECE B U600, {H 7% A1) 43 % 2
AR, M LR B R RS AR E . BRI 4 2 A BhR I Uk T SRR BE AL RS DN
81, (HiZ 7 AFE LAER AR ORISR . AHE S, BRI R R R B2 — 5,
A JE I 0 AT 3 S D P A 6 — IR BE DR FR R At BB T 4R ke 2R (62-641, Sy — Ty i, HL ORI AR AR R
F AR N I RN N R AR R ERR,  REW RS 4l E AR RE 2 280, NER N B AR 1352 il
1R 35 s A AR SR A AT I SRR A RN R S H

Heimsath 5ROV Ey YOI B0RDRE 6 H AR N H T L IRIGE A RR I 7E . A 35K 43805 30 4 g w4
JiEs), RIFAT T, M3 rE®, UUAEE T RE), 5 A R R (S
SHRUEN. ERER, BAHIE R Y R B TR . A BB, (RS T
G B2 B RORE RS (M BEATLA B 32 S0 SO FE, AR SRR BT D)8 . Stockmann S5EOSI7E M BE Al 1 gk
—PARRE, ARATIAER] FH A S B ORDRE ' U A AR T I KR Werrikimbe [ 523 el A PR S35 b P
FI LB R, AR LA A B ARSI AR [F], 38 a0 bl 3 R A - g5 T ) 4
HIER S, HE T HEY R R . Rk, S5 R R IR — R — E AL,

Romén-Séanchez S667E PFHHEF —AbAE i 2 L0 X IR b, ST 4 A7 B 0 14585 i o
J& T PRI G AE . WS ORI, 20 om FREE NSF 3 R E &3 (B0 0.12 EH 0.94), %
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BAZARBE R [ 4= 1k LSRG 2 o0 . HIRIGANIT,  RIAEYIPSh i 5 8 T 3R A RTRL AR SR ki 2
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