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Abstract

Radioactivities of several sulfurous sinter deposits from Tamagawa Hot Spring,
AKkita Prefecture, were investigated. Radioactivity of radium isotopes and the progeny
was observed by nondestructive gamma-ray spectrometry. The activity ratio of ?*Ra/
26Ra tended to be lower, and that of ?*Th/?%Ra higher for the sample taken at a longer
dinstance from the spring source, respectively. The micro crystals of hokutolite were
observed by SEM-EDS in the residue of the sulfurous sinter deposit from which sulfer
was removed.

On the assumption that the radioactivity source of sulfurous sinter deposit is derived
by the micro crystals of hokutolite, the formation age of the hokutolite and ?*Ra/**Ra
activity ratio of the hokutolite at the time of formation in Tamagawa hot spring were
estimated. The *®*Ra/%®Ra activity ratio of the micro hokutolite within the sulfurous
sinter deposit agreed with the value of the sample taken from the surface of the known-
age hokutolite.

Key words : Tamagawa hot spring, sulfurous sinter deposit, radioactivity, hokutolite,
radium isotopes
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1930).
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—EDMHAERT I EEMRELTVAS, SoIcfEir KR (2005) (3, BEOHSEEBROENP SIS
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Fig. 1 A part of decay chain of uranium and thorium series.
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FRG 2 EME L C0WA, 1, KIES (2006) (%, B{EIC?Ra, *Ra XU Th FEHH : 1.91
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Fig. 2 Sampling localities of sulfurous sinter deposits from Tamagawa hot spring.
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Table 1 Target nuclides and the measurement progenies and gamma-ray
energy for gamma-ray spectrometry

. . Measurement . Gamma-ray

Target nuclide Half life daughter nuclide Half life energy (keV)
2Ra 1600 y 2ipy 26.8m 352
Ra 5.75y AC 6.15h 911
28T h 1.91y 212py, 10.6 h 239

Table 2 Concentrations and activity ratios of Ra and Th in sulfurous sinter deposit from Tama-
gawa hot spring

Concentration (Bq/g) Activity ratio
Sample

226Ra 228Ra 228Th ZZSRa/ ZZGRa 228Th/ 226Ra

Sinter A 0.98+0.02 21.4+0.2 1.88£0.01 21.9+0.5 1.92£0.04
Sinter B No. 1 1.0220.02 19.2%0.2 6.8320.02 18.9£0.4 6.73£0.11
No. 2 0.78%0.02 13.8%0.2 6.18%0.02 17.9£0.4 7.96£0.17

No. 3 0.77£0.02 13.3%0.1 5.95%0.02 17.2%0.4 7.70£0.16

No. 4 0.79£0.02 13.3%0.1 5.87£0.02 16.9£0.4 7.47£0.15

Sinter C No. 1 0.46=£0.01 7.06£0.09 4.02£0.02 15.2£0.4 8.67+0.23
No. 2 0.49+0.01 7.38%£0.07 4.547%0.01 14.9£0.3 9.19+0.16

No. 3 0.47=£0.01 7.07£0.07 4.15+0.01 15.0£0.3 8.79+0.15

No. 4 0.44=£0.01 6.221+0.07 3.79%0.01 15.1£0.3 8.65+0.16

CHRAERE L, TNTNOIRGHE & BEPPEICEL TV 2O R 2 BH L. JlES X U5t
BICHOWAEREE Y <D % )VF —% Table 1 iIZi81F 5.

SEM-EDS FHD &kl & LT, %1k 10g (Sinter B) % 3mol + L '—NaOH /K& 200 mL 121
ZTHNR L, 25 bF b ) v 4 (NaSy) ZARSE TREERE Lk EO00EHT X 0 ERilE 5
HE - e b oW, COREHCIRFZEZRE L, IHIGRFETHFEH O © 3 U F — 580 X §7
rEE A E A E TS (HAB 5 JSM-6390LA) %\, NL#EHET 20 kV D5 Tk
DRI X ERD DA E1T - 72

3. #& ES

Ll *Ra, *Ra B X U0 Th OJRHTRESRE & ETREL % Table 2 1181 5. 7/, # v <X
<7 FVDO—fF| (Sinter A) % Fig. 31T/nLic, RINRROEFEKIICE, v5vEr)vaBk
CZENODRRENEEFNT VWA I EMTERE (2005) Ick s EhTWAA, Table 2 & Fig. 3
R BRI, FNEROBETICIE, ®Ra, Ra B LU Th & 21 5 OIEEDEHEE L »
s ncwiwn, IhiE, RS (2006) OfELb—HLTWAE. £z, GEDOHURRELIZIR
IR HEEN B ITHEW, *PRa/*Ra OFEHELLASED L, **Th/*Ra OSEHHELL NN L 72.

BIEICHE L 729 X ToOEEHC B VT 2Ra OEES & 0 IR D 2Th OB HYE { 28Ra-22Th O
I CIRBEFHICE L T T EAVHIBAL 7o, BEFEE# OGNS, LiIds HE% LcRicH
CHIEZTTAE, Ra (38 L CTHRERERBZD L, 2Thid e K7 v 7 L TREHEEIREINT % 13
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Fig. 3 Typical gamma-ray spectra of a sulfurous sinter deposit from Tamagawa hot spring.
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Fig. 4 A part of gamma-ray spectrum of a sulfurous
sinter deposit from Tamagawa hot spring (Sinter
A).
Storage times for 18 and 226 days are repre-
sented by a solid line and a dotted line, respec-
tively.
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Table 3 Time after source preparaion and **Ra/*®Ra activity ratio of sulfurous sinter
deposits from Tamagawa hot spring sulfurous sinter

Sample E?Ifa?ﬁférf‘(’gg‘; ®Ra/™Ra activity ratio | ?*Ra/?Ra activity ratio*)
Sinter A 1 21,3420 91,320

209 21,605 93,2406
Sinter B ! 19.5+1.8 19.5+1.8

205 18.640.4 20.0+0 .4
Sinter C 1 15.8+1.5 15.8%1.5

208 15.00.4 16.140.5

*)Corrected for decay

AEFEE T, BRofFE L & $ IR M
EIVRT w7 LT BDT, 7V ARME
DORREH P Ra/ ®Ra 3/N& L 85139 T
Hb. FRPRnpBRY) FToEL VEHEDPS
Wt L v aga, iUEEE **Ra/ *Ra
FEBOBSHELL L D KRECRBb N5 I
3TH5H. L»rL, Table3icRoNb LD
WCEE AR LT 1L H%Z TS 200 HETH 5
Uy ARGAROFFHHELL *Ra/ *Ra DL
HIdRZOHEHFANT—H L TH Y, *Rad
SHERLT B #Rn 85 VU A EE NI 20KV X1,000 40pm
DOHCEE > TVT, FHL TR &

ERLTWS, COBRICESFHE, AT Plate 1 SEM image of residual solid material in the
’ - ’ sulfurous sinter deposit from Tamagawa hot

Q/E\Uﬁfff (Zt 222Rn /3)75%%/)‘ ‘)9 {ﬁum_r'd’ 5 %2% spring,
BIEEAEMNEDE LTS T EMNT
x5,

4. % =

BAEICIE2Ra, 2Ra B L OV Th MIEFEL TV A D, BfEhoiteiddtiahio s o A
SIS N TO B AREEDE <, P Th 3t A O ®Ra S EKR LIS DTH L EFZZL LN 5.
Z T, B SR ZbRE L TR SN2 SEM-EDS ZHlWCHEIE L. BiEshcEH
% Plate 1 12779, Plate 1 1Z/R L7z SEM [HE{&1T 1358 10 um Bijf% OE R & 5 um OARET Ok
ThsEE E N fz. Saito (1963) OffEtk (2003) 3 EJIRR OFEILBIC 3/ NO LA OfE gL
BHELTVWA I EEREL TV 0T, EEY (e 350k, NERAF 158D oEksmir
ZITV, 5% Table 4 1T 7, #EROTRY 38T S ALHER N Y ¥ 4T, NEE DMK D
TRk B bEERTH S, A RS (1991) *° Takano and Watanuki (1972) 12k 2 EJIER
DI DTS DOTHERIE, BaO & LT 47-61%, PbO & LT 1.7-14% Tdb 5. Table 31218
72 BaBLUPb OEHREAMBIYICHE T 2 & 2NN 54-56%, 14-16% L1750, BEHROfE
(fea KRS, 1991 ; Takano and Watanuki, 1972) &—# L7 DT, AWFFRICTEE SN/ 5 10um
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Table 4 Chemical composition of residual solid materials of sul-
furous sinter deposits from Tamagawa hot spring

Element Crystal 1 Crystal 2 Crystal 3 Aﬁz{gr}ilgfs
(0] 24.2 25.1 23.4 59.9
Si ND ND ND 36.9
S 13.1 11.9 12.7 0.7
Sr 0.10 0.02 ND ND
Ba 49.0 50.3 48.7 2.6
Pb 13.6 12.7 15.2 ND

Unit : w/w%, ND : not detected

BiEE D MR I3 IEEE A OfE (Micro hokutolite) Th B EEZ SN 5,

FNEROE LI FAELAREEZN TV T,

D BlEicE N 2 UHEREIE R & A LIt AThIcd », SEM-EDS THISEE s iz Si0, 75 &
DFWD & DGR R T X 213 E/hE L,

2) WUNOILERAEDERT 2 & XTIV AEN I TRIEIS VY LATHY, BEsL TV
2Th IR AHRO#Ra PS5 ENVKET v 7L bDTH 5.

3) JAICHLD A E N7z ®Ra, 2Ra B LB Th OFAETB L7 V7 » Kkic & 246 A 70
SO IR TX 313 E/hE 0,

LIET B &, Bt oIt a0 ARERS & CILIEGERIES D 5 ¥ v & R EO BEHEL

2Ra/?Ra ZRKHB I EMTE B,

Okubo and Sakanoue (1975) (3AtEG T ORBUIRERLTEZRIE L, “*Ra OFIEIED **Th CHEHA
LA1X10Yy) DFEEL TV A T & ZHE L TW 3D, *Ra OREAREN 14 Bg/g D & % *Th Okt
HEIX 0.11Ba/g & 1/100 LN TH b, AKHIFETIZ?Ra £ 0 ®Ra OETREN T80\ 720, AHIZE
ITBVWTIR*™Th o fifE s N 5 *Ra O BIIEATE 3 EF A TH W, BiEhic 3 R ERSE
DML EENTVWADT, INSDHEYTICEENAMEDY 7 v OFEBELEZ LNEH, Al
EICHWZ 05-1.0Bq/g DEERE 4g 12 10ppm O Y 5 v E SN 1gIBRAL TS, *Ra D
BEIRI3% LrEARLEL. Ld-T, D, 2 ORERKTT 3 EEZTE0. 7, JU%A
OFS VI LABIU Y T ABEYFRTIEEA LTV T OV I &iF, Saito and Nagai (2007) 1
FOMEENTVDE Y, 3) DIREGRTLT 5.

1)-3) DIGEMKO D EEZSNBDT, Etbrhdtfffn O EMERS X oIk AR R o
5 VY AEMAEOIEHEL 2 Ra/ 2 Ra 32 XD LI LTRH B T ENTE S, (AL ERL
TH 5 OFEIE%Z ¢ (day), JWOERFE =00 D**Ra, *Th OIHEEE Ara-0, A -0 BHED
Y7 v TRED P Ra, P Th OEEEE Are, Am, *Ra, **Th OEETERE Are A £ 5 &, &
REEZE DEAR» & LIN AR O 370,

Ara=Aga.0* e 'zt )
Az gt — Ayt — At

ATh:ﬁ°ARu-O' (et —e *ut) + Agy.q» ¢ tm )
Th ™~ ARa

Q@RIcBVT, IHEAVAER L 7ZHETEBThBEELEVWERELTWAEDTAn..=0Tdh
D QRDOEHFE2IHIHETE S, Ape, Ary FATEETH D, Age A FEKTHZDT, ThH%E
DOREQRKIZRAL, tITOWTHRLS ELITFOmY E15 5.



5557 %& (2008)

Table 5 Estimated formation age for hokutolite and %’Ra/**Ra activity ra-
tios of the hokutolite at the time of formation in Tamagawa hot spring

B R OB L D hE

Sample Formation age (day) Ra/*Ra activity ratio
Sinter A 91+1 22.61+0.6
Sinter B No. 1 40814 21.6+0.5

No. 2 53116 21.3+10.5
No. 3 533t6 20.6+0.5
No. 4 52616 20.1+0.5
Sinter C  No. 1 719110 19.3+0.6
No. 2 79718 19.4+0.4
No. 3 74818 19.2+0.4
No. 4 72418 19.2+0.5
A
Ara=3.30X10"*(day ), A7, =9.93x10 *(day ), ———=150
Ath— ARa

ct==1510 - (In -(1——

71.554?’;4@ )) (day)
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@ATkvonict 2 ORITRATIE, JHEAERESOIE G T D *Ra OIEEE Are -0 %
KB EMTXB, FHELEEA Table 5 12181 5. JWEG OAERFIETRRD S ) B ICi/EW
E ot 2o &R, FERBEHNLZEBICAERLMNOILEAED, BILICEDAENT
W< ENRICED > THRELTORaEEEZREL TV 5, M/ ot mEsEo 5 v
A[EIRR D HETRELL P Ra/ P Ra 13 20 Fitk & 780, 1960-1990 i A:6% L 22 AR RE T o db i A
DHERYSEED 5 29 ARIGAD U ELL **Ra/ ?Ra DfE 22.6-24.3 (Saito and Nagai, 2007) 12T\

&5 -7,

5. &

[l

TN RDOEGAER OIS EER, R EHEL L BRICAR S NG EIcE 0 A £ 0o iuh otk a

IKHELTWA EEZ N A,

- BIRROGEDOBIHFEZHE L, SENZHEREE 20 o DidtaEZER L 72,

6. ¥ &

)

CBIRICIE S VY AB XU T Yy A DI IFREDS T S N1z,

C B OB ZRRE L 7CEREYI 6 1, A EF A SN B GRS S o

* LD REDS I X TIRA R ERIES 2 &, LRAERIFLED 7 ¥y ARGEHD KD 5

n, ERFEREUNOItS a0 SHEE S N7t A=k O 7 2 AEGAR & —F L 7.
» BINEROGEhOSRER, BILICHAEN/IBNOIRATHZ EEZ 5N 5.

E
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SEM-EDS OHRIFEIC T/ - SIS 2 Wi lE W e B R BTG PRI RS Vo L £
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