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Abstract

The surface irradiation dating method for the submarine samples recovered from Iseki
Point of Yonagpumi lsland, Okinawa Prefecture, Japan is applied to find out the age of
submarine ruing in this region. The measured result obtained from the “Be surface exposure
ages reveals that the underseca topography was exposed in the air less than 3,000 years,
although the error range for the age 1s wide. In addition, the C age determination results
of attached fossils on the walls of lseki Point, the formation age of Iseki Point is estimated
as around 10,000 vears, Results of the analysis show that this dating method is appropriate

for this area if this method is continued further to accumulate data establishing methodology
of this dating technique.
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Abstract

The surface irradiation dating method for the submarine samples recovered from Iseki
Point of Yonagpum [sland, Okinawa Prefecture, Japan is applied to find out the age of
submarine ruing in this region. The measured result obtained from the "Be surface exposure
ages reveals that the undersca topography was exposed in the air less than 3,000 years,
although the error range for the age 15 wide. In addition, the "C age determination results
of attached fossils on the walls of Iseki Point, the formation age of Iseki Point is estimated
as around 10,000 yvears, Results of the analysis show that this dating method is appropriate

for this area if this method is continued further to accumulate data establishing methodology
of this dating technique.
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e d s, BEMBEZMETSEATO "Be BB S, YHOEPAOHFHENE
HEdhI izl

ZMBANERBEILEE I, FHREMIZI D SEaRMIZERS N 2B GO OFMRIZL TN
RERNEETHS. TOFHD, BEEREAPEMERH OB, HL20WEIh5 20561 -
REEROHRITERLEENERBLOOHZINETHS. €I TEYPNTIEL, SHERICHSD

-

SMEE PO E LI2AE R Z 4RIz, (RS, KRR IR T oM ERNEEOMLEHS



122 A EEE, ez, RART, WE=E i 2

1200° 1220° 1240° 126G° 128° 0 1304° 132¢° 134° (i

Fig. 1 : The location map of Yonaguni Island,
The pink circle shows Yonaguni Island,
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Yonaguni Island

Al a2l ] ] B2

* | @ Iseki point

( Iryu * Suzuki, 1990)

* 2 : Arakawabana (010802-03)
%3 : Kubura (000905-2-T, 000905-2-R. 000905-4)

%4 Urabudake (010506-1)
%* 5 ! Tachigamiiwa

Fig. 2 ! The geologic map of Yonaguni Island.

% sampling sites, A-1; recent coral reef front, A-2; coast and lower sediments, B-1; law of
gravel, B-2; llmr:::_stom, B-3; sandstone - mudstone, C: Tertiary Yayeyama Group, 1 faults,

NDWM EWAT S mER D, SIESICRETHWIEE. HROMLME & FERE S Y-
TWDH, REDTTPOMEAR, ThOLIEN -~ - Ll - B L TRERO 3 H iy s
N5 ORIFIED, 1978). FERGBHIFMIED. FI M. BRAKECL> THRI IS, B4
i FERERAE L L T—E I N TS FE G PUE B & UREE S IS & B MM Td 2 81
M- DPEBLTEMIZE > T2 1D, FTROARUNEGES GMPAFESTH D, O am
RN S LUREAKE L EX it ORMIENH - b ARG ERLTVS,

BEFRA > MZIEDWENBRD S Y S X BCHTTIL, ARIUGBRSHES S, LR g

DHEWEER, THRYESEROUAHSEMORNAKMTS S (5H, 1082), AHROME
MRTHD THERA > b BEFNABIZHEL =R 585,

2. MEBLUY TR

ABRIZBNVTR, AT-NI1E LIz kKM E (Photo 1) BLUMMEDLE LI
EMFEETRV, Wl FHL00% OB EZHERL 2, BERHHEMEAILI002FEN S A5 — kL
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=it BHFRHOYTIVE, 199MEM SRS L, BRUARENL. FIERAZERZZMIzH
WTHRL, XK EHEFAREREOL Y= CREBENTVDS Y »F LAY (2 > F L8
JEERR) OIEEEE U (Accelerator Mass Spectrometry JIF AMS) & H v TRIEL, &
M E AR TR NN =5,

Photo 1 : Submarine survey i Iseki point by SCUBA diving.

BREORMUZH > TREDE S RESIZHERERS o2, AU THILEN ORIz H vt
HIEEHEIL "Be BLUMAI TH B, £ITC. BENTFBIUVERE P20 T PicE£<{8%,. ML
fERSICH L THHEMHRNESE L THE (S10) ZUBENAOHEME L, IEoREGELE.
IAEIDEE » BHIKGHIC Ko TRHIC 25720, TRliC PR 20805 5. AWK TR,
PEIZCNSETHIZHEL,. RSP RIUR EERE L . ERUSFTIZ DL TR, KoM
HEEEESo%, 1) MEZHSELTWERRICAERS Lo &SNS, 2) €4
LU f30~90" R TIZIMEHAR VIS, 3) BUEASEATCRMIMNES5LHEOGHBHLTWS
HE i

AMBIOIERIZ DV THROKITHZIEZS 2%, 1) GREZLEHEE. 2) BN ETHE
0.5~1.0mm (Coarse sand) MREL Y, 3) ImmllETHE GEREMR BN,
4) BUNLZVLESR. BEMNFIY1I TETWLENHS. 5) 0.3mm (Fine sand) LT
OFRFHERORT. FNICBAMETHS. 6) 0. lmm (Very fine sand) ELF OB T35
WMANETHS, 7) DEPICHELROERSSIBER. ThEERT DS,

RRARIZDWTIL, 1) NV —, FHFERHWTRINSERAMIH<ERTS. 2) &
BEMOBBEANENSO (Q°BFARELY) 20T 5, 3) KEEmogi#Ef (3LUGE
1) 22N A=F—2ZHWTHNTD, 4) EHURBORIMAE LY, 5) REOHIEHRS.

ERHT L Z=5teHE, MeiC)15atet, [ L ISEE O30 TH S (Table 1). 2@ 55, WE no.
001020-K. 001021-M. 010801-N. 010802-P1. 010802-P2. 010802-P3. 010802-Ql. 010802-Q2.
010802-Q3, 010802-R. 010802-S1i22WWTid. Photos 2~7IZ;R%. WEHL. 20004E5H. 104,
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WECMFTIZBWTERIRL 2. iE no. 000905-1~000905-5 # L 28010324 - 1, - 213, Frss/\UB
[CIZEM L TWiz/Zhiz, B no, 010506-1 IEBAGBHMEIZERRL T EE W, Fig 312 A

2¢ 100 S0 S RN TE T & 45 T3 A1) k8 N R AR (SN O Bl A

B 2 b BTSRRI R T,

MR > b BREKOHEANNTSH S, TIT BERICRsHibEOTEFhoBT
SN EREL, CORLNMOEZREMITHILEEZRADLDIZ THREERT b &
D i E no. 000518-F. 000518-G. 000520-J. 001020-K. 010324-2, 020228-T., 020228-U.
020301-V Z#5E L 2. £z, TBEE > b UM OMKS SO EIZDW THEHiNIoRE
M E L. LA X O ECE no, 000518-H. BB oifihtk 0 iE no. 010802-Q3. FRIBE
£ DiE no. 010506-1 L 2=, £, SHBEEATDEROD "Be XAl IZWT S 1w
T3 FERSMIT DS, AMREDIAE no. 000905-2. 000905-4 % &%F L 7=, ¥ no.

000905-2 13 000905-2-T # X TF 000905-2-R D2 EHI 1 T =172 - /=,

Table 1 : The sample list for the surface irradiation dating method, collected until now.

Kubura

Kubura

| - Iseki point (north side) -5
2 [D00SI8-F  |Tseki point (main terrace) 9.4
3 [000518-G |1seki point (upper termace) 69 sandstone | treated with HCI
4 [000S18-H | Tochigamiiwe O — broken
S 10005181 fIseki point (loop road) -
6 .000520-1 lseki point {loop read) measured
7 [000905-1  |Kubura untreated
. !Kubum o measured

Kubura

SNNNNNEHAE
rJ

|

121001020-K  |iseki point {main temace) 1.2 sundsione broken

BIMI(}ZI-M lecki point {loop road) 24 sandstone —

!4'010314-1 fseki point (upper, sea level) 0 g _saMst

glgmm-z {iseki point (upper, land) 0 / sandstone

161010506-1  |Urabadake 231 < g sandstone

17[010801-N | Kuburabari {shore) |2 ! NI2ZESW | sandstone

18|010802-P1_[slope, side of Arakawabana 10| N2OWIOE | sandstone untreated
010802-P2 |slope, side of Arakawabana | 3 | N4SE4E | sandstone untreated
010802-P3 |slope, side of Arakawabana | | N32ZESE | sandstone antreated
01080201 [iscki point (upper, land) | 0 | N20W26E | sandstone untreated

Iseki point (upper, sea kevel) 0 7’ sandstone untreated

23 |010802-0Q3 |Arakawabana (shore) 8 12w sandstone measured

24 {010802-R  [Iseki point (main werrace) e z 3 sandstone untrented

251010802-S1 JArakawabana 5 o sandstone untreated

26020228 |1seki point (Joap rand, lower the stairs) 208 / sandstone measured

27[020228-U |iseki point (uisngle pool) FY - andstonc | treated with HCI

28020301V |1seki point (loop road, upper the stairs) 164 P sandstone measured

29|020301-W [Iseki point (stand of kimura rustle) / sandstone wntreated

30|020301.-X | Tuchigemuiwa point (rock stage, under face rock) > untreated



126 AHERE, MGz, BAMT, =, T 2

(x1>752) “BH
sample no. 001020-K

sampling sit¢ : main terrace
lithology : sandstone

sample no, 001021-M
sampling site : loop road
lithology : sandstone

Photo 2 ! Samples collected from the submarine Iscki Point for the surface irradiation dating method.
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sample no, 010801-N
sampling site : Kuburabari
lithology : sandstone

ofoso2-H
Foj % $% Ro-2"

lo&@

sample no. 010802-P1
sampling site : Arakawabana
lithology : sandstone

Photo 3 ! Samples collected from the coast for the surface irradiation dating method.
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010802-P5
51 & 8 z0-2°
“Be )

sample no. 010802-P2
sampling site : Arakawabana
lithology : sandstone

010802-@_,
gl} “’*ﬁ 2o-2°
IOQem

sample no.010802-P3
sampling site : Arakawabana
lithology : sandstone

Photo 4 Samples collected from the coast for the surface irradiation dating method.
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Ol0&02-Q,

R T 5%
(v b8 (fSe)

“Be )

sample no. 010802-Q1
sampling site : Iseki point (upper, land)
lithology : sandstone

010802 -Q2

¥R TEF
4t% L3R GiEH)
mgem

sample no. 010802-0Q2
sampling site . Iseki point (upper, sea level)
lithology : sandstone

Photo 5 ! Samples collected from the coast for the surface irradiation dating method.
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“BeM

sample no. 010802-Q3
sampling site : Arakawabana
lithology : sandstone

S n ] Nadly g S Y X 5 S S 0 g ¥, 3
Ay » e ) 4 A e - e 3 [ - i e L - - e - . s s " o " - e At
} .';." L i T "": Wy i i e ) T R PR | R e .;.;,' :' e g 1 "'-.'.':"i‘.."}_-; 2

A AT | ISR o : : % e

sample no. 010802-R
sampling site : main terrace
lithology : sandstone

Photo 6 - Samples collected from the coast and the submarine Iseki Point for the surface irradiation
dating method,
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sample no. 010802-S1
sampling site : Arakawabana
lithology : sandstone

Photo 7 : Sample collected from the coast for the surface irradiation dating method.

010802-Q2

s
/U‘U"‘U- Q3 010802-01
land % '
. _—___.NAmkawabana // land ‘V [
i
))4 sea level |
OO0518-1= 020228-U
) 010324-2
000518-G |
010324- 1 the First Knoll /

& Y =
X “ i o u,_..-——’
.
.“z ‘:"‘r- = - i
ARSI 020301-W Ry

-'_.’_» - ;o - . J L= 0 A
armd s AW il \“n(‘- L) "’3295,'5‘30 '
0 s /] the Secoed the Third K Og)
"0 Y the Founh Knoll
y 020301-\ -
/JOUS“}"I ‘ 020228-T (Kimura, 2003)
20)-
001021-m 000520 %: sampling polit
010802-R

Fig. 3 - Sampling points in Iseki point.
Figure shows sampling points (%) and sample numbers.
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3. Mz

3-1. EERSHFEAMNTEE

REBEHEARLIERE S, FARBEHC A D ERENICER S NS EEEHH OB RRIC ETn
PR CNEE T H 2. AR TEIBIM O I A = MO AT "Be CEMM © 1.5X 104E)
HERUTAL CEMRM @ 0. 72X104E) TH 3.

HIZRAN S o T HFHEIE. ERIIMOLIZFIINF =250, FlEI KA PO s gL
TRMECTRNF—2EI20, TORIIHENOBMESEMEERT 5. ZbESHEICHL TH.
TOERMIIHLPRTIESHDVERISERHEELER TS, 6P "Be BLU AL, FiHi#8F 1L
FHBAROPETFNEHPORRLT - BRFTEE2Y -5y PILTHELDEMERIC LT
HAEMRSNSHIREENTHS (N, 1998).

3-2. HHOME
IEID R EIL, Kohl and Nishiizumi (1992) 22 S Tifiso . WHFEIZLTOMY C
BB,
1) No3—, S$EHWTEE 250, 0.5mm open DA w ¥ 2% LEEE WS,
2) 6N HiRIC XV REESY. SRS, BLEHoOREELCTI4~24E5 0TS,
3) BMADEBREOEZAMLT, 78 EEBICIDVERDAOFELREMBOBRRB LU
D “Be 35 L8 ¥Al OERA£95°C TOHFM X3~4@{72 L, HHLELEMBT S,
4) carrier @ "Be #NA %,
5) ik, Tvig BERBTHEOER. R WEEHDEL, BeBlU Al #7008 d 5.
BEH, IheDEREITOEHMNTHEML A.
* 7wikid, EEMETHESIRTS.
*HREE, 7 ovBEUTROMLUEVENESEIRT S,
d B EGERY., MT o EEERSENMRT D,
6) EE—BIEL, “Al OB L FREMTHETHHRT 2,
7) AAEREENWT, BeB LU Al DR, #MATARD,
8) MR (30%), 7 AEZTK (28%) K EDEM - BILERML, "Be 3 LT Al OE % 1k
THRIKBEIURT R LADBREETIRS.
GROBRBIURT TR0 ARTNTH "Be BXU A OfjlifEr 4 TH D)
Q) MAFEHEALT, BIEXVVDABIUEBILT VI ZOAEZEKRT S,
100 AMS @& —47w Flih a5,
11) “Be/"Be LTS "Al/7Al & AMS THRIFET 5.

3-3. XBEMFE
BiEREMEL., ERIITT7 v, MRICESBNIETR > 28E No. 020228-T iI22W0W T,
UM L - THRLEGESMIHEN TS E S, XBEHFREEHWTHREOHKZRIEZL .
X@EimEER, BEASILIEHNOITXHEREL,. RN EERBIFT A2 HILTH 5.
BESS DI Z2RBDIICXBEZBNT L L, XBOREEEHOBETMEBNFRILBETH S -
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DIT, FRTTIRELE N XHREBAE I FELTRHEAMICEWEFXSGEHT, NS opirs
ZATHCEIRIZEER L, TORRIDESAESEERINT S EATETSH S,

3-4 FRFRESH

HEHPOTA REETET S0, MK 7o BEARICZOBERLOWREE —#52
BU, FERAKZERS 7 —IiZ TR TR ETie> I,

T reis., MEEmETHAL, HMxHEL2N VBRI TLEHNL, So#E
BHEORAL FILEOWEENSERMTEITRIFIETHD,

3-5 HEWMHERXMNEDOT —F WA
WET—5 ORI FOAD T > .

1) BlEoWIcAVSEEE (Standard) B, ERT5 7 2REVS.

2) BifOm/k (measured/known) OFEETHT S,

3) BMOEX (Standard deviation : STDEV) #RiHT 5%,

4) REHEIZPEF —% (“Be/’Be & % Wid “AlI/7AD O EHE L TFE (STDEV) 2R
Do

5) TS5 0T LICHET—4 ("Be/Be & 4 WX "Al/7Al) OFHH L UEE (STDEV)
ERNT 5.

6) BHEOFYMET S 2ORETHML, ThothoBRE2ELAbE 5.

7) 6) TRHHLAEMZEED mk OFHMRTHS. ChERBBOBERETS, THTHO
mEbLEMEE S,

8) 7) THMHLUZMEEREHEIZ "Be IES 5 WX "Al fIEIZZRT 5,

9) “Be #/E&H 2 W3 Al @HEEZE Lal (1991) HBXTF Stone (2000) (ZHE T IZHRIXT
De

3-6 MBMB~OBRRE
3-6-1. "Be/Be IEMMSREADRE
"Be QR HNBLIFOMD ThH S,
My, = Ry % (€/A4,.) % 6022 % 10%/Q - (K1)
My, 'TOHR1ghHDD "Be il (atoms/g)
Ry ' "Be/'Be fiiE{fi (at.fat.)
C ! carrier @ "Be it (@)
Ay, +"Be DEH=9.012
@ a¥EK (g

3-6-2 “"AMAIHEMNSREADERN
Al BEEORHKIILLITO®D THA.

My, = Ry x {(1/@Q) x P x 107" x 6022 X 10%/4,_} - (&2)
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My, 6K 1gHEDD Al T (atomslg)
Ry "AI/7Al EEM (at/at.)

[ : st (g

Q : a%f (g

/@ : /Hilk#

P RO AL BEE (ppm)

Ay, © Al DRI =26, 98

3-6-3 "Be BLU Al DEREBENLE

"Be BLU Al Ok BRI FTHSEOBNEMEIZ LHT S0, FRMICIE A@asses]. [
], (AEOERMME] HIU (MBOXER 04208 EIcL->THEEND (#FARES, 1998).
Lal (1991) &, THSOS6RREITOLTEAML, HER EOEEOHA GRHEE S S UM
TOBe BEU Al DEREERNHT 2B LUHKE (Table 2) 207, Lal (1991) 23k
F<ERPERIET LA, LUFo#vTH2 3.

Table 2 : Polynomial coefficients for production rates of “Be and *Al in quartz by Lal (1991).

Polynomial coefficients
latitude a b c d
“Be *Al "“Be Al "“Be *Al “Be *Al

0° 3.511 21.47 2.547 1545 095125 5.751 0.18608 1.1154
10° 3.360 22.0 2,522 15.32 1.0668 6.444 0.18830 1.1287
20° 4.0607 24.84 2.734 16.61 1.2673 7.652 0.22529 0.3504
30° 4,994 30.55 3.904 23.67 0.9739 5911 0.42671 2.5563
40° 5.594 34,21 4.946 29.92 1.3817 8.361 0.53176 3.1853
50° 6.064 37.08 5.715 34.57 1.6473 9.955 0.68684 4.1138

60-90° 5.994 36.67 6.018 36.38 1.7045 10,30 0.71184 4.2634

gL, y)=a(lL)+b(L)y+c(L)y +d L)y (X3)
g (L, y) : MEL Efykm) B0 5489 (atomsly-g)
a, b, c d: BMEIZESHRE, REIX"Be: £5%. ®Al: =7%

£/, Stone (20000 2, FEMELSLDE2NTHE 7 597 210NN, FPHEE2ERTS
KADEEIRPTHEERLE. LT, FHHAMNPE LTSI o —2 20 X 5 M4k 4
DAERLIIEBEIOOWTENTNRY L TERTIRETHHEBML, #RFNO scaling
factor ZWHHL 7. Stone (2000) 1ZHT< scaling factor OFIHKXIX, LLFOMNTH S (4~
e AHIZBET SRMEE. Table 3ITRT.
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Table 3 © Scaling equation coefficients for the S(A) by Stone (2000),

latitude A a b ¢ d ¢ M; 101329

0° 31.8518 2503193 -0.083393 7.4260E-0r5 -2.2397E-08  0.587
10° 34,3699 2584759 -0.089807 7.9457E-05 -2.3697E-08  0.600
20° 40.3153 308.9894 -0.106248 9.4508E-05 -2.8234E-8  0.678
30° 42.0983 512.6857 -0.120551 1.1752E-04 -3.8809E-08  0.833
40° 36.7733  649.1343 -0.160859 1.5463E-04 -5.0330E-08 0.933
50° 69.072 8324566 -0.199252 1.9391E-04 -6.3653E-08  1.000
>60° 71.8733  863.1927 -0.207069 2.0127E-04 -6.6043E-08  1.000

P(z) =P, exp{—%[fn’!} — (T, — Ez)f} - (H4)

P(z) : pressure of standard atmosphere
P, =1013. 25hPa (sea level pressure)

T.=288. 15K (sea level temperature)
E=dT/dz=0. 0065K m' {(adiabatic lapse rate)
M ! molar weight of air

g  acceleration due to gravity

R ' gas constant

gM/R =0, 03417K m*
z B8 (m)

SA(P) = a + bexpl —P/150] + ¢P + dP*® + eP? -+ (A5)

SA(P) I §BHEE »60° . SIE1013.25hPa IZ BV 2 FEAMERITIE T, BIEL, KIEPICH
W55 HBRMAIZINT S scaling factor
a, b, ¢, d BT L SR
5, WHE1040~490hPa (BES K T-20~6000m) DBEIZEHEN 5.

JMA (P) = Ma 101325 er[(1013.25 == P)/242] s (iﬁ)
MA (P) : $REBE >60°. &IE1013.25hPal BT 2 a—A MBIC LD ERBIIH T BRE
A WEPIZBT S a—F MBI Lk 24EEIZMY S sealing factor
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M; yoass ¢ BREEIC X DRI
F; (P) = £,8; (P) + (1 — £,) M, (P) - (K7)

F,(P) 48 >60°. “UE1013. 25hPalzs i 2@ RIZIE TR, MEA, HLEPIZEITS
R4 R RIS 9 2 scaling factor
foo P EIZHBT DM EIETOERBIZNT SR
“Be : f,=0.974 Al: f,=0.978

Stone (2000) (. I >60°. %UF1013. 25hPalz 517 2 Effid sk 42 % “Be=5. 1 £0. 3 atoms/y- g,
%Al=3].1+1. 9atomsly- g2 WL, ZOMICF.(P) 205 TCEMEBITVAEIZIETS
“Be BL U "Al DER4RFERINT L EMTELHELE,

LHEPTORAIFFHES -0 OEMRERKIRTHROAEICREIN LS. ACHOLENTWLHER
Ma~dil, BMBARYEIC L TEETAMEENTWS. UL, Nishiizumi et af, (1996) 13
Lal (1991) O#¥#& (Table 2) ZHWLWDHSMEIZIE, HBEBAMRE TR MEHREEH WIS
THEHEERL TS, T, HARIED (1998 BRAEXZILTAICET 2KMPEHERHIZDOWT
"Be ECHIE & ik &., MRARIEEMOZNELETIFTEL/R 2L, LT, BAKAHERIE
AR ARLOMEETEE. WBLGRENET LT a2 70 b, BABIITIRA KA QR
IR ARIEE WA TNRETHAHETFRLTVS, ZOMEIZ DV TRARLEERFVESN
Tk, AR TRBBKRE, BRBEORNLICEZERBERTHLE. £/, Stone

(20000 =& SHEEHLHEL, Lal (1991) HEL Stone (20000 HHFORHRXEZMWTEMREER
WU, fIciEOmmsizoun TR, BRE20& LTERL .

3-6-4 MBIGRENLE
UM A GBI, Lal (1991) XA TFORIZHWLITR 7,
. _ANY
T=— x tn (1-5-) = (st8)
T : @ (4
A “Be BLULTAl OMTER (FE
A ("Be) =4.6X107 A (*Al) =9, 83X 107
N :"“Be 3L IUS*Al @ AMS I2 & 2 HEH (atoms/g)
P : "Be BT "Al 4% (atomsly g)

BlEEE Bl H L ThWAIEHZ DWW TEHLIME (1) RHELZ8E, Rtk 1) 31
OREG GRS FAC & ROk T 525, BUEMICIZH HWEHZ DL TEHHME () Z2WHLAMEGR. T
W (1) BHELETEOMENELETHRHL THRMMEXRDL, &3 L HEDMIEEK
FEREZDTHOTRABVEVD TEIERENLBETHS,

AR T, “Be BEU Al 4 R%H % Lal (1991) H XU Stone (2000) IZHTWT. THE
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NSRRI, HEMEERLWTHHLUELZY, "Be BLU A D20 TEREFEH4DOE LW
Mgshi.

4. BEER

4-1. "Be QEHRE

BIREMEL, HESIU 7 o HMICESBUNZTacEHIDWT, AR Ope
ZTable 4IZ77. £, Fig. 4-a. b IZalE no. 020228-T iC DWW TOXEEFF—2 #mmd. X
ST ORERIR, HMEOHEIMZEALI00E<AORTHL T LER L. (E-T, HRBIULT v
B BIBICXSBUMETAI I LIS -T, MHEAGHRTHSHROHMEITEIIL /2 2 EH5H S5
iz of. RTERADIERICETISEGPRO A ME % Table 51IZRkT. 3, K#E no.
000520-J. 000905-2-T H £ TF 000905-2-R [IZ2DWTId. |A (2001) ICXHREES (ICP) Tk
MTECLZHRTH S,

Zer EH ECBUE RS L, Table 6-11HRY ., ®WE L LEEO 5 536 no. 000518-F, 000518~
G. 000518-H. 001020-K. 010228-U iZ2DW T3, AR TR AN WVFORN CIMRIZIZF
METHSIEHHHL LD, AMSIZXHREXTRES RN, KT, BEZTITEHRR

2-R. 000905-4. 010203-2. 010506-1. 010802-Q3. 020228-T. 020301-V @i0ilE TH S,

AMS 2 X 5MEETTR-REDS S, I|KEno. 010506-1 12 Be RIS N8, I
EIORIMERBIZB T Be OFEUI R L =0, T<BEHP SN TREND DS & 0D 2 2 A0
SMizizofz. 3E no. 000520-J. 000905-2-T. 000905-2-RIZDOWVWTH., WHEHZHT RGBT
FDRENDEL WM, MESEOBSNEKRTZ 706D HKEN
LOEMAL THEETE2 2, TORY. B no. 000520-d IZDWTIIHE T T > 2 DA
Ho#iz LA - .

¥ no, 000905-4 BLL010324-2 I22W T, WMFOREERNIZH LT “Be O#IE & 0557
DRIVEDERRENATHTH ok, MEZERNRAL (Fig. S-a~cBLUFg 6-a~c.
TDD, FORCIDEREZZEL T — RN ETIho7, TORTAILOBEEIR. FOED
EEOENSEER TS 2220 T, WEIZHBITIARY P F—F L 0RBORIEDON YT
FEAN "Be AT bENDRA P CORIFEOHN A REED, FORODEGERILT
D, TLTETONSZREBOWMEF—2ICH L THREREE, ThEND "Be W FE&{E
LTHRIFTS, BLEOEBRIIETOWTHEIHRIILILIRBAQEELERL. BireiThhot,

HE no. 020228-T BETF020301-V IZDWTIL, #HERE005% B A -
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Table 4 : Collected rates for each samples after treated with acid.

collected| sample collected
rate weight ! rate
sampling site after for after
HCI HF -HNO3 HF -HNO3
(%) (2) (%)

[seki point
(upper terrace)

f
/

000508-G

B

000520- Isckioint ] 204.081
(loop road)

000905-2-T Kubura 167.2
000905-2-R Kubura | 203.761

000905-4 Kubura /
000905-4 Kubura 221.755

Iseki point

010324-2 (upper, land)

213.175

—

010506-1
010506-1

Urabudake 530.677

Arakawabana
010802-Q3 (shore) 3 223.296

020228-T [seki point
(loop road, 1 532.458

020228-T | lower the stairs)

[scki point
(triangle pool)
Iseki point

020301-V (loop road,
upper the stairs

020228-U

.
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. sample no. 020228-T

- / material : sandstone, treated with acid
| range : 4000cpm

26 :1° /min

T LSRR L
"
o

r
—

- 11 =
= [ 1~ -

Fig. 4-a : X-ray diffraction of sandstone (no. 020228-T), treated with acid.
Figure shows difraction of quartz from 5° to 25°
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Sttt IlI e e
e oy 5 o L )9
' \/ :

= +«Quartz
l_ 3 50 - - K & o S X
11
= e sl amEn, :
| L — Feldspars |- Quartz
: [(,._ o i " ,
_250 o i S = =

sample no. 020228-T

material : sandstone, treated with acid
range : 4000cpm
20 :1° /min

Fig, 4-b - X-ray diffraction of sandstone (no. 020228-T), treated with acid.
Figure shows difraction of quartz from 25° to 40°
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Table 5 @ Measured Al concentrations in quartz by atomic absorption analysis.

a7
Al
quartz luti 27 27
. ut
ight extracted solution Al Al Al

® in part (2) dilutionrate  (ppm) (10" atoms/g)
%

sample no.

000520-J 86.76 4.88 99.39 1.15 289.40 7.40
000905-2-T 70.13 5.67 100.36 1.43 145.70 4.65
000905-2-R 70.38 5.31 99.46 141 161.00 5.08
000905-4 107.64 7.51 104.08 0.97 475.52 10.26
010324-2 43.60 4,92 102.57 2.35 326.48 17.14
010506-1 115.40 5.59 102.46 0.89 391.52 11.72
010802-Q3 115.92 .0 80.03 0.69 522.51 8.05
020228-T 216.52 591 101.40 0.47 828.10 8.66
e ETTIRY 091 g 10 0% 212 1n 20 10N 04 73 4N
020301-V 3805023 323009 232x139 197x1.18

Isckipomt  -164 24.4 14.4 /

Table 8 : Measured “Be by AMS and calculated exposure ages based on geomagnetic latitude follow-
ing by Lal (1991),

quartz  °Be measured — measured culculated “Be age
i ol R chl"?Pc "'Be conecatration 'i'g;f gcmnagncli?;atitudc. Lal
(8) (mg) counts (10"%) (10" atoms/g) (yoars)

w ONOOE- YN P QG J64 (34 annrnr 20441000 L 3w B1II L AL £NIQL
000505-4 Kubura 0 244 144 / 447022 367018 274%191 23.2%1.63
010324-2  [scki point 0 244 144 / 4474002 367%018 274t191 232x163
01050&-1  Urabudake 23] 244 144 / $.29%+0.26 4342022 323%226 27.3=19
010802-Q3 Arakawabana 8§ 244 144 12 440022 361018 269x188 229160
020228-T  Isckipoint -20.8 244 144 / 4474022 367008 274=191 232%*1.63
020301V Isskipoimt  -164 244 144 / 447 %022 367018 2742191 2324163
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Table 7 : Production rates of ""Be and ™Al for each samples following by Stone (2000),

latitede ""Be production rate %A1 pcodu:lion rate
BEORS.  ReOmE g
BCORT. RLOMAR, REORT. RPOMIE.
000520-J Iseki poant -24.2 244 144 10 374x022 318=019 228x137 194x1.16
000905-2-T Kubura 0 244 144 / 380023 323019 23.2*1.39 197x1.18
000S05-2-R Kubura 0 244 144 / 380023 323019 232x139 197=1.18
000905-4 Kubura 0 244 144 / 380023 323019 23213 197=118
010324-2 Iseki point 0 244 144 / 3802023 323x019 232=139 197=118
010506-1 Urabudake 231 244 14.4 / 454=027 384=023 277166 234=140
010802-Q3  Arakawabana 8 244 144 12  3.74%£022 318019 228137 194=1.16
020228-T Isckipoint  -208 244 144 /{  380%023 323%019 232+139 19.7+1.18
020301-V Isckipoint -164 244 144 / 3805023 323019 232%139 197118

Table 8 : Measured “Be by AMS and caleulated exposure ages based on geomagnetic latitude follow-
ing by Lal (1991),

quartz ‘Be mclasumd :::casuwd : culculated T '09;‘;8*3

s e ““(";‘;’" “(‘t:;‘;’ c:fn‘:s {?::2‘ %mw (%) geomagnetic latitude, Lal
(years)

000905-2-T 701 030 3164 10364+00311 29444088 3 81,778 & 6,784-6,119
000905-2-R 704 030 2702 10914200218  31.00£062 2 86207 £ 6914-6236
000905-4 1076 030 308 00874400288 1632054 33 4439+ 1788-1,616
010324-2 436 010  $4 0039100070  0.5920.1] 18 1,612 = 397.360
010802-Q3 1159 0.10 648  0.1402:0008  0.81+005 6 2,234 £ 259235
020228-T 2165 030 244 0.0030£00i35 0032013 456 75 4 363-329
020301V 92 032 45  00046:00204 1074469 439

2912 + 1364712275

error of production rate : £ 5%
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Table 9 ¢ Measured “Be by AMS and calculated exposure ages based on geographic latitude following
by Lal {(1991).

quartz  "B¢  measured measured culculated mB::y age
sample no.  weight camier  “Be “Be*Be  '"°Be concentration o' by
%
® (mg) coums (107 (10" tomsig) gmpz:::)m@, =

000905-2-T 70.1 030 3164 10364200311 29440388 3 66,863 = 5,526 -4 988
000905-2-R 704 030 2702 10914200218 31.00+062 2 70470 £ 5,630 - 5,080
0009054 107.6  0.30 308 0.0874 £ 00288 [.63 +0.54 33 3,641 £ 1466-1326

010324-2 436 010 54 0.0391] £ 0.0070 0.59+0.11 18 1,322 + 326-295
0I0802-Q3 1159 0,10 648  0.1402 = 0.0084 0.81 %005 6 1,832 £ 213192
020228-T 2165 030 244 0.0030£00135 0032013 456 61 £ 298 - 269

020301-V 92 032 45 0.0046 = 0.0204 1.07 £ 4.69 439 2,388 & 11,188-10,072

ervor of production rate: £ 5%

Table 10 : Mcasured “Be by AMS and calculated exposure ages based on geomagnetic latitude fallow-
ing by Stone (2000).

1
quariz  “Be measured  measured culculated oB; age
sample no.  weight carrier '“Be “BeBe  '""Be concentration >
9% agnetic latitude, Ston
(8) (mg) counts (1079 (10° atoms/g) il G 4
(years)
000905-2-T 70.1 0.30 3164 1,0364 £0.0311 2944 £ 088 3 093,081 + 8842-7 811
000905-2-R 704 030 2702 1091400218 31.00=062 2 08,136 £ 9,050 - 7,994
000905-4 1076 0.30 308 0.0874 00288 1632054 33 5,040 £ 2,106 - | 865
010324-2 436 010 S4  00391£00070  0.59=0.11 18 1.830 + 475-422
010802-Q3 1159 0.10 648 0.1402 & 0.0084 D81 z008 6 2,535 £ 325.287
020228-T 2165 030 244 0.0030 + 00135 D03=013 456 85+ 418370

020301-v 92 032 45 0.0046 + 0.0204 1.07 = 4.69 439 3,306 £ 15,704 - 13,832

error of production rate:+ 6%
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Table 11 : Measured "Be by AMS and calculated exposure ages based on geographic latitude following
by Stone (2000).

1
quartz  "Be measured  mcasured culculnted —— °B:yaau
sample no.  weight carrier ""Be “Be/Be  "“Be concentration L A
. w ( m) counts ( 1 o.':) ‘ 1 0‘ ‘ ) mmp“lc l.IIMB. Stone
Moy (years)

O00905-2-T  70.1 030 3164 1.0364 +0.0311 2944 =0 88 3 78,951 4 7,473 -6,515
000905-2-R 704 030 2702 1091400218 31.00x062 2 83,224 % 7,646 - 6,758
QO090sS-4 107.6 030 308 D.0874 = 00288 1.63+£054 33 4,288 = 1,791 - 1,587
010324-2 43 6 010 54 00391 = 00070 0594011 I8 1,557 = 404 -359
010802-Q03 1159 0,10 648 0.1402 + 0.0084 0.81 +0.05 6 2,157 £275-245
020228-T 2165 030 244 0.0030 + 00135 003£013 456 72 = 356-315

020301V 92 0.32 45 0.0046 % 0.0204 10T £ 469 439 2,813 £13.353.11,773

error of production rate & 6%

Fig. 5-a : The spectrum of a standard by AMS connected with no, 000905-4.
Points in the red circle show those by "Be, Points out of the
circle show those by Boron.
cyclel 5,000, live time: 500 second.
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Fig. 5-b ! The spectrum of no. 000905-4 by AMS.
The red circle based on a standard (Fig. 5-a),
Points in the circle by “Be.Points out of the circle by Boron,
cyeles 600, live time: 60 second.
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Fig. 5.¢ : The spectrum data of the blank by AMS connected with no. 000905-4.
The red circle based on a standard (Fig. 5-a).
Points in the circle by “Be. Points out of the circle by Boron.
cvele; 2,400, live time; 240 second.
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0 0 100 150 200 20 30

Fig. 6-a : The spectrum of a standard by AMS connected with no, 010324-2,
gmoints m the red circle by “Be. Points out of the circle by
1.
evele: 500, live time; 50 second.
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010324-2-1

010324-2-3

g

£

H

010324-2-4

L o 149 R i

Fig. 6-b : The spectrum data of no. 010324-2 by AMS.

The red circle based on a standard (Fig. 5-a).

Points in the circle by "“Be.Points out of the circle by Boron.

eycle; 6,000, live time! 600 second.
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blank-1 blank-2

Fig. 6-¢c * The spectrum data of the blank by AMS connected with no. 010324-2.
The red circle based on a standard (Fig. 6-a).
Points in the circle by “Be. Points out of the circle by Boron.
cycle: 3,000, live time; 300 second,
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4-2. "AlDREER

SOHT "Be LlHRIZ. Al JVERENS. FIT, “Be T A LT, 407N ELOR
WEREF Ly VTHTENTEDRTTHESL., I T Al Mo, HEPRTO Al @
ERFRIL “Be ORIGHETH S (Lal, 199D, LML, SEPRD Al HFEEIR Be D 1000{5LL 15 5
DT, "Al OBHIZ "Be 2Tz 0L W EXINTWLS GEME, 1998).

AMS EXSMEZTTR - KB O RETable 12-150 K5 TH D, FOIE5, ARRTHS
NIZBRHI DWW T, ™Al LAl A AMS ITEARERAZEATLE 20, JFERRNEGS
izipol, > T ENSIEZDOWVTHRE GO "AIMENEh ol EMnFBAENS. E-0
ETF—F LD, WE no. 020301-VIiZoWwTik Al R E Nl - =720, ORISR S
WT Al ORIz R Ui bR n 3,

4-3 "Be BLU Al EpkE

1. Lal (1991) IZ30< "Be BLU"Al OERE | D LOBTERRLD., EkRE RO, @
IR ORI IZA V2 Lal (1991) 12367 < ZaUELD “Be 35 LU Al @44 % Table 612577,
ERCHIL. HRESGHRE SRR OMFEEMNTRIN L2, £, R0tz 2 IELT
A o b o

AT B0 MMM, BXT DRIEMEE—108] THS (&N, 1999). ZOWED G
&, "Be. Al ENFTNIID2WTIREREMREZRAOTRELZ Lal (199D 2RI < bkg12.
AR AWTRI L 2 RE0#). 2060 %R L /=,

2, Stone (2000) 2T < "Be BET Al D4R | @B ORIBIZ AL Stone (20000
D<A D "Be B XU Al 04 k4 #Table 71279, 4 n$id, BESGHE & HHBE@ED
WHREZMATHRMHUE. £k, BEoEMMIIHTIMTE DT =,

Stone (2000) IZHTWTERBEEZFNHLZEEIBWTH H-, BEBLMES XU RRED
AL D, 10Be. 2601 TNEIUIDWTHIMERIEZ AW TIRE L2, MRS L O
MU 2RO 2D &R L .

4-4. "Be OZLER

HoRE SR EE & JH Wz Lal (1991) 1I22ED< "Be @AM : Lal (1991 BLUEAIES (1998)
IZPEVy, MRRRSRREE% L Lal (1991) 12X < "Be @& WM 2 Table 812577,
1) TR 2o b1 BIRTEIN S

TR 2 b @QAFHI DL TIRE no.  010324-2 A%, 600+ 4004EM]. BE no. 020228-T

A#80L350EM]. BLEF no.  020301-V A543, 000= 14, D00FEMEEH L Tz W SN s -,
i, HWNBAROBWETHS, WE no, 010802-Q3 2542, 200 £ 3004EIMIFHH L Tz & 1 5 5 AT
frohiz.
2) W E

B B DGR EHI D WTEE no.  000905-2-T H1#982, 000+ 7, 0004ER]. &XEF no. 000905-2-R 7t
#7186, 0007, 0004ERT, &UKF no.  000905-4 %5494, 400+ 1, SO0EMEEHI L Tl & WS ERHD S
hiz.
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HUBEER S & 0 7= Lal (1991) 12ZT< “Be @@ H MM : Nishiizumi ef al. (1996) 124ELs,
IBEE I E RV s Lal (1991) I2X2< "Be @& M ZE Table gic57.
1) TERRA > ) BETHNIR

GEHEORA > b)) OBEFHIDWTIRE no. 010324-2 H1E91, 300 = 300%E 1. A4 no.  020228-T

AHI60 = 3004E M. BEl no. 020301~V A%E92, 400L 11, 000ERIERHI L T & WO S S his,
T, BNRDREITH S, B no. 010802-Q3 2591, 800 2004E M HI LTl & 10 S 854 At
fEshi,
2) AR

N EE D EFHE D W TELE no.  000905-2-T 414967, 0005, 0004 M, #tE no. 000905-2-R 7
70, 000£5, 5004, GUE No, 000905-4 75893, 6001 1, 4004EMIEEH L Tz &l S Rt 5
hiz,

MR SRR EE & i Ly /2 Stone  (2000) 1240 < “Be @8 0 ¢ MR 4R HE £ L) 7= Stone
(2000) 1ZXT< "Be O I ZTable 10i257Y,
) THERA > b BEUBNR

NEMRA > b ORBIZOLTIE no. 010324-2 A1, 8005004EM). A E no, 020228-T

AEI0 £ 4004EE],  GUFF no, 020301-V 25893, 300 16, O0DEEMIBIHL T & 1S RIS N,
Flo. FNAOKRHTH S, itE no. 010802-Q3 41892, 500+ 300ERIEEH L Tz & Uy S A48
pehtk,
2) AEBE

AR OMEHI DL TIE no.  000905-2-T A%#993, 000+ 9, 0004ER]. 3LEE no. 000905-2-R A1
¥998, 0009, 0004 M), BLE no. 000905-4 AR5, 0002, 000LEMBHL T &S RIS
nre,

IR % Uz Stone (2000) 1238 5< “Be O HIMM - HaPR4ORE % H U 7= Stone (20000 10
I "Be OF LI ZETable 1112537,
1) TMERRS 2 b BEUHNIR

R > b @OREHZ DWW TN no.  010324-2 A491, 600 = 4004E18). 3 EF no. 020228-T

A0 35050, AL no. 020301-V A592, 800= 13, 000FEMBEH L T2 2 LIS S h b,
i, HNARDUMETH S, WEno, 010802-Q3 ATHY2, 2004 2504F 1MFE 15 L Tlajs & 1S Lt
#onhi,
2) AR :

AR OBEHZ D W TATE no.  000905-2-T 458979, 0007, 0004EM]. ¥ no. 000905-2-R A1
#183, 0007, 5004l 3XEE no.  000905-4 A5#94, 300 = 1, SODIERMEHI L T Wl E WD A S
e,

PLEDRFZIEIT, Lal (1991) ST ERHH U 4R, NMAECO “Be SN &
Uf Stone (2000) (T TETH L 0RAEE. MEERIL T 0 "Re HNM & B E o LY
77 %Fig. T~13IRY, BIZRTEIIZ. EORGFTHULEMZRHT AN LT, &BI7
=l
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sample no. 010324-2 (Iseki point ; upper, land)
3,000 ——
2,500 - - —
g 2,000 a’ —
& . e e e —
= & ® geomagnetic latitude
2 1,500 t (Lal, 1991)
% ¢ ® geographic latitude
2 1,000 4 e (Lal, 1991)
= @ geomagnetic latitude
(Stone, 2000)
500 —
® geographic latitude
(Stone, 2000)
0 .

Fig. 7 : Calculated “Be surface exposure ages for no. 010324-2,
The vertical bars show errors by the measurement and production rates.

sample no. 020228-T (Iseki point : loop road, the stairs)

600

300

-~

=

=
q_

@ geomagnetic latitude
(Lal, 1991)

- @ geographic latitude
(Lal, 1991)

o
-
=

T

|

|

"“Be exposure age (years)
2
|

@® geomagnetic latitude
100 - - - (Stone, 2000)

@ geographic latitude
0 | (Stone, 2000)

Fig. 8 : Calculated "Be surface exposure ages for no. 020228-T.
The vertical bars show errors by the measurement and production rates.
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20,000
18,000
16,000
14,000
12,000
10,000

o0

»

""Be exposure age (years)

§2 %

2,000

sample no. 020301-V (Iseki point : loop road, lower the stairs)

153

geomagnetic latitude

(Lal, 1991)

geographic latitude
(Lal, 1991)

geomagnetic latitude
{Stone, 2000)

geographic latitude
(Stone, 2000)

Fig. 9 : Calculated “Be surface exposure ages for no. 020301-V,
The vertical bars show errors by the measurement and production rates.

"Be exposure age (years)
a
=

sample no. 010802-Q3 (Arakawabana : shore)

r—.—l—i

(Stone, 2000)

geomagnetic latitude
(Lal, 1991)

geographic latitude
(Lal, 1991)

geomagnetic latitude
(Stone, 2000)

geographic latitude

Fig. 10 : Calculated “Be surface exposure ages for no. 010802-Q3.
The vertical bars show errors by the measurement and production rates.
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sample no. 000905-2-T (Kubura, lamd)

110,000
100,000 I
90,000 T |
E R0.000 k E w
|
= 70,000 —*— — — _
& 60,000 b - = ® geomagnetic Imimdei
2 (Lal, 1991)
§ 50,000 e
® geographic latitude
| L = 3 (Lal, 1991) |
| €' 30000 |- - N N @ gcomagnetic latitude
| 20,000 (Stone, 2000) |
10,000 — : @ geographic latitude
_— | (Stone, 2000)

Fig. 11 : Calculated "Be surface exposure ages for no. 000905-2-T.
The vertical bars show errors by the measurement and production rates,

sample no, 000905-2-R (Kubura, land)

120,000
110,000
100000 { —
72 90,000 - ;
i 30,000 e i e
g,, 70,000 2 ® geomagnetic Iatiludci-
£ 60,000 (Lal, 1991)
3 50,000 _ 1 | ® geographic latitude
S a000 - — - — (Lal, 1991)
£ 30,000 —{ | ~@- geomagnetic latitude
20,000 b B (Stone, 2000)
o e ' © geographic latitude
0 (Stone, 2000)

—— S S — et

Fig. 12 : Caleulated "“Be surface exposure ages for no. 000905-2-R.
The vertical bars show errors by the measurement and production rates,
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sample no. 000905-4 (Kubura,land)
8,000
7,000 :
=~ 6,000 -
=4
| @
‘ 2 5,000 = [
v
= ] o ® geomagnetic latitude
B 4,000 - s ‘ — (Lal, 1991)
§' I _ S @ geographic latitude
; 3,000 (Lal, 1991)
= 2,000 - ® geomagnetic latitude
(Stone, 2000)
1,000
@ geographic latitude
0 (Stone, 2000)

Fig. 13 : Calculated "Be surface exposure ages for no. 000905+4.
The vertical bars show errors by the measurement and production rates.

4-5 ™Al

HEGHEE AW Lal (1991) 22 < Al O IHING) © MR e % H Wiz Lal (1991) 2
HI< *Al OFTHIAM ZTable 12125577,

AR O IEHZ 2L TIAE no.  000905-2-T A$476, 00026, 000ER]. 1A% no. 000905-2-R At
71, 00023, 0004EMBIBL Tz WS R G S -,

HETRERHE & Rl /s Lal (1991) 12260 < Al @gi IR - sPpapE & A Lal (1991) X6
< PAl OFEH MR & Table 131277,

ANER R OIUEHZ D W TR no.  000905-2-T A5§964, 000+ 22, 0004E M. &UEF no, 000905-2-R At
#160, 000+ 20, 000FERIEII L T LW SR EG Sk,

I8 AR B 2 JH W = Stone (20000 1T HET < BAL O 5 A - M EESUER JE % JH W 7= Stone
(2000) 2T < Al OB KW ZTable 141257,

ABAOREHZ D W TRE no.  000905-2-T 444491, 000+ 30, 0004ERD. #E no. 000905-2-R At
985, 00027, 0004EMBEH L Tl &S BN S N,

i FRERIE % JH A M= Stone (2000) 3L < TAl @EE NN ¢ HEERERE & MLy = Stone (2000) 12
D < Al @@ IR %Table 1512777,

AER R DRI 2 W TIUEE no.  000905-2-T H58977, 00025, 0004ER),  &UFF no.  000S05-2-R 7S
£972, 000222, 000EMBIL L Tz & W S5 RANEB SN
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PAEDEREIEI. Lal (1991 ITETERH UL MRS, HEREIYTO *Al EHNHS X
U Stone (2000) [T EFH L - MBS EE, HOWIREET @ *Al MM &R RIRLEY 5
7 %Fig. 14B L UFig. 15127577,

Tahle 12 : ?bvlcasnrgd “ﬁ;l by AMS and calculated cxposure ages based on geomagnetice latitude following
y Lal (1991).

measured culculawed Al age
27
sample no. Al 2AVP AL Al oy by
(10**atoms/g) 12y concentration (%)  geomagnetic latitude, Lal
e (10*atoms/g) (years)

000905-2-T 4.654 03670084 170.80 3928 23 76,252 + 26,133-22,180

0009035-2-R 5.079 03150069 159.99 3520 22 71,251 = 23,332 - 19,852

error of production rate:+ 7%

Table 13 : Measure(d ”A; by AMS and calculated exposure ages based on geographic latitude following
by Lal (1991).

measured culculated MA' age
27A[ 26 7 2’GALI error by
sampleno, . AU AL . . R
(10 atoms/g) (107 concentration (%) geographic latitude, Lal
(10%atoms/g) (years)
000905-2-T 4.654 0.367 0084 170.80 & 3928 23 64,444 £ 21911 - 18,669

000905-2-R 2.079 031520069 15999 +£3520 22 60,240 = 19,583 - 16,718

crror of production rate:+ 7%

Table 14 : Measured “Al by AMS and calculated exposure ages based on geomagnetic latitude following
by Stone (2000).

culculated 26
o measured 261 - At: agce
sampleno. . *AIF Al : Ik
(10 "atoms/g) (10" concentration (%) geomagnetic latitude, Stone
(10*atoms/g) (years)
000905-2-T 4.654 03670084 170.80 =39.28 23 90,602 + 29,975 - 25,863
000905-2-R 5.079 031520069 1599943520 22 84,620 £ 26,692 - 23,097

error of production rate:+ 6%
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Table 15 © Measured “Al by AMS and calculated exposure ages based on geographic latitude following

by Stone (2000).

culculated
Al ;r;eas;n:e . el error
sample no, 8 Al/SAl ) o
(10 "atoms/g) (102 concentration (%)
(10*atoms/g)

641 age
by

(years)

geographic latitude, Stone

000905-2-T 4.654 0.367 £0.084 170.80 £ 39.28 23

000905-2-R 3.079 031520069 159.99 £ 35.20 22

76,575 + 25,098 - 21,751

71,552 = 22,376 - 19,439

—— —— s e ——— ~ T R e

130000 |
120000 | T ¥
110000 |
2 100000 T -
g 90000 ———
% 80000 A —t -+ — |
70000 - —1 ;' geomagnetic latitude
E 60000 F—— | 4 . C (Lal, 1991)
1 — - | hic latitude
o R ———— : 7 Ll 1991)
L 200 — T geomagnetic latitude
! 20000 - 1
l 10000 |- | (Stone, 2000)
0 : geographic latitude

sample no. 000905-2-T (Kubura, land)

|

SR

Fig. 14 : Calculated ™Al surface exposure ages for no. 000805-2-T.

The vertical bars show errors by the measurement and production rates.

error of production rate : £ 6%
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sample no. 000905-2-R (Kubura, land) T
130000
120000
110000
! ébwmok T f
5 30000 oy
& 70000 7-—4— *‘L A geomagnetic latitude
g 60000 |- ) A 1 1 (Lal, 1991) |
% 50000 - -1 . A geographic latitude
= 40000 S ——— (Lal, 1991)
s =
. 30000 A geomagnetic latitude
20000 . (Stone, 2000)
10000 e
% A geographic latitude
| i_ (Stone, 2000)

Fig. 15 ! Caleulated *Al surface exposure ages for no. 000905-2-R.
The vertical bars show errors by the measurement and production rates,
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AT CI2, REBEHERRE 274D 2012, BEE TITERL ZWE O i 5 14306 28 5E
L. LaL, 2055 AMSIZXZEETE>LARHIORE. WELRSGSHZIRBHID
WTI “Be ToitE “Al C2HRAEITH S, FIT. BIEETESRM>RE. BILUNEELET
RE-SENRESEROGeNLEN > RBHIDWTEFORRELRT S,

£, MEOMWEMIIBILSERETHS, alFno. 000518-F. 000518-H. 001020-KIZ2 1>
Tl MEVEERE L =B i CRIENHIN S E5 -0 MARRETH S Z &AL 7z, BUE no.
000518-G, 010228-U i DWW T, Mg iC X 5RARE, HROMESANETS DI A7 H L
foo ZOEDIZ. BRI TREEMNHEBESNSIHENBH S,

E no. 010506-1 -2 W TR, “"Be BUERSE LD, Be DM F o MENHEDH T I &
5, REOWMUEIET, Be ZRINTERho> I EMMETE D,

RE no. 000520-J I22W T, "Be fIE BV TIHEHINT AR T I 7 DWEMN I E< W
misholid, MEREOH#SNENOMEHIHNT 2B /7 0055, [iOBOLRENDLO
ZHERLTHIEL{To /2, FORR, WKEOWNEMMNEADWIZE>TLE KLY, TO/RME
HOWTHAANTESh 2. DED, 14 R RKCELZBeD /. MRORMT ZORFHIMNT
AREBT 0 Be DENICHRHLUAEZEN, SORBHIDWTIEMBFEREHLZLNTER
PoBElTH S,

SEFno, 000005-4 B XL 010324-2 IZDWTH, "Be HERRE/SNZHOD. WEORH
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BRFIZEBEWNT “Be DWEZVE T DR TVRDBENA TS TH- 00, BEITEENRAN E
BABNS, SHE, Tk 7o BNEBRENOWTERZERT LM, 028k T
R ERRIHEGRORETERBEZT Lo EAEETHESME LAY, %, GRERRT LM
B7 70 E-D—-IlI#EEAN. WHROKIETHEMBIVHER, HEZ/ROET, LHLio
2HEHIDOWTIR, 770 E—=A—Liz7F 70 8ONHITESZ L, NMACKETAHRD
REEL SN D ERB. TORE, TOENTFCHBEET, REHIE - HREIc 2o
#AHND,

E no. 020301-V IZ2WL T, AMS 1242 "Be @i dtiest 0088 A -, Zhid., #Eo
"Be ARV IEIZED, "Be/'Be W E Lot &MFERNTHLIELLZSND, TO=0,
HERZEOEREHES 2. TORKIIOWTR, CORBOBGERFFICBWT oIS G358
PRSI PRSBTLELS I E, DD, "Be B> TLES AT EIcHBdEFALSH S,

BE no. 020228-T IZ2WTH, AMSIZL % "Be OREFEIN008E A, ZOREHIDW
T, "Be NPT EIZE D, "Be/Be hAhE{ ol LHEHETH D &EZA SN, TDO-
¥, BIEREDKELES ST, TOERIZDWTIR. i no. 020228-TiZHMWLAHKRS

FRizéaZ &hs. WEOBHEBR SO A#E L S h 5.

“Al OREIZMLU T, K8 no. 000905-2-T 54 T8 00090502-R £EWV =2 TOREHZB W T,
W ENBSNLhofz. THIR, "AVAI D AMS T ABERRERATLE 2 &0
ETHHEHEASH., "AAl AT E =B R E NS, DD, FUHHENEMIZ L DAY
PREERSZNEOXPD Al BLRELILNTF OB END ZEMNEA SN, - THlER
REBATLESAREHIDWLTHIL "Be MBS RICH T LWMBIAMS R THELUFTHD L0 D
ZEERETIOTREVES I,

PLEIZE D, SHIMEAETEL T OREHI DL TR ZMBMERNEEIZIE T Al OF
EAEL W I LSk, LAL, B8 no. 000905-2-T # X7 00090502-R Iz W T
MEfREG SN I &S, BN EOTEL LOWRBHI DWW TR AR BAHEARE iz 5T
iz Al DIEMVETHHEVDI T ENTALTHSAD. £ ZO2IABED "Be &3 & Hi
M SRREMBONALTLEBLITIERAZHATLESAREHIDWTD, THTELSERTE-
ZeEms, WEREAS AMS IZ X S28E 1225 £ T contamination SO0 fEPEASE L =2 & AHH
HNIZRo . ZBHB. BFno, 020301-VIiZ2WTiE, BMERMELDAIOAL Y RSB EONT
WARWIEZAURE N, AEHOMBERITHLT Al ORI LM Uit bR Eh 5.

AILIEIED “Be S LT Al S &

FYRTIE. BEONR w2039 FEHSHIZTEED, ABREDEGSNSINRE A KL
BB DK no.  000905-2. 000905-4 ZE LREEITAR> . BIEREL SYUTIE~EOTESE W
SEHENAMARM N, BELIZENMBHL TOES TN OWTIRASAAEMASoNs T &
ASEEIL 72,

TIT, SGHMEIZHT D EMIITE T/ "Be OFRAEMTEERZ Lal (1991 12X 28I
WTIER L, Ny 2750 FEESBRHHMNAORE®RLTFHLE, £7. AIFRONMBTHLA
ML, #92, 300 FEHi~1, 0077 FMICHERL AL XN TS (%8, 1982). £/~ Al
W 2RO RERARS TR D FIERE RS0 EMNNSHBLNDE LI TS, #-5T,
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AL HEIZ 13077 SE 80 £ TS 891, 30077 EEBISH L T alfeMEA % & b, Ko, Al
FORRIHBZRUAGOTEICH D0, AFSEEMEGTOBMIZ LS "Be OERME L SN
Do COTRTOFHAME, HW=REARERHOMOAEEE GRM, 1985 L0 #2 000
AEEMELE. €27, MHOREEEEL. Fig 17-alc@ RN 1, 30075 M & M L
= "Be BEEN I FEORBMMIIE>TEDLESITHMBEL TV M, Fig, 17-biZ 5 H 68 =
2, 0007 M & GE L 7 "Be M2, 000 EOMEWMIz L > TEOL I ITMBELT NS i
ml. W20 REFHLE,

Fig. 17-ad&k D, 1,300/ FOMEMMEBERL L, 1205 F88L 64O “Be @/, Lal
(1991), HER&SARREET381.2X 10'atoms/g, Lal (1991), HiBU§RHE T464. 3¢ 10'atomslg. Stone
(20000, BEMRIET335. 5X 10'atoms/g, Stone (2000), JOFRHRHET394. 7X 10'atoms/g TdH 5,
NSO, FURITRTYT 2 EMWHETH 5. AFRTHSNEEGER TR DI
SN "Be DRIZRL I EN S, MEOMMICEITS "Be OFMIRIE. WKz B0
THEBIEWEBAZILNTES, £-T,. BHOTEMEZERT S,

AR THO RN T FHEATLERETS 520, SN 282 000 EE ML, &
OHCOREHINTHEEERg. 18ISR L2, 2, 00077 FEOFILWINEMB L. 2 0005 F8558 L
RERPD "Be MBS, SRS TO. 081 X 10'atoms/g.  HBE4REET0. 098 X 10'atomslg (Lal,
1991), SEREHEMETO0. 071 X 10*atoms/g, HhPEERAET0. 083 X 10%atoms/g (Stone, 2000) T# 5
(Fig. 18). TSSO, FRMICARNT D E8200~300ERIETH S, T, Kwio/s5y
YFIZELEENZORETH IS, APRICHOTEHI NS BIEMO RSN &%
AoND, Lipb, 2a—ALOMPAOBESIZEIRELEI B8, HETRIE 2Ty
DTV RERSHIZTHIER. SEOASRAMETALS,

KAFHFEANEEOEEE, EESHEAOE NIz BT 2 M

AFRITBNWT, FBEERRE L O, SRR O S B A~ OB % 7 7= s R
CRBEIZDOWTERT S, Stone (2000) 1, HS5WSEHIZHOTLITAEEMEUE L D 20~40
hPa £ ERRIC BT 2 M4 % Stone (20000 ZFAWTHMLASES,. Lal (1991) ZHWLEEBE
& D EHN, 25~ BDITEEEMLTVD, APRICBVT, SERO M1 >
B EPOELUEHAIZEITSEMPIR. Stone (20000 ZRWVTHM LSS, Lal (1991) %=
AWEBEXDEI0~20%E< 7257, TOFHRID, Stone (20000 12, (LT (KM Mk
EUTRES, ERSREIISTIERBICOLRELEENSELLETAS, 220, chFTiz
Lal (1991) ICETOTRMINARHMMNAS, EKFE BN MKIC 35 TIE < /25 Al figtE.
{ERAEHEEICIBWTIRE<S< ST HEENTZI SIS,

0T, G8., ERRORHIC Lal (1991) $HLTSStone (20000 D EE S % FJUs 2 ALE 204
SMITTHIENEETHS, £, ERLORNHICHBARES LTBARED X5 5% fns
NEPEDODLTHHSMITERETHAI. 512, ERBONHICENBLITRTENKE< Y
BTSN EZHASNE,. BEKGEOFSHEMEZNHTSCHE-T, BEBLITNEE SO L
ICTRETHHBMBELBETIZRNWES I M, 45, HEICSTIFHB L MTERICEL,
KUNICRBETELIRETHIEMMEXIATVLS (K, 1999),
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—=— geographic latitude, Lal

~oo geomagnetic lmitude, Stone
geographic lgitude, Stone
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Fig. 17 - Ideal decaying curves of “Be based on the equation 6 by Lal (1991) in Yonaguni Island,

a: exposure age is 13Ma, buried age is 1.3Ma.
b: exposure age is 20Ma, buried age is 20Ma.
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—e— peomagnetic latitude, Lal

—=— geographic latitude, Lal

e peomagnetic lntitude, Stone
geogruphic latitude, Stone

010324-2(1scki point :
woocr, land)

010802-Q3 (Arakawabana :
share) |
020228-T (Iseki point : loop)
road, lower the stairs) p——
020301-V (Iseki point :
loop road, upper the stairs)

Fig. 18 ! Ideal decaying curves of “Be based on Lal (1991) in Yonaguni Island
and measured "Be concentrations for samples of Iseki point and the surrounding.

5-2. SHERBERTEORMKRFR

HHEO L 312, SREHRIUSA D "Be 3 K28 %Al OERGRFNIICHBE@IE, St 2,
SEHWVSH. El, Lal (1991), Stone (2000) D ESL ST MIZE 2T, 4D OMHE ML
Aol THEWERC b BLEFNAOIREHZIDOWTHSNGHIMINZ,. Fig. 16i2457,

itEno, 010324-2 KX, (@RS > b)) EBEDEDLARETHS. 222, BEmECE
HLTHWDHMATHSDS (Photo 8). Fl. BHIICHEMICHNI EMS, BICLLBROEENK
FNIENBASNDBHTLH S, ZOREOHEMNENL, Lal (1991) T\, HR
SARMETHYL, 600 (£400) fER). HEREREECAY1, 300 (£300) FMIEHHENSA. £/, Stone
(20000 IZETWME, MBCIREETHI 800 (5000 EMH. HFERHETEL, 600 (£400) £EM
ERMENE, FETHE. L600FEEALS. LALZORER. WEKBWTRYHEOBEY
I, T Be@A L r bAtgeho oz, BHNMEZRE T2 EMBL WIkRIzH D, Lo
TAWMATIRENEhASIHENESEME L, - 0BT 9 28 1M 2592, 3005ELL N O 1
HTHLLVIMRITEEDTHERL W, BLEZMIC Lal (1991) TETWEBE, HEZEDT
MRS R HE TAY2, 0007ER], SRR THL, 600SEMEENEN LB E L= BHMM & 225, Rk
(2. Stone (2000) IZIETWIGE, MBS T2, 3000, JBMEE T2, 00FEMTH 5,

& no, 020228-T. 020301-Vidtheh, MR > b OKE20. 8m, 16. 4AmDHigi kD
BRLAEHBDTHS (Photo 10}, AIFOEWHIAME, Lal (1991) TS/ HE, Mg Ki
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Fig. 16 : "Be surface exposure ages of Iseki point and the surrounding.
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Arakawabana

—_—

010802-Q3

010324-2

Photo 8 ! The sampling site of no, 0103242,
This site 18 the upper part of Iseki point, where is always above sea level.

020301-V

-16.4m \

step

020228-T

/ -20.8m

Phota 10 : The sampling site of no. 020228-T and 020301-V,

This site 1s the stairs of loop road, Iseki point.
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THIB0 (£350) 4E[, HEREEEETHIG0 (£300) M. Stone (2000) IZMTWi=W&, MBS
HETCRY90 (4000 4EM, HETPRREETHI70 (£350) FERENHE N, P80 &5, ELkdH
2. TRENNZ, 000 (14,0000 FR. 292,400 (£11,000) EBL #93,300 (=16, 0000 LEM.
#12, 800 (£13,000) fER|ERHES N, ¥1E2,900EL 2D, L L, Thos@idEHI DWW TIL
MESRESIQNEBATLZ oY, ERITEHMEIEA LY, W TINSO % IFHi 2%
IR & 2T Z EIXTELL,. UL, 020301 - VIZDWTR, BIEIZE ST, "Be OdrR{fiss
EMBRORGTREHBECEBASHMEZRT (Fig. 18) J&h6, HDTINSOREE LIZiRL
LTWAuE e rmM T 2LHFEASN S, £/, 020228-T i22WTid, “Be OFRMMIZIHOD T
MEW, TNIRIEHE. BIKTELNFONDRELTH#EHSETEEL R EIN D, £,
000520-J 1220V, Kimura e al. (2001) 23 W TSR T910:L 5004, HPEERE T750+ 420
FEHTHDHA, CNIIODVWTIRERT S IS MNETERN DD ETOES
FAMELTHWS I EREE W, €Ok, SERBEREIIRRL TEL.

UEZEREDDE, BEET > MIDLBTRE, KPEahs#n bodbolizonwTEhsh@l
FAR@ P RAAIS0E, 2, 900%F, 1,6005FE &2 5. TNTNRMAELHEET S &, 004ELUN, 20, 000
ELAN. 2,300 ELANE T A S, CNSERENFIORER T > FEAT OKEE20.8m). PR OKIE
16.4m). @ Gl Eim) O T 20WTOMTH S, £ —HEBOKESmRES
ML 860 HERHL, 0004F (Kimura ef al.,2001) EHEINTWS, ZHEEHEOFART
Boron Qg AAMGME Niz/e®D, THhEDEVEINERELS, PED20, 000 &V S BRSHE
BRATEFLRE, INHREOHEFZRMLTHDETHE, KO HAKILRMERL TS
DuHLNBVWOT, INEHRTS, ToHE, TRV, 000ELLANT LiFH12, 300FELANE WS T &
. "CORME (Kimura e al,,2001) EGbt5E, THiTEEORT > FAtB L F10, 0004
PRIZERENTENLURBREARLAZERELTHNLRIZFIICIHA S, PREITIR2, 9004EN RS
THLMS, KIRI6mDHE LK, 00FHEHRE AT - b3S NwiEENSH 5. Fhis
£HE 512,000~ 000FEFEEMERD. —H, BRARMERDS &, 30, 00L&
fivbEehia<i@ZL, LML, Kimura e of, (2001) PHQEFHSORREHTL, 000~
2900 &R LTS T & &, R, 6005 IS0 3 DEREH S DI KEH2, 300 & S bEH 5
ZEMNS, FERADTHEE ETEMXSN, EBRENTHSIEITI, 000FEL D EMM ThELEE
WO MRS TER WL, £, WEMIZIIMMAR I ENFTARCLED, TTIZHERLELDIC.
@ER A > h OISR D THIZIHEENH 5,

WE no, 010802-Q3 13, SHEEERIUIZ S 28N SO EHR, PESmOHif L DERL 2l
THD. CZHLEE BHEREIZBHLTOHAWTTHS (Photo 9). ZDIKEDO R,
Lal (1991) ZIETWEIGE, HREEEEETHZ 200 (=300) 4N, IR TEL 800 (£200)
IEM. Stone (20000 (T, HESEREETE2, 500 (£300) M. ML T2, 200
(£250) FERERHENME, LENST, ZOREHIDWLTIR, ZOMEEE LIS\ LTha &E
ADDNEETH Y, BEESDEZ 000~3, 0004 FEHERTIZ (] S M OER Z X O HzA S iz vl i
EARME NS, ZOMARBINTHELSLD, BIzL2B880FELENEISNDIH, SHEL
CBWT, BREX D2 000~3, 000F0i £ TIZH KNS REOERSMIE< ETTERLEZE LS/
glarzl, —7F. 27U XS NHERER AR S A T L, AHHI- el hElE
H$HH. WH T, ZOHGIHEDLSREEEZVTTHISN M ERASMIITSH I &E. SEOE
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Photo 9 ! The sampling site of no, 010802-Q3.
This site is the coast of on shore Arakawabana.

HMEFADTHAD,
BHOIZ, ATFEZESIIME UL DB ELRLIAFBRUNE S ZLTICREL, 80
BEFRICHR L 20,
1) @A AT EA S SREHI M L TR, MM 2HRR%E 0 ke 5,
2) WEMBD “Be BRUFAI SHIW Nw o530 K) 2HoMIIT S,
3) MBI T 2R TS 7 EHEICNEL, WEHIML TEMOBT SRR EES,
4) EREORH % Lal (1991) 3XLT Stone (2000) O ESSEJOTHEIAREMASMTT
e
5) ERBORHITHBARES L CHMBEOES S EMNSRENASMIT S,
6) MEAREDOHMNIZES, F—YOHEMREND,

6. F&o

1) ZeMiMEEANEIEE, S ECHHRMGSLENEhH o RS LU R RE IS L
TWHEFTIREL. AMIEREO X S LRRE. ERMRRAOEA FEEEbh 5,

2) WIKIKFONEF R L VBERYTTENT, GIEEBREMR A > ML, BEE2 0005ELLN
He AT LA REPEN D & EAVRE E N,
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