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Abstract
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AITO AMAGATA AGAI

The Institute of Natural Sciences, Nihon University

Graduate School of Integrated Basic Sciences, Nihon University

Department of Chemistry, College of Humanities and Sciences, Nihon University

Radioactivities of several sulfurous sinter deposits from Tamagawa Hot Spring,

Akita Prefecture, were investigated. Radioactivity of radium isotopes and the progeny

was observed by nondestructive gamma-ray spectrometry. The activity ratio of Ra/

Ra 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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Radioactivity of Sulfurous Sinter Deposit

from Tamagawa Hot Spring
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Fig. A part of decay chain of uranium and thorium series.
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SEM-EDS

:

Ba Pb SO

Ra : y Ra
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Ra Ra

Saito Ra Ra Fig. Saito

and Nagai Ra Ra

Saito
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Fig. Sampling localities of sulfurous sinter deposits from Tamagawa hot spring.
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X

Table Target nuclides and the measurement progenies and gamma-ray

energy for gamma-ray spectrometry

Measurement Gamma-ray
Target nuclide Half life Half life

daughter nuclide energy (keV)

Ra y Pb m

Ra y Ac h

Th y Pb h

Table Concentrations and activity ratios of Ra and Th in sulfurous sinter deposit from Tama-

gawa hot spring

Concentration (Bq/g) Activity ratio
Sample

Ra Ra Th Ra/ Ra Th/ Ra

Sinter A

Sinter B No.

No.

No.

No.

Sinter C No.

No.

No.

No.

Table

SEM-EDS g Sinter B mol L NaOH mL

Na S

X

JSM- LA kV

Ra Ra Th Table

Sinter A Fig.

Table Fig.

Ra Ra Th

Ra Ra Th Ra

Ra Th Ra- Th

Ra Th
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Fig. Typical gamma-ray spectra of a sulfurous sinter deposit from Tamagawa hot spring.

Fig. A part of gamma-ray spectrum of a sulfurous

sinter deposit from Tamagawa hot spring (Sinter

A).

Storage times for and days are repre-

sented by a solid line and a dotted line, respec-

tively.
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Fig.

Figure Ac Ra

Pb Th
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Plate SEM image of residual solid material in the

sulfurous sinter deposit from Tamagawa hot

spring.
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Table Time after source preparaion and Ra/ Ra activity ratio of sulfurous sinter

deposits from Tamagawa hot spring sulfurous sinter

Time after source
Sample Ra/ Ra activity ratio Ra/ Ra activity ratio*)

preparation (day)

Sinter A . .

. .

Sinter B

Sinter C

*) Corrected for decay

Rn

Ra Ra

Rn

Ra Ra

Table

Ra Ra

Ra

Rn

Rn

Ra Ra Th

Th Ra

SEM-EDS

Plate Plate SEM m m

Saito

: :

Table

Takano and Watanuki

BaO PbO . Table

Ba Pb

; Takano and Watanuki, m

+

,,2 ,,0

,,2 ,,0 ,,2 ,,0

,,,

,,2 ,,0

,,,

,,2 ,,0

,,2 ,,0

,,0

,,,

,,,

,,0 ,,2 ,,2

,,2 ,,2

-

+ ,+4- , * ,+4- , *

,*3 ,+40 * / ,-4, * 0

+ +34/ +42 +34/ +42

,*/ +240 *4. ,*4* *4.

+ +/42 +4/ +/42 +4/

,*2 +/4* *4. +04+ *4/

/1 ,**2

-

+ ,**

+ + +*

+30- ,**-

- +

.

+33+ +31,

.1 0+ + 1 +. -

/. /0 +. +0
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m m

m

�

�

�



�

� � �

����

� � �

� � 	



� 

	

� 

	

� 

	



	



� � 



 

	


 




	 
 �
 � 	 


 � �


 � 	
� � 


	
� �
 � � � 


 


	
�

� � � �
�

 �

	 
 


 	

��������������� ����� �� 

!"�#$%�����$% &'()*+,-(
./���012����345-676
01245-(������8)9:3����2'; &<=>-? @:
�ABC,���D�EF&G(8:H>7
#H����3IJK()G2L;M5-(���NO�PQRS&'; <=>-67?

������ C,TUVWXY�?Z�&'(
���2L;M5-? [\] �^_`[\]WUabcd2\(���C
,��`�EF&G(8:H>7

)e�K() 01������IJfg[\]���IJhi�PQRSjkl���Dm
�no(p)3&G(

3qr�67(p)�st�67(3 ���D3 �)G ���
D� ) uv&'; wxy&� \; ���D3z{|7?o wxy
2[76� C,}~>-( ����EF&G()*+6\7 01�2�����O�
�ABZ45-67(�& p-,�AB�245-(#��RP����Z*+,-(3 w�
�2�7? �01�� 2 �RP��4�AB3 ���6Z �
���� �C���@7 �?3�6 �e��J�K()*+6\7 5? ���
��PQRS[\]��RS3AB�&8)9:�767@7p)� 2
\;st>-67(?o �e�ZJ�K(

�e�3J;��)*+,-(�& 01������IJfg[\]���IJhi�
PQRSjkl���Dm ����\�2�6no(p)3&G( ���3IJ�
6C,���h�� ���IJh � ���D� 01�
��Y���h� ���D� � ¡�¢� )K() £
¤ ¡�¥¦C,uv�§3J;��

§2[76 ���3IJ�?hi&� �qr�@7)e��67(�& &'
; §�¨©ª «�¬­&G( ���®&'; ��¢&'(�& p-,�
§) §2g�� 2�76¯°)uv�±;)@(

�

�

�

�

�
�

� �

� �

�

� �

�

�

�

�

� � �

Table Chemical composition of residual solid materials of sul-

furous sinter deposits from Tamagawa hot spring

212

Amorphous
Element Crystal Crystal Crystal

material

O

Si ND ND ND

S

Sr ND ND

Ba

Pb ND

Unit : w/w , ND : not detected

Okubo and Sakanoue Ra Th :

Micro hokutolite

SEM-EDS SiO

Th Ra

Ra Ra Th

Ra Ra

. y Ra Bq g Th

. Bq g Ra Ra

Th Ra

. . Bq g g ppm g Ra

Saito and Nagai

Ra Ra

day Ra Th ,

Ra Th , , Ra, Th ,

Th

, ,

Ra

Ra Th Th

Ra Th ,

Ra Th Ra Th

t
Ra Ra

Th t t t
Th Ra Th

Th Ra

Th

Ra Th Ra Th

t t A A

A A

A A e

A A e e A e

A

A A

t

.

,,2 ,-,
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+ , -

,.4, ,/4+ ,-4. /343

-043
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Table Estimated formation age for hokutolite and Ra/ Ra activity ra-

tios of the hokutolite at the time of formation in Tamagawa hot spring
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Sample Formation age (day) Ra/ Ra activity ratio

Sinter A . .

Sinter B No.

No.

No.

No.

Sinter C No.

No.

No.

No.

. day . day .

day
.

Ra

Table

Ra Ra

Ra Ra . . Saito and Nagai,

Th
Ra Th

Th Ra

Th

Ra

Ra

A
t ln

A

t A

,,2 ,,0/

,,2 ,,0

. + . +

,,2

,,2 ,,0

,,2 ,,0

3+ + ,, 0 * 0

+ .*2 . ,+40 *4/

, /-+ 0 ,+4- *4/

- /-- 0 ,*40 *4/

. /,0 0 ,*4+ *4/

+ 1+3 +* +34- *40

, 131 2 +34. *4.

- 1.2 2 +34, *4.

. 1,. 2 +34, *4/

/1 ,**2

- -* +* 3 3- +* + /*

+/+* +
+ /*

/

,* +30* +33*

,, 0 ,. - ,**1

*

/

0

l
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SEM-EDS

:

.
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