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 ���!"��#�$%&'()*�+,-.-%/01��. ��2345%/

6�789:6�;<=. >?@��;�AB08�C=D�EF 40Ar/39Ar G�

Rb-Sr�DHIJ, KLMN����� 40Ar/39ArJOP 117.33~118.42 Ma. ����

� 40Ar/39ArJOP 117.39 Ma, �����QR� Rb-Sr�DHJOP 128.49�7.2 Ma.

STJ�UVWXN 	
���$%&'()*���C=D�Y 117~128 Ma,

Z[	�����C=D�(115~126 Ma)\], ^_`N	��a��P]b=�,

�cd=�ef���gh�b(120�10 Ma)�+,2ijkb.

��� �����	 
���� Ar-Ar �� Rb-Sr ���

����(����)	
�������. ��������������� �!

"#$%&�'()*+,-+,-./,(012)345678$,(9:2)�;. <=�

>?@��ABC����;DE,FFGHIJKLMN�OP5Q-IR$,�;[1,2]. S

E;T�U,VW	X:YZ+[\3�]Y�;.

^_�����;�`;aV, �bc�defg[3,4], hi=fgj
� 115~126 Ma.

^_�>@��A�;klmno�=Vpqr�st. <=u, �;v=wxyz,{|}

~[5]ZReynolds�[6]3 Perkins�[7]����;-;������-.�� Ar-Ar�v=, �u

`�[8]���;�$"#$3��;/-.�$��- SHRIMP =�u�v01�;�`;

=�� 120~126 Ma, ����[9]����;���; Rb-Sr ����a����01�;h

`;!=�� 121.6 Ma. � ����; Rb-Sr�a��iv�]Y�;�¡`aV; ��¢

�-. Ar-Ar �uivX:Y3+[\�;�¡`aV, £����;¤¥��¦�$/�

Ar-Ar=�u§¨, ©��noªyz�=�«.
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�����Õ+Öf�;({ , 9

:Z01Z×Ø[3�ÙÚ�;)

�_¶Û"#$
ÜÝÞ<.

X:YZ�]Y3+[\�;

�ß_
�V�>@��A(à 1),

�>@�áâ��
�VãäÒ

>?ÔR$ZÙ�Ôå�$Zæç

Ôè$éå�$, @�êë�ÐÎ

ìÑ�Ï8Êí$. �@��A�

¼dÒÓîïðñÊ�HIJò

KL, ·EKLMN�X:YZ�

]YZóÃZô¶3+[\��;

T, �a�MN��¾¦�$/õ

ö÷$/�¾ø.

X:Y3�]Y�;�_�>@���A . Ý
X:Y�;ù;�$�Ñ�Ï8Ê$;

�;¤¾ø�÷ú 5.5 kmZû 80~300 m�OP786ü, ·6ý¤þ�< EW, ��», �I

� 25~45°, KQ6��¡����, KQOP6�¼_	
$�+�$�, ·KL�dU,

�HIJòKL; ;¤¶���]��÷��$Z-��$3+�$, ���	
$�÷.Ê

8Ê$. �]Y�;���¼_
�V�>@�ë�ãäÒR$
�KQQ�Ò�ü, ·Q

�Ò��¡`��¼_@�ë��HIJïðKL%& . +[\�;�_�>@�±�A ,

ù;�$�Ñ�Ï8Ê$; �;¤¾ø�dHIJKQOP6ü, ·6ý¤þ� NE, ���

� 1 �������	
������
������

���� �!"� #$�� 

%&'( )*+,-./(+0) )*+,1./(+0) )*+,-./(+2)

3 %& 456789 456789 45689:;<=>?@AB

C DE FGHIJKLME FGHIJKLME NOPB*QRSE

 TUV
W9VXYZV, :[(45°)N\(25°), ]

^+2

W9VXYZV , ]5

20~30°, ]^+2

_VXYZV, ]^ 125°, ]5 60°

 `ab cd5SVX=defVXg_-h_V
5SVXefVXg_-h

_V

cdg_-h_VX=d5SVXe

fV

 iRj

kl , mkl Xkn Xop Xq
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� 1 ����������

1. �¤¥; 2. OPA; 3. FGHIJK; 4. ¦GH)-K; 5. §J¨©ªE;

6. 8?; 7. � «(¬���� , #$�� , ®�!"� )
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», �I� 30°��, KQOP6�+�$L¾ø; ;¤¶���÷Iö$, ����÷��

$. ¶Û��;��Êõ;-� mW 1.

2 �������

X:Y�;!"#$%&#'3()$*, Ý
 BP99-65 -.!"�#$;¤
�IR

�;-
�-.��;�+�, !" Au¢, 5.3 g/t; BP99-07-.!"�#$;¤
���;

-.-/, ·!" Au¢, 3.4 g/t. S./!"0VWh`;(�)12¡`�;-. BP99-66�

]�!"�#$;¤��´�_;¤¾ø�¦�$/. +[\�;=�!"#$3�#'I

R�;-
�-.��;�+�(h`;12;-). X:Y3+[\�;#� Ar-Ar �v=,

�]Y�;#� Rb-Sr �a��v=, Ý!"©$h;¤d#'45�¶���;-/(h`

;12;-).

2.1 40Ar/39Ar ���

�6#!"78��9:;�<=� , >45?! . -.!"45��@? , >5A

0.2~0.3 mm �BJ, 7CDEF�, �GH9:;�@4I?, !� 2 g. ��JKL¤`¾

õMN Ar �FO, 6?�-.!"DPZQR, SJ 99%¿¶. �]�!"Í¦�$7T8

3TUV?��, 6?�]��W� 0.4~0.5 mm, SJX 100%.

YI?Z�!"[C
�\p]�Ê��¯��^_6 40Ar/39Ar v=`§a��iv.

b�Y!"[Ccde��f
\gh, gha� 60~80 h, f
\ghif J = 0.008471 ~

0.009965; j�^gh��!"©kl 40Ar/39Ar12mn`§. Y!"o_ RGA-10p¤qÊ

rs�t AruvwÒ�
�� Ar �x©�S�; y��.� VSS z{ RGA-10 p¤qÊr

sl|����¾t.

!"#�}~��mn�x©Ar��Êr¾t, 
\��ghifõ��J�/��Ar

����«Z39Artß�¾�3Ëd��=�«mW 2~5, �%&fg�` 40Ar/39Ar=�r(à

2). Í_¶Û�=�fg	�d!"7Ö�mniv�+�, !"���qZ�a3�p��

��/[11], n���=�s��fg����a�=�s�(à 2).

� 2 BP99-65 �� 40Ar/39Ar �����(W = 0.269 g, J = 0.008471, λ = 5.543×10−10/a)a)

����/� (40Ar/39Ar)m (36Ar/39Ar)m (37Ar/39Ar)m (38Ar/39Ar)m

39Ark

�10−12/mol

40Ar*/39Ark

(�1σ )
39Ark (10−2)

�	
/Ma

(�1σ )
450 84.153 0.2513 0.5023 0.1912 0.424 10.22�0.01 1.39 149.88�2.58

530 48.701 0.1350 2.5923 0.1480 0.891 9.162�0.01 2.92 134.86�2.04

680 16.754 0.0298 0.6870 0.0814 3.501 8.019�0.00 11.4 118.57�1.50

780 10.828 0.0103 2.3989 0.0231 12.29 7.951�0.00 40.3 117.60�1.37

880 13.348 0.0183 0.8734 0.0348 5.054 7.994�0.00 16.5 118.22�1.39

970 19.022 0.0373 0.7937 0.0648 2.608 8.078�0.00 8.55 119.42�1.46

1050 28.024 0.0641 0.6322 0.0913 1.878 9.166�0.00 6.15 134.91�1.74

1150 38.431 0.0980 0.9269 0.0941 1.182 9.642�0.00 3.87 141.65�1.84

1250 47.446 0.1276 1.0338 0.1127 1.089 9.953�0.00 3.57 146.05�1.99

1350 46.842 0.1250 1.1749 0.1078 0.880 10.14�0.00 2.88 148.71�2.00

1550 53.728 0.1474 1.2019 0.1457 0.663 10.42�0.00 2.24 152.72�2.29

a) ��������������� Ar-Ar��	���� !"#$%&'; (�)*: $ RGA-10+,-�

./(VSS01), 23
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� 3 BP99-07 �� 40Ar/39Ar �����(W = 0.1916 g, J = 0.009965, λ = 5.543×10−10/a)

����/� (40Ar/39Ar)m (36Ar/39Ar)m (37Ar/39Ar)m (38Ar/39Ar)m

39Ark

�10−12/mol

40Ar*/39Ark

(�1σ )
39Ark

(10−2)

�	
/Ma

(�1σ )
450 29.596 0.0717 0.8476 0.3318 0.517 8.552�0.03 3.71 147.54�4.51

560 23.288 0.0531 0.7552 0.3356 0.677 7.727�0.03 4.85 133.83�3.73

670 17.439 0.0353 0.5911 0.2274 1.050 7.082�0.02 7.53 123.03�2.49

780 11.596 0.0159 0.4692 0.1202 2.180 6.917�0.01 15.6 120.26�1.71

860 9.2857 0.0084 0.5421 0.1214 3.571 6.825�0.01 25.6 118.70�1.68

940 12.143 0.0178 0.8814 0.1690 1.948 6.943�0.01 13.1 120.69�1.99

1020 15.552 0.0292 1.0996 0.2191 1.428 7.031�0.02 10.2 122.17�2.37

1100 21.984 0.0482 1.3936 0.4048 0.864 7.901�0.03 6.11 136.73�4.33

1200 27.946 0.0673 1.4320 0.4141 0.688 8.253�0.03 4.93 142.59�4.89

1300 32.245 0.0796 1.4788 0.4000 0.568 8.951�0.03 4.07 154.15�5.53

1500 38.832 0.0981 1.5192 0.4467 0.456 9.841�0.04 3.27 168.76�7.36

� 4 BP99-66 	
� 40Ar/39Ar �����(W = 0.118 g, J = 0.008471, λ =5.543×10−10/a)

����/� (40Ar/39Ar)m (36Ar/39Ar)m (37Ar/39Ar)m (38Ar/39Ar)m

39Ark

�10−12/mol

40Ar*/39Ark

(�1σ )
39Ark

(10−2)

�	
/Ma

(�1σ )
400 44.869 0.1182 1.9318 0.1078 1.332 10.21�0.01 0.69 149.76�2.48

540 29.651 0.0860 1.1650 0.0744 1.993 4.404�0.00 1.03 66.09�0.88

670 27.437 0.0743 2.2546 0.0683 2.304 5.715�0.00 1.20 85.29�1.11

780 14.058 0.0251 1.3396 0.0317 5.539 6.754�0.00 2.88 100.38�1.19

900 11.442 0.0115 0.4397 0.0184 12.06 8.054�0.00 6.28 119.07�1.39

980 9.7872 0.0063 0.2618 0.0175 21.80 7.901�0.00 11.3 116.88�1.36

1060 8.7908 0.0029 0.2132 0.0165 62.53 7.905�0.00 32.6 116.94�1.36

1140 9.5275 0.0051 0.2435 0.0247 29.45 8.012�0.00 15.3 118.48�1.38

1250 10.085 0.0075 0.4276 0.0188 21.61 7.881�0.00 11.2 116.60�1.36

1350 10.376 0.0081 0.4299 0.0177 17.85 7.975�0.00 9.31 117.94�1.37

1450 10.954 0.0106 0.9603 0.0231 15.30 7.885�0.00 7.97 116.64�1.36

� 5 DZ-004 ���� 40Ar/39Ar �����(W = 0.2496 g, J = 0.00991, λ = 5.543×10−10/a)

����/� (40Ar/39Ar)m (36Ar/39Ar)m (37Ar/39Ar)m (38Ar/39Ar)m

39Ark

�10−12/mol

40Ar*/39Ark

(�1σ )
39Ark

(10−2)
�	
/Ma

(�1σ )
460 46.276 0.1276 0.8495 0.2074 0.871 8.774�0.01 4.49 150.42�2.74

540 19.988 0.0446 0.5378 0.0971 2.076 6.867�0.00 10.7 118.79�1.57

620 13.557 0.0231 0.7109 0.0749 5.507 6.777�0.00 28.4 117.28�1.47

700 16.044 0.0320 1.0027 0.1171 3.106 6.664�0.00 16.0 115.37�1.60

800 20.412 0.0463 1.1133 0.1453 2.248 6.835�0.00 11.6 118.24�1.79

900 26.615 0.0653 1.3417 0.1892 1.506 7.473�0.01 7.77 128.89�2.22

1000 32.264 0.0830 1.3584 0.2169 1.228 7.937�0.01 6.34 136.61�2.56

1150 40.975 0.1121 1.3850 0.2121 0.950 8.067�0.01 4.90 138.76�2.57

1300 35.937 0.0937 0.9718 0.1854 1.112 8.419�0.01 5.74 144.58�2.46

1500 51.060 0.1454 0.8604 0.2242 0.765 8.325�0.01 3.94 143.02�2.76

2.2 Rb-Sr �����

��������	
����, ����������� 80~100 �, ������

����� !" 99%#$%&'()*. ���������#()*+��� 200�, �

,$- # HCl�./01234�� 10~12 h, +���	
5� 3~46; 78�9: 0.5 g

;<#��, =>?@AB HCl + HNO3CDE, =FGHIJKLMN7; +=>OP- 
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� 2 �������	
 Ar-Ar ����

(a) BP99-6556$789 40Ar/39Ar	
.; (b) BP99-6556$78Ar-Ar:;<; (c) BP99-0756$789 40Ar/39Ar

	
.; (d) BP99-0756$78Ar-Ar:;<; (e) BP99-665=>?789 40Ar/39Ar	
.; (f) BP99-665=>?7

8 Ar-Ar:;<; (g) DZ-00456$789 40Ar/39Ar	
.; (h) DZ-00456$78 Ar-Ar:;<

# HCl, GQRSIJKL, �T�	UVWXY��Z� # Rb B Sr. $[\]^��_

`abcdecfSghij Rb-Sr $[\klm#2nopqrsdt(VG354)uvw, d
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tYxyz� 87Sr/86Sr{|� 87Sr/86Sr = 0.119}~; IJ�z��RbB Sr��" n�10−10 g/g.

e��$�Yx#_��� NBS607 #]^��� 87Sr/86Sr = 1.200325�0.000011. ()*

Rb-Sr$[\Yx��� 6B� 3.

� 6 �������� Rb 	 Sr 
�� a)

�� ���� Rb/µg�g−1 Sr/µg�g−1 87Rb/86Sr 87Sr/86Sr (2σ )
FA9-2 1.651 3.970 1.2020 0.715260�0.000032

FA9-5 2.114 3.897 1.5680 0.715676�0.000017

FA5-2 2.709 3.488 2.2440 0.716908�0.000011

FA9-1

	
�

1.294 8.081 0.4626 0.713636�0.000017

a) NBS-607����: 87Sr/86Sr = 1.200325�0.000011(2σ , n = 6); λ 87Rb = 1.42�10−11/a; �����������

������� Rb-Sr� !"#$%&

3 ����

3.1 �����
40Ar/39Ar ��

BP99-65 ��������	
��


����������
������

��(� 2(a)). �	� 680����, � !

"#� 39Ar$ 4.31%, %���&' 149.88~

134.86 Ma. (�)�*+,-.�/0

�(%�, K, Cl), 12��&34567.

8
9( 680�:; 970�, � !"#�
39Ar $ 76.75%, %���&<	, ' 117.6~

119.42 Ma, => 118.42?0.25 Ma. 8
9(

1050�@A:; 1550�, � !"#� 39Ar $ 18.71%, %���&BC:�, ' 134.91~

152.72 Ma. DEFGH�IJKLMN����[12,13], JKLMN����OPQ� �,

-RSAr�T�UV. WX, 	
��
YZ��[#����, \]45�^_67, E�

���<�����^`�*+�FGa^. bc BP99-65*+� � 680~1050� 4d�


��ef�, ghiaj, %klme R = 1.00000, ��' 117.03?0.13 Ma(� 2(b)). 2&

no����<	& 117.6?1.37 Ma�=>& 118.42?0.25 Mapqrs, tu� BP99-65*

+��vwxy. (2iajgh�z{&(40Ar/39Ar)i = 298.4?0.40, n|}&[14](295.5?5)

~�H�, �RS Ar�����, �T2o����x�.

BP99-07���]�H�IJKLMN����, ����<�����' 123~118.70 Ma,

=>&' 120.53 Ma(� 2(c)). bc 5d�
��ef�, ghia��' 117.33?0.15 Ma

(� 2(d)). 2&no����<	& 118.70?1.68 Ma�=>& 120.53 Mapqrs. (2ia

jgh�z{&(40Ar/39Ar)i = 304.6?0.85, �|}&��, ���RS Ar���, iaj��

�o�����4^`*+����.

BP99-66 ������
9�� 900�, �; 1450�� !"#� 39Ar $ 93.96%, %�

��&��\�, �@� 116.60~119.07 Ma��, FGH�����o, %=>&' 117.49?

0.25 Ma(� 2(e)).  OH�¡¢����, tu£*¤¥¦§, ¨-©ªR%«¬c��[13], 2

� 3 �������� Rb-Sr 	
���
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��&^`�®¯£����¤¥��. bc�� 900� 7 def�, ghklme(R)'

0.9999 �iaj��(Ti)' 116.83?0.36 Ma(� 2(f)). (2iajgh�z{&(40Ar/39Ar)i =

300.8?8.58, n|}&~�H�, �RS Ar�����, �T2����x�.

3.2 �	
��
40Ar/39Ar ��

DZ-004 ��������	
��
����������
��������(�

2(g)). %���<	&' 115.37~118.79 Ma, =>& 117.39 Ma. bc 4d�
��ef�,

ghiaj��' 115.621.01 Ma(� 2(h)). 2&no����=>& 117.39 Ma pqrs.

(2iajgh�z{&(40Ar/39Ar)i = 297.144.14, n|}&(295.55)~�H�, �RS Ar

�����, �T2o����x�.

3.3 ����� Rb-Sr ����

°±² Rb-Sriaj�³(� 3), 4d� �´µGH�j¶lm·��iaj, %k¸�

iaj��� 87Sr/86Srz{�&Z¹' 128.17?7.2 Ma � 0.712829?0.0000647. 2z{&n

º»¼Y½²(0.7014~0.7163)[4]~�H�, tu¾¿G²ÀÁ�kI¶.

4 ��

4.1 ������������

*+� K,�Â	, EÃHÄ,-/�GZ�ÅÆ, cqÇ K-ArÈ!É�Ê��P�%

ËÌÍ45��. Ebc 40Ar/39Ar Î�ÏÐÑ��É, ÒR*+ 39K(nÓP)39Ar Ôt¸, ÕÖ

� K�Ñ_Z×ØÑ' 39ArÙÚ5�ÉP�, D� ÛÜ�� c��ÝÞa��wß.à�

5�Z×áefâ¡iãäåæÕl, ç Cl�RS Ar�ÅÆè	é<	ê9, Wëh�PQ

wß��x�[11].

ìíî½²ïðñ²*� 40Ar/39Ar��òóH�(117.33~118.42 Ma), ôTOËHG²

��õÀ,  �45ö÷øù�úûkH�. 2¬üG²��*+°±²ýµ, þ��(�

¡£5������a, ��G���²*; �þ��	+5
�£�a, ��G'�-�

�²Ñ, ¾¿���³����. ²*n®¯£� 40Ar/39ArÉ���~�H�, ôT¾¿�

FGa^kË. w�³, ®¯£n½²���ø³k�=�Z�, ��w�³�P����

x�¶. ���i[15]�PhH��²À �� K-Ar��, %��' 100.59?1.96 Ma, n�!

PQ� 40Ar/39Ar ��&k�"�, x�tu�G²#$¬%�Æ&���. '�(i[16]�)

�*Ï½²ï 3�®¯£+� K-ArÉP�, %`,��' 127?1.2-106?1.0 Ma, E�!

�PQ&�'��.

./`T, °±²� Rb� SriÖ�0Í12Xñ5Ë3F456�²À�æ�. �G²

Rà�, °±²��
9�(227~320�)���§9Î7FGò��F, DE�@·��89�

Ú. WXbc:½²À°±² Rb-Sr ËÌÍ�rP�;�î½²1G²#G²a^Ox��

<É�H.

4.2 40Ar/39Ar � Rb-Sr ����

(ìíî��*Ï½²*+ Ar-Ar ��x= ðd²>�G²��Z¹' 117.33~118.42

� 117.39 Ma, ;�î½²°±² Rb-Sriaj��' 128.49?7.2 Ma. Rb-Sriajn Ar-Ar

���?@ABCrsH�. ()DP, ºEF4¼G½²FG� 117~128 Ma#�.
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ìíîi½²Ì�º»4ïF(EHF4)I(º¼JK)ØL4M, NO2²>�FGa^

\P)�QRïSG²ÇT, EÃ)�./FIUÑá%)G²c�VW�]-X�67.

Y=ZIý[I£�FGa^'\]^_`#(��� K-Ar ��' 118.6~127.5 Ma)[17],

2[I£'aC�bãc[Id;�õÀ. ef, �ºEF4»¼gGh-iI`#j-kl

µMm(£(noæ*m(£, Sm-Ndiaj��' 120 Ma)�pq[15]. xrâ�F4sgtu

ãc��[I-£vÐ&n½²Ñ-H��Gwlm. º»½²ïn_xyz½²ï(n{|�

}~�������i)H�, ®¯£�FGa^�ÑAB\�. º»4ï®¯£�FGa^

� 88~150 Ma��[15], n½G²a^rs, ð¿�ËH��£vÐ&�õÀ. �fn1G²#

�a�lm, x+HC�Z'G²��G²#�G²$®¯£.

ºEF4¼G½²G²��nº{¼4ï��í���i½²�FGa^(115~126 Ma)

ks, ôT��OËHG²#\Ë45������õÀ, Ëa-�4ôT�ß��º»4

ï�`iI#(120?10 Ma��)â�ïS�����ØL�£*������X2a#[18~20],

��O;�G²��;�-ba#.

�� ��������	
������ Ar-Ar ���������������

 !"�#$�� %. &'(!�)*+,-.�/0123��4$56�78, 9:;

<=>?@$��.
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