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DE
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cm3/g(STP); 20Ne: 2ñ10−12 cm3/g(STP); 40Ar: 2ñ10−9

cm3/g(STP); 36Ar: 6ñ10−12 cm3/g(STP); 84Kr: 9ñ10−14

cm3/g(STP); 132Xe: 3ñ10−14 cm3/g(STP). sàNe��


'ò, 20Ne+
 22Ne+=óFBôõ��� 40Ar2+

44CO2
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��N�0��V�ùúû(1) ³ 1�ü�!ý��

���	�V�, 4He: (2~250)ñ10−9 cm3/g(STP); 20Ne:

(2~48)ñ10−11 cm3/g(STP); 36Ar: (6~180)ñ10−11 cm3/g

(STP); 84Kr: (2~120)ñ10−12 cm3/g(STP); 132Xe: (3~

200)ñ10−13 cm3/g(STP); (2) ��+�= 38Ar/36Ar
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/þð� 2σ �FGøÍùú�.�

�����(³ 2~4); (3) 3He/4He/þ�V��(0.016~

1.58)ñ10−5(³ 2); (4) ³ 2�ü 40Ar/36Ar/þ�V��

295.2~2324.5(·=bc 336.1~1294.9, de 515.0~

2324.5, fgh 295.2~547.5), _�çà MORB �

40000[2]
����, '����/þ.
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� 1 �������	
��
���
���

�� ���� ��	�

4He a)
�

/cm3
g−1(STP)�

20Ne
/cm3
g−1(STP)�

40Ar
/cm3
g−1(STP)�

84Kr�
/cm3
g−1(STP)�

132Xe�
/cm3
g−1(STP)�

��
�
� � � � � �

C-A� ����� ��� 5.75�10−9
� 2.18�10−11

� 2.98�10−8
� 1.61�10−12

� 3.53�10−13
�

J-112-C3� ��� ��� 3.94�10−9
� 4.78�10−10

� 4.54�10−7
� 1.20�10−11

� 1.89�10−12
�

J-20-C18� ������ ���� 2.38�10−9
� 5.31�10−11

� 6.61�10−8
� 6.38�10−12

� 1.09�10−12
�

J-36-C3� ������ ��� 9.66�10−9
� 4.59�10−11

� 6.37�10−8
� 7.17�10−12

� 1.52�10−12
�

����
� � � � � �

A-15� ������ ���� 6.68�10−9
� 1.98�10−11

� 5.06�10−8
� 4.65�10−12

� 7.23�10−13
�

A-18� ������ ���� 1.02�10−7
� 7.12�10−11

� 1.23�10−7
� 2.10�10−12

� 4.12�10−13
�

A-21� ������ ���� 1.10�10−7
� 7.07�10−11

� 1.26�10−7
� 1.98�10−12

� 4.57�10−13
�

A-25� ������ ���� 3.81�10−8
� 2.56�10−11

� 6.53�10−8
� 1.71�10−12

� 2.80�10−13
�

A-26� ������ ���� 6.84�10−8
� 2.65�10−11

� 7.53�10−8
� 2.80�10−12

� 4.32�10−13
�

�����
� � � � � �

H-1� ������ ��� 1.21�10−8
� 2.12�10−11

� 2.08�10−8
� 2.21�10−12

� 4.07�10−13
�

H-1B�

������ ���� 2.55�10−8
� 3.24�10−11

� 7.81�10−8
� 7.11�10−12

� 1.14�10−12
�

H-3� ������ ���� 2.17�10−8
� 2.57�10−11

� 2.67�10−8
� 3.28�10−12

� 5.89�10−13
�

H-4� ������ ���� 7.53�10−9
� 3.16�10−11

� 3.69�10−8
� 4.51�10−12

� 7.17�10−13
�

X-11A�

������ ���� 2.00�10−8
� 2.69�10−11

� 4.36�10−8
� 6.82�10−12

� 1.58�10−12
�

X-11B�

������ ��� 3.69�10−8
� 3.33�10−11

� 1.07�10−7
� 1.38�10−11

� 2.95�10−12
�

X-14� ������ ���� 1.18�10−8
� 1.91�10−11

� 2.40�10−8
� 3.14�10−12

� 8.68�10−13
�

X-21� ������ ��� 2.52�10−7
� 1.74�10−10

� 7.07�10−7
� 1.22�10−10

� 1.98�10−11
�

X-22� ������ ���� 1.19�10−8
� 1.89�10−11

� 2.53�10−8
� 3.90�10−12

� 8.31�10−13
�

a) ��� [7]

� 2 �������	
� He, Ne, Ar ����� a)
�

���

3He/4He b)
�

20Ne/22Ne� 21Ne/22Ne� 40Ar/36Ar� 38Ar/36Ar�

C-A�

(12.69!0.50)�10−6
� 11.29!0.17� 0.0318!0.0129� 336.1!0.3� 0.1878!0.0005�

J-112-C3� (15.78!0.14)�10−6
� 9.80!0.04� 0.0298!0.0010� 1294.9!1.4� 0.1876!0.0007�

J-20-C18� (12.52!0.08)�10−6
� 10.85!0.17� 0.0418!0.0408� 379.5!0.4� 0.1880!0.0005�

J-36-C3� (12.58!0.03)�10−6
� 9.89!0.14� 0.0199!0.0099� 416.7!0.3� 0.1875!0.0004�

A-15� (6.08!0.10)�10−6
� 10.06!0.22� 0.0345!0.0050� 515.0!0.5� 0.1885!0.0005�

A-18� (8.71!0.02)�10−6
� 9.95!0.13� 0.0304!0.0017� 2141.2!2.8� 0.1882!0.0008�

A-21� (9.06!0.02)�10−6
� 9.93!0.14� 0.0314!0.0016� 2324.5!2.6� 0.1876!0.0015�

A-25� (9.18!0.02)�10−6
� 9.74±!0.16� 0.0342!0.0041� 1044.9!0.9� 0.1881!0.0004�

A-26� (9.04!0.02)�10−6
� 9.86!0.13� 0.0344!0.0082� 774.1!1.0� 0.1877!0.0005�

H-1� (2.12!0.01)�10−6
� 9.66!0.15� 0.0381!0.0057� 320.6!0.3� 0.1868!0.0006�

H-1B�

(1.22!0.01)�10−6
� 9.74!0.09� 0.0334!0.0030� 547.5!0.5� 0.1884!0.0005�

H-3� (1.82!0.01)�10−6
� 9.50!0.22� 0.0296!0.0049� 295.2!0.2� 0.1876!0.0004�

H-4� (1.71!0.01)�10−6
� 9.71!0.26� 0.0447!0.0087� 305.6!0.3� 0.1878!0.0004�

X-11A�

(1.61!0.01)�10−6
� 9.84!0.13� 0.0376!0.0090� 325.2!0.3� 0.1883!0.0005�

X-11B�

(0.830!0.006)�10−6
� 9.56!0.18� 0.0275!0.0099� 415.2!0.4� 0.1890!0.0004�

X-14� (2.10!0.01)�10−6
� 9.62!0.15� 0.0307!0.0050� 320.9!0.3� 0.1882!0.0004�

X-21� (0.162!0.001)�10−6
� 9.76!0.12� 0.0269!0.0009� 407.4!0.4� 0.1889!0.0004�

X-22� (2.85!0.02)�10−6
� − −� 306.7!0.8� 0.1884!0.0004�

"# 1.40�10−6
� 9.80� 0.029� 295.5� 0.1880�

a) $%& 1σ ; b) ��� [7]
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� 3 �������	
� Kr �
��� a)
�

���

78Kr/84Kr� 80Kr/84Kr� 82Kr/84Kr� 83Kr/84Kr� 86Kr/84Kr�

C-A�

0.00639!0.00022� 0.04096!0.00428� 0.2031!0.0035� 0.2015!0.0027� 0.3088!0.0173�

J-112-C3� 0.00614!0.00020� 0.04136!0.00028� 0.2039!0.0008� 0.2039!0.0009� 0.3099!0.0013�

J-20-C18� 0.00604!0.00014� 0.04027!0.00093� 0.2027!0.0018� 0.2031!0.0012� 0.3068!0.0027�

J-36-C3� 0.00601!0.00013� 0.03963!0.00034� 0.2031!0.0017� 0.2023!0.0010� 0.3080!0.0021�

A-15� 0.00602!0.00019� 0.03981!0.00064� 0.2023!0.0022� 0.2022!0.0027� 0.3078!0.0012�

A-18� 0.00606!0.00045� 0.04092!0.00053� 0.2022!0.0021� 0.2025!0.0023� 0.3070!0.0022�

A-21� 0.00612!0.00236� 0.04075!0.00099� 0.2029!0.0015� 0.2017!0.0022� 0.3071!0.0012�

A-25� 0.00617!0.00031� 0.04082!0.00099� 0.2027±0.0028� 0.2023!0.0018� 0.3064!0.0040�

A-26� 0.00629!0.00029� 0.04000!0.00069� 0.2032!0.0021� 0.2010!0.0021� 0.3050!0.0027�

H-1� 0.00631!0.00017� 0.04064!0.00105� 0.2044!0.0055� 0.2014!0.0035� 0.3076!0.0036�

H-1B�

0.06194!0.00046� 0.04027!0.00064� 0.2029!0.0025� 0.2026!0.0019� 0.3082!0.0017�

H-3� 0.00600!0.00108� 0.03978!0.00089� 0.2030!0.0019� 0.2028!0.0029� 0.3073!0.0036�

H-4� 0.00613!0.00009� 0.04063!0.00096� 0.2036!0.0017� 0.2021!0.0021� 0.3087!0.0023�

X-11A�

0.00615!0.00034� 0.03964!0.00050� 0.2031!0.0012� 0.2025!0.0016� 0.3084!0.0020�

X-11B�

0.00619!0.00015� 0.04014!0.00050� 0.2037!0.0010� 0.2027!0.0010� 0.3088!0.0018�

X-14� 0.00616!0.00024� 0.03985!0.00146� 0.2021!0.0019� 0.2018!0.0042� 0.3079!0.0028�

X-21� 0.00622!0.00044� 0.04134!0.00102� 0.2156!0.0017� 0.2153!0.0030� 0.3265!0.0032�

X-22� 0.00609!0.00021� 0.03996!0.00050� 0.2033!0.0013� 0.2030!0.0021� 0.3086!0.0036�

"#� 0.00608� 0.03960� 0.2022� 0.2014� 0.3051�
a) $%& 1σ

� 4 �������	
� Xe �
��� a)

���

124Xe/130Xe� 126Xe/130Xe� 128Xe/130Xe� 129Xe/130Xe� 131Xe/130Xe� 132Xe/130Xe� 134Xe/130Xe� 136Xe/130Xe�

C-A� 0.0242!0.0036� 0.0212!0.0034� 0.4726!0.0177� 6.536!0.107� 5.261!0.102� 6.625!0.084� 2.569!0.065� 2.191!0.043�

J-112-C3� 0.0244!0.0013� 0.0222!0.0011� 0.4715!0.0071� 6.536!0.049� 5.221!0.057� 6.575!0.051� 2.545!0.030� 2.184!0.020�

J-20-C18� 0.0248!0.0020� 0.0219!0.0012� 0.4701!0.0059� 6.459!0.068� 5.209!0.054� 6.601!0.091� 2.552!0.036� 2.168!0.024�

J-36-C3� 0.0233!0.0011� 0.0208!0.0016� 0.4641!0.0064� 6.437!0.087� 5.195!0.056� 6.584!0.057� 2.541!0.030� 2.168!0.027�

A-15� 0.0263!0.0029� 0.0215!0.0032� 0.4720!0.0156� 6.544!0.119� 5.215!0.070� 6.585!0.086� 2.566!0.037� 2.191!0.024�

A-18� 0.0278!0.0021� 0.0223!0.0018� 0.4702!0.0101� 6.527!0.128� 5.138!0.093� 6.490!0.126� 2.518!0.053� 2.164!0.061�

A-21� 0.0290!0.0029� 0.0216!0.0021� 0.4799!0.0094� 6.597!0.143� 5.231!0.097� 6.602!0.092� 2.557!0.045� 2.193!0.039�

A-25� 0.0229!0.0030� 0.0239!0.0032� 0.4732!0.0224� 6.585!0.154� 5.238!0.136� 6.645!0.131� 2.584!0.062� 2.185!0.073�

A-26� 0.0294!0.0032� 0.0233!0.0020� 0.4756!0.0227� 6.569!0.176� 5.200!0.095� 6.614!0.139� 2.579!0.034� 2.195!0.025�

H-1� 0.0298!0.0030� 0.0247!0.0021� 0.4729!0.0084� 6.566!0.086� 5.254!0.065� 6.632!0.093� 2.584!0.034� 2.185!0.029�

H-1B� 0.0242!0.0017� 0.0214!0.0016� 0.4706!0.0104� 6.508!0.095� 5.213!0.077� 6.622!0.055� 2.540!0.036� 2.184!0.019�

H-3� 0.0272!0.0040� 0.0221!0.0018� 0.4762!0.0110� 6.555!0.068� 5.298!0.065� 6.634!0.106� 2.595!0.023� 2.196!0.032�

H-4� 0.0299!0.0035� 0.0248!0.0051� 0.4702!0.0239� 6.496!0.130� 5.249!0.143� 6.666!0.164� 2.561!0.058� 2.171!0.054�

X-11A� 0.0243!0.0015� 0.0213!0.0015� 0.4685!0.0101� 6.481!0.094� 5.218!0.059� 6.642!0.080� 2.572!0.049� 2.202!0.018�

X-11B� 0.0234!0.0014� 0.0215!0.0013� 0.4740!0.0075� 6.500!0.053� 5.223!0.037� 6.624!0.043� 2.560!0.019� 2.193!0.023�

X-14� 0.0260!0.0018� 0.0214!0.0023� 0.4789!0.0095� 6.496!0.075� 5.279!0.072� 6.664!0.070� 2.577!0.049� 2.210!0.035�

X-21� 0.0223!0.0008� 0.0218!0.0008� 0.4726!0.0058� 6.415!0.050� 5.193!0.031� 6.565!0.040� 2.563!0.013� 2.185!0.009�

X-22� 0.0219!0.0050� 0.0217!0.0054� 0.4739!0.0089� 6.652!0.115� 5.208!0.099� 6.643!0.148� 2.589!0.084� 2.205!0.067�

"#� 0.0234� 0.0218� 0.4715� 6.496� 5.213� 6.607� 2.563� 2.176�

a) $%& 1σ
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��������	
���
� 36Ar. �� 1(a)�

���� , ������ [1~6], ���� !"�
36Ar# 4He�$%&'(�)**+, ,-./0�

1
2. 3�, 456!"� 36Ar# 4He�$789

:;<�=)*2()*+>? 0.996), �@ABC

/0�D
2. 9�1(b)�, ���456!"� 36Ar

# 20Ne E&;<�=)*2, �� !"7E&F

)*2. G�, HIJKE&;L 20Ne�/M!"�

N(��� J-112-C3�456�X-21), ��!"�O

PQR7;S, �� 20Ne � 36Ar �$�)*2TU

OVW;XY. Z[, 3 M��!"� 36Ar, 84Kr �
132Xe\E&;<�=)*2(� 1(c), (d)). ]^_`

abc&�def�Dghi
�jI , ��kj

lmnopq
rd� Ne, Kr� Xestu
v��.

G# MORB[2~4]w����q
rd(xy�z[4]{|

�}~ [5]���� [6]))W , �������q
r

d!"E&;��c&�def , ���c&�d

He-Ne-Ar;?'(.

� 2 �.Clm�����q
rd� He �

ArDghW��)**+. �� A-P, A-M� A-C�

.��������i�#�q�� ( P l u m e ){

MORB ���i�����. ��!"��|�}

~!"[5], gv��#MORB�����, ����

��'�
�?�� MORB ����q. _���

#�v����� �rd� Sr, Nd, PbDgh�j

IV��j¡�¢[9]. £3���� 3He/4He W��

� MORB, ABC ¤¥�qE&�� MORB 
�

� 3He/(U + Th)W�, G� 40Ar/36ArW�(336.1~1294.9)

¦¦SvMORB� 40000[2], �'C���q�&�

§���i��¨. ©tª«��, ¬v��i��

Ar �ef(9300­10−6)¦¦�v He(5.24­10−6), �

� , �§���i��®¨¯%&'(�°¢±²
3He/ 4He W��³O. Z[, ��!"� 4He #´µ2


� 40Arrad(=(36Ar)��×((40Ar/36Ar)��−(40Ar/36Ar)��))�

� 1 �������	
��
���
����������

��: cm3/g (STP)�
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� 2 �������	
� He � Ar �����

���� 1

�

���� 0.01, 0.2, 0.5� 1.6, ���MORB� 2.1[3].

	
� 4He/40Arrad���
����� He� Ar��

������������� �!"#$%&',

()*+,-./0� MORB 12345��(U +

Th)/K ��. 6)47�8609��:;$%�<

=>?@A.

BCDEFGHIJK[4], L� A-M MNO�

PQ, /0�MORBRSTUVWX He�JYWX

Ar. � 3He/4He(() 3He/(U + Th))���
��Z*

+,-.�RS4[ , \]^_�
�*+,-.

5`�aYb�cde. 3He/4He � 40Ar/36Ar ��Z

-.�RSb��f�gh/[ , ijk-.�R

Sb��`�(RSf��lm , no� RS-

./0�MORB12RSTUVWX 4He� 40Ar. p

BC� 3He/ 4He ��, qr�stu2RS-.�
40Ar/36Ar� 4He/ 40Ar��. BC�v� 3He/4He��

� 9×10−6, wTUVWXW&`� MORB(11.2×10−6)

x 20%. yz{| 1 Ga}� 4He/ 40ArTUV~��

� 5[8], MORB� 4He/40Ar� 2.1[3], qr���RS

-.� 3He/ 4He������ 40Ar/36Ar� 2.4�. 	

D, BC-2.1 40Ar/36Ar �� MORB 1234`

� 8%�TUVWXW&, �BC-2.1 40Ar/36Ar

x� 43000. �����P�st 4He/40Ar��: 4He/
40Ar = (3He/36Ar) × (4He/3He) × (36Ar/ 40Ar). �� 3He

� 36Ar�Z-.RS�bj[, w 3He/36Ar���Z

MORB(0.4~0.7[1])/�. ��qr���u2RS-

.� 4He/40Ar ��� 1.0~1.8. 	
��Z��BC

DE� 4He/ 40Arrad��(0.8~1.5)/G.

� 3���c�DE� 40Ar/36Ar� 3He/36Ar��

�/[V, �)���OV�b�: 40Ar/36Ar = (339 ±

145) + (110796 ± 12810) × 3He/36Ar, 	
OV[�A

�-������� &�MN, �� 40Ar/36Ar �
3He/36Ar�JY &�` 40Ar/36Ar� 3He/36Ar�.1

 &�MN. �¡¢ MORB 3He/36Ar = 0.4~0.7��

u�£t���.1 40Ar/36Ar �, ¤¥�¦§¨Z

?¡st���RS-.�(43000)©| . X� , B

CDE� He � Ar �L%�/[V���JYZR

S-. &�MN.
�

� 3 �������	
� 40Ar/36Ar � 3He/36Ar 


����(���� 1)

�

FGª«¬-2[6], ­®¯DE� 40Ar/36Ar��

� 295.2~547.5, A�-��°±�BC�-. ¤� 2

�²��JY 3He/4He��� 3�DE?³, ­®¯

DE��S�¤JY�� &�´| . µ¶0­®

¯DE��·¸¤!�V[7], � 1(a) � 4He-36Ar��

¹/[V�
º�­®¯DE���»&¼� He�

L%����½¾�JYW&�>�, �¿ Procelli

ÀÁ[10]c¢ÂÃ*ÄÅ-�69��TUV U, Th

$%�~�c . X�ÂÃ*�9��:;$% Sr,

Rb � Pb �L%-Æ�Ç<=�A­®¯-2RS

-.�¸¤ [11], c? , qrÈÉÊ�u2-.RS

�b��
4J;Ë�ÌZ, � U� Th$%�RS

� -.345�� 3He/(U + Th)��, �Ë�¸¤

Í� 40Ar/36Ar��©|JY�.

Î¡c¢, He� Ar�L%�����qÏÐÑ

Ò*+,-.34Ó�
V�JYWX &�¸¤.

Ô)9ÕFG°±�Ö×-.�FGBC�RS-
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.. .19�DE�J;�JYWX Ar �¸¤, �


1¾DEØS��ÙÚÛ�b , _�
ÜÂÃ*

ÄÅ-�fJY &�>�ÝÞßÂÃ*ÄÅfÞ

Ë�>� , (-àáâ�b��ãäª«åæ¬�

-.ç�?è¸é8�JY &. �êÔ�ë, ìí

-2î	ï�bGð�5ñò. ¶�, Matsumoto À

Á [6]|½ÎNÓ�ó-�JK.19��ô4Y�

õ�, ö÷-ÆøùY� 3HeZJYWX 36Ar��¸

¤ú¹/[V , p�ûÅ¤-Æü�ý}�ãäª

«åæ¬�-.ç�?è¸é8�JY &�
�

JK-.�þ�¸¤� &�
. ����� 3He�

�5�, ò?ìí-�� 3He Z 36Ar ���/[V,

c?, 	
�þ�V���¸¤�qÏJK*+,, 4

7��86�!	�J¦§�&
�å½>?@A.
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