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According to the accumulation and migration of meteoric '°Be in the weathering zone, the soil mentioned in this article all containing saprolite layer

(C); ["Bel, and [*Be], respectively represent the concentrations of dissolved '’Be and “Be, ['"Be] _ and [*Be] , respectively represent the

concentrations of reactive '°Be and *Be, [’Be] . represents the concentration of residual mineral *Be, and N, is the '*Be

total concentration; n and p represent neutron and proton

https://www.cnki.net



Hh | %N

% 6

X2 R PR PE T AR R “Be 47 L AL AL S 569

118, 2 HEH RS Be 2R A RS0 W ny 4k KL,
B DA # 4 3 v B2 % 2 "Be 1Y 4k 5 i i i R
M.y, o (atoms/em®) Al 5 FAL 1E "Be (1) £k °7 Ui 2%
(CHXFFRE LR Ti)

Lw

- | =g (6
per 0 [eﬂ(z) + 1]

A p R BEA B (mg/kg) 5 C.,, 72 Be B
(mg/kg) ; Lw & B A L H T YR E (m) 5 7., (2)
S Be WAL TR R % 56, (2) & HIEURE 2 40RO N I, B
i B A A IR AR AR . e Ah  mag,
AT 53 % "Be B EB o (BS 4 2 L O N PE T
RUEAAAS IR RAL SRR ) 47 @ o0 Hr
KRk 1%, Be Fl'"Be 7F L3 if A ALY s BR fb 217
R, SN A Be (S P T A B S S A A A i AR 4R AL
)5 "Be Wk B 2 ARG, it L] FHASIE 5 1Y "Be &
it (Lm0 S5 IHEK 0 Be & 4t (1,,) 19 FU AR SR AL
EIOBE/E‘?EIMBJZ”:

qus.ﬂux = p ’ C

Iy — I . ( IQBe + que,ﬂux
10Be 10Be I
"Be

AL, WAL IEJE ) 1 “Be i .

5% 8 7 "Be Jit g 50k A AT 15% B, A
A A 304 B "Be 1 5 K AT BE I K 12, 85 1235 "Be &
FRMIRZERIER 10% AN Bbah, b5 A5
YIRS *Be =B T KAk AT, IbAL R A= 9)
B/ 1 “Be il i TR DR E R TS, 2 B0
FUWAET Y. XA A0 AL B AN ] RES A
[ A% R AE AR 201 P B AR AN TR, I Be i 2 ok
K1 “Be ] B8 23 i Al “Be Wi J< 2, 6 1 AR I 144
WRTRZED L P LL, WHADRS § PEAG Be 7E R Y
A2 B A H AT RS "Be 0 FH 8 21 19 55 — AN
A Al 2 I SE G 7 g BN Be 7F g %) 2
[ RO 1) 32 4% , A S 24 o R i Bk Be 03

4 "“BefE £IEA R F B9 M A

4.1 fHELEFH

QAR HE b KA “Be KA PLRE BR FEVATHOR
Rifi e [A] 22 Ak, 7E b R TR ph G L T (E=0) , 145835
A R 1Y "Be S 1 WAL AR FE v “Be Ui
PR L, (™) ] ¢(a) Y R

_ F - Ly
I, 71+L10[1 e ] (8)

WA, Fo v 228 (3) AT ff (B A5 5 . i
HE"Be i & [, 2 LA TE p(g/em’) | HI TH K 2
(em) S H “Be ¥ i N, (atoms/g ) R34

(7)

https://www.cnki.net

Iloszlo(Z)de (9)

SEBRATFE TR, AT 220 R vk e B Y )
(M B bR ) % — & BRI R BR R AT KA IR AE AR
RAETRE R T+ A . RRTESE R =
PR - S B 1Y " Be TR et Jm A7 2EAL FITTTE
il ¥ AR 11 3 2% 51 ( Accelerator Mass Spectrometry,
AMS) P, BRI A5 AN [6] R B2 1) “Be R B2, #4 H Al
AAR () AT 3 44 “Be S 0

B L,=0,, AT FH 1, M3 L SRAF i £, 3X ARl A
AP SR Sy A S T ) R e A I B b Y R
AR

B P i
r=-pin (=) (10)

PR 4 HL {2 ek ol A 27 b U6 5 3K " Be T REAF AR TR
(L,#0) , T LAZ AR AU G 3 Fe/ IME IS, iR 250K
H TR B IR | “Be UL K R DL K 4k 7K M K
A UBe . WEAR TR ZME R E(em/a) HAS
N TR 7 i w2531 2 < I/ W T

t=—%ln(l -1-7“ —;LOECIO,S) (11)
K. C, , NEJE T HER) “Be ¥ FE (atoms/cm®) , p,
FKIZLHERE (gem®) . JCIE I 4 o R
7 "Be IR RGO T , A5 2 AR IR 2 5/
M 7E “Be i i 8 ol TS T, AT LR
HOR T AIL AR R 22 0] 3K 25%' ),

MR I Be Al 51 - 8 A 0% wk BE A7 ) ] 30 57
FE 10°~10° 43 [l P9, 76 i 39 16 BR A0 Ll 3% b A 2]
10° AR A A4 3 B2 19 °F- JL 7 ml 3k 10°4EH7
TERRSAR IR 25 A2 BRF- Y KA #K 0.1 mm/afifi
B IRA YRR AER R 2R 47 ka'

42 MHERITEZE

BRI B *Be AL AT T 1EAL F 7+
H"Be AL A Be b & 5 KA “Be il i,
W B 64 4 2% 1T SO HA SO WP ) Be R . Be
FE IR R AR, B “Be/Be {H ("'Be/’'Be),, il Sz it +-
B2 PR R AR KRN 5 Be & im
FEXT T LA Be i AUFR T KAk 7 4 i) o 1 43 2K o
FHI X “Be e Uit , ZE AR FR 1A “Be 1 22 B 4] ) R
B, MR AR R T "Be & 2 (R BB R (14 pR L, 1124
& IR, BT, A A O R R
7 2 28 AT AR 3R K U B A Ao R A S 2 XA R
ke R R e AR, n] ] £ 45 “Be/ Be 1 5. )
A AR R I Hz AR ] LT A 25 TR At
“HTHDR



Hh | %N

570 HOERB} 27t R

539 &

MM, a4 A e i A AN FR
RE W) AN W B IR 0 0 fige | U ) AN IR o 2
F o BT AR R BT AR, 9 Ak e h i AR
WY AES & i LA ) Be #il “Be & .
TEFAL R FRS KA L BI (“Be/Be), . AN BT ] 22 1L,
DRR b xR 432 28 FUAEL SR M, T LA IG5 45 R e ekt 3
R EER TR A KA AR wlg/(ma) |
w=Q0 -f)k,X,M,
_1-f [F
_ﬁ’Be[(’Be]p Frea,ss
P AR ) RS g R AT D 2R 8 1=
0.47" 5 ke, A= AR AL S CRT 9 38 Sy 5 M 3 R
B2t s X, 0 PR A W R R s MR AR
A AR A W) R BB R (g/m?) 5 [PBe ], W BEA
AL R 3 Y "Be % £ (mol/g) 5 /™ A BEA
ALY "Be TEUCAE AT+ 9 250, HAt B A 08
['Bel.  [Xi]
['Be], [Xi]
[’Belw.  [Xi],

S [Bel, [X]

K. [Be . AW B FEAT 9 3% 101 50 2 5 DLTE B9 K
B Be W, [°Be ., b BEA AN 58 4 XAL T 5% B3 78 i
AT YR Be M, [X ] ALY ] 2 — D ERE TR
X, (4N Ze 8 Th) 43 A B 5 A RS b ik B . TEAX
T N (IR TRV N |5 il B A -3 VA
A °Be & & (mol/m®) , r.,, , 5= [A] 7 2R A2 &5 T KW
5 "Be/’BefH'”':

—(L.+ i)lg.m] (12)

(13)

f”Be —
s

L F.
ARk, X M PBe ], + (Lo + A,
27V BT TR R R A KU Rt o R IR
KA XA R (R 2 B R 2
B, ] EAEE R 22 . Rk, Heimsath 257 45 HY Y
FIF 38T AR AL v gl b A R O Be T AL RAR 55 1
A AR N R Bz N TR AR SE
FIRYN S5 DX 77 SRR SEUESE i AR B
G TR A T VR (A5 SRR, R — R AT SR Y
AEEMFIE TR H ki A & Jm R, BixF
W (95 ) K HoR A2 (0.2~0.5 mm) A A8 B K, 4
S A I B PR T AR A R T R AR W B
B, ) o B o0 A 285 4 T B A i AR
FE KR Be ME LIV AT R HEAE B “Be AN 5 ik
5 MR WA Wz —, [FF A "Be AL FI*'Ne
A%, B R A g - R e A . I
Ah, K55 F HF/HNO, Ji2 5 b8 LA bR A e Ah 3R i 5

(14)

https://www.cnki.net

B v ) KR “Be DA R A 2% BT 4, 3R b il PR 9 2
KA SRR AR A K (>0.2 mm) , R IR PR AE B
e CHLED AR AR (B . B EA O i
BRI HOC R O B Ak A R AE R, A
At HBE A IXUAR ARt A R A B RS R 7 ) 4k 22 4y
fiff N 28 BUAFEAE S A e AR Oy 38, BT L RE - R ik
R AR AR AR o il 1 A

Ji& Ve ) B e Ak 252 XA o i O R A T A 1
F, H e R LR R, BRAE b JE UR  AG
RN L AHIX RS DTBR AT A AR G . Rl
FE T Ve T2 A BRI - 498 ) i FL AN Bk 2 e,
A JE R B FE SEAT RIS o T R AR PR 3 S FH - 4
SR W B 179 S/ Bee 17 ok S B g - R, L
5 b AR PRIk 22 90 2 R G, Tl A3 B RS A 11
BT AN, R Be W R, T
1 g H3EEAT & LRI AL, i A By 2 B ] B, 7R
b2 S0 S R AT 58 A H Rl B M) B Vi
I AT 2 R AR A (29 20 g 2l 95 H ALK
JE<200 pg/g) i/ AMS S HriR 2% , i A ZE 1) 7
Qb FRANSEIAD B S TR TR A, X S & R
G ),
43 HELEEMEE

1815 - 42 A e HLAS Bt R ) 28 1k, ) 730 + 18
SRS TR R R B
C(Fy =2 14) Cy,

—At

E e (15)

A C, R IHEE PR “Be e (atoms/cm’)
IR A 32 “Be B A TEAZS ("Be /2 1 Al AR
AR TURER) IR A R R R BN .

FlO -4 110 (
— = 1 16)
C]O,S

AT R AR A SR SRS T “Be
JE£ B ] 35 50 A2 AL BR S LA BLER AL - D Hu AR
L i PR R P PR (AR W) | I S
IR A A 2 TH BR R Y “Be, DLEURAT (Y "Be
i B2 SOy S A AR b LR I E] PN Y
SR T -5 R E AR TE G 5 ()48 bl A K A
TARRALAL GaH 3Z2 N IR AR 2 A
9 {2 o R AR 2 5 ) I P Y P Be i B U
ARI AR B /N AR 9 T Be e B 23 4R S 4 T Y
T B 233k BE A2l 22 v B AR “Ble ¥R B 23 IR A 1 05
AR I fR bl o fEIX SRS B0 R, BRI TR
Be Ml AR p i R (R T 2z AN [R] A e s A
e G

E =



% 6

XA KA O PR T A 3R "Be 571 3 - HLIRS kg

571

44 TRERIEMETIEIERS

Campforts 25 4 H T 3 Hb | “Be iz 5 1 — 4
RS SRR 1 35 " Be 75 11133 I A% 3 fia) A fia) P40
AL, R 3 b 1 - 2 AL RN AR ok R AR T 4N
AR R Rk . BRI 5 2 43840 . — 2 "Be

aC (t,x,z) 9
— et = az|:_vc : Sclay : pb

. CSclay(t’xaz) +DY(Z)

T - S 0 T 1% T o) RS 1) SR, T ) 32 2 - S
KE (R AR YL s ) YY) BT | i ) 2
JEICR AL AITERS s 2 L F “Be 138 & AN [m)
RS, 90 - SF 0 Bl b T A A A B R e 5
iR AR IR AT S

aC, (1, x, z)}

ot 0z
L aCT(taxaz) aCT(taxaz) aCT(tﬂxaztop) (17)
R ot 0.(z) ax Q. ax
HC(b0,2) =V (2) - P2

A C (e, x,2) BTER A £(a) YRR E x(em) |
+ BT E z (em) Ab 507 R B 4 3 KR 'Be Wk JE
(atoms/cm’®) , v, S %l T 0K AC# 3E BE (cm/a) , p, 2 T
R B (g/em’) |, Cs,,, W T ZE RS L E[EAH “Be ¢
& (atoms/g) , D,(z) & VR 2 kb B9 A= W3 8l R 2K
(em’/a), V, JEALBRKE R B (cm/a) , R 2 TC it 44 FH
i ZEL, 0, (2) J2& - 5 0% 5 3d 1 (em/a) |, O, 2 AV
A AR 3 5 (em/a) , A J& “Be 1Y AR WAL,
Vi (2) 2 A ERURL T L1 3 A5 ) 7% 2 s 28 7y 1) 2 L
BEHEE (cm/a) .

AR AT I AN (] A S R B O [ AR EL A1
AR 2R ) v Be Mk BE LR B ) AR AR AN BY
TR S B W Y - 1 “Be £idiE | 1848 1 'Be
TR NI AR 1 i 3 2 F EE BT "Be 7 - 1
HTE RS B AnFE R 3 K4 "Be T B
E o vas il T N P N TR G LS i A T R L NS S
{5 sk AR R AR I o (RS R A, R [ b
Ve 25 2 W RS LU A AR X AR /NPT 2087 3% 7 AU
PUT e Fpe LA EOCRMLE CJ2) st .

5 i EREE

KA "Be S b R OCHT — I Ay 8 8 1) 5 1
SEFB, v A B A s R R R - 1R
TR IR BR R R A SR F R . R
EXF Be KM TR A S AR AR HhiT#8 IA IR
A BR , KA Be AR Sy o & 20 )+ e js AL g 1t 1
— PRI AR . R T — M A B A T R AR
ARZ IR R AR TC R P = ih AR AN AR 4 il
S I FH A T 20 R A A 9 IX M TR B B o AR
St b RS BT T AR RS R A
FRPPAR FRE

PCAEH 1525 THEN AMS 8 & R K25
55 2 # B2 KR Be ki BE 40 M i ) (YBe/’Be {EHAE
107"~10725 [l 43 AT A B2 T3k 1% ) , N4 J 123 “Be

Hh | %N

https://www.cnki.net

FHRAT TSt 7 B B RYHOR S5 . TR IR AL
AT il DX ORI A 2 57, 5 R RS TR 22 o
ZHE HAFAE AR, 4 )5 "Be A 5T $ 43 1
PR BIFITERN R B, ZRAE R L AR AR AL
e FE AR £ 2 4, 1 g o O XK 3 % 7 i
AT A AR 25 2 e A T Rl X A [ 7
JE B G Y N R A . T S R K
JioE A AR} 2 45 2 0, (HAEBE 2 22 LA
Wi 52 X, R Be 110 SR i AL B 5T A
BEHOR T B, R HH A B RN RS M AA L 4
JRTEFR ELHA B R MBI ) R T 5%

£ 2% 3k (References) :

[1] DUNAITJ. Cosmogenic nuclides: principles, concepts and ap-
plications in the Earth surface sciences[ M ]. Cambridge: Cam-
bridge University Press, 2010.

[2] SCHOENEMANN S W, BRYANT M M, LARSON W B, et al.
A cosmogenic '"Be moraine chronology of arid, alpine Late
Pleistocene glaciation in the Pioneer Mountains of Montana,
USA [J]. Quaternary Science Reviews, 2023, 317. DOI: 10.
1016/j.quascirev.2023.108283.

[3] ENGELBERG S, SAGY A, SHAAR R, et al. Northward prop-
agation of the Gulf of Elat-Aqaba constrained by cosmogenic
burial ages and magnetostratigraphy of onshore sediments [J].
Tectonophysics, 2024, 871. DOI:10.1016/j.tecto.2023.230178.
BHATTACHARJEE S, BOOKHAGEN B, SINHA R, et al.
*Al and ""Be concentrations from alluvial drill cores across the
Indo-Gangetic Plain reveal multimillion-year sediment-trans-
port lag times[J]. Earth and Planetary Science Letters, 2023,
619. DOI: 10.1016/j.epsl.2023.118318.

LIU Y, WANG S J, XU S, et al. New chronological con-
straints on the Plio-Pleistocene uplift of the Guizhou Plateau,
SE margin of the Tibetan PlateaulJ]. Quaternary Geochronolo-
gy, 2022, 67. DOI:10.1016/j.quageo.2021.101237.

CORBETT L B, BIERMAN P R, NEUMANN T A, et al.
Measuring multiple cosmogenic nuclides in glacial cobbles

sheds light on Greenland Ice Sheet processes [J]. Earth and



572

HhERFLE I

539 &

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Hh | %N

Planetary Science Letters, 2021, 554. DOI: 10.1016/j. epsl.
2020.116673.

WITTMANN H, OELZE M, GAILLARDET J, et al. A global
rate of denudation from cosmogenic nuclides in the Earth’s
largest rivers[J]. Earth-Science Reviews, 2020, 204. DOI: 10.
1016/j.earscirev.2020.103147.

ZERATHE S, LITTY C, BLARD P H, et al. Cosmogenic *He
and ""Be denudation rates in the Central Andes: comparison
with a natural sediment trap over the last 18 ka[J]. Earth and
Planetary Science Letters, 2022, 599. DOI: 10.1016/j. epsl.
2022.117869.

YANG Y, LANGY C, XU S, et al. Combined unsteady denu-
dation and climatic gradient factors constrain carbonate land-
scape evolution: new insights from in situ cosmogenic *CI[J].
Quaternary Geochronology, 2020, 58. DOI: 10.1016/j.quageo.
2020.101075.

CORNU S, MONTAGNE D, VASCONCELOS P M. Dating
constituent formation in soils to determine rates of soil process-
es: areview[J]. Geoderma, 2009, 153(3/4): 293-303.

SONG Yunhong, LIU Kai, DAI Huimin, et al. The first report
of the AMS "C age of Mollisol-Paleosol profile of Songliao
Plain[T]. Geology in China, 2020, 47(6): 1926-1 927. [ ‘Kiz
gr, XL, WUS R, A ML R L R R o — o ) T
AMS"CAE I T UCARIE [J]. P E M, 2020, 47(6) : 1 926-
1927.]

CUI Jingyi, GUO Licheng, CHEN Yulu, ef al. Spatial distribu-
tion of "“C age and depth of mollisol sections in the Songnen
Plain during the Holocene[J]. Quaternary Sciences, 2021, 41
(5): 1332-1341. [fE R, SFIAL, BRINEE, & . MA0CP 4
BB R NCAR IR — IR G R S AR R [T S a5,
2021, 41(5): 1332-1341.]

ZHANG G L, LONG H, YANG F. Understanding the forma-
tion time of black soils[J]. The Innovation Geoscience, 2023,
1(1). DOI: 10.59717/j.xinn-geo.2023.100010.

COOK G T, van der PLICHT J. RADIOCARBON DATING |
conventional method [M]// Encyclopedia of Quaternary sci-
ence. Amsterdam: Elsevier, 2007: 2 899-2 911.

GRALY J A, REUSSER L J, BIERMAN P R. Short and long-
term delivery rates of meteoric '"Be to terrestrial soils[J]. Earth
and Planetary Science Letters, 2011, 302(3/4) : 329-336.
HEIMSATH A M, DIETRICH W E, NISHIIZUMI K, et al.
The soil production function and landscape equilibrium[J]. Na-
ture, 1997, 388: 358-361.

PAVICH M J, BROWN L, VALETTE-SILVER J N, et al.
""Be analysis of a Quaternary weathering profile in the Virginia
Piedmont[ J]. Geology, 1985, 13(1): 39-41.

LIU Jintao, ZHAO Wei, LIU Yu. Modelling soil thickness evo-
lution: advancements and challenges[J]. Acta Pedologica Sini-
ca, 2024, 61(2): 319-330. [XI:¥, W7, Xk, HIEE)E
AR T G B T ST R (7], 24, 2024, 61(2)
319-330.]

https://www.cnki.net

[19]

[20]

[29]

[31]

[32]

REUSSER L, GRALY J, BIERMAN P, et al. Calibrating a long-
term meteoric '’Be accumulation rate in soil [J]. Geophysical Re-
search Letters, 2010, 37(19). DOI: 10.1029/2010GL044751.
BARG E, LAL D, PAVICH M J, et al. Beryllium geochemis-
try in soils: evaluation of '’Be/’Be ratios in authigenic minerals
as a basis for age models[J]. Chemical Geology, 1997, 140(3/
4):237-258.

EGLI M, FITZE P. Formulation of pedologic mass balance
based on immobile elements: a revision [J]. Soil Science,
2000, 165(5): 437-443.

BACON A R, RICHTER D D, BIERMAN P R, et al. Cou-
pling meteoric '"Be with pedogenic losses of ’Be to improve
soil residence time estimates on an ancient North American in-
terfluve[ J]. Geology, 2012, 40(9) : 847-850.

MAHER K, von BLANCKENBURG F. Surface ages and
weathering rates from '"Be (meteoric) and '"Be/’Be: insights
from differential mass balance and reactive transport modeling
[J]. Chemical Geology, 2016, 446: 70-86.

SCHOONEJANS J, VANACKER V, OPFERGELT S, et al.
Long-term soil erosion derived from in situ '’Be and inventories
of meteoric '’Be in deeply weathered soils in southern Brazil
[J]. Chemical Geology, 2017, 466: 380-388.
WYSHNYTZKY C E, OUIMET W B, MCCARTHY J, et al.
Meteoric '“Be, clay, and extractable iron depth profiles in the
Colorado Front Range: implications for understanding soil mix-
ing and erosion[J]. CATENA, 2015, 127: 32-45.

HARDEN J W, FRIES T L, PAVICH M J. Cycling of berylli-
um and carbon through hillslope soils in Towa[ J]. Biogeochem-
istry, 2002, 60(3): 317-336.

JUNGERS M C, BIERMAN P R, MATMON A, et al. Tracing
hillslope sediment production and transport with in situ and me-
teoric '"Be [J]. Journal of Geophysical Research: Earth Sur-
face, 2009, 114(F4). DOI: 10.1029/2008JF001086.
CAMPFORTS B, VANACKER V, VANDERBORGHT J,
et al. Simulating the mobility of meteoric '’Be in the landscape
through a coupled soil-hillslope model (Be2D) [J]. Earth and
Planetary Science Letters, 2016, 439: 143-157.

SHEN Chengde, LIU Tungsheng, BEER J, et al. '"Be and the
accumulation and evolution of loess [J]. Science in China Se-
ries B: Chimica, 1989, 19(7): 744-751. [ L A&RTE, X7 2E,
BEER J, % . "Be 5 LA BUHAL T ]. P EHAE B : 1k
%, 1989, 19(7): 744-751.]

SHEN C D, BEER J, TUNGSHENG L, ef al. '’Be in Chinese
loess [J]. Earth and Planetary Science Letters, 1992, 109 (1/
2): 169-177.

SHEN Chengde, YI Weixi, LIU Tungsheng. Advance in ''Be
study in Chinese loess [J]. Advance in Earth Sciences, 1995,
10(6) : 590-596. [Th7RfH, MBS, XA A& . b E 2+ "Be i
FEHEE (1], shERF I, 1995, 10(6) : 590-596. ]

GUZY, LALD, LIU TS, et al. Five million year '’Be record

in Chinese loess and red-clay: climate and weathering relation-



% 6

XA KA O PR T A 3R "Be 571 3 - HLIRS kg

573

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Hh | %N

ships [J]. Earth and Planetary Science Letters, 1996, 144 (1/
2): 273-287.

ZHOU W J, PRILLER A, BECK J W, et al. Disentangling
geomagnetic and precipitation signals in an 80-kyr Chinese
loess record of '"Be[ 1. Radiocarbon, 2007, 49(1): 137-158.
ZHOU W J, WARREN BECK J, KONG X H, et al. Timing of
the Brunhes-Matuyama magnetic polarity reversal in Chinese
loess using ""Be[J]. Geology, 2014, 42(6) : 467-470.

ZHOU W J, KONG X H, DU Y J, et al. "’Be indicator for the
matuyama-gauss magnetic polarity reversal from Chinese loess
[J]. Geophysical Research Letters, 2023, 50 (8). DOI: 10.
1029/2022GL102486.

SHEN Chengde, SUN Yanmin, YI Weixi, et al. Distribution
characteristics and soil production rate of '“Be in hilly and
grassy slope soil [J]. Science in China Series D: Earth Scienc-
es, 2004, 34(2): 139-144. [ /R T, IhEM, SR, 4. T
B2 B 3 *Be 43 AT RRAE Ko - AR AR (1], h R D
i HEREL:, 2004, 34(2): 139-144.]

ZHOU Houyun, ZHU Zhaoyu. Researches on cosmogenic nu-
clides in soil and weathering profile [J]. Tropical Geography,
1999, 19(4): 365-370. [ )&z, ARIRT . LRI T
WU RS T) i3, 1999, 19(4): 365-370. ]
MASARIK J, BEER J. An updated simulation of particle flux-
es and cosmogenic nuclide production in the Earth’s atmo-
sphere [J]. Journal of Geophysical Research: Atmospheres,
2009, 114(D11). DOI:10.1029/2008JD010557.

GOSSE J C, PHILLIPS F M. Terrestrial in situ cosmogenic nu-
clides: theory and application [J]. Quaternary Science Re-
views, 2001, 20(14): 1 475-1 560.

LIFTON N, SATO T, DUNAI T J. Scaling in situ cosmogenic
nuclide production rates using analytical approximations to at-
mospheric cosmic-ray fluxes [J]. Earth and Planetary Science
Letters, 2014, 386: 149-160.

LIFTON N A, BIEBERJ W, CLEM J M, et al. Addressing so-
lar modulation and long-term uncertainties in scaling secondary
cosmic rays for in situ cosmogenic nuclide applications [J].
Earth and Planetary Science Letters, 2005, 239(1/2) : 140-161.
LAL D. Cosmogenic isotopes[ M ]// Encyclopedia of ocean sci-
ences. Amsterdam: Elsevier, 2019: 253-262.

FIELD C V, SCHMIDT G A, KOCH D, et al. Modeling pro-
duction and climate-related impacts on '’Be concentration in ice
cores [J]. Journal of Geophysical Research: Atmospheres,
2006, 111(D15). DOI:10.1029/2005JD006410.

VONMOOS M, BEER J, MUSCHELER R. Large variations
in Holocene solar activity: constraints from '’Be in the Green-
land Ice Core Project ice core[J]. Journal of Geophysical Re-
search: Space Physics, 2006, 111 (A10). DOI: 10.1029/
2005JA011500.

JORDAN C E, DIBB I E, FINKEL R C. ""Be/'Be tracer of at-
mospheric transport and stratosphere-troposphere exchange[J].

Journal of Geophysical Research: Atmospheres, 2003, 108

https://www.cnki.net

[48]

[55]

(D8). DOI:10.1029/2005JD006410.

MONAGHAN M C, KRISHNASWAMI S, TUREKIAN K K.
The global-average production rate of '’Be[J]. Earth and Plane-
tary Science Letters, 1986, 76(3/4): 279-287.

MCCRACKEN K G. Geomagnetic and atmospheric effects up-
on the cosmogenic '"Be observed in polar ice [J]. Journal of
Geophysical Research: Space Physics, 2004, 109 (A4). DOI:
10.1029/2003JA010060.

LIU Xuke, FU Yunchong, ZHOU Weijian, et al. Cosmogenic
nuclide "Be and '’ trace atmospheric vertical transmission: a re-
view [J]. Advances in Earth Science, 2020, 35(10): 1 016-
1028, [XUVFAT, f5F = B, Jo TAd, 45 . 5250 U A% 2K Be
I 1Be 7 i K T E AR S AT ek e [0 ). HuBRR) 2
2020, 35(10): 1 016-1 028.]

BROWN L, STENSLAND G J, KLEIN J, et al. Atmospheric
deposition of 'Be and '"Be [J]. Geochimica et Cosmochimica
Acta, 1989, 53(1): 135-142.

DENG K, WITTMANN H, von BLANCKENBURG F. The
depositional flux of meteoric cosmogenic '’Be from modeling
and observation [J]. Earth and Planetary Science Letters,
2020, 550. DOI:/10.1016/j.epsl.2020.116530.

HUH C A. Dependence of the decay rate of 'Be on chemical
forms [J]|. Earth and Planetary Science Letters, 1999, 171
(3): 325-328.

LIU XK, FUYC, BIY T, et al. Monitoring surface '’Be/'Be
directly reveals stratospheric air intrusion in Sichuan Basin,
China [J]. Journal of Geophysical Research: Atmospheres,
2022, 127. DOI:10.1029/2022JD036543.

YAMAGATA T, SUGIHARA S, MORINAGA I, et al. Short
term variations of 'Be, ''Be concentrations in atmospheric
boundary layer[J]. Nuclear Instruments and Methods in Phys-
ics Research Section B: Beam Interactions with Materials and
Atoms, 2010, 268(7/8): 1 135-1 138.

BACON A R, RICHTER D D, BIERMAN P R, et al. Cou-
pling meteoric '’Be with pedogenic losses of ‘Be to improve
soil residence time estimates on an ancient North American in-
terfluve[ J]. Geology, 2012, 40(9) . 847-850.

HEIKKILA U, BEER J, ALFIMOV V. Beryllium-10 and be-
ryllium-7 in precipitation in Diibendorf (440 m) and at Jung-
fraujoch (3 580 m), Switzerland (1998-2005) [1]. Journal of
Geophysical Research: Atmospheres, 2008, 113(D11). DOI:
10.1029/2007JD009160.

WITTMANN H, von BLANCKENBURG F, DANNHAUS
N, et al. A test of the cosmogenic'°Be (meteoric)/’Be proxy for
simultaneously determining basin-wide erosion rates, denuda-
tion rates, and the degree of weathering in the Amazon Basin
[J]. Journal of Geophysical Research: Earth Surface, 2015,
120(12): 2 498-2 528.

REUSSER L, GRALY J, BIERMAN P, et al. Calibrating a
long-term meteoric '°Be accumulation rate in soil [J]. Geophysi-
cal Research Letters, 2010, 37(19). DOI: 10.1029/2010GL04



574

HhERFLE I

539 &

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Hh | %N

4751.

FINKEL R C, NISHIIZUMI K. Beryllium 10 concentrations in
the Greenland Ice Sheet Project 2 ice core from 3~40 ka[J].
Journal of Geophysical Research: Oceans, 1997, 102(C12) :
26 699-26 706.

BARG E, LAL D, PAVICH M J, et al. Beryllium geochemis-
try in soils: evaluation of '"Be/’Be ratios in authigenic minerals
as a basis for age models[J]. Chemical Geology, 1997, 140(3/
4):237-258.

BERGGREN D, MULDER J. The role of organic matter in
controlling aluminum solubility in acidic mineral soil horizons
[J]. Geochimica et Cosmochimica Acta, 1995, 59(20) : 4 167-
4 180.

WILLENBRING J K, von BLANCKENBURG F. Meteoric
cosmogenic Beryllium-10 adsorbed to river sediment and soil:
applications for Earth-surface dynamics[J]. Earth-Science Re-
views, 2010, 98(1/2): 105-122.

THOMPSON A, CHADWICK O A, BOMAN S,
Colloid mobilization during soil iron redox oscillations [J].
Environmental Science & Technology, 2006, 40(18): 5 743-
5749.

CHEN P, YI P, CZYMZIK M, et al. Relationship between

et al.

precipitation and '’Be and impacts on soil dynamics[J]. CATE-
NA, 2020, 195. DOI:10.1016/j.catena.2020.104748.

PAVICH M J, BROWN L, HARDEN J, et al. "’Be distribution
in soils from Merced River Terraces, CalifornialJ]. Geochimi-
ca et Cosmochimica Acta, 1986, 50(8): 1 727-1 735.

GRALY J A, BIERMAN P R, REUSSER L J, et al. Meteoric

""Be in soil profiles-a global meta-analysis [J]. Geochimica et

https://www.cnki.net

[72]

Cosmochimica Acta, 2010, 74(23): 6 814-6 8209.

BROWN E T, EDMOND J M, RAISBECK G M, et al. Beryl-
lium isotope geochemistry in tropical river basins[J ]. Geochimi-
ca et Cosmochimica Acta, 1992, 56(4): 1 607-1 624.

von BLANCKENBURG F, BOUCHEZ J, WITTMANN H.
Earth surface erosion and weathering from the '"Be (meteor-
ic)/’Be ratio [J]. Earth and Planetary Science Letters, 2012,
351/352: 295-305.

MACKEY B H, ROERING J J, MCKEAN J A. Long-term ki-
nematics and sediment flux of an active earthflow, Eel River,
California[ J]. Geology, 2009, 37(9) : 803-806.
STOCKMANN U, MINASNY B, McBRATNEY A B. How
fast does soil grow?[J]. Geoderma, 2014, 216: 48-61.
HEIMSATH A M, FINK D, HANCOCK G R. The ‘humped’
soil production function: eroding Arnhem Land, Australia[J].
Earth Surface Processes and Landforms, 2009, 34(12): 1 674-
1 684.

OWEN JJ, AMUNDSON R, DIETRICH W E, et al. The sen-
sitivity of hillslope bedrock erosion to precipitation [J]. Earth
Surface Processes and Landforms, 2011, 36(1): 117-135.

LIU Yu, WANG Shijie, LIU Xiuming. New advance of cosmo-
genic nuclides dating in geochronology research [J]. Advances
in Earth Science, 2012, 27(4) : 386-397. [ X5k, EHA, X
F5 W T R R SR A M B A A TS BB JRE [T ], sk
Bl E, 2012, 27(4): 386-397.]

RIEBE C S, HAHM W J, BRANTLEY S L. Controls on deep
critical zone architecture: a historical review and four testable
hypotheses[J . Earth Surface Processes and Landforms, 2017,
42(1): 128-156.



55 6 1 X2 R PR PE T AR R “Be 47 L AL AL S 575

Meteoric Cosmogenic Radionuclide “Be Trace the Soil
Evolution: Mechanism and Progress’

LIU Yu"?, LIU Jintao’, LIU Chengshuai', LUO Weijun"?,
CHENG Anyun"?, WANG Shijie"’

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistrys Chinese Academy of
Sciences, Guiyang 550081, China; 2. Puding Karst Ecosystem Research Station, Chinese Academy of
Sciences, Puding Guizhou 562100, China; 3. The National Key Laboratory of Water
Disaster Prevention, Hohai University, Nanjing 210098, China)

Abstract: Soil is currently facing serious pollution, erosion, and degradation owing to global change,
threatening the ecosystem stability and food security of China. Quantifying soil formation and evolution (time,
rate, efc.) is a critical scientific issue in Earth sciences. Meteoric radioactive isotope "“Be (hereinafter referred to
as meteoric "’Be) serves as a natural tracer, and its inventory in soil is controlled by soil age, surface erosion, and
chemical weathering processes. Therefore, meteoric '"Be is an effective tool for quantitatively tracing soil
formation and evolution over ten million years and has broad application prospects. First, this study summarizes
and reviews the latest progress in the production, delivery, and deposition of meteoric "Be in the Earth
atmosphere, as well as its accumulation and migration in the soil profile. Reasonable estimation of the long-term
deposition rate of meteoric '"Be and its migration to weathering zones are important challenges that urgently
require resolution. Second, this study introduces the main methods used by meteoric “Be to estimate the soil
formation (residence) age and formation rate, indicating soil erosion and transportation on hill slopes. The key
premise for applying meteoric '"Be technology is an understanding of the geological and environmental processes
in the study area and a rational assessment of the calculation model. With the rapid development of accelerator
mass spectrometry analysis capabilities in China, the widespread application of meteoric '"Be technology in
quantitative research on soil evolution has helped solve problems such as predicting environmental ecosystem
evolution and soil conservation on arable land.

Key words: Meteoric "“Be; Soil; Soil residence age; Soil formation rate; Erosion rate.
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