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This report is a plan of research and development (R&D) on geosphere stability for long-term isolation
of high-level radioactive waste (HLW) in Japan Atomic Energy Agency, in fiscal year 2019. The
objectives and contents in fiscal year 2019 are described in detail based on the JAEA 3rd Medium- and
Long-term Plan (fiscal years 2015-2021). Background of this research is clarified with the necessity and
the significance for site investigation and safety assessment, and the past progress in this report. In
addition, the plan framework is structured into the following categories: (1) Development and
systematization of investigation techniques, (2) Development of models for long-term estimation and

effective assessment, (3) Development of dating techniques.
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il 31T 2 MU BREZ OO Pl - AT X, DR ZMBEEE D2 F VA % ARE LT AR SFRIZRF AT & OF T1T9
ZENEE LD, BIEDT I h=0 AT E U CREE R SR &R0, Fic/e oL 2 Rk S
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FEFRAT UL, T E O J7BOR 0 HE AL 5y HAR I BE 9~ D WF SR B 58 2 B B RIS R & <4
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DRk % 22 B OB RIS D MU AL il D —F L 77— T H R E L, LY OEHEE
FEPEICOWTHED EEO LN A B X —FE S BH - TAFESRE R IEES
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-+ KRR UTEEN LA D HAL S K E 7218 DFHMN I k32720 D, HUTZEIIZ AR Z2 TG T D7
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DFEEA,,
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728, 294 T AICARSNI-BHRRHE~ > 7 | (R PEEL BIR T /VX—T, 2017') DAE
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25T, MLy AT AOVERBICH S KIE T X7 B LW R BB EITAET TN &%
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HED TN, W EIN AR DA T DV TR, R, ZEHHITE IR TV E BT E OB ECH T
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BLHTaEREBELEES 2L — 2 a AR DB FERE DM EA K> TV ZELEHEELRD
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AL (DU R R OB E R BURIC L 50 D %) DRLJEDEFR AT 5 L COHIWHREE O TR (T
AKIED, 2018%D), 2) Wil A DS AL A RO Fed T — H 2 Bk E Uiz, B8 (48 B fifhr
5) B TR OB R RO BRZE LA 1Eh, 201999), 3) A7 90k 1% F T2 7 g O 1 BhAE A HE
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PRI T A0 & OTE B RF A 2 K0T 27200 DV )L a L e YT SEARD FT fEHT<° (Sueoka et al.,
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— 07, Bt RSl T U AL BIFZEBR 58 12 B9 2 At il (SRR 30 4R~ AR 34 £RJE) | Tl
HIUJE L4512 U7~ VS BRBE OB TENTAR D H RIS DO R BN IRE N N T AL IC B U7 AT Se R RE ) o
BN TS (RFFERE GIRT L — 7 HIF A HTFEB S IR 25, 2018'%), 209 B A
KOT A RG2S R AT K7 H ARBL G Th DRI RIS OV T, FRDIER A — L DL Bzt 5
LT FEEAA A DR Tl T2 BB ThHLEZ HIVD, ZOTD I —EDREN B
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FiEORRZED D,

(3) BFTTAEE OHFEEHE (TR D& 1%, (HAT Y 22— LD ERNEDFZ ST IE)
© BEMOLENZBE T DM TN FIE OB %
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I HE 7 MR A 8 DM E &R O IS BVE 2 TIE O F N EE L\ UL 2 35 1 D 1R R AT A
FIEOREFEITH BT, TRk 30 4REE121X, £ B9A (Al-in-Hb) VR BT /52 I C, B LR R
s O TE S At RIS, BERE R EORE R EOHEEZITo7o, ST FEEIX, 7l &k
Al-in-Hb HUE R EEIE 130 A D AL EH10, P vas @ U-Pb FAHIEIZ L > TERDO TR
ZHEL, REBEOOIRAEEEZFHETD,

IRV T, ZIVETUL EOZEM 5y fifae CHUS A B |2 HEE TE 2L, TERITHH TR
DR EET I TR B BE 4 6 BT AR ORZ PR AR AU B 151 LD set A A A o i %
BET %, [RIRFLS, il 3 O Al & P I B IE R E TLE IS S — AL AIZD72RST2 D (2
LERDIE MO PIFEATV, 1RO R M3 AL B &2 X BRI HdfromE bz B9, &
(S 3T, HT AT O RE A7 I PR A ROk D FRRAT 5 (2 D &, REEMNC T 223 i
DFHERLZDEREZIALT T 2EEHIT, MEHTE OIS 10° F~10° FERRE O MR E)
DA 2 FE A IS BTN OWNTRES 2, Pk 30 ARSI, BRI F A i O RkiR £ B o TERIL
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4.3 AR E BT O BHFE

4.3.1 U7 REHBSHERBIEEDOER

(1) BMW

U7 ATMEITLFE TH O DDA I I ET D08 THY, FARMEITISH TEDx 54
PADNIRL, U7 RANOFHFERE T HER KRB F D 3 B IZRB W TUAThilTng, 77-238
(38U, AR : 50 44 5 6,800 J74E) L V772235 (35U, IR K 7 68 380 T3 4E) DR AR
LLUTHIMT % U-Pb 1E1E, B+ DI B ETOMRIROR R iFREE A T 5, £z, vT-234
(340) EFU 4-230 (POTh) D FEE 2R L= 72« NI A (U-Th) T, BT4ENSRB L 50
JTAEETO B ORISR LT AR el S FTRE T D, 85 3 B R BBV
1X13.2.3 EMRGAIEREIFOBIZE NRULIZEIIS, 10 FTHERTE OWE OTREMEOFHMNZ1 75720 (E W E
DIRBIE), BRI E R 207 RN OFRBEBAN BRI E T 5, ofrstgatete L, o
L EIFC0, Wi OEI H S\ o MU BRI ESE A CAFE T D IR & 18 E L, 552 i
B B NI G Lz — Y — T T L — 3 a A &R EE S 7T A~ E B EF (LA-ICP-MS:
Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry) Z F\V"C, #5472 DR/ NER IS )G
LTAERBIEZITOEEDIT, HEMR RO ZE AT, RO~y FOEE 2 E 452
LICHbEREEL, 728, VIV RIBSHERREEO FE AT T, PRI TOR TS
Da g iRk U-Pb 154 OIS HAN AR OB i 2 8D, IITIRIEIEIE ~DIS 2R A5,

(2) FERNE

LA-ICP-MS % v 7z U-Pb FRHEICHOWTIE, 772 (U) DEFR ER SV A BRImEL
TAThH I T&7= (] 21X, Hirata and Nesbitt, 1995'9;lizuka and Hirata, 2004'%9 ; Orihashi et al.,
2008'°7; Gaboardi and Humayun, 2009'%®; Kimura and Chang, 2012!9), /L OAERAE H k& it
HL, REEEIA DD T RIS EARGETED FE AL, AL 30 (R ETIZ, Tl HIERAEAS
WHEFT MR 3% LA-ICP-MS & H W= HIE ST O 21T > 72, IREEHESLY OFRHE T, JIE
(B AT RIRFEIESUBE O R AN HANBASE L DR RKOFIE TH LY, BLRE A CldRb A DO E W
R (WC-1, Roberts et al., 2017"9) & W oo aik s b, Fiz, N LHZREEHEREIO/ERL (&
B bk D, D XD IR AERUEL A - CERRBB ISR &t G & LT ETE DO i b e OVBIAL B &2 Fe 48
T DIRBEIE D3~ 2 XY, OFARMEE THOLNOIFMRMEEDIBATF = 7 ZITHIZET, £
DY MEE G2, £, REBHESMIZEPEANCRETHZ LIk~ T, BHEE LI THZE0D,
AR DN B D FAEE A R O HU R KB L TR L T o T2 ATREME D 8 D, LT3 T, i
MOAER T mERA%B B LRI IE, EMERFERIEZREHET2ZLNTERY, £D72D, FPTiEkO
JLHEDOBE) - FE AR TS5 H AT, el o B2 03kl O Z Rt T FE v v U T EIN b T
T 5, T, FERBE ORI D fREEZ 1] LS 5720121%, KO RFTHEORE N LEEZRY, BT
HDTT L DAFEE MRS AP IBESNAZEND, D& EL BT 25 E vy 7 4 72OV THF
W THRETT %, LR VYE T FIEZIILD, REBEINE S —7 v e U T T 226D 5 Fik
%, MOTFE (FRIZ v ay B AR T REANEDOEIEN) ITHETHY, 14.1.1 Wirfg OTEENM:IC
RDFESAMT ) e N4.3.4 & FEREDT 7 7 [RIE FIEO B IR D 0 HTICbIS AT 5,
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(3) BT OMZEEHE (FFLOFEF 1L, AT Y 2— VDO FEFENEDFEZITXIE)
@ RIS OFEHEEL O R E

SRR 27 AEEERR 30 AR FE SR U7 IR AR S OAEHERUEL OB E Tl Roberts et al. (2017) 119
(ZEDEERENT K E R PEE O Delaware 22 #1235 _EER~L AR R ERH & T O S R HEE IS L= 5
BT WC-1 (225 U-Pb 45 :254.4+3.2 Ma) 73, LA-ICP-MS % i\ /= R ek U-Pb 4RI E 1A
7B ChHDT AR LT, £T2, WAk 29 DGR 30 A EEICIEHEL TV A= HERE O A TAY
7B BT, FEERE LT AR EEYE (Amorphous Calcium Carbonate) 7354 il &AL D J7 fAr
DA LLHWrSD, SRTEET, 5lERSIEERBOAKREFML, TNHO LR E DM
TERAT OYE M DT % FE 35,

@ Elh HAEFRIET DR O ST

R 30 A EELTIE, PRk 29 AR I E L 7o E A 3R (DY AR A 2K 339~318 Ma) D U-Pb
FARE ISheE, O RELA R (BERY 2 LA FR 86~85 Ma; B A {LAFR 44~40
Ma) DERGN BRI, PIEHIN O FZAMEE MR LIz, SFITEEY, ZOHEATo & AL L i
FDIER D=0, Rk 30 HE TR L= Tikab EICEIN B 2 Fe 195 IR R S 55 O A adkt
DORNEZE 2D,

(&) Arva—v (5 3 WP R BRI 0O F )

Fhi N H27 | H28 | H29 | H30 R1 R2 R3

D Var OFEMRBE

AEARIE Bty O He i —

@ [REEHEILN) OFEEAEREL OB E

BRI O BRI >

BERBORRE ——ged >
BEBRORIE R U B O FHE cereeefennn 2>
RIER S ORE ceeneecenne 2

© FINHZ TS DRIRIED 34T
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AEEHBORHRUABEOR L | e >

Ay VRFUTHFATCAR I E i D8 H 2R 7,
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432 eIyt A (OSL) A EED FE L

(1) BMW

OSL ERIEEL, #5578 B RBEHIRA IR OV 28I &> THMRG S IS I RS FE 723,
JRFZZ T T EZITIEALL TR A T 028 THRIHESN DA IRy B A (H0O0) 2RI+ FIETHY,
BAAE~E A TEEETOFERMERATREL B LN TVD, T7D5, MC kL K-AriEED M ORI~
BATTEOMR LMD 551EELT, BiE%, HULY, BB T RICBEE T 505 T
DB FFENTOD, £, HEED P OA LR AFORIE LY, TS O RERITEA L2
HER O HEAEREZHEE T HIEL W RETHD, H 3 TR AEHRICR W T, B F
FAU T2 P L o O HE T 0 sl g 15 KD TE T OFEATh 2 & 57260 D OSL FAHIEIED EM LA
X5,

(2) FEhENE

OSL AEARGAIETEIZ DV TUE, HHUD B ORI ET S T D E D il TE: [ HERTY)
EERL, B MY oA KEEIO OSL 7§ 5 FEE O T 5L L1, Single Aliquot
Regenerative dose (SAR) {<° Single Aliquot Regeneration and Added dose (SARA) {EZE DR E FNE%E
T OSL AERIEZTD, A 55D OSL FARME FNEZRE T 5 L CHELRD A IR 1D OSL (55
FrtElX, B HOME A ADPLHIR SN A KL T DEB X HILH D (Tokuyasu et al.,
2010'"'"Y;Moska and Murray, 2006''?), ZILNRE DIH72 5 TR EDLDINTOWTIE, BRIZHSLMNC
PR TR, FIC, Ak 29 FEFEE TS, A RO MMEEE L FUE O MIxT 2 OSL LN TL {55
Bt DB & el LTz, T ORERDDIL, 73D OSL K N TLE S HME2 1 TiE, OO ERITFRD
TEWE CHEMICINIE T A2 LA R EECTHL RBL LN, LA, AENERICHIES - A XE
IZDOWTORERE, A DI BT OWTRVFERNCTE A T CE5 ESR 15 5D Atz L
TWHEEZLND, 5%, OSL FRPEEDOTEHZHEDI2ND, £ IKL 1D ESR 5§ 5 EDRHMIC
DNTHEHREERL TS,

LZAT, HARDIDRBEH TIE, KRS L T OSL FARMIE IZE SR ME 5295k
EERIRDO A FLINELIFAET HZEND (Tokuyasu et al., 20101Y) , HAREWN TOAH% U 72 OSL 414X
WEEOBHZL T2 — R T iz, —F, AAROE RHEEWICITUIZUIE A IR IE L 72D
TIITNEIET D, Z2C, BE MY oA 320 OSL FEGHIE LFRIET 77 L O BHRMEN S, OSL 4F
RAEDZ Y L FIEOB IOV TRFTT 228128, HEREY 1 OF Sl fi7e OSL AFAHIEE
EEEAFL TS,

72, BAZ W87 E 7 (IRSL % ; Thomsen et al., 2008'3) RHEEIN, 2N ETEADH|
TE CIBEE 72> T ARG B 1H K THS anomalous fading M [EEECEX DI/ ~T, KA DR
FMRIEL LI Ry B AEET, 2,000 Gy FREEETE BIREEAEIFL 2V, ARV O+
ATECORBHIE AT 226N TEL (B2 1L, A, 2013'"), BAITAKIVE TV —F SNHETIC
% ORI ZE T 52805 (Buylaert et al., 2012'"Y) , BA OREIZA D7 OSLARMEEEZ KL,
1 HFEH OFRE > T,

AR TIE, OSL A3 TIRW BASHIRE 2 FF S BVERGHEL THIE B SV Tnh, PSRRI 13306
RMESRMIZI S THEARDA, £HHTHI 30~50 °C (Herman et al., 2010"'9;Li and Li, 2012"'7), Ff1
T 25~70 °C(Guralnik et al., 2015"®;King et al., 2016"?) LW ERH LSV TCD, OSL EITE+ 77
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FERTEVE VB R ET D200, By TEELRD 10 THEA— VO m A —% OHH|
POMRFHIE T DA REMEN D, 72721, OSL 15 513 10 FHEA—F Thafnd57-o, 5 0Mafm 45
AN PASHIREE DR EEN D IR ITZE T D L5 HI#NHEEE (B mm/yr BLE) 23 ZERS 415 (King er al.,
2016"?), ZOMEZ TR T 5729, 1,000 m FEORKIEER =V 7508 VT, OSL BEE o A
PEE R 2,

(3) BFITAEEDOHFZEEH ] (F RO 51X, (AT Y 2— /LD ERNEDFZ ST IE)

@ Bt EHEREM O OSL ARG E

B EEHERE O OSL FACHI T2 LD M FE DOHEE FIEARE ST 5720, Rk 30 FFEICF | &k,
B e HEREM DR L 7= 55D OSL AN E M OME A @ IRSL AR E 2 £ 45, K HIE THLI
TRERE AW TR HSN I EE LB ER EE L, flE 721 E FINEIC W TR D,

@ OSL BER DI Ao

(R DB HIR T ORI E OHEE I $ 5720, PSR DKL OSL BVEAR O YLD 6
AT, Rk 30 LTI, OSL BVERITARDeE A E DA T L O S 2@ U CHE FEDH
FRaEDDEEBIT, RIRER =V 7B R ELIZHIEEATVY, 2R IHEZDOE i (0.1 mm/year
H%) I BT DR FIEOHE VAR T 22N TER UNBIEAD, 2019%0), SFIOCEEL, AT
(ZRBUWTHRE B D72V MR AR LS P REEE (0.5 mm/year RiTf2) O MU eh3 2 FAPE DR E 2179,

(4) Ar¥a—/v (5 3 Hif R BRI OF )
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@O OSL/TL 12 Mok e &tticE4 2
fRat

BEORBENIKRT % OSL KO TL 15 55k >
DIALSAF OIS
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433 TI=7 526 (PA1) FEARIE E, HE32-36 COCL FERHIE HE, v F-129 () SR EED
FHA1L
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FHBRIRRPOILRLMBYELSOEL, SO B Z AT D, FHMREREETHD
AL CLE O PTa OWTARRBEIES, BT FE~ET HEOFERRER FTRETHY, A D HF
ORI T KERDOHEE A e FiETHD, 5 3 WIPRY BRI TE, LBHEREZEAT
TR CHRAL TS T DINLEZE B et (RL b ARELLE) 2 VT, Al *°CL KO
P OEREEHLL, TN TNOENRNEEZEMET D, SOIZ, INHGE & CRIE TR
D FHRRA RS 2 F O T AR E RIS DWW TREHT 5720, B RLE O & 1R 12 4R D 3
BRI A (SO FL, BGOSR R F B DR E1T,

(2) EhENE

NEEE W2 W2 ECTOMIER 5 T, EERERERCH# Tk o — k=% (CO,)
D RFBRNARZNETHZELICED UC FRBEE L O I AR LI~V 25 JE TS 'Be
RPN EIERDEAM BT 216D TE 7= (B21X, Matsubara et al., 2014%9), ‘&4 DFE HFENSELHE
ETD12DITIE, "Be LRBRICFHMUICE > TRBEOE AR HEIZE END A R PUTART D Al D
EHEELERTIUL, LOBEOBEVERAIEE N FIiEE/2D, D705 2 i B M Iz,
BAl RPN EEOE A IS, FOBHEER L ONE S ORF], AR W o B E 217 -
TEZ, 3 PR BRSO TE, T REERIE &K OMIE SOk 211528 TR A
k& BT, £7-, SOITKEZN ESEA720, B —2DREITET AT RS DR E L R, Ny
2777 RIERO T2 OB EE O R E1T),

— 7, SCHEARPEIEIC DN T, ZHETIT T TEI2 UCAHARMNE L L [FIERIZHE T K O RF
FOHEENFRETHY, “C HERREIELDEWEREZHE TED, THET, dURTHREE S B RL
FONFHIUER S CHARDO RGN 24T > T, & 3 W R B ARSI IC R 0T, ARAERUE 2
TESM ORI R O FEI ORI EE & ORIz, #TFAR»HO ClLMHEORRZ S T ik
FUEAFENL T HEEBIZ, BN DE BOITFHILDE R ETO EOERRPE DNV —TF AL ZE
A%, Fiz, PHEGIETEIC W TH CCHERIETA L [RIRRIZ, MR /KO W IFH) 55 OHEE 73 AT hE
THY, "CHMREEL HVERZRIE TEDT LD, AL 29 FE XY WHERREEDOEMLIC
[ 7B 2 BRAG L, ERIE DL —F ALZATH, SOIT, MOF UM A RIS 2 A RRE
EOFERMZ BIEL, WHERT CIRA L TWOD & B BT st OMERE THIE 23 TRER B IR IS L T,
FUBHH BUE S HEE A RF O 1 OISR LA LR O BET 2 0 T, e, S s OPERE THIE AT HE7R
FOITR AR IC BT D FER s 2D D,

(3) BFITCAEE DM FERTE (FREDE X, (AT Y 22— VO EfNEDE S IZRIE)
O HAlFERBPEEDO I
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Gl EREETTI,
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434 ESTREEDT 7 FRE FIEDOB%

(1) BMW

B RARIE BT D U BB G DAV WIS BT, ZNAEMSE T 271EEL T, 77 7% F 45
BEELIERERN (Frara s ay—)nHuneing, 77reru/ar—i%, KILOZWHRIZBWTE
R EEITTHY, LT 7T ORE Bk LD BT Z & T, ZRETERREDHEETHY, 23D
g L3 (2o THEE L7 D5 AL O HERE Y O G772 PR EZIT A DV S TR AR L T0D,
3 I R BRSOV TY, SRR 28 FEEEE T, BEAERFFRIC D @A +5r Clad o7 dbifEE ~
ALK G DT 7 Z & ISR AT T ADTERE, JEITH, (L PR S IR DBIEL - T a TV T — 258
L7z (R T84, 20162Y) . 2V ETOBFZERS TIiX, KILHTADJEIT RO % &JE L2 OFE
fEHTIZ LT, IR CTHEER TERWIORIED T 7 5B E 2 R & 1 5% & i 1 28 1 & HE MR HT
1% (RIPL 7% : Refractive Index Physical Lobas) -~ U7z (B 21X, #EH - 4%, 2004'%Y), Fiz, #Hilz7z
FIEELTT 7RO EENDAVIA IV — gy (il R O THWA £z AL o1k
1) DALFFARIZ LS TT 7% RIE T 5 FikEfR L (B2, FAE, 201112 HiRIED,
2013'29)  LSL7e 3D, T 7 TR FHIZ AV L I —Va BFIET DM ENHLHZE, AVRA TV
—Par DAL O E B IR E R B A B E CTH LT[R SH D, T2 TH 3 b R B
IR W TIE, BURIZIROD L a FEOFEE R, HDOVITKILT T AEDI R /7 I8
CT77%[FAETHFIEERET 5,

Q) FHE

THETIS, BEREMFZEIC LD E RS+ Thh o 7 dbiEE ~ B AL 5 O 7 7 % D SRR <2
KIUAFZADIRE « AT AL RS O R TL# - oL, 77T hxul OlEa1T-7- 17
BEAE, 2016"2D; Ji-1- IHEHE, 2017'%9), F7o, 777 DRIEREIROHEE FiELL T, BYRIZIRVEY T
BHAHED ESR, TL, OSL A5 SR ARG LT2DS, A O ZNHOW L RHEZ T T,
EEJROHEE LR/ HEIR T L O A T AT O+ 57t BaFo L IXREETHHI LN ) o TE
7= (R JIHHE, 2017'%),

—J7, RCLJEYIZIRWEY) T D v DAL RS U-Pb, FT AEREWV TR T, 77 T RE
DERIIIY — L7082 (FJF - 58, 201729 KEAIEA>, 2019'2)) , ZZ TAMFETIX, P vay
® U-Pb FFREIZEDT 7 TR T OEBHARIE 2D, EHIZ, LA-ICP-MS & Wk (LT A5
D ERSY R ITTR ARSI L DT 7 ZRE FHEOBRELED D,

(3) S FITTAEEDOMZEEE (FFRDFE 1L, (DAY 2—/LDFERENE DF ST NE)
© T7IREEFIEDEE

K 29 R FETIZ, LA-ICP-MS & W2 KU T AD E 5y - 8T E RIRE AT 37 7 Z%f iz ds
WCHERERVGAHZ LR LT (AR EIED, 2016'Y), Rk 30 FFRE1E, 77 TR 1O A TR TR ALK
A= DEG%Z B 8L, Maruyama et al. (2016) ?1Z72557- LA-ICP-MS % AU N= 2541 FiE DO B i
AT ol SFICEREL, BiEL-TiEZ R, KT 7 708l AL B AR IO M T 2 E TR TO
T 27 DOBEA TOR WO BT R E B & £l 5,
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4.3.5 HUERAEM S R ELTCAEIETE K MBS0 FIEO & AL

(1 BMW

Tl BRI ZE AT U, BEIZC, "Be, (U-Th)/He & ONK-Ar FIZLAHEARIME N FEHILSLT
W5, LL, BB O AR 7 e A THEHETHY, Wb D iE B EOIERIEH TERWEFR
FEREDWHERITAN A, BILFEITIELHE FIEDEWICIOFMUED ERE, R XESTRENHD,
AR DFERGE AT DI RICE T, 7 =2 BRI OW Il - fl b s> 2H 573, Bk T
RACHNAGONTZT —F DFFIRN IR EE 2257 — 2032\, IEREZRERBh ARSIl , M EDORE 218
TEY DO, A, B, IR, HEREY, IRISHEILRM, e, T KSE, £h oo
R M OV RRBR B LS8 S L7 0 T FHE D BRI R DL TH D, AWFFETIL, 14 DO HVE FUBHI M G AT
REZR Y TV 7 Rk, BRERS, ATALEE Dt B E e E O fi b & i3,

S5\, B RN IEME/ Rl E 5 25281280, MR AR, A TR, RN LAY,
LR O B I 22 8 B B S GR EDOBRBEE ST AIREIC e D, RN D B RS B CO 43T %
1TH72D11E, MO HREE £7213F D% AU HE AU M 2IE A RR L WDk EhoE
BINMETHD, UL, L2 7 VNS EL N U720 E & S8 (b, SE<e1b
TR IXROAIVTND, LIch o T, HUEBUEIO(L S - SRR A AT I B W T &I E % FTREIC
THHANBRFE D RO DD,

(2) FEhaNE

& 3 W R B B ARG, UE RO FARNE & OME22 0 T 36 1 D RTALEEIE S Ot B
ERE D EREEALEAT), AAMEEEOREELDOI D UC AFERHEEIZOWTIE, AT FIEOR R K&
O ERE & iTiEORGE b 2D 5, C ARRHE CIIA B BB R f R U 2 RS L, 15 G
DIRHIF e “ L IR B EFGDHZE R OB RNER DI 77 7 AN =y NAF R T DL E R D
D, BRI DRRO IV RIRGENS (b R F & SR CHl TREE 2728, JuR Tk E o)
FRIEIZ XD B Bh R YR Al AL BRAS & O Fe i L ERITLER O L —F AL Z D D, ST, BB T7 7 ANl
HLEE (TonPlus 15 AGE3) O, #TAREZET AL LEKIF O B K ONNEEERE &0 et o
V77T MR DT O HEE O i b 2t o, D ERE SIS LT BT OB %2 H a3, £z,
"Be, (U-Th)y/He & O K-Ar JIEIZDWTIE, RIRGREIO R E FHI 2 ZEFEL, AiLEFiEO B E
B LD T2 OET BAZ A HE A 55,

EF T FIEDO @ EAL TIX, LA-ICP-MS, #EifE & 77 X~ %655 653 #1 (ICP-AES : Inductively
Coupled Plasma-Atomic Emission Spectrometry) I iE T B & 72 050 OFRIRALIZ DOUWNT, FL— Mt
HE<oA A L Mt RE (2 D B IRy DIRME FIEZ R L, V—TF Absd b, £/, ERFEEIO .
FEFAR ST HTIZ OV, 8 X B0 HT 24 E (XRF: X-Ray Fluorescence analysis), X A0 #T BEM S
(XGT: X-ray Guide Tube), X #[E#7 (XRD: X-Ray Diffraction) Z F\ N7 AR HERUEL - RIRFEFO I E 5
Bla ST 528 T, EEOMITOERE BT, SOITHBITFTE T I OL E RAR L 54 Tl
TR T — RN HLE B o M1 25 (EA-IRMS : Elemental Analyzer-Isotope Ratio Mass Spectrometry)
ZAWT, % onRRIRFEIZ I DTEER 0B b 2 25,

Fo, BUNEEOFERRNE AL F o FIEEZHBE T 5720, RO EEEL A b ED Y —R
NI Fy B AEEISH Uz, ERFEIO —5 O R Z B[ GE/r~ A7 TV 7V AT M S H
fbxE2, 51T, BREL7- M EFCEFD R M6 hts U7 BB G B il o0 2 B 48 FE 20 AT 225 1 0D i Sk
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FEAbZ D, 8 % DT EIR DI TIER— D7 m—E U TER BT FIEOWH LR 5,

(3) BFIITAE OHFZEEE (TR D& 51X, (DAY 22— /LD EMNEDF 51T IE)
O FARBPEED FEAL

SERR 30 AL MC AERNE O b &2 X D7, AGE3 O A B ETL, HEkDHriEITn
X CIRFEE | mg AN CTOLERED T T7 7 A MRS RN DWW T MC FARMIE FIEDOK
REMD-, SR EEITREZR 0.1 mg UL T TOII7 7 A MRS A L T, ISR E O Ea
H¥57 . $£7-, RFEE0.05 mgH50.01 mg TO UCHMRREZMRTTT 2, 'Be FRMIEZEIZOWTT,
ATLEEFIEOH B EL TRV 7 3B O RES  OINEEE B BT s LM E RF O fr T BRAE OS5
ke L CHED 5, K-Ar F A H] B 122> TlL, Inductively Coupled Plasma-Optical Emission
Spectrometry (ICP-OES) (245 K OHERGE DA E & O N IREDOSELZ D 2,

@ oI FEORmE

AR 30 AL, XRF &N XGT & Cffi 303 UR O FRRL 7 1k LA 20 AT I B 7oA HERURE O it
DT~ F7-, ICP-AES TIF, HEUHERBMS 2 W TN SO R b A s, SR L EH I
TIRAEDOL T DWW TG EED 7=, SRR, BIIEEE L7 BEEECENE 2O\ T, XGT 282X
BT Ak L CEML, HEORELEED D, £, FREOS ATV, IFETEE SO~
I AD BRI S DT80 DT — 2 ek L CEET 5,

@ WUNEIRDOERBE LA 3T FiE O S

R 30 AREEETIS, UNMEBGERIRL 72 O L BT FIEORE, FL— M IEIRME Lo
TR O HFERFEEAN O S B K OV BT & & o i b 5 4 6D 72 (Watanabe et al., 2018"Y), 47
FOCE LR, BRI 72 SRR 5 O U N RGBT o BT i i T, BEYERUEF D E K (Y EA-IRMS
B LT IEE O R b & mIRE LAk L Tl D,
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