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Abstract

Some radioactive nuclear species 226Ra, 228Ra, Th in banded structure hokutolite were detected
and the intensity of radioactivity of each nuclear species in each crystal layer were measured by
using gamma spectrometer. It was found that, both in normal color type and abnormal color type
banded structure hokutolite, there are clear differences of radioactivity between neighboring brown
crystal layer and white crystal layer. And as to the relationships between chemical compositions and
radioactivity of each crystal layer, it was found that white crystal layer contains more radioactivity
than brown layer in both type banded structure hokutolite.

The reasons of these results are following. As to the normal type banded structure, white crystal
layer which has lower lead content was formed at lower growth rate than brown crystal layer, and the

partition coefficient of radium is slightly larger, and intensity of radioactivity become larger. On the
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other hand, as to the abnormal type banded structure, white crystal layer which has higher lead content
was formed at high growth rate, and the partition coeffcient of radium slightly lower, but because of
much barium sulfate and lead sulfate contents, total radioactivity become larger than brown layer.

The crystal growth rate were evaluated from *°Ra/“*Ra ratio and thickness of crystal layers,
and 0.096mm/y were obtained. This result is good consistent with the value evaluated by Saito et
al.(1963) . %*Th conent in the banded structure hokutolite was also evaluated from the activity of “*Ra
which was made from **Th. The value is about 70ppm which is about 10 times larger compared with

the abundance of thorium element in the earth crust.
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Key words: radioactive nuclear species, banded structure hokutolite, intensity of radioactivity, apparent

partition coefficient, crystal growth rate

1. EFC®IC

A CIBOOENE (BfkE) LAtofiE (BffE) PREICHERICEZ 25 5 0N
FAET D, INEHIRMERE (Banded Structure) &MY, Z 0 X9 &z b odben & fkAe
AEATYS, BHEIBOLEOHFAMREICILBEEREIRE L, &b FAEOENZ D
DHOHL W (FH, 1930) LA L, o3 EaEl ) dMaaEsIREVE VI Hild
HBH (SEH - ZHE, 1964), EFIEZENNRREOMRIHAICEBIZZO L) R 4 7D b DOHHF
T ML, fbESHIZT) L L BIC, MiHEEGIER, BETOARE LA TXL
7o (AR, 2002)

—77, faAeia OB O WTIE, B (1930) ZHfEO 3 EakE X D b B REATH
WELTEBY, W -HE (1964) bAME Rtk olritlk X b dREHEsshv &L
TWwb, L2, WTFhoWmEDd BRNLEMET— 2 IR ENTE ST, ZOMIHS 22 Tid
T, AT OBEEOBS IIHBMBICHEEINIRHETLEDTI VI LIILE5DTHE L
Z2OLNTHBY, BHORERZOEHEEICOWTIHEEBRMSITHLN TS (Saito, Sasaki, and
Sakai, 1963: Hamaguchi, Lee, 1963, etc)o LA L, fiROIFLAIZOWTIIRBEW LWIFEITINFE T
HENITOLNTELT, TOEBREMIIOVTHFHLWEZAIZHAETTILSbhroTWR,

AWFFETIE, TN E TR O 50 7 EOWFFE & AT > T & 7efiRALB AT D %48 5 g o B
MO EB L ORETEREZNE L, T 5L & 012, HRBoM & BETEO MR % R
L, EHEOLOLBAEFEODLDOTHNBOM EREHERE L OMBRIED L) REVDED LD
B (HENEBVOD) IZDOWTHOMRE L7ze F72, B R 2 v CRRIEER o 4555 &
DR R E 2 & kD, MRILEAORRIZOVTHERE L2\,

2. AHSLUERR

AUBHIEES 512 & Lo S il ShoTw aiaikdeden (xR, 2002) 27z (K1),
ZDOEREE O Z K LITRT . FHOWETIE, Zomiklein ol oRtE s bt
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OB RE A DIY, EhEhi L ORRKRERL LT, &6 7 2B E &7
VIIE R AT o 720 WEIIIKRKF T VFT AV b —TRAEE Y5 —0, R (Canberra
Model737) WHIZERE L2 IR F V< = A R8AKT V<A ~XY b1 X — % — (Canberra
GCW2022) il L7,

3. EREBLUER
Wi DR % % 2 10 RF . EH L C 1

P2A RIS (2008) 12X
s a352keV A Y i (Yot (1 a) 2
K THRatE D IREE), 9llkeVH ¥ ¥

M (BACH K T®RaEDIEIL), B X
U°23%eV A ¥ < # (22pb i 3k T Th D
BHOWE) O3KRTHB, Wik
K2R T, Thoofiky, iEHE
Db OOk bEbhTwy (1 b)
5591, Ao BtuE Ly b
B RERENRE WS &, F/2, R
HOHDIZOVWTHRIZD BN
DT R E VI RRIREZ > 2
EWbhb, TNIFRKOBERREE ,

N . ) Fig.1 Banded structure of hokutolite formed at
HOTERSEINITGMA Y ¥ 5 — Tamagawa Hot Spring.
(h=_A X =% —) Tiro2llER B1 EIEREILRAOHREE

S gk W -

Table 1 Chemical compositions of each crystal layer of banded structure hokutolite formed at
Tamagawa Hot Spring.
=1 EEREERIFAEOIEFHERK

Sample BaO PbO StO CaO Fe,05™* 2
No. (wt.%) (mol%)* ! (wt.%) (mol%)* ' (wt.%) (mol%)*' (wt.%) (mol%)™*' (wt.%)

Cl (w)*3| 4389 9437 3.73 5.51 0.02 0.06 0.01 0.06 0.20
C2(b) 4598  85.08 10.58 13.45 0.24 0.66 0.16 0.81 0.12

D1 (b) 3808  85.23 8.91 13.70 0.14 0.46 0.10 0.61 0.41
D2 (w) 4319 8511 10.13 13.71 0.22 0.64 0.10 0.54 0.16
D3 (b) 4040  86.74 7.95 11.73 0.28 0.89 0.11 0.65 0.06
D4 (w) 40.74  84.39 9.72 13.83 0.38 1.16 0.11 0.61 0.06
D5 (b) 3845  86.86 7.65 11.87 0.19 0.64 0.10 0.63 0.45
D6 (w) 43.16 9040 6.48 9.32 0.07 0.22 0.01 0.06 0.16

S 4843  81.56 14.80 17.12 0.28 0.70 0.14 0.62 0.13

* 1 Composition in mol% as to barium, lead, strontium and calcium.
* 2 Iron ion is not situated in crystal lattice of hokutolite.

% 3 Color of each crystal layer (b:brown, w:white) .

* 4 Hokutolite sample formed at Yubana fall till 1989.
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Table2 Radioactivities of several nuclear species in each crystal layer of banded structure
hokutolite formed at Tamagawa Hot Spring.
=2 FEEBREBRILBESOZEOKSFEERE (Ba/g)

- Ra R4 i,
(Bg/g) (Bg/g) (Bg/g)
Cl (w) 121 £ 0.3 < 0.0005 < 0.05
Cc2(b) 9.8 + 0.3 < 0.0005 < 0.05
D1 (b) 25.7 £ 0.3 0.338 £ 0.050 < 0.05
D2 (w) 34.0 £ 0.3 < 0.0005 < 0.05
D3 (b) 289 = 0.3 < 0.0005 < 0.05
D4 (w) 26.4 = 0.3 < 0.0005 < 0.05
D5 (b) 244 £ 0.2 0.309 £ 0.037 < 0.05
D6 (w) 34.0 £ 0.3 < 0.0005 < 0.05

S 2.13 = 0.05 16.5 £ 0.2 25.3 = 0.1

REFABOMEMTSH Y, BIEHODDIZOWTIZER (1930) 12X 28 & AkomEmDs, 72
BREOLDICOVTHLEM - HESIC L 5k (1964) L FABOEHEIHFONIZZ LIRS,
BIEH O b D LR DL O T RIE OO0 L SEH mOBRIEIC 2 255, Ll BUFEICEL
TEWThDF A T7HAOEOH PR ECBFRERELZ DO L I EIERLTW5,

MR AT D1 & ikt fE

PEk, LA OBWEOFIKNE LTI T OF GNP REVE ERTWE, EAELM
DEBIZOWTIE, AEFEARFEODLDICOVWTIEHOBINAD Y, wiEH Clkhesm
(mol%) SKEVEMBOBELEIKE (B - Mk, 1972), MRFEDO S L 7 TEIMERE
(mol%) DREVEMBOAMEIRKENIE (Ee K, 2002) SbroTwd, 72, Shh
7 (wt.%) EoBRIZOVTIE, BIERE, BREFOVWTIZOWTHRZBRIIRVIRESh
TVWRWZ EZTTIIHE LTV A,

ZNTIBEHEIC OV TIZE ) TH A ) 2o BIEFEDO DL DIHMEAR (mol%) &IRFHEIZA
OMEAZ DO LENAMOLNTEBY, SHOWEOERLVBERFOLDIIBBLRAIEOHEE & W
IBORRIZH LI EVHONE L 572 T2, BREF=EEBHROBRIIOVTIE, BIEH,
fLRFEOVTIIONWTY, MoORE L, PR Z2MHBEERIE A Sz vy,

HRBDWE LR, NUT A AMOYFULAREDRS R E 5 THILERMHEEGRE D
HWFEawEHicazs (€2, £38M), ZRTREIER, GEFVTILOY L 7oK
AZOWTH BRI E 5 2 508 L2/} I3 TH 5 Do

COMBIZE LT, FEF 1220034 (2 BIFF C R S A7z 45380 [ B R AR B2 4 K4 (Sasaki,
2003) T, fBEE ORI O T IE Ot o JE IS 5 E TSRS B o A sk $
LD THHUWREMEERE L2A, A RETICED 5 MEEHAOE A &l OBR» S
HEENZLEDTHoT0 Thbh, MRFEORRILEA O IE OO F RIS E 0372 %
RO E T ARBIEMHT OSPRIC I 2D TR LS, MOEWEIZL b0 THLDT
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HbHo T, ALFHEIFEIRICEALT B EK & Table3 Estimated time after formation

LTI, MO LA R hLIE 72 Ak S B of each crystal layer of banded
HOWMNE(LE % 2 5 ORRUTHS &R T ot ared et

Sz RO MEHEBRE SV HE L EIIRRE
ZZTRYARZ EIE, BREEoOmMmIRIERAIC BRABRAFOEBDERENR (F)

B TR & B CHREEER OB AR Sample Time
XRBEDIEThH D, ZHULERERI L0 (y)

25U YL GAER (wi%) SHEAE (%) o 210

OREEIE RNR L C b2 b Thbbh, MEH DI (b) 825

ERRKREVWHORIN) T LAEHFEDEL, WMlE D2 (w) >119.1

BHIAZWE WS ZETHY, ThANLsE D3 (b)

LCHUMBE S K % ¢ 54T\ 2 THEHED B 5, gﬁﬁi

Z OWETBETIE RS Y 7 & RS S D6 (w)

THEIIILZIEBHDTH b, S > 8.0

NI AEEERPHETHEEOREE (wt.%)

S ER OREEMH O (BE) [IKFET 5, LaL, MEBEHOEENKREVWALE VST
MEBEMHOBEEEEAREVE VI DT TIE RV, KEHEZ AEDL 501 ERIOLEICE
L7-BE &R RO BDSLEELED, BEIOERELZARL S ENZ AEDL 201 3HEETH 5, R
J& DI REIREE DE N S RS 2 L) Kb H DA, ThITOWTIEHRRT 5,

ZOUNIE 2 THIZCOY, FEFLORFE LBLHN AR EH A hETH L, TNLHE
WO D S A0 S L5 A A S OILEME & R ERED Y I 2 —Ya vy (EaKR
1991 : ffi % A - #4k, 1995) 2179 DT, TOHEEHVIIL 525N HEOBKIS L
DL BALEHMBEORE/RBED L ) R RERECTHRET L2055 TROL I ENTE L, WM
2, R L72R S O LR A & 2 O B R U R0 il 2 A L7 Bk o b Ak 2 HEE 356 2 &
LTE D,

COYVIal—varEZE WEETOMEAEIKELLDIIKRERHMEENELY D
L, EABEINESLRDDIINSLEERETRELZ2DDTHE I LWbh b, BEMREDI/N
Bwnekw) Z i, nHE (LR EEOBBRTS 21E, L DL EEIGEVWIREBETRE L2 &
EZoNB0, WEGBNY T A (LW LGB IRV ATNE I VT LADRETEZ LA
SRR AR SR R UE & AR (AT OSTRARE) ORIIZED X ) RERED 500
BEZ D, —MIT, BMEHEMIMLAEEICHL L E, BN BERPICHLIETALBICELT

([AR].[BR])crystal = Dy 5([LA]/[B"])solution (1)
&) BT OBIRAIN Y 3LD0 Dy p& WS BITHT 5 W A DS EARE (- SEARE) &

W) o Dy pldDA L BEEET B0 F 7z, W EAEMAMLF IS v & 2 id, —RICDAERRICB
WTIHEE P R O G EAR B & IR R 5 fiE L), TE AT OSEFRE (apparent partition
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coefficient Dy & FFCF, D& FERT 5. W, ARBIYEMICAD R TV (BT 5) EHA2rD
AY%a (ThbbD,>1, Iz FEHEEMHOMTAIEXBICH Lenrichment systemTdH % &9 ),
DA EDSICIIROBERD D 5 o

D, > Dy > 1 (2)

W2, ADBIZH L TREAMICA DI WEHIIDRH 2546 (T2bED <], ThzEMHE D
T A1ZBIZx Ldepletion systemT&H 5 &£ v29) 1,

D, <D <1 (3)

DOBRD Y LD EDMMONT VS, TN 7 2 LT T V7 A DGELLHIH Denrichment
system TH B0 5, ¥EFEBRBE AT OFEBRBOMIIE (2) XD LX) RIS 5, L
Tehio T, FEEREEEIVNSI K ZY, il &S AL PO L RAARBIIRE S &
o [FBDBRDRIRITE T 27 DOV TH WY LD, MRS T2 T V7 5O LR
BB N 7 A9 5EN LD B REV, —F, AN 7 A8 L THDOGERIZEED
depletion system T V), #EEREREIV/NE 20, B &R R E LA P80 < LN
V7 BASKT BEOBPT OGEARIINEL BB TV T LADRY AR LERRNY 7 4 &
RSB A BAIRIZH 7%, FHTERYE, REVREREONSWGEDOTD, 7V 94
DY AKRIZEAL, &L LTADTOFRBREPREL R, #@EHFIZEIIEZL DT VT L0
WYrgh, BEFRBHEENNTEEZLONL, THhLEHOLLWIAMIEO )T A E ARV,
AU X D IR ER ORI A OB AHH I N S,

IR TIROREOMRIEBEAOHITERIZEDL I ICHIENLZDOTHA I he TV 7 LDOHDY
AARICEL, MIEFOBGLFELE LI ICEZNE, oL hwBiaEidhoL At L) b
BHCIEWIRETHRE L2 EEZ N0 0, BEEKL LTARLITOSEBEITEIRELLLZE
FTTHED, THIZOVTIRTTICBR L) ICBE L AT ORBIEHOESHPEETH
%o EFEOMRILEA BB BBIEIRBRIEHDAO LD EEATED, MEBREMHOEIT
Tl N 7 A LREESROAETHB L F10% BEAGE L) ThloTwa, ZRICL ) EafkE L
TIET VT LORENET), BRI 22b0LEZONE, INOERALTREED
AR A TIIABBO 23T Ty A% ), MERHEIKELL L EE26N5,

PO AR & 2 fRAb B o A 1 8UE O 5

JeH A b OB R A%Ra & PRaD B S LA DA L TH S OB Z BfED 5 2 L 25T
XBH, FTOEMIIZKRD LD PRak BRaD2LIFIIEZ N ZNI6004E, 58ETH DT &b
S, MHOBBER BEER 1EZh240.000433, 0119(y™") &4 20T, deikADEK
LTHhS0mMEZ t 95 L KD &9 BRI Y 7o,
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N (**Ra) = Ny (*°Ra) x exp(—0.00043t) (4)
N (*®Ra) = Ny (*®Ra) x exp(+0.119t) (5)

22T, No(*Ra), Ny(*®Ra)l3?Ra& RaDWIHIHLEE, N (**Ra), N (*Ra) I t HEHOWEE S
E
(4), (5) XV

N (**Ra) /N (*®Ra) = Ny(***Ra) /Ny (***Ra) x exp(—0.00043t+0.119t) (6)

No(®Ra) /Ny (*®Ra) 137Ra & PRaD WML EE, N (*Ra) /N (*®Ra) 1 t ‘EHROEEL 2 FET
25, WIZOWIIEES (2008) 12X DIZIF1 20THLIEDRENTEY, AHETH 20l
EHVLE DET 5,

L2L, SITHEELATNERS AW EXDH DL, KARS (Okubo and Sakanoue, 1975) A%
B L)1, BEACE MY Y A0RAEEP T EEIND 2 L BHEDOT, O™ Tho
B X 22RaDPRaDIEE L LTHINTOARENDH 2 2L Th b, EHISHWE SN
# 20 oD], DSEORETOPRaDMBIZENDETNTEY, MOBIZREZAREIATY
B\ EF 2 72, DEEOPRaDIEAZ DX ThlROETH Y (D5 DOX2Thili K T 7% W PRaD AT
H13<0.00050137), DIOHIZIZERIFIZE TN TWAPRaDFEY &, AEFICET ATV
BEThO I X 272 RaDT S TN TV B EE 2 B, L72A35 T, DIED5DE

0.338 — 0.309 = 0.029 Bg/g (7)
BEBBIZE TN TV RRADBHAETH D LEZOND, ZBDBOZRaDEOPEHAE (=
0.037) 1Z TP ThHIE D2 RaDAETH B L £ 2 5N 5 DS, PThiisk D PRaDI1ZD1)E & D5JE
TEEALRLTHEEEZLNDLDS (7) ROEDMIF™ThHK TR WPRaDi L LTt
DEBETHLEZZOND, ZOMEEPRaDME25.7H HDIBO AL S DKM ZRD B L, &K
(6) X0

25.7.70.029 = 1,720 x exp(—0.00043t+0.119¢) (8)

t&v), t:825‘/'15k7§7éo
F 72, D2 OPRaDMIIHIBRA D0.0005Bq/g Al TH 245, AW 5 OEERIZR (6) X1

34.0.70.0005 = 1,720 X exp (—0.00043t+0.119t) (9)

EGD, t> 1191 E W) T IR b, L7h > C, DIEED2EOERFEROKERZAEIZB L2
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119.1 — 82.5 = 36.6 4F (10)
W) ZEIZR), DIELD2EOMMEIEE X Z35mmTHh 570 LMK EEEILFH LT
35mm  36.6y = 0.096 mm/y (11)

b, TOMHIZAMEDS (SaitoN. etal., 1963) 12 & AMH0.09 mmy & R\W—FERLTWb, &k,
COHETIRCUE L CEDFRICAHB R AT ZRLWOT, #HiHCORREHREL ML 52
LIIWNEETH B,

DI, DSBICHEFNAThOEHE

D5JE 10.309Bq/g D it i % & 72 5 T2 Tho % K 5. T3, “*Tho PR I1Z 140645 (140
x10%) TH B2 5, WEERIE A = 495x10 My ™) £%d, L7zaoT, ®*Tho 1 gdh7zh
DB E IR T

-495 x107"x N
-495 x 107"x 1,7232%6.02%x10%
-1.28 x10" /1y (12)

dN/dt

b, 1BH720 BT 5 EFEIX

1.28% 10" (365 x 24X 60 x60) = 4.06 x 10° /sec/g
= 4.06 x10° Bq/g (13)

Y7be L72255C, DoE?0.309Bq/gDBUTE%: b 72 53 Tho i3 1 g hic

1000mg x 0.309, (4.06 x10%)
= 0.0761mg (14)

T EHI L b, Thbb, GHERE
0.0761mg,~1000mg x 1000000
= 76.1 ppm

= 76 ppm (15)

Y 7% Bo ThIZIZEZ & ORI ARATEAET 55, DIE & D5E QX Th A D AR IZ dH £
GENTWAR, ThOHBHOITCEFIEELIZT720pmTH B 55, BaEDOD1, D53 Th73 )T
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YRR OThEREOB L ZI0HEU EEENTHDL 2 E2b0 5, —RICThO & A midFe
DEFREMEEZD DL VWDLN TV, ThFtRE oIt aoB B Oth 215 0
borbsrufitibd b, LrL, REZOBRBO2RBZFIHORBIZENFeRTh % &I
0P, FLTFOMEFIZMTH 2D, [ZOWTITHEKEVD, BEOLZAHLATIEE
Vo ThiZHiH8MCEE SN URE, 1983) Z &b, Zo2BICidskz hkiay
PELGEINTVEDOR LNV,

4. £&H

R B AT D KA ST IS B F N D U PEASRE 2 JR LS OV~ = KRR U AR
FEX=F—ZHWTHRIEL, ThENORHIREZ ER/WICNE L. TORE, ME L7
“Ra, *Ra, Thd ) b, Ralco>WVT, WWIEH S 4 7O bDIXAGEO T BHE L) % w»
Zt, Fh BEESIALATOLOLRIY)HBBOINL VW ERARED NI,

ZOHHELTIE, BIEFHEIA TODDIIOWTIE, $FEHFEO/NS DR TR EE
IS, KD PEISEWGEETRREARPSAEETZ I DD, TV 20BN 7 AHICH
NAEFNRTLRDDEEZHLND,

IR L, BRESIA TOLOIIHEARE (mol%) DREVHBBIIREREIKE <,
FIVTAEMYAFIIIL L B BH, MBI S W2 LR, fEIC D 5 mEREHA
iz, NV7ELTOI T MRENMEBEE LD SR 2 ) REEIKRELS RS D
D EREN S,

KIS, FIRIEE ORI H O RalZZ*ThR D b DA b L £ 2, TORBELRELY W
T*0Ra & *RadD Hrh REMRIE IE & 1) 46 50 DAL BAEAC 2 R D720 20 % b & ISHE LR HE % 5k
BH5DHE, BEZ0.096mm/y(<0.096mmly) &) AR HN7z, T it Saito, Sasaki and Sakai (1963)
DFERE R—F%EIRT,

PEThH K O™ RaD BUHBEHREED &, *EMEH O Tho G RZ KDz 25, BfEoDIE
DS TE L ZF76ppmE W) AR S N7z, TG HIE T OThO P ITTEFFEE D B X 210150
ETHDD, MOBIZEZDHFTVEEIN TRV, TR HEWICIR Y AT NPT, Ferf R
CHBZ D DL VDbNTWAED, THOFARELMOIDOMbD ) 2D HREEND 5,

5. B

ABFREOH < RMERT) b7 T, KBKSET VAT 4 Y b= T8t Y 5 — 05
WHHE, KBOKF R ORI U A B IR ko 72 S 210 & ) BH O
EELET,

SEM

1) Okubo, T. and Sakanoue, M. (1975) : Radioactive Disequilibrium of Thorium Series Nuclides in Hot
Spring Deposits, Geochem. J., 9, 221-226, 1975.

2) /MRE— (1983): H v~ AT b VEEEORIERAN, WE=2—Z, 341, 49-51.

-103—



flea RMEAT - WA 2 - W A

3) PN, EREE, AJERAE (2008) @ RN WAL ORBURRE, AR, 57, 206-214.

4) Saito, N., Sasaki, Y, and Sakai, H.(1963) : Radiochemical Interpretation on the Formation of
Hokutolite. Geochemistry of the Tamagawa Hot Springs, 182-198, Tokyo.

5) Sasaki, N.(2003) : Analysis of non-equilibrium partition of elements between minerals and
hydrothermal solution. Mem. Fac. Educ. Kagawa Univ. 11, 41, No.2, P.41-56.

6) s KRBT, MPRE (1995) 0 RKRMHRILGY, #HER, 108-130.

7) kA AREAT (2002) @ MARILS A R DR ST O 50, IR FE, 51, 175-183.

8) Sasaki, N(2003) .: A classification and formation mechanism of banded structure formed in hokutolite
crust. Proceedings of the 38th Conference of Societe Internationale des Techniques Hydrothermales.

9) fhExAREAT, JEI5 (2004) ARILI AT OBHBED /3D WT,  H AR~ 8570
PN AT S

10) % ARMEAT, A (2005) Faikdbde A h OBt ae s i & 2 DR, H AR FE7 2 55581

Eag A= S

11) M4 AREFT, Y5 (2006) fRAbic At OB e & € O (2D 2). HAIRREF:
Eap BNEPNEET T A= S

12) M4 RGBT, WBZE, WOA, WMPIHZ (2008) R IbFe A v o U A%RE o 4545 & 2214L,
H A S B 23 61 IR X Rl i 2 5 4

13) fEAxAREAT, WASZ, wlkiE, ik MBORE (2009) s RILHA T OB ER AL O 53 A6
ML (20 2), HAMBFFARBO20N RS FE

14) {2 RA517, ATHEE, FEHEHK, MEFEE (2010) W iesmi & O A 7zfRAEe f o 4 BoHE,
H AR FE 223 556310l K 25 i il 22 5 1R

15) SRHFHE, ARERY (1964) SR e AR, JekefE, 119.

16) &R (1930) : RIRGLEWAKHALE AT 2 Bl =584 7, SO IS RAERE, 469, 58-
93.

17) Hamaguchi, H., Lee, Y.T.(1963) : Study of Radioactivity of Hokutolite. Geochemistry of the
Tamagawa Hot Springs, 153-162, Tokyo.

18) Takano, B., Watanuki, K.(1972) : Strontium and calcium coprecipitation with lead-bearing barite from
hot spring water. Geochem. J., 6, 1-9.

19) BE— (1954) : BRI FAITOWT, EWFHEEE, 2, 1-23.

20) Minami, E.(1963) : Geochemistry of the Tamagawa Hot Springs, Tokyo, 1963.

-104-



