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Application of the Method of Terrestrial in situ Cosmogenic Radionuclides
Dating to Geomorphology

Sachi WakasA', Hiroyuki MATSUZAKI® and Yukinori MATSUKURA®

Abstract

The present paper introduces and reviews the method of terrestrial in situ
cosmogenic radionuclides dating, which estimates the age of exposure of rock
surfaces. We emphasize the value of this method in geomorphological research, in
particular to clarify erosion processes and erosion rates of rock surfaces.
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REMTEOTBERSCTEREE % KD 5 720 DEMRHIEL, MIEELORRTH 2325
ETEHETHS. L LREBBIIBW THIEER 70t 2 OB OB H 2 i3
B0 ZOERMGERHORED V3B T# L. 2855, BEBEIZBVLTIIE
BINTWEPBREEINT, TRSOHIBOERZHET L2RENBIIVWEDTH .

ZDL) RREMPOERMEL AL FEO—2 & LT, HF, [EMETEELHALE
FRWEE] PBELCEL. ZOoFER, BEAYWE L 2EEARIET LI 2L o<
AR S N B R FE A U (Terrestrial in situ Cosmogenic Nuclides, BLF TCN &
T %) #FHT 250 THS (Lal and Peters, 1967). %K+ 2 L 912, TCN iZH#%
HEAFHBIBEIN T LH, BMREWETIERINL 20, 20ERENPS, BEE

2003 4F 12 A 30 H32fF, 2004 4E 3 A 17 HF#&Hs, 2004 453 7 25 A9
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PEHRLTWEE »EHT 222 TES (Fl2 1 Lal, 1988, 1917 &). 29 L Th
5N B EMAES TCN 4t (Terrestrial in sitw Cosmogenic Nuclides ages) &IFU, F
ko 2 FHEIEEAE TG A B E 3 (Terrestrial in situ Cosmogenic
Nuclides dating, LT TCN £ HIEE LITELR) LIFER TV A,

TCON ERBEE BV CEICHAVONABBEIEL L C6EH L. REMHETHS
He, ?Ne & WEMERIETH S “Be, “C, ®Al, *Cl Th 2 (£ LN OFEH | °Be; 150
JF4E, MC; 5730 4F, AL 71 54, ®Cl; 30 54, B2 & Gosse and Phillips, 2001). Bz
i3, PBe l20oWTIIEEE, PALIIOWVWTIRT 1 £ EOZNMEICFHAVEE TSI L
CEVERSNALD, EABIUTER R CORTYWEPICHFAT HAEP R ETHER
NB. TOL) REMNWESEELEL TV AR HNE, TCN EREESEERTRET
Holo, FHECBE SN, T8 0BEICBV TEFEREIEN THEL &
5. Thbt, BEERBCBVT, FOREEICTFHEIIN T 2EMWEIFEL, D
PEGIZEIND LWV BESENEZ SR TWE, o TCON FAR % 478 7 5
kb,

Y2 AT, TONERBIEER RV b ETREB L2742 (FAX, 2000;
Aoki, 2003). =D LI TCNBEZMET sk, F-AMENBETLIERENEST
WhEWI E L —DOBEHE LTEITS5NEH, TCNERBEEICHT 2HEHRARD—D
OBEMEE LTELIONL. 22 TABTIE, TOCNERBIEEOEAFLLHBEL, REH
BOEIZBIT B ZOFFEOEERIZOVTHN V. FiS, T TRFEICRAERNTH
EU[EE7% “Be £ FALIZOWTHENT 5. 25 2 DOBEOF BRI TERED
STHERETHS.

B, FEHBLRKETOWESRIE L TERSNBRICKET LKA ERZE
(Meteoric ®Be, Al : #1213, Arnold, 1956; Lal, 1962) »*#£7£3 5. Meteoric % Ui 14
Bl flio THRWOERLMA HELH Y, ZOHFHOMELHELILEHREINODH5
2% (Bl 21, Curry and Pavich, 1996; Gu et al, 1997; Graham et al,, 2001; 2003 % &),
ABTRIOFEIIODVTIEHRD RV, AR EREWE R TEB SN2 TCN D&%t
RET5.

2. ML R R

TCN LRI E T, AWM, HE L -FHREREEOEREL, LOMEDFEH
ARETHRTLI LI TEMEEL. LD > T, BEBETOERMOBMEERE,
ThbbBAERERRDLIEVEETH L.

TCN i3, FHH L BEWE L OMEFEHIZ X > TEKRT 20T, BEARRIETFH RO
BT A, FEHBEOERSBETTHY, MBS I VRERNEZTL0, Hb
LEWEMTOESE CIEHHBICEETE 2., ZOEHEDO L FWVEIL, FREMNETER

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

JENLE T R BRI v L R AL EE OB~ 0EH 249

bREL, BPETRD /NS V. $4bdb, BEEBETTEHREOBEIIAES L, 207
OBBEREREOKEL LD, —HT, BlTLIKRDEANKEVIETE, FHETT v 7
ADBEIREL BB LS, BREEIIRZLIE, FEBE7I v 7 AN s, F
bbb, BREARRIIEE LT, BUHAORBRE L SEIKET 5.

Lal (1991) 13, 1950 EHICKRA RS THHDNHUF 75 v 7 A0 ERELE b L 12,
BHEAEREOREE - BEKEELZANR, 512, Y17 - INTIURE D RS -/
HDYBe BLUPAl OHI%EME (Nishiizumi et al., 1989) 22, SISFLBEEI L BE
a DHAEDLEIIBI 2 FEHGEBBRBOERE P(la) 2 RO BEER, Thbb

P(l,a)= P}:ig!x/atztudu,1{)13.25 xF(l,a) ( 1 )

ZRLT2. 22T, Pugutinag 0.5 13, SREEHIRNT, KEEAY1013.25hPa (EHE KR E T
VIZBITAHR0 m OKEE) THAMIIIBITAGEERETH 5.

B, EREOREIZLAEVE, ERICIZHERESICIZ2LDTHE00, ZOBEE
DR, WESEEOZLELTWA, ZZIZHNS, Flla)ld, EEE - BKMES
WBIAERELX 1L L Z0BHMETOTCN DEREKREEZLLDT, Ar—1Y
77708 —F(la) LWHINE (KR CIIHERRERKIRT 2).

WIEREF(a) 3, EBIZIZRO LI IIHHEND

F(,a)= fsSU,a)+ (- fo)M,a) (2)

ZZT, Slha)ld, BEARFIISTABEIANVF—FHEBIZLIIZARL -V 3 v (BER
ig) OFE, MUa)ld, K#EI 2 —F YBINOFLGTH Y, FHOESVA L, TREN
TWh,

Stone (2000) T, EMIITHEHBEICEZELY 5250, BETIIZ L, ZROER
THAHEIENOLEEaDPbYIZ, MEREIIBTLIREAFED 257 A — % L LI2#WIERK
Flla) 2% L7, Zhid, RALBEOMBRIEERLALSTRIEHEICOVTHE
Hanaizo, LA S L5, 22TIESUa)ld

S, p) = a(D)+b()exp(—p /150hPa) + c(D) p + d () p» + e(l) ps (3)
DEIICEREND (g, b, ¢, d, eld, LIIRETHHRE). 72, MUp) i,

M, p)=M,,,,, exp((1013.25[hPa]— p)/242[hpa]) (4)

DEHITEITS (M o135 VI FEE [ C:ﬂﬁﬁT%%%&f%%)
Stone (2000) X, 1990 FEACIAT b2 BIER, M I 2 —F ORI L 28
FAERNOESOFTM2S, UTO L) it 52 T b,

Prigisinaae. 113,25 = 5.1 + 0.3 [atoms/g yr], fo = 0.974 (Be D&
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Phrigniatituae, v013.2s = 31.1 = 1.9 [atoms/g yr] , fo=0.978 (Al DHE)
%P, Lal (1991) 2 & Z2HEMREIZ, Stone (2000) DARAT,

Pighatinas, 103,25 = 6.0 [atoms/g yr], fo=0.844 (Be DHE)
Prignatitude, 1013.2s = 36. 7 [atoms/g yr] , fo=10.826 (Al DIGE)

EL7BDERIETHA. Thbb, »DTHE, T?@EESZW%;U“: 1—F Y DOES5EK
WCHAED o T2 &2k A, Fig. 112, Stone (2000) OARKIZ Lo TEHE ST,
WERIZERL TV AEFO Al OAFEZRT.

Lal (1991) 252 O ERBEEL T 220 BidblTFO 77 v 7 2B 58
Fe—F 1Y, YEBEOHBERBEICL o TEEINLLDTHE. LIANEDOER, EBEOH
WTD7 5y 7 A% #HERKDKA (Inclination) IOBEKETH L I LT Hh ok
(Rothwell and Quenby, 1958). ¥ 7Z2b %, Lal (1991) 2BV Tid, FHMRMEE Z 5121
MEEEOBBICLEIDE LD, BRKT20%DEVENYD ), WIEREIIHLT
2+ 10 % OAHEEREE 725 L TwaA, Dunai (2000) &, HEIREEG OB RS &%
BIZANT, §hbblilloTEHLGBLAHERMAREL TS, LLLENH,

200 T T T T I T T T T ! T T T T ! T T T T T T T T T I[ T T T T
Altitude = 2,000 m]

150 |

100 |

Production Rate (atoms/g qtz yr)

0 m (Seaé Level)

A R IR R A

0O 10 20 30 40 50 60
Latitude (deg)

Fig. 1. Latitude, altitude dependency of the production rate of Al in quartz exposed
at the earth surface by Stone (2000).
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Gosse and Phillips (2001) Ti3, #EREIEOEIBTE— 2 >~ MEIC L 228133812
INEL, BOEEB AT — IV TEZABEAI12E, HEBE BT E— A2 NEBRLTE
WELTW:, ZOWE, HIRDOIAT L RS EE L L oIz

tan/ =2tan!/ (5)

DRFRDBOLL, #MERBE G A 2HEOEKE LT, LIOWTFh 2R L T A%
Lhh. B, BEIELTRBHEABELHVWAIRETHILY, MBRIIEHLTED,
T HEMIPT HEBBIFHLTH L V) HEN D S 728 (Negrini et al,
1987; Acton et al., 1996; Constable and Tauxe, 1996), BIEXNRD ¥ £ L A7 — b (10* ~
10° yr) &2 5 LT, BIZBEOHMBEESFEHTAZENTE S,

LSRRI BB T E— X~ POBMIIEIZ L > TELT 2. W ODOHFRIZL > TE
EOHIM, B z1X1 54 (Ohno and Hamano, 1992) 28T 2 Hisl{i7 & X EHEHE
SNTVLED, TO(NEREDRAr —1) Y ZIHWAZ LIS Ay Y adDF— 7138
LI Twiz\vy, F72, Gosse and Phillips (2001) 12X L1 FHE L Y KEVWEHREATIE
BRBONME L RAED 2 FESMHEL L 2 W20 EIC X A RIS lcx 2 nwE LT
WAY, HMBESREEDZEIZ L B TCN AREANOBBIIEHIZL > TREVWEZIATH
NELBL %D B ERENTEY, SROFEORLOBERNIBRSN TS, LirL,
Ohno and Hamano (1992) DFHEIC L A L@ 1 HEMTRS LM EIZIZE A LD
LOENLC, MESEE L HMBERIEVEL L5700, YLEL0f%HWVTH TCN
HERERIZER I VD, BEORBMEERE DA% EEE TCN ERROEEITHE) L k&<
TNAH. MR T, TCNAERFEOFEICB W THEMNEDZEL L ) b MBEZIREOTLDH
BEOVEEVH LI, MHEBELZFHTLZ LD TE 5.

ZOABIZ S, Dunne et al. (1999) 1, #EHOMERH L FM, F7-RBEEY O ELE % 5
LTHBY, EFHE45° LT T, REORMREH T v (<20 %) T EATRERTWVA,

ZOEHIZ, BHAIZEIT B ERFELERICAKD 57201013, METTNEHLLE
Wb L. WIREGER, FEHEBEZOLOLEVEBA 7y —VTRAELEEFHL TV
R H 5. CNOETRTOZ LA HET L L, TCNEABIEEZIZ X - TES - #xt
FREORELX I0%BUTETHILRBEDEZAREETHAS. Lo, FH—MHEENIC
B HEBOBUHFOLE T &, MW LERIIONTIE, IO DREEDHF v~
TV ENT, FMLEZIREL & 55805% .

3. REUBFERERZBRENE

TCN B RFGHEGMEBRETH ), »OBMERD TH L. 2070, BHEIHET S
WX DETE By BEFHIT 5 L9 RiEROBE M EEEE TIZREARTRET
HY, BEZODODOEZFHT 5% 72 Bn#E2 X 5 AMS 447 (Accelerator Mass
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Spectrometry Analysis, NLEEBEESH) 12X D #HlEE N5 (Elmore and Phillips, 1987).

BHEBATIE, AMSAOMIZ X 2 ERBEEENFIGHRITTH LA, KEIFIE"C-
AMS BH#TH ), “Be, PAITAOHEZAETE LEBIEIREKFRFIMERE L
VE—DF FLRN#ESE (MALT) @A T35 (Kobayashi et al., 1997; /MK,  1998;
Matsuzaki et al., 2004).

AMS #5351, ABE2A A VIETAF VET 52D @E L-RICRE T L LENDH
B, Bk L72E 942, AMS S ClIEZF DL D EEHET 5720, FILL72E D O 0%
BEZOLOERMHE L CHEREET A, 2721, AMSHMTIZENENOKEIZDONT
FEMMEE DM, §7%b5"Be/*Belb & PAVTAL LR HET 5. N U7 AIIDNTI,
FREBIZRRON) )T AIHFEELEZ VDT, *Be BFBRESTHAELF v T - L
THERMT A, TV I AW TIRARFIZTAIDPHEET 5720, BRFRATH L ICP-
AESH# 7 L W TCHIET 5. AMSHOH D%, FRZFROTEMEL O L KEKED
BEXHVTHRAMEEEOEZFTHE T 5.

LD L XBEE2 SR, (1) KEPTHERENET L7 meteoric®Be & *Al k&
FEo2l, (2) REBETHL7AIBEYERLTAI L, (3) AMSHHOBIEL %
LRBEETRCRESTARETHIE, THAH. 72k 21id, meteoric *Be D 1 EH72H) D
RETFEEIL 1.2 X 10° atoms/cm? yr (Monaghan et al., 1985/86) T& 9, TCN"Be ® 1
570 OEKEDS. 11 atoms/g qtz (sea level, high latitude; Stone, 2000) &£ » 10°# —
¥—3 %728, b L meteoric *Be ASFEAE L TWwb L, TCNYBe i3I ATREIZ R 5.
37, REMETHLTAIBENETEL L PAVTALD/NE (%), AMSHHTIZBIT S
BREBERE2 THoTLEFH. MALT ICB T A EBERIE, “Be/’Be L T 7 X
1075, SAYZAIHTL X 10 *TdH 5. "BefBe DAL, ¥+ 7 -0 CTRMMIELE
HETE DD, PAVTAI OBEE, ALK A S EDEY IS LT, FHEAYIC TCN 48
ERBEATLILETELRVESLH S, 72, "Be-AMS 2BV TiE, “B (k7 %-10)
3, EAREREERTSH 5, FYRRIBEFFHL2IITEL2VE, BRRIIZEI
BELTWAE7D, THRBRETLZ2OERETH Y, “Be-AMS (2B A HHRF & iR
THLREGERL ZoTW5.

YBe, BAl DKL, T, IUFRI2—F U ETAEBLIUVEBRELOBRRICICE S
(ZRZFN"°0 (n, 4p3n) “Be, “O (x~, « pn) “Be, *Si (n, p2n) ®Al, *Si (x~, 2n)
A, F07, GEXENGEHE L CERP LML, S5ICHED L SEEE M
L, Bk 452 Ed% v (6 2 E Nishiizumi et al., 1989 ; Lal, 1991, Kohl and
Nishiizumi, 1992 7 &). AHEIILE L2 WHR A FL, BRIV Ehs, Lo e
ST A ENESTHL. T, ARTAVAEILIZLY, A2 5"Be £ TAID
COORMERFIRICHET A I LA EETH 5.

I ELZRBORIR, 5E, HSRORE, BMEEEZ SIEKETS720, —#HiZi
EHOSNEV., HERRBOREDOERE, WRLETEIA LA — VR EREIIRES N
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5. MALT 2B 50 %KX 5% &, 10"~ 10°yr + — ¥ —DIEMEDOBEHFEN 2 MA 72D
i, 100g BEOHETHNIT T+ THAS.
LFIEEICDOWTIE, b o & HHEHER 7 Kohl and Nishiizumi (1992) @ 5% B3

% (Fig. 2).

Ao AEERIET 2R, ML 22REHR I ET 2 AR ORIE T

AN, TORZECRLITHABZHBL, SOEHERAVTRELZE—I2T5. 201k,

WA V- CHEY

BRI % R - BREL,

1%D7 vibKEEE - EEEZINZ 5 Z &1

I AEUNOEI R RET S, ZDE X, meteoric®Be & ZAI DS EEIN S,
I, BEPOEGELIN T 5120, BELAAEZWEE - 7 vbKkER - BEER

-
2 SHOMBLADRFRE
#® v
L L BEOKRE
iﬁ v
i AEOH
% v
BEDEE S iR
v
[RFIR e ASUEHERR
n ¢ ¢
=
;ig ‘BeXv!) 7—00 ALEESW —
il v
ﬁ A Sk BB AID S B - $E A
= v
BR-BLIZEDBehbDHRIFERE
v
BeO, ALO;{LESHTRAS—4 VHEE
" !
;l} MEBRBZESH
1}:? v
£ BIET—2W
®]
fiE v
% FREDHE -

Fig. 2. Steps of TCN dating.
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AYAWTOBL, B -BA A R BICE o TR YT LETVIZTLARBHT S, €D
%, TYEZTAKEAOTREL, ZhzBLWFCMAT LI LIZL ) ERENORILY
LY A, SO E S 7 LRIESR A 4 VIRICEEL, FhlZ 5.

AMS S IC BT B HIERE X, MBOED ST (BEEHRERICL - THIY Y b L
LCEENG), ZOKEHEETHRT 525, TCN ERBIEEDEE, “BefBe & *AV” Al
DEIIWE L D ICHBI/NES b0, KEtBEE, EEROUEY A 7 VIZBIT 5
BOEAL,0040 7> MEEDEEE3% (1o) BETHS. 512, "Be-AMS DG HE
12, FEERCBOEEBIZLIANY 7759y FeELFIKBICKELRBENALLD, &
HIIZIZE5% (1 0) IEDOBENAETEZ DLW,

4. BHERLRARRENEE

%Zﬁfﬁ,ﬂ%ﬁmﬁwé**ﬁéﬁﬁﬁmﬁﬁﬁww%%ﬁtt.%W EFHERK
ITHLEME NI D RAT A, — , WEWEP TOERSHMOEREPK) L, LTO
EHITEEIND

P(x)=Pe """ (6)

TITp RMEWEOTETHY, A REER, xr SHEKAPLORITHL. FHMRE
BEEOERE (N, ZOBE, BREMEREDVOETHRLZE, BEICHHATLIET
H5) OFLIE, KRIHKED

ﬂz—N/HP (7)

dt

A IBEOEEER 22 B TE-772b0) THY, “Be DG 4.621 X 10 /yrs
ThY, PAIOBEEF9.763 X 10 /yrs TH 5.

(6), (7) XHbs, HEEOHZHERCRARE 2 BN T 5 kA Lal (1988; 1991)
&Eu;of%ﬁénfwa.uTu—ﬁ%umw%néﬁ&uowfﬁ%Tb

. BHER

ﬂ%@&ﬁ#A<&< EREPF—EDEE, t=0 (BZ0) COBEDOENE%

Nok$5E, (7) R,

Ney=Lav, - Ly (8)
A A
LIRTA. 51T, t=0DEOBEE (N, FEOTHLLThE, (8) i3,
N(t)=£(1~e‘”) (9)

LIRS TC, REMEOBEAREN ZRETHAILIZLD, tOff, TabLBREE
I 2B EATES.
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4.2, REEE
KED, —ERETRESNTVCEAEZEZL. t=012B0T, EE1.DEIAHD
AR ED NoTH L HOGHEEREORRZEIE, (6), (7) REDDETERD LD

27 5.
r-Na+pe” (10)
72120, e xREDREEE L LT,
x=x,~¢l (11)

THb. (10) I22WT, N=N'e* LB EBFTHIRITT,

N = ]V“e—u + PO e*lw(l _eA(}Vﬂu:)t) (12)
A+ ue

e h, A, HERAWEII—EOEETHONTWA L X, FEEICEHELTWVAEBITTO
BREARBERERIATEDLICEELTWLDTHAID. t=012BWVWT, §TO
ESxo THEENODOLE, T4bb, K (12) IZBWT, Noe=0, x=0 ¢ B0\,

F,

N___ 1» —(7pe )t
g ) 13)
135, SHIZZDEE, A+ e<tDEE,
1| P
=—| —-2
: M{}V } (14)

L), REEEZEZENTES,
4.3. ZOD%iEE BV -fBIRE

(9) & (14) NI Fg 3D L) ICHBEBELHBHOE{LD ST 7L LTERENS.
Fig. 3IE*ALIZOWVWT L "Be lZDOWTENTNDEREDOEN ST 7 Thb. FNFNE
MCH PNl (9) RO/ ONAMRERENE L R VIS OBMEIRRE OREEE
ftTHY, ThEhoBHE (4) REBEOREEREVEEZ 5252 LIZLoTELN
L5LDTHD.

RIZ Lal (1991) (2f€Vvy, #E8HIC “Be AERE, HEHIICPAV/ “Be lb 2P o727 5 7 L T#
25, Fig 3OEZNENOREEEDOHBOSOLER 723 DA Fig. 4 DEMIIZ% 5.
BE» L ‘J‘i%/a\@fil%biﬁU’%&E@Eﬁ%ﬂ;@%ﬂﬁi, Fig. 4 12817 % no erosion Hi#f
DEHT%B. Fig. 3ERNIHO PR LI, b5 —EHEUERO L, ARE L EE
BEND)HoT, BHERELLL. ZOLEOBBEOHFAERIIN (9) I2BWVT, t—>wok
BWC, N=Pakh., L7zdoT,

AL Py
“Be P,
E7eh. ZTOEMH no erosion HFHIZBIFAETORETHA.

(15)
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8
10 E T T ‘l"]]‘ T T 7T l‘\’ll T T T \||||l T T 7 |l|TT] T T 1 'lll‘] T T 7 !l]];
) F Erosion rate
- . S PSR sirg]
=2 No erosion e
- 7| s g ]
& 10" £ ===- 10” cm/yr =
2 ee-- 10 cm/yr ]
< T
A . . -
W L | eseesae i
3 6
= 10 ¢ .
g 3
= S S 7% i "
= .
PU |
S 5
(2 107 E
(@) . ]
o= L " 7
= - .
N
= .
26
g 10'} Al | -
3] F — B
Q i e
1)
Q L ]
3
10 | .

time (yr)

Fig. 3. Production of “Be and *Al (production rate (Stone, 2000); Pum = 5.1
atoms/g qtz yr, Pxu = 31.1 atoms/g qtz yr). Solid lines display radionuclides
production in case of no erosion at a surface. Dashed lines indicate radionuclides
production that a surface erode with rates of 10°, 10, 10° cm/yr.

Kz, —ERETEARTHEAE, no erosion B & [FEIC Fig. 4 DZMHOL 2 I -
T, Fig. 4 OWEHIZ% 5. EB, BHEoOEREER, X (13) Kk TELTEHITTH S
A, T TtoolBll, B —FDMEN=P/(A+pe)IZHEDNTVLZ EPDRPSL,
FOEN, Fig 4 CBIABRARFIZOWTOTOy FOKRETHAS (Steady state
erosion end points).

Fig. 4 CBWTKBEEFIZOWTOMBORE LR, TDOL X, no erosion MR &
HMERBEATPHEO 2 oOMEIIFH U -HEAES. ZOEBIE “EFRAR (Steady
state erosion island) & IEIEN 5. FHHE ETHONIBEOLEREIL, L ZOHEBIZA
5. ERF— 5 ORI, TFIOEREEN TS HBELTALILEPLIEDLDON
—ODHETH S, “OOHBEDEKES no erosion ML D EF I3 AHIZELL S
LidH 0B, 2720, ZOEBOLETEICKRSZLIEHNESL. TOHREINE, K
BEHPEESEOET VL o TTF— Y 2HHT LN TE 5.
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2

T T T TTTTT T LEEARLL T T T T IIT T

10° cm/yr Forbidden zone ||
N 10™ cm/yr |

No erosion i

TT1TT LN L

'| Steady-state erosion

2 5 '|end points
= 4
Sl
= I ]
s 10” cm/yr
= .
< . Steady-state erosion
S 4 - island g
3 | —

"“Be concentration (atoms/g qtz)

Fig. 4. The theoretically calculated build up of the ratios of “Be and *Al are plotted
as a function of “Be concentration for a steady-state irradiation history, with and
without erosion, for unit nuclide production rates (production rate; P%%. = 5.1
atoms/g qtz yr, P®x = 31.1 atoms/g qtz yr, Stone, 2000). The upper curve is
traced by irradiating a surface of no erosion. The lower curve shows endpoints by
steady-state surface erosion with different erosion rates.

5. WHFEICH T2 FAM

“Be L *AlOMBFBORELFHAL, (1) FBHRERZTTERL, (2) BERER (3)
RETO LA Z#EHT AWIFED" 1990 FEHiE 2 S 2MICHIML 225 % (Bierman, 1994).
DL %B% Table 1 12F & o7-.

1990 FERIRIZBWTIE, Bk (1) #EREFHERLE (2) RAFEELRDLZ L8
EHRTH o7z, AR L KD L7201 ERBEMEE & L OKTMI L 2BIEO S 2 K
EAODKAERE % 5% L7260 (Nishiizumi et al. 1989) 75EH & 7:7-HTh 5. FL &
IICERBRH OB EE M AEUE & TON EREO R S EHEAEKEL RO F L H 5
(Nishiizumi et al,, 1990). Th o 3BEAREL KDL LD L L EDEMTH - 72
A, MOFTHEIZL BEE L D b TON FREA IR RBL O 2L 05, 20
FED, WRATHEL 24O T LA, FIZITRECHE R EIZOWTOBEHRE TCN
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Table 1. Application of terrestrial in situ cosmogenic nuclides °Be and *Al dating.
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Stroeven et al. 2002; Wakasa et al. 2004

Granger et al. 2001a; Seong 2002; Vance et al. 2003

Gillespie and Bierman 1995; Small et al. 1997; Heimsath et al. 200la;
Nishiizumi et al. 1986

Nishiizumi et al. 1989; 1991a; Brown et al. 1992
Brook et al. 1995a; 1996; Fabel et al. 2002; Lal et al. 1987;

Brown et al. 1991; Brook et al. 1995b; Ivy-Ochs et al. 1999; Schifer et
al. 2002

Granger et al. 1997; 2001b; Leland et al. 1998; Seidl et al. 1997;
Schildgen et al. 2002

Anderson et al. 1996; Granger and Smith 2000; Hancock et al. 1999;
Hetzel et al. 2002; Repka et al. 1997; Perg et al. 2001

Matmon et al. 2003

Kubik et al. 1998

Clapp et al. 2001

Cockburn et al. 2000; Riebe et al. 2000

Bierman and Steig 1996; Brown et al. 1994, Braucher et al. 2000; Clapp
et al. 2002; Heimsath et al. 1997; 1999; 2000; 2001b; 2001lc; Small et
al. 1999;

Heimsath et al. 2000; Nichols et al. 2002; Perg et al. 2003
Albrecht et al. 1993; Granger and Muzikar 2001
Nishiizumi et al. 1991b;
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Woerd et al. 2002

BaE Nishiizumi et al. 1990

R n IO Lal 1988; Nishiizumi et al. 1993; Bierman 1994; Cerling and Craig
1994; Gosse and Phillips 2001

EHF Partridge et al. 2003

BENMSEONATREEYEIR L. 20720, 1990 FRFEEIHEEAKELIILD,
WEREELER, BEME, BEREELRETRODIAANE ko7, IhHDOFENTE -
HEMEIICNTCTECERINDLIEDN Do ETHY, FNFRO/LIIHIEFON
B2 87 P25 250D ThHo7:. 72k 21E, Bierman and Caffee (2002) T
X, CHETHELZZA—A NS U 7O 0 BEOEREHIBIFET 2 61 HOTEIZBT
LHiERmELERE L BEFEDEZRL TS,

25121995 FELIRE IR, HICERECREFMRELRL 20 TIERLC, w0 (3) #F
Tat X, $Thbb TCNERET k4 CHEREZET N, HIERAOELROHE %
RADMIEDIEE 572, 72& 21F, Small et al. (1997) &, 4 2DOLHOILTEEIZEH T
HEBERDTCN BEX KD TVD., NI TOMRTII—EDOFEL AN FOKROM
EEBENERBEPRAREEAELZFEL TN, H51E, BEEIOFELA XY FOX
ERREL, BMRELBEOFNFNOEEIZDOWTHET L7z, 7, Heimsath et al
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(1997; 1999; 2000; 2001a; 2001b; 2001c) 2 & 2 —EDOHZETIE, ThF TOEHLN 7 H#
EEMsEE & TON FERHIEE R MlAE bR TS, 213 Heimsath et al. (2001c) Tl
TAVA - LI MD 7 — XX A IO Gl % A big & L < TCON ERHEE 3 % 8 H
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Z 1%, Dietrich and Dunne, 1978; Dietrich et al., 1986; Reneau and Dietrich, 1990, 1991;
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=7 (Heimsath et al., 1997, 1999), B¥ 4+ —X } 51 7 (Heimsath et al., 2000)) =3
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DR ZF U T PACFMBER DD VW E VIR D L. SSICHEKRY Y FAILE
WTHIERFIZEWEEZ > T b7, L0 D L RSB EESIIC BT 28
MO &2 i b i iidz s kwv, LaL, 20X 2MEIEd 5124 L, TCN4E
R E S BT 2 e REERE, BOSMERRERNEE R LISHBE L Thi ) Ewn
(BMTEREPOTHERE) LVIEFRDDY, 4HIOFESHIEE, & B
EOMRIZKRECHEMRT A2 THA ) Z e MifFsn s, BE, HETIE Table 11K L7
9, MAOWE, HA2VIEHETOX R, COREFEHESNh>2H), X5I12H

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

260 H¥ - RIEEZ - RERE

BRI L VHEANOEHRPSER I TS, ZRITHL, EIZVC“ IME—, FA (2000a),
Aoki (2003) #SE L — HEERE, till OAEREREMAS 2D, FA (2000b) TIEALT VT
A& HAEOKRERIZ 7ﬁ53'67kﬁ¥5ﬁ%@iéﬁjﬂ:—ﬁ%ﬁ%% 57:012"Be iR * HE
T2 812X 5 TON ERBEIEGANDH LT THAH. Lo, BEREAPAAZIEIEE
RIZDBEVETTHY, FRODOHERIZZOFEPSEHINL ZEHFEINS.

6. ¥ & &

KEECit, BEMICBT HEFEMRBEEE L Tl 10 FRICEEICHEEL T &7
JEU & - AR A A AR AT E R 12 oW T <>%@$&@%$%Mﬁt,@)ﬁﬂ%
20 5 mﬂ@m%ﬂ%abe%%“Eﬁﬁ& S aMEEEAEDE, (3) °Be-®AlD
W OFHIME Y V- BHER - BEEEOEECRE T ADHER BT 5 AF
B ERBICOWTHRR, FLT, TOFENINE TRMTH > 2READOHEREF
RFUREICT A0S, WEFIZE > TEFMLTFHEL LY )b LeHLL. 41,
bEERIZBWTE TN FRBEEZHVTELOMENZSh, RAEESLRAET O L
ADER L BT AR RVICHERT 5 Z LI NS.

) &t
AWFFED—ERIZ, BRI 2 5N BARFHIRB LTI B4R E % L 7.

5 B X ®

Acton, G. D., Petronotis, K. E., Cape, C. D., Rotto Ilg, S., Gordon, R. G. and Bryan, P. C. (1996)
A test of the geocentric axial dipole hypothesis from an analysis of the central marine
magnetic anomaly: Earth and Planetary Science Letters, 144, 337-346.

Albrecht, A., Herzog, G. E, Klein, J.,, Dezfouly-Arjomandy, B. and Goff, E (1993) Quaternary
erosion and cosmic-ray-erosion history derived from "Be and *Al produced in situ: An
example from Pajarito plateau, Valles caldera region: Geology, 21, 551-554.

Anderson, R. S., Repka, J. L. and Dick, G. S. (1996) Explicit treatment of inheritance in dating
depositional surfaces using in situ °Be and *Al: Geology, 24, 47-51.

Arnold, J. R. (1956) Beryllium-10 produced by cosmic rays: Science, 124, 584-585.

HAREA (2000a) “Be @Hﬂfﬁﬂ?&?%ﬁi\/‘f:?ﬁlﬁiﬁ%%@%iﬁfﬁﬁm‘m%**%IJJHII’d[:%IS, TEH
= - i flih — VOB — L EMRZE, 39, 189-198.

FARE A (2000b) K0T H T 6 4F 12 E’Qbéﬁ?bv‘fﬁﬁ@'ﬂaﬁ- AABmMFRELETE, 57, 132-
133.

Aoki, T. (2003) Younger Dryas glacial advances in Japan dated with i sifu produced cosmogenic
radionuclides: Transactions, Japanese Geomorphological Union, 24, 27-39.

Bierman, P R. (1994) Using in situ cosmogenic isotopes to estimate rates of landscape evolution:
A review from the geomorphic perspective: Journal of Geophysical Research, 99, 13885-13896.

Bierman, P R., Gillespie, A. R. and Caffee, M. W. (1995) Cosmogenic ages for earthquake
recurrence intervals and debris flow fan deposition, Owens Valley, California: Science, 270, 447-

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

JEALE F AR B | RAMBREE OB~ OB 261

450.

Bierman, P R. and Turner, J. (1995) “Be and *Al evidence for exceptionally low rates of
Australian bedrock erosion and the likely existence of pre-Pleistocene landscapes: Quaternary
Research, 44, 378-382.

Bierman, P. and Steig, E. J. (1996) Estimating rates of denudation using cosmogenic isotope
abundances in sediment: Earth Surface Processes and Landforms, 21, 125-1309.

Bierman, P R., Marsella, K. A., Patterson, C. P, Davis, T. and Caffee, M. (1999) Mid-Pleistocene
cosmogenic minimum-age limits for Wisconsinan glacial surfaces in southwestern Minnesota
and southern Baffin Island: a multiple nuclide approach: Geomorphology, 27, 25-39.

Bierman, P R. and Caffee, M. (2002) Cosmogenic exposure and erosion history of Australian
bedrock landforms: Geological Society of America Bulletin, 114, 787-803.

Braucher, R., Bourlés, D. L., Brown, E. T,, Colin, E, Muller, J.-P, Braun, J.-J., Delaune, M., Edou
Minko, A., Lesouet, C., Raisbeck, G. M. and Yiou, E (2000) Application of #n situ-produced
cosmogenic “Be and Al to the study of lateritic soil development in tropical forest: theory
and examples from Cameroon and Gabon: Chemical Geology, 170, 95-111.

Brook, E. ], Kurz, M. D., Ackert, R. P, Raisbeck, G. and Tiou, E (1995a) Cosmogenic nuclide
exposure ages and glacial history of late Quaternary Ross Sea drift in McMurdo Sound,
Antarctica: Earth and Planetary Science Letters, 131, 41-56.

Brook, E. ]J., Brown, E. T, Kurz, M. D., Ackert, R. P, Raisbeck, G. M. and Yiou, E (1995).
Constrains on age, erosion, and uplift of Neogene glacial deposit in the Transantarctic-
mountains determined from in-situ cosmogenic Be-10 and Al-26 : Geology, 23, 1063-1066.

Brook, E. J., Nesje, A., Lehman, S. J., Raisbeck, G. M. and Yiou, E (1996) Cosmogenic nuclide
exposure ages along a vertical transect in western Norway: Implications for the height of the
Fennoscandian ice sheet: Geology, 24, 207-210.

Brown, E. T, Edmond, J. M., Raisbeck, G. M., Yiou, E, Kurz, M. D. and Brook, E. J. (1991)
Examination of surface exposure ages of Antarctic moraines using i sifu produced “Be and
® Al: Geochimica et Cosmochimica Acta, 55, 2269-2283. Brown, E. T, Brook, E. J., Raisbeck,
G. M, Yiou, E and Kurz, M. D. (1992). Effective attenuation lengths of cosmic rays producing
“Be and *Al in quartz: implications for exposure age dating: Geophysical Research Letters,
19, 369-372.

Brown, E. T, Bourles, D. L., Colin, E, Sanfo, Z., Raisbeck, G. M. and Yiou, E (1994) The
development of iron crust lateritic systems in Burkina Faso, West Africa examined with in-situ-
produced cosmogenic nuclides: Earth and Planetary Science Letters, 124, 19-33.

Brown, E. T, Bendick, R., Bourles, D. L., Gaur, V, Molnar, P, Raisbeck, G. M. and Yiou, E
(2002) Slip rates of the Karakorum Fault, Ladakh, India, determined using cosmic ray
exposure dating of debris flows and moraines: Journal of Geophysical Research-Solid Earth,
107 (BY9), 2192.

Cerling, T. E. and Craig, H. (1994) Geomorphology and ixn-situ cosmogenic isotopes: Annual Review
of Earth and Planetary Science, 22, 273-317.

Clapp, E. M., Biearman, P R., Nichols, K., K., Pavich, M. and Caffee, M. (2001) Rates of sediment
supply to arroyos from upland erosion determined using in site-produced cosmogenic “Be and
% Al: Quaternary Research, 55, 235-245.

Clapp, E. M., Bierman, P R. and Caffee, M. (2002) Using °Be and *Al to determine sediment
generation rates and identify sediment source areas in an arid region drainage basin:
Geomorphology, 45, 89-104.

Cockburn, H. A. P, Brown, R. W, Summerfield, M. A. and Seidl, M. A. (2000) Quantifying passive
margin denudation and landscape development using a combined fission-track thermochronology
and cosmogenic isotope analysis approach: Earth and Planetary Science Letters, 179, 429-435.

Constable, C. and Tauxe, L. (1996) Towards absolute calibration of sedimentary paleointensity
records: Earth and Planetary Science Letters, 143, 269-274.

Curry, B. B. and Pavich, M. J. (1996) Absence of glaciation in Illinois during marine isotope stage

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

262 P2 R N N AR A RN

3 trough 5 : Quaternary Research, 46, 19-26.

Dietrich, W. E. and Dunne, T (1978) Sediment budget for a small catchment in mountainous
terrain: Zeitschrift fiir Geomorphologie N. E 29, 191-206.

Dietrich, W. E., Wilson, C. J. and Reneau, S. L. (1986) Hollows, colluvium, and landslides in soil-
mantled landscapes: Abrahams AD (ed.) Hillslope Processes. Binghamton Symposia in
Geomorphology, International Series. Allen and Unwin, 361-388 .

Dunai, T. J. (2000) Scaling factors for production rates of in situ produced cosmogenic nuclides: A
criticalreevaluation: Earth Planetary Science Letters, 176, 157-169.

Dunne, ]., Elmore, D. and Muzikar, P (1999) Scaling factors for the rates of production of
cosmogenic nuclides for geometric shielding and attenuation at depth on sloped surface:
Geomorphology, 27, 3-11.

Elmore, D. and Phillips, E (1987) Accelerator mass spectrometry for measurement of long-lived
radioisotopes: Science, 236, 543-550.

Fabel, D., Stroeven, A. P, Harbor, J., Kleman, J., Elmore, D. and Fink, D. (2002) Landscape
preservation under Fennoscandian ice sheets determined from iz sifu produced “Be and *Al:
Earth and Planetary Science Letters, 201, 397-406.

Gillespie, A. R. and Bierman, P R. (1995) Precision of terrestrial exposure ages and erosion rates
estimated from analysis of cosmogenic isotopes produced iz situ: Journal of Geophysical
Research, 100, 24, 637-24, 649.

Gosse, J. C. and Phillips F M. (2001) Terrestrial #n situ cosmogenic nuclides: theory and
application: Quaternary Science Reviews, 20, 1475-1560.

Graham, I, Ditchburn, R. and Whitehead, N. E. (2001) Be isotope analysis of a 0-500 ka loess-
paleosol sequence from Rangitatau East, New Zealand: Quaternary International, 76/77, 29-42.

Graham, I, Ditchburn, R. and Barry, B. (2003) Atmospheric deposition of "Be and “Be in New
Zealand rain (1996-98): Geochimica et Cosmochimica Acta, 67, 361-373.

Granger, D. E., Kirchner, J. W. and Finkel, R. C. (1997) Quaternary downcutting rate of the New
River, Virginia, measured from differential decay of cosmogenic Al and "“Be in cave-deposited
alluvium: Geology, 25, 107-110.

Granger, D. E. and Smith, A. L. (2000) Dating buried sediments using radioactive decay and
muogenic production of Al-26 and Be-10: Nuclear Instruments and Methods in Physics
Research B, 172, 822-826.

Granger, D. E., Fabel, D. and Palmer, A. N. (2001a) Pliocene-Pleistocene incision of the Green
River, Kentucky, determined from radioactive decay of cosmogenic Al-26 and Be-10 in
Mammoth Cave sediments: Geophysical Society of America Bulletin, 113, 825-836.

Granger, D. E. and Muzikar, P E (2001) Dating sediment burial with in situ-produced cosmogenic
nuclides: theory, techniques, and limitations: Earth and Planetary Science Letters, 188, 269-281.

Granger, D. E., Riebe, C. S., Kirchner, J. W. and Finkel, R. C. (2001 b) Modulation of erosion on
steep granitic slopes by boulder armoring, as revealed by cosmogenic Al-26 and Be-10: Earth
and Planetary Science Letters, 186, 269-281.

Gu, Z. Y, Lal, D., Liy, T S., Guo, Z. T, Southon, ]J. and Caffee, M. W. (1997) Weathering histories
of Chinese loess deposits based on uranium and thorium series nuclides and cosmogenic
10 Be: Geochimica et Cosmochimica Acta, 61, 5221-5231.

Hancock, G. S., Anderson, R. S., Chadwick, O. A. and Finkel, R. C. (1999) Dating fluvial terraces
with “Be and * Al profiles: application to the Wind River, Wyoming: Geomorphology, 27, 41-60.

Heimsath, A. M., Dietrich, W. E., Nishiizumi, K. and Finkel, R. C. (1997) The soil production
function and landscape equilibrium: Nature, 388, 358-361.

Heimsath, A. M., Dietrich, W. E., Nishiizumi, K. and Finkel, R. C. (1999) Cosmogenic nuclides,
topography, and the spatial variation of soil depth: Geomorphology, 27, 151-172.

Heimsath, A. M., Chappell, J., Dietrich, W. E., Nishiizumi, K. and Finkel, R. C. (2000) Soil
production on a retreating escarpment in southeastern Australia: Geology, 28, 787-790.

Heimsath, A. M., Chappell, J., Dietrich, W. E., Nishiizumi, K. and Finkel, R. C. (2001a) Late

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

FALE TR EERRESE | REBPLCEEOBEH~DEH 263

Quaternary erosion in southeastern Australia: a field example using cosmogenic nuclides:
Quaternary International, 83-85, 169-185.

Heimsath, A. M., Chappell, J., Dietrich, W, E., Nishiizumi, K. and Finkel, R. C. (2001b) Soil
production on a retreating escarpment in southeastern Australia: Geology, 28, 787-790.

Heimsath, A. M., Dietrich, W. E., Nishiizumi, K. and Finkel, R. (2001c) Stochastic processes of soil
production and transport: erosion rates, topographic variation and cosmogenic nuclides in the
Oregon coast range: Earth Surface Processes and Landforms, 26, 531-552.

Hetzel, R., Neidermann, S., Ivy-Ochs, S., Kubik, W, Tao, M. and Gao, B. (2002) * Ne versus “Be
and *Al exposure ages of fluvial terraces: the influence of crustal Ne in quartz: Earth and
Planetary Science Letters, 201, 575-591.

Ivy-Ochs, S., Schluchter, C., Kubik, P W. and Denton, G. H. (1999) Moraine exposure dates imply
synchronous Younger Dryas glacier advance in the Europian Alps and in the Southern Alps of
New Zealand: Geografiska Annaler, Series A: Physical Geography, 81, 313-323.

Kobayashi, K., Hatori, S., Nagai, H., Yoshida, K. Imamura, M., Matsuzaki, H., Murayama, M.,
Sakamoto, M., Aramaki, Y., Tanikawa, M., Shibata, S., Ohashi, H., Zoppi, U., Nakano, C.,
Sunohara, Y. and Saitoh, T. (1997) Current status of the AMS system at the University of
Tokyo: Nuclear Instruments and Methods in Physics Research B, 123, 107-111.

AIREE— (1998) MERFE EBTE —EHFEHL 5 FHA% T T— | HAYWHE¥AEE 1 53, 903-910.

Kohl, C. P and Nishiizumi, K. (1992) Chemical isolation of quartz for measurement of in-situ-
produced cosmogenic nuclides: Geochimica et Cosmochimica Acta, 56, 3583-3587.

Kubik, P W, Ivy-Ochs, S., Masarik, ]J., Frank, M. and Schluchter, C. (1998) “Be and *Al
production rates deduced from an instantaneous event within the dendro-calibration curve, the
landslide of Kofels Otz, Valley Austria: Earth and Planetary Science Letters, 161, 231-241.

Lal, D. (1962) Cosmic-ray-produced radionuclides in the area: Journal of Oceanography Society
Japan, 20™ Anniversary vol., 600-604.

Lal, D. and Peters, B. (1967) Cosmic ray produced radioactivity on the earth: in Handbuch der
Phisik, XLV)/2, Springer, Berlin, 551-612.

Lal, D., Nishiizumi, K. and Arnold, J. (1987) In situ cosmogenic *H, *C and “Be for determining
the net accumulation and ablation rate of ice sheets: Journal of Geophysical Research, 92, 4947-
4952.

Lal, D. (1988) In situ-produced cosmogenic isotopes in terrestrial rocks: Anuual Review of Earth
and Planetary Sciences, 16, 355-388.

Lal, D. (1991) Cosmic ray labeling of erosion surface: in situ nuclide production rates and erosion
models: Earth Planetary Science Letters, 104, 424-439.

Leland, J.,, Reid, M. R., Burbank, D. W, Finkel, R. and Caffee, M. (1998) Incision and differental
bedrock uplift along the Indus River near Nanga Parbat, Pakistan Himalaya, From "“Be and
® Al exposure age dating of bedrock straths: Earth and Planetary Science Letters, 154, 93-107.

Matmon, A., Crouvi, O., Enzel, Y., Bierman, P, Larsen, J., Porat, N., Amit, R. and Caffee, M.
(2003) Complex exposure histories of chert clasts in the late Pleistocene shorelines of lake
Lisan, southern Israel: Earth Surface Processes and Landforms, 28, 493-506.

Matsuzaki, H., Nakano, C., Yamashita, H., Maejima, Y., Miyairi, Y., Wakasa, S. and Horiuchi,
K. (2004) Current status and future direction of MALT, The University of Tokyo: Nuclear
Instruments and Methods in Physics Research B. (in press)

Monaghan, M. C., Krishnaswami, S. and Turekian, K. K. (1985/86) The global-average production
rate of “Be: Earth and Planetary Science Letters, 76, 279-287.

Montgomery, D. R., Dietrich, W. E., Torres, R., Anderson, S. P, Heffner, J. T. and Logue, K. (1997)
Hydrologic response of a steep, unchanneled valley to natural and applied rainfall: Water
Resources Research, 33, 91-109.

Negrini, R. M., Versub, K. L. and Davis, J. O. (1987) Long-term non geocentric axial dipole
directions and a geomagnetic excursion from the Middle Pleistocene sediments of the
Humboldt Rver Canyon, Pershing County, Nevada, U.S.A.: Journal of Geophysical Research 92,

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

264 IR - REREZ - BRANE

10617-10628.

Nichols, K. K., Bierman, P R., Hooke, R. L., Clapp, E. M. and Caffee, M. (2002) Quantifying
sediment transport on desert piedmonts using °Be and * Al: Geomorphology, 45, 105-125.
Nishiizumi, K., Lal, D., Klein, J., Middleton, R. and Arnold, J. R. (1986) Peoduction of “Be and
%Al by cosmic rays in terrestrial quartz s situ and implications for erosion rates: Nature, 319,

134-136.

Nishiizumi, N., Winterer, E. L., Kohl, C. P, Lal, D., Arnold, J. R, Klein, J. and Middleton, R.
(1989) Cosmic ray production rates of “Be and *Al in quartz from glacially polished rocks:
Journal of Geophysical Research, 94, 17907-17915.

Nishiizumi, N., Klein, J., Middleton, R. and Crag, H. (1990) Cosmogenic "“Be, *Al, and °He in
olivine from Maui lavas: Earth Planetary Science Letters, 98, 263-266.

Nishiizumi, K., Kohl, C.P, Arnold, J.R., Dorn, R., Klein, J., Fink, D. and Middleton, R. (1991a)
Cosmic ray produced °Be and *Al in Antarctic rocks: exposure and erosion history: Earth and
Planetary Science Letters, 104, 440-454.

Nishiizumi, K., Kohl, C. P, Shoemaker, J. R., Arnold, J. R.,, Klein, J. Fink, D., and Middleton, R.
(1991b) In situ “Be, *Al exposure ages at Meteor Crater, Arizona: Geochimica et
Cosmochimica Acta, 55, 2699-2703.

Nishiizumi, K., Kohl, C. P, Arnold, J. R., Dorn, R., Klein, J., Fink, D., Middleton, R. and Lal, D.
(1993) Role of in situ cosmogenic nuclides °Be and *Al in the study of diverse geomorphic
processes: Earth Surface Processes and Landforms, 18, 407-425.

Ohno, M. and Hamano, Y. (1992) Geomagnetic poles over the last 10,000 years: Geophysical
Research Letters, 19, 1715-1718.

Partridge, T. C., Granger, D. E., Caffee, M. and Clarke, R. J. (2003) Lower Pliocene hominid
remains from Sterkfontein: Science, 300, 607-612.

Perg, L. A., Anderson, R. S. and Finkel, R. C. (2001) Use of a new Be-10 and Al-26 inventory
method to date marine terraces, Santa Cruz, California, USA: Geology, 29, 879-882.

Perg, L. A. Anderson, R. S. and Finkel, R. C. (2003) Use of cosmogenic radionuclides as a
sediment tracer in the Santa Cruz littoral cell, California, United States: Geology, 31, 299-302.

Reneay, S. L. and Dietrich, W. E. (1990) Depositional history of hollows on steep hillslopes, coastal
Oregon and Washington: National Geographic Research, 6, 220-230.

Reneau, S. L. and Dietrich, W. E. (1991) Erosion rates in the southern Oregon coast range:
evidence for an equilibrium between hillslope erosion and sediment yield: Earth Surface
Processes and Landforms, 16, 307-322.

Repka, J. L., Anderson, R. S. and Finkel, R. C. (1997) Cosmogenic dating of fluvial terraces,
Fremount River, Utah: Earth and Planetary Science Letters, 152, 59-73.

Riebe, C. S., Kirchner, J. W, Granger, D. E. and Finkel, R. C. (2000) Erosional equilibrium and
disequilibrium in the Sierra Nevada, inferred from cosmogenic Al-26 and Be-10 in alluvial
sediment: Geology, 28, 803-806.

Ritz, J. F, Brown, E. T, Bourles, D. L., Phillips, H., Schlupp, A., Raisbeck, G. M., Yiou, E and
Enkhtuvshin, B. (1995) Slip rates along active faults estimated with cosmic-ray-exposure dates:
Application to the Bogd fault, Gobi-Altai Mongolia: Geology, 23, 1019-1022.

Ritz, J. E, Bourles, D., Brown, E. T, Carretier, S., Chery, ]J., Enhtuvshin, B., Galsan, P, Finkel, R.
C., Hanks, T.C., Kendrick, K. J., Philip, H., Raisbeck, G., Schlupp, A., Schwartz, D. P. and
Yiou, E (2003) Late Pleistocene to Holocene slip rates for the Gurvan Bulag thrust fault (Gobi-
Altay, Mongolia) estimated with Be-10 dates: Journal of Geophysical Research-Solid Earth, 108,
2162.

Roering, J. J., Kirchner, J. W. and Dietrich, W. E. (1999) Evidence for non-linear, diffusive sediment
transport on hillslopes and implications for landscape morphology: Water Resources Research,
35, 853-870.

Rothwell, P and Quenby, J. (1958) Cosmic rays in the Earth's magnetic field, Nuovo Cimento VIII,
Serie X, 249-256.

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

JEALE F AR A B E A E I B IR DR~ 265

Schifer, J. M., Tschudi, S., Zhao, Z., Wu, X., Ivy-Ochs, S., Wieler, R., Baur, H., Kubik, P W. and
Schluchter, C. (2002) The limited influence of glaciations in Tibet on global climate over the
past 170,000 yr: Earth and Planetary Science Letters, 194, 287-297.

Schildgen, T, Dethier, D. P, Bierman, P and Caffee, M. (2002) *Al and “Be dating of late
Pleistocene and Holocene fill terraces: a record of fluvial deposition and incision, Colorado
front range: Earth Surface Processes and Landforms, 27, 773-787.

Seidl, M. A., Finkel, R. C., Caffee, M. W, Hudson, B. and Dietrich, W. (1997) Cosmogenic isotope
analyses applied to river longitudinal profile evolution: Problems and interpretations: Earth
Surface Processes and Landforms, 22, 195-200.

Seong, Y. (2002) The exposure age dating of the mountain-top detritus employing in-sit produced
cosmogenic “Be and *Al: Master thesis, Seoul National University, 55 pp.

Small, E. E., Anderson, R. S., Repka, J. L. and Finkel, R. (1997) Erosion rates of alpine bedrock
summit surfaces deduced from in situ °Be and * Al: Earth and Planetary Science Letters, 150,
413-425.

Small, E. E., Anderson, R. S. and Hancock, G. S. (1999) Estimates of the rate of regolith
production using “Be and * Al from an alpine hillslope: Geomorphology, 27, 131-150.

Stone, J. O. (2000) Air pressure and cosmogenic isotope production: Journal of Geophysical
Research, 105, 23753-23759.

Stroeven, A. P, Fabel, D., Hattestrand, C. and Hardor, J. (2002) A relict landscape in the center of
Fennoscandian glaciation: cosmogenic radionuclide evidence of tors preserved through multiple
glacial cycles: Geomorphology, 44, 145-154.

Vance, D., Bikle, M., Ivy-Ochs, S. and Kubik, P W (2003) Erosion and Exhumation in the
Himalaya from cosmogenic isotope inventories of river sediments: Earth and Planetary Science
Letters, 206, 273-288.

Van Der Woerd, J., Tapponnier, P, Ryerson, E J., Meriaux, A.-S., Meyer, B., Gaudemer, Y., Finkel,
R. C., Caffee, M. W, Guoguang, Z. and Zhigin, X. (2002) Uniform postglacial slip-rate along
the central 600 km of the Kunlun Fault (Tibet), from *Al, “Be, and “C dating if riser offsets,
and climatic origin of the regional morphology: Geophysical Journal International, 148, 356-388.

Wakasa, S., Matsuzaki, H., Horiuchi, K., Tanaka, Y. and Matsukura, Y. (2004) Exposure ages
deduced from in situ produced cosmogenic “Be and *Al: Application to the granite domes,
Korea: Nuclear Instruments and Methods in Physics Research B. (in press)

NI | -El ectronic Library Service



