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�� ��������	
��, 
������������������� 

!��	"#$%&'()*, +,-./012(	34, 56�7 4�89 !�

�	./:;<=>?�$%@A>?. ������	<=>?BCD 17.0E2.5

Ma(GRV 98002)� 0.052E0.008 Ma(GRV 98004), ��� !��D 68.9E10 Ma, �

� !��D 3.8E0.6 Ma. GRV 98004(H5)	<=>?FGH����IJKLM	,

N��� !��	<=>?OP��QR HS !��. GRV 98002��� !�

��./:;<=TUVWXYZ[\]^_P`	abcdefghi, j0M	
4Hekl, NGRV 98002���� !��	./012( 3He� 4Hem
n�&op

q.

��� ���� �	
� �
������

��������	
��
�(GRV 98002� GRV 98004)�������������


�� 3He, 21Ne, 38Ar��� !"#$� 4He, 40Ar%&'(#$. )*, GRV 98002� GRV

98004 +��, 15 -��./01234�56789:-;<[1], ������
�=>

? 1976 #� 1996 #@A1BC��56, 	5DE 20 FGH[2]. I 4 
����
��J

�KL=M�)��=MNOP?Q 1. 
�RJ He, Ne� Ar�STU=VW1XYZ[\

]L^_`abcd�, efgh�=VijkNlmn�o[3~7].

� 1 GRV 98002, GRV 98004, �������	
��
�������

���� Fa/mol% Fs/mol% Wo/mol% An/mol%
�������

/%
� 

GRV 98002
(L5)

25.1 21.1 1.8 [8]

GRV 98004
(H5)

18.6 16.6 1.3 [8]

!"#

(H5)

19.5 (n=89)
18.5$21.6

17.3 (n=30)
16.4$18.7 1.2

12.1 (n=27)
10.2$13.5

0.39$0.55 [2]

%&

(H5)

19.7 (n=38)
18.3$20.7

17.3 (n=28)
15.7$18.6

1.2
11.7 (n=21)
10.8$12.5

0.40$0.65 [2]

': n()*�+�,-., /0(1.23
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��������	
��
�����, ������������	
�����,

�� !:

Ts = Cs/Ps, (1)
Ts !����	
����� (Ma), Cs !"��	#$�� (3He, 21Ne, 38Ar)�%&

(10−8 cm3STP/g), Ps!"��	#$��(3He, 21Ne, 38Ar)��'(10−8cm3STP/g(Ma). )*+,

-.���/01�234�56�789�:��;�	#$��(c)<=>#$��(tr)1

?
@#$��(r)�%&, ��ABC�56�78DEF 2.

� 2 �������	(c)
�����	(tr)
������	(r)��������	�� a)

(20Ne/22Ne)tr (21Ne/22Ne)tr (20Ne/22Ne)c

(20Ne/36Ar)tr<1 8.46 0.035 0.8

(20Ne/36Ar)tr>1 12.4 0.0310 0.8

�� Neb) 9.80 0.0290 0.8

a) 3Hetr=0; 4Hetr=0; (4He/3He)c=5; (36Ar/38Ar)c=0.65� 0.63; (36Ar/38Ar)tr=5.32; (40Ar/36Ar)c=0.2; (40Ar/36Ar)tr=2.9�10−4; b)

����	 Ne
��, 
���	(20Ne/36Ar)tr����	, �����, (22Ne/21Ne)c������	 Ne���� !	

5G, 22Nec,
21Nec,

20Netr9HI �:J;
1):

22Nec=
22NemK[1−(20Ne/22Ne)m/(20Ne/22Ne)tr]/[1−(20Ne/22Ne)c/(

20Ne/22Ne)tr], (2)
21Nec=

21Nem−(21Ne/22Ne)tr[
22Nem−22Nec], (3)

20Netr=
20Nem−22Nec(

20Ne/22Ne)c, (4)
�� � m! He, Ne, Ar56�1�78���8. )*(20Ne/36Ar)tr<1, (20Ne/36Ar)tr>1LMN

Ne, OF 2 �PQ78�:RS(2), (3), (4) 9>TU5� 22Nec,
21NecL

20Netr8. 38ArcL
36Artr��� !:

V(36Ar/38Ar)c=0.65, 38Arc=
38Arm[1.1392−0.2141(36Ar/38Ar)m]; 36Artr=0.65K38Arc,

V(36Ar/38Ar)c=0.63, 38Arc=
38Arm[1.1343−0.2132(36Ar/38Ar)m]; 36Artr=0.63K38Arc,

!W��	
�����, XYZ�	#$���%&[, \]^�� 3He, 21Ne L 38Ar

��'. HEU5_`a (H,L,LL) Nb������	#$���cd�efg_, h�i

S_`j#kl$m (F). �	#$����' (�:C p3, p21 L p38 Fn )�opqr

(22Ne/21Ne)c�sr, ��� �:![3]:

P3=F[2.09−0.43(22Ne/21Ne)c], FH=0.98; FL,LL=1.00,
P21=1.61F[21.77(22Ne/21Ne)c−19.32]−1, FH=0.93; FL,LL=1.00,
P38=F[0.125−0.071(22Ne/21Ne)c], F H=1.08; FL,LL=1.00,

4HeL 40Ar-.tu����� �:!:

T4=
4Her=75200[238U](e0.155[t]−1)+474[235U](e0.985[t]−1)+56400[232Th](e0.0492[t]−1), (5)

T40=1.805ln[40Arr/0.701KK+1], (6)

 � t=T4; K, 238U, 235U, 232Th!��vw�xyef(µg/gz×10−6); ?
@#$ 4HerL
40Arr

!��8(10−8cm3STP/g). HNb��: K 782×10−6, Th 0.04×10−6, U 0.013×10−6; LNb��: K

858×10−6, Th 0.042×10−6, U 0.015×10−6.

1) Eugster, 2001, "#$%
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2 �����

He, Ne, Ar56�{&1�78���/0DEF 3, ����	#$<=>1?
@#

$+,-.�%&(10−8cm3STP/g)DEF 4. F 5!����	#$�� 3He, 21Ne1 38Ar��

'<�	
�����1 4He(T4)L
40Ar(T40)-.tu��.

� 3 ���� He, Ne� Ar��	
�(10−8cm3STP�g−1)

��'( 4He 20Ne 40Ar
4

3

He

He

20

22

Ne

Ne

22

21

Ne

Ne

36

38

Ar

Ar

40

36

Ar

Ar

GRV 98002
(L5)

670)20 8.42)0.30 6970)200 26.1)0.3 0.883)0.010 1.047)0.010 2.42)0.03 2336)70

GRV 98004
(H5)

1390)50 0.401)0.040 6170)200 17715)700 6.44)0.99 3.31)0.40 4.90)0.20 5723)200

*+,(H5) 1770)50 21.3)0.6 5150)160 17.12)0.17 0.863)0.009 1.131)0.012 0.928)0.011 1652)40

-.

(H5)
374)10 1.79)0.05 4600)150 75.9)1.0 0.913)0.030 1.016)0.015 3.64)0.10 2258)100

� 4 
����������������(10−8cm3STP�g−1)
3He 21Ne 38Ar 22Ne/21Ne 20Ne 36Ar 4He 40Ar

��'(
/01234 ��	34 5671234

GRV 98002
(L5)

25.7)1.0 9.11)0.40 0.765)0.030 1.037)0.010 0.87)0.40 2.48)0.20 536)20 6970)200

GRV 98004
(H5)

0.078)0.005 0.0172)0.0035 0.0198)0.0100 0.388)0.040 1.07)0.06 1390)50 6170)200

*+,

(H5)
103.4)3.0 21.8)0.9 3.16)0.15 1.125)0.012 1.72)0.60 1.07)0.05 1230)50 5150)200

-.

(H5)
4.93)0.20 1.93)0.10 0.202)0.020 1.00)0.02 0.24)0.10 1.91)0.10 348)10 4600)150

� 5 ���
����� !(Ma)"��#$ !(Ga)

��'( P3 P21 P38 T3 T21 T38 Tpref. T4 T40 T3/T21 T4/T40

GRV 98002
(L5)a) 1.639 0.455 0.0504 15.7 20.0 15.2 17.0)2.5 1.6)0.1 4.63)0.16 0.79 0.35

GRV 98004
(H5)# 1.580 0.309 0.0499 0.049 0.056 (0.40) 0.052)0.008 3.6)0.8 4.53)0.15 0.88 0.80

*+,

(H5)
1.574 0.290 0.0487 65.7 75.2 65.9 68.9)10 3.3)0.7 4.23)0.15 0.87 0.78

-.

(H5)
1.606 0.423 0.0545 3.07 4.56 3.71 3.8)0.6 1.1)0.1 4.05)0.15 0.67 0.27

a) (22Ne/21Ne)c=1.05; # (22Ne/21Ne)c=1.11

� 1��� H� L���	
��
��������, GRV 98002(17 Ma)�����

	
(3.8 Ma)�����������	
������ !. GRV 98004 �����"#

0.052 Ma, $%&'(	
)*+�, ,-./0��1234. Polnau5[10]678�'( H6

9��	
(ALH 76008)��
������(1.72:0.11 Ma);, <��78����=>�

����, ?@AB, ��� 3He, 21Ne, 38Ar����CDEFG 31%, 67%� 55%. HI.J

KL�#MN&���OP# 0.9 Ma, CDE��
������Q 50:20%,�RB�STU

VW�����MNXYZ[\&]^_`a��bcdB��e��	
DE\Pfghi�

`ajk��lm GRV 98004��	
fg23n�������ogpmqr�st��	


DEe��\Phi���jk��guvwxyz�-{\)��|B}��	
�����

# 68.9 Ma, �� H���	
�~�, ��$��^�����*�� H���	
.
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�
��������[�����7

8?@���. lm 4He C 40Ar o���,
4He �[����(T4)���+m

40Ar �[

����(T40). HI(5)�(6)�-�� T4 �

T40 ���A 5. GRV 98002(L5)� GRV

98004(H5)� T40 �[������# 4630

Ma � 4530 Ma, e��	
������

� , AB.���������g� 40Ar.

� T3/T21~T4/T40�� �(� 2)¡¢£ 2¤�

��9���	
, ¥����
����

¦P , §¨lm©ª«¬­®¯°±²³
3Hec�

4Heri´��, µ¶·¸K# 1�¹

��� ; ¥º���	
���m�
�

�\&, »¼.Z[½�\&­½�O, "

q¾ 4Her ��, ¿�:15%�ÀÁ� !,

T3e T21$�³�, µ¶�� 2 )·¸K#

Â� 2ÃÄÅ�¹�\P��. 6v 2¤	


�9;, gÆ���	
��
��`a

ÇÈ\É�� He, ÊËÌ��	
 (QD).

GRV 98002 �����	
� T3/T21<0.85,

Í¥��	
, µ¶�.�
������

¦PÎÏÐÑ°±­Ò4��ÓÔÕÖ²

� 1 H(a)� L(b)������	
��
�

����

��������	
��
H� L�����������

���
�, ���� !"#
$ H� L��������

�����
�%&[9]

� 2 	
��
��� T3/T21 �������� T4/T40 ����

'(�����)*+,-.[4, 11]
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³©ª«¬, ×� 4Her��, Ø T4/T40ÙÚ+; GRV 98004 �|B}��	
� T3/T21>0.85,
3Hec�

4Her�mi´��. Û¡�Ü, HI T3/T21Ùe T4/T40Ù�uÝ, §{� 3 ���	
,

»: (1) T3=T21, T4=T40; (2) T3<T21, T4<T40; (3) T3=T21, T4<T40. Þ;, ��	
���¢hißà

�ÐÑá>yâ[12,13], �²³ãg�[hißà���.

�� ��������	
�� Eugster 
������������������

 !, �"#$�%&'()*�+,-�./012345, 6789:;<=>.

� � � �

1 012, 345. 6789:;��<=. >:?@, 2000, 12(2): 137~141

2 ABC, DEF, 3GH, I. JKLMN9�����OPQ�R?@. STURRV, 2001, 21(1): 36~41

3 Eugster O. Cosmic-ray production rates for 2He ,21Ne, 38Ar, 83Kr, and 126Xe in chondrites based on 81Kr-Kr Exposure ages.

Geochim Cosmochim Acta, 1988, 52(6): 1649~1662

4 DEF, WXY, Eugster O. �
����Z[\]�?@. :�^R, 1992, (4): 313~333

5 DEF, _`a, bcd, I. �
��ef. gh: URijk, 1993. 1~505

6 DEF, Dlm. no�����Z[\]p��������. URqV, 1999, 44(1): 82~83

7 DEF, ABC, 3GH. MN9������������p\]rs��. URqV, 2001, 46(10): 854~856

8 Grossman J N. The Meteoritical Bulletin, No. 2000 August. Meteorit Planet Sci, 2000, 35(Suppl): A206

9 Marti K, Graf T. Cosmic ray exposure history of ordinary chondrites. Ann Rev Earth Planet Sci, 1992, 20: 221~243

10 Polnau E, Eugster O, Krahenbuhl U, et al. Evidence for a precompaction exposure to cosmic rays in a chondrule from the H6

chondrite ALH76008. Geochim Cosmochim Acta, 1999, 63(6): 925~933

11 Eugster O, Michel Th, Nidermann S, et al. The record of cosmogenic, radiogenic, fissiogenic, and trapped noble gases in

recently recovered Chinese and other chondrites. Geochim Cosmochim Acta, 1993, 57(6): 1115~1142

12 _t, uvF, El Goresy A, I. ����wxy]z{|}~�(Mg, Fe)2SiO2�������. �
UR, D�, 1998,

28(3): 310~315

13 uvF, _t, ���, I. ���������wx%&�4��wx�� P-T�����. �
UR, D�, 2000, 30:

123~127


