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Abstract: In order to evaluate effects of geothermal anomalies at high-level radioactive wastes dis-
posal sites, information on long-term development and possible future activity of geothermal systems
are needed. The only method to measure the time in the geothermal history is radiometric dating
resetted by geothermal heat, such as electron spin resonance (ESR) and thermoluminescence (TL)
methods.

Previous studies reported historical shift of surface manifestations for some kilometers in 0.1
m.y. by TL dating, and repose intervals of 0.4 m.y. by TL dating and 0.01 - 0.02 m.y. by ESR daing.
Unfortunately, we have no more quantitative information on long-term geothermal activity because
reports and researchers are insufficient. Further systematic studies on radiometric dating in present

and past geothermal fields are needed to make guidelines for radioactive wastes disposal siting.

Keywords: dating, electron spin resonance(ESR), thermoluminescence(TL), geothermal system,

thermal history
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Fig. 1 Lattice defects and trapped electrons in quartz crystal used for ESR dating (after Rink, 1997

and Tkeya, 1993).

FHRAY 7225 LWBENOET (F230EL) 2HER
LU, REFEhZ=ETFIIHBAETREEEIC T 9T
ENDBEREMNIHAET 20, MARSLEOIBIIIZX -
TrF7 9y ThofEns, MEOHARRETIIEN
D FHMEIC IR R T 2> 5 2K 2 e 2 i o3 P 7
278, MEsT (KRG PERS 2R, Fid—
JEMELE N THH ARG L 2 2iEE e LT, WEN
DE7y FIZEBFVREREND., P 7y T EhEET
DRI HRBERIZHHT 20T, Zhzith+sZ L&
XD WE O E A ME L, 14E 5 72D OaHR
HTHIZ L EREARNTE2IENTES. Ty T
ENZEBTFOREREE LT, P AREDHED TR
WaEWBINL TAE Y 2RSS 2R EFAT 5008
ESR#, B ZMELL CETA2 L7 v THh SMRL 7%
BRIo Rl r L X —Ad e U2 8% %R 0§
5OMNTLIETH B, TLikE ESRIED I KD EWITHE
TELFT v T ROMNT 20E2I2H D, TLEIZMRK
BROBTHRT IR TZ720CD 7 v T &k
ET BT ENEEL Y, WU CESRERZEF AWML %
WOT Ty 7OMEERMNTE, 20T L bHN
WEIZAHEEZEDOERILZD, b7y TORMIC
& o TRIGRIE N Rk B Z & AR H U Cili e @ 15 % @
M$2 2N TH S, F22—ilft & MK TSl
ETDEIENTELROMOBLIAEIZLD 7V 44
MEERNTEILENEETH B,

TL# - ESRIEIC & 2 BORHAF-FGHINE 13 HE R I R o 23 7%
<, MEEL DN L2 IEMIZZE < 5\, izt
RANDIBHIZDOWTIZEES - KIHEH(2004) Bfli#E L v

—EAT 5 72h, AR TIRRE SO ERR Z D
BOKREMA T, HIZFEL <SRG T 5. ESREEETL
HEOFEHIZ DWW TN MR (1981a, 1984a) & S HE &
N=v, kb, ZOEPEETIEEELI Ay Y
Z (optically stimulated luminescence = OSL) & w»

STLIZHEM L 2 A HE Eh TnWb )Y, 7292/ B
FEIZIER 5 T,

2. ChETOIFZES

2.1 REZGOIRESH

Rl R 7z & B 0 s ELR O FERHIE IS Fo 0 THERE
O W FE T H G 2 ot T 3.
ESR#: -TL¥: & &, HIBICI L T2k CTlo AL X
N7z B o TEOHIERZIE LY ) 7 (Si0) DA T
b, THITIEHBK D S EEN L7228 0 (R
e B n O EIH & 4 B R)  HEKE H AL E DK
S KO AEANIZER SN 2 R DIE 0, M
BEW - kAP OLEMEEFIHTES, 22T
b5y ORI LIRS &M & E T & 5 ESRE
IZDOWTHNR 3,

A%, SR SN2 ESRIES (X2 b L L THER
BWOWIERTE -2 255 L05) [T ALHD (S
AET 5 ALCHE XN IckB3E5E, Ti
L (SiA2ERT 2 TilICHEIhAZET) ICL2ES,
[AIRk IS Si & B 5 R0 Ge FMES, O DT

I S -BFICX B E HOES, Ii2oA 11|
KD BIGITICHiE I 28T - IEfLic &k % OHC
(oxygen hole center) , peroxy HOMES B E N H 5 (58
1) . i F AR I EORE O R = B RO 1S
5720 —ICE AW, —RIZIEEDHIORA
(B ER A 31 45 (K3, 2001), dWOHIOFRRA
(N5 v 7EFEEOR) 13200 ~300 /7 HFFLE (e
1981b) &&Fz6hTwa, FRIED Y £ M (+
Ty TERFVTNTRBENBEE T, R ARFERH
ﬁ&tbﬁé%%ﬁﬁtmﬁﬁé)i’hifi‘m
BUEBRIC K > TR OGN TE 20, EfIZE) £y
b%#@ﬁﬁt%%@%ﬁ?%@,ﬁmf%ﬁhﬁﬂ

—432—



TS K2 R RIS iy (KIE)

Wi huEy £y b &h b (Ikeya, 1983).

Miyakawa and Tanaka (1985) 1 fEf@ 45 2> & it L 7=
AT DN TIMBEER 217 > 725K, Ge PLESF I
320 ‘CT108, OHCfE 515360 ‘CT10M Tl L 7=.
ZDZ &N 580 COUMERMTIZGe P OEFTDHdr
13104, OHCIE 5 D FFdriE 1000 FFD A — & — LGk
.

Shimokawa and Imai (1987) i3 52t 77 JUE - &34
W2 AT 5 BINEASEEICE 20 6 BB L 72kt & L
T VR & G 76 2 FREXL L TR 2EBES, O ESR X
WE AT, PRSI 2FERMEE IR L2, 208
R, ABE L7 TIE Geh LR - OHCHNK - 7 4
Ya v b7y ZEMREAREERAR S IZIE L, Al
DR ETLERIEVWThE KD EH LS ko 20
Z e Al OFENE TLEAZ T 2SN KD #
Bo/zeEZE6N, GethDX OHC A E I g Alp
DMESRELZ TR X I D5%ME LT50~60 COH
WENTHE~—FEOF — 4 — Tkl L - & AR 5
nhr-.

FREEIZ 2 (1989) IZ IUIN B b2 & FEL A B A 3 H,
SRV (Si02) 1#, A%k 1 {8 % $REL L T ESR 41X
HE & AT - 7R, AR TIEE L - GehD - OHC,
I TIZE 0 - OHC, 9k Tid OHC 2 &
Nz, ZEAETIE3IWEE 8 E fOFR <<OHC 1R
<Ge P FEROBRA S D, MELFEEROFERE 0
B MR (ERINKIETY 22k %) 729, 1
TRIGICE B ) 2y MIREDENZFIH U TR R
DN TE B RERERH A, —F, KiE
(2001) L OKIE - EH(2003) 13 K28 O K IIE H D
AR A SRIAICHIE L, ZOBARES S THF
REFZHEZNVITTHBICE 22D 56 FTARLERE
Tih LERICRMN 2 ThBRD 5B 2 & 2@ L
7. TOZTENS, Vly MREDEWEFNHL 2R
JEJEREMRAT IS E RIS RERMEL H 5.

Toyoda and Ikeya (1991) I3 fEf 45 2 & filiHy LU 7= 9%
DWW TMBEEER 21T > 7. WS 225 2 T& 155 T
B 724550, ALHODE 513 220 °CTID 4R 380
CTIEIEHW, Tirh O f5 5 13170 'CTIR D 18260
CTIRIFEWR L 7=, F 7=, MED H O THRRAIC X
LE5HMEORDEMELZME, Al-TihDE siE
RIS O WA I L 72, 2SR D W T A
BH1C/ THEDGEOPHSRE XAl L T149 °C, Ti
BT822 CLikBEEh7., uk , Ladkpo 7 v 7 E
TIEME S U 100 THEDL EREISFHET S Z
Ly eI h,

Toyoda and Ikeya (1994) (X552 & filHh U 725 555¢
B DWTHRE 225 2 TR 157 MMEL L 72858, Al
O EE1E 200 CYLETHFIZHA LzDIzH L,
Ti M5 75 E ORI 2 BC 2 0, RS REN

DEVNEGTERNRA A DD ZEEHE ML Z
D FEEAEFIZE DN T 60 COBREEMN L EHTIE, Al
HUDME SR 1250 ~ 80%, TiHOME 5 D ARLER S D
HEIE I 40 ~ 60% kD3 B LR &z,
ZDOLSIZESRERD Y & o bR — B &R IR
HEBETHD, EVICTFIET 2R RN L3 s
WE SN T0E, NS &k - TR R 2 5 T REME &
HDEDT, 5HORMNEMELVLETH 5.

2.2 TLEICKZMBROEENEEITH

fREE A (1987) 135 F I SR — A2 113k oD 3t £ 2
B 30 Ml 2 & dli#lh U 22 9512 D T TLARRUHNE % 5=
Jiti U, &b i e A i & 5 < FREERNIE & B uanik
Bihl &R AMo»IcL7Z0GE2R). LALZD
wARELS 25, BRI B A3 R A & gL A 5 TR
WML ZEERTON, &5 OIZEUKGER) I I 72
JCRIAEIE EIREME 52 2 ERTON, BB
SREOPIET ST EETE RN, 722 OHRES]
D HIMU D ZEE A 1100 JT -~ 70 Ji i &0 5 ARl
ERT (L2 LEAEDFRIDIEHEER>TWDS) Z&
25, 100 J7 4~ 70 JTFRTOE WEOKEEE) & 30 )7 4L
FOH LOEUKIFEI DD < &3 2R Sz,
Takashima and Reyes (1990) (27 4 U ¥V D b £
WMOZEE A 1L » 5 AR E 2 ZRAEZME L TTL
EAGHE A& F2hE U, BOKIGE) A3 10 )7 4R B CRUE 2 &
EXPBHFEIIBHL TCWBEZEEWEMIZ L (5B
3. BEEE T km/10 TfFOF -4 —Tdh 5.

2.3 ESRZEICKDHBFRDEENHEITH

Mizugaki (2002) {3k HH W2 Wi O [ PR #2551 0
Wk % 2 BEREL L CTESRME % 174, 35 I D0 TAlLH
DAEREZFEM L2, 205 B34 1 THFE~3 TR L
6O M, EUbA A EICk B3R MEREL (54
K) BT E A EDIRDPEL > T CHFHOE
WEARONDD, T6DFET VA LPLELALT
EFHFENL8 T, EHERZE06 HfEL ks, T
ENS, ZORERBEROGHINZEL ZERIZIES
DEDHFN, T DB R TE1~2THELIA L HEE
T3, FRENMIS O HEEF L LTEREOE LR
HWENRNEBD TR A MDA BN REVEEFELON D,
— T O T TENR R A DAL OB O A
BEIHILZ2A%ERH D, D &g 2HDEUK
WD > Z L ERY. 35D S 5 1 Z O
OREFIZEHDAENZHOAEERT, FRIEIZIEE
AEXTTH 5T Lr ol BEKGEEHOEIZED )
ty hEhEEEZIONS, £/-220Z 13, BUkR
O G HIAR 28 ESRAFRMIEE O B A RE (Z ok
DNTIE 5000421 ) I T ORI T » 5 nl e % R
LT3,

—433—



WEAHADIGHGS 2004 F 558 H11/12%

14 1241

AR B BA R T AT

o
Myl
6.1
16

A1) 113t #4578 TP

55 2 X 5T WL SR — M 1 R D H B R A O TLARUE 3 A (BE5E 2>, 1987 O Fig.2 & U Fig.4 % fhiths - fiing

b). HRLIE 4.

Fig.2 Distribution of TL ages (in 10 ka) obtained from geothermally altered rocks in the Kakkonda - Matsukawa field, Iwate
Prefecture (modified from Takashima ez @/, 1987, Figs.2 and 4).
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(Takashima and Reyes, 1990).

Fig.3 A schematic model showing migration of hydrothermal activity based on TL ages,
the Palinpinon geothermal area, Philippines (Takashima and Reyes, 1990).
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Fig. 4 Distribution of ESR age (in 10 ka) calculated from Al center signal intensity of quartz veins, Minase Village, Akita
Prefecture (modified from Mizugaki, 2002).
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2004). @:fumarole, % :hot spring, 4:sample yielding peroxy center signal, ll:sample measured only for quartz
phenocrysts, numbers:age (ka) calculated from Al center signal intensity of quartz phenocryst.
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