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&'�(!. K-Ar)*+,-���./�01# 133~93 Ma. �2345���6789�:;-,

<=8>?@A 250�0, BCD-E,�%FGHI�CJ, K 27�(28�)LM	N�OP(Q)RS

���T-�UVWX: D = 5.9°, I = 58.8°, α 95 = 2.9° (D = 179.2°, I = −59.5°, α 95 = 5.2°), ���
�Y

Z�����	
[�\]^_`a3/b�c�Ud�efgh. ijklm[�\]^_`n�


�/bo 33.9°�p0qef. rstN8uv3wxy
(z{|}~�	{)�GH, ���#j

klmn�
�[�]^_`�p0qef���K\����	�n�
��/b��2�, �	

������	����������h.

��� ��� ��� ���	
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�� �!"��#$�%; 	&'(�)*+,

-./, ����01��23(45, 61��2

3789:;<=[1]. >?, ��@���2ABC

DEFGHIJKLM����.�3N��O�

<=PQRS. TU, VW����XY�23��

Z[, \(�23)*+]^_
S`a�. bcd

efg
&h+]^ij.VW��������

�#$�%<=�3N&k�l)+Ym.

1 ��������	

�����n , o�pqr)*+#sG&'

(�<=�tuv$ , w���&x���yz{

|}�~��) , ���pqr~�7��`a�

��� . ������G��&x��1����

~�7, 78�u���7���7���7G��

7� . ��Y�?n����
�R ¡�¢£¤

¥¦�§¨�©ª , «¬A­�n®¯�8G�°


±�²G³´¯�8[2,3]. �°
�©�8�1µ

¶·¸¹��º
�©+»�¼2½¾, >?, §¨

)©ª�©�|�|¿ÀÁÂ�ÃÄ]^Å?n&

'(�)*+<=G
�ÆÇ�ÈÉ�ÊË\Ì[4~7].

�ÍÎ�������&'(�)*+<= , wÄ

fgÏÐÑ
&hÒÓ , Ô����ÕÖ×GØu

ÙÚ�����ÛÜÝÞGßàáÚ�âã� 55 ä

~�å7��æçè�7é 410ä. ÔêëìNíî

ä7éQï� 3~5äð-� 1 cm�ñògó78h

+G
&h]^. 	&ôSsõ./, ØuÙ��7

Ú��ö÷óøù�8
� ¡úõ�å7�(ûü�

sht1-2)Gýþó
� ¡��å7�(ûü� sht3)��

��ó
� ¡�å7�(ûü� sht13-20)��; �

�ÕÖ×���G���~�7Ú������a

~�7ôj(ûü zcz1-20); ��ÛÜÝÞGßàá

~�7Ú���Dó�Û��G2�¨�.

2 K-Ar 
��


í�	�~�7ñò
��<
����

0.20~0.28 mm���, ��������� K-Ar�

���d\Ì. �°E©�����8G�8, T�

�ù <! Ar {"#$. �<�õ%&�ñò�g

'�()�*+A,-./012§34.

Ô��&5�&�]^6� MM1200 �78õ

9<>þ:;<=� Ar, fg>-� 99.98%� 38Ar

��;<?. MM1200�78M@CDA�sB�>

�sBCD , EFGA�sBægH×IJKLÑ

2§ , «¬MNO�NFGsBM>�sBG�7

8RC9, ºFGsBgóH×IJ2§. K ùPg

HG-3~QR-S�P.

ñòTUMNOV�ñòW�, Ô 200�1-X
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Y�2§ZI 12 h �õ, [/��\UT ]^_

N`�a^_� . ñòÔºFGsB�H×IJ�

2§� 1320�, fgbc=dev$1-, fg�

h5�. <iâ�I#j9<kl$Z'M CO2, /

9<mno#Zp�q�rI#, s/9< Zr-Al t

I?uv 3�>�, È>�wrI#"xU��78

�P Ar >þ:. ����G���& 4 ä~�7Ú

�� K-Ar���èyz�{ 1.

�{ 1 �|, ��&x����~��)?}�

133~93 Ma. ¢£2P�n®¯G³´)©�8�


�, ÔØuÙ&x£Ô�?}}~2�Ô 126~124 Ma

ú}, Â�_/�°�n®¯G³´)©ÔÅ&x�

 |�|¿�O�Ym, ���M����Å&x7

�2P�1, x�x�I��Ç S.

� 1 K-Ar ������

���� K/%
����

/mg
��	


40Ar/%

��	

40Ar/mol�g−1

(�10−10)

38Ar/
mol(�10−13)

40Ar/38Ar 38Ar/36Ar

���

/Ma

��������

sht-1 2.17 43.40 96.75 4.837 1.906 113.84 74.34 124.16�2.4

sht-3 2.185 51.20 96.44 4.881 1.908 135.83 56.03 124.42�2.4

sht-11 2.10 38.75 98.42 4.710 1.904 97.41 180.00 124.91�2.4

sht-13 1.57 57.75 91.77 3.557 1.9025 117.70 28.40 126.14�2.6

sht-14 1.56 34.15 95.20 3.626 1.901 68.46 86.06 129.29�2.5

sht-15 1.51 40.30 93.74 3.507 1.890 79.77 56.35 129.17�2.6

sht-16 1.46 54.05 97.10 3.502 1.896 102.86 92.65 133.28�2.6

sht-18 1.50 39.15 96.81 3.607 1.8855 77.38 113.72 133.59�2.6

��������[7]

zcz1 1.85 33.00 95.66 4.011 1.945 71.13 91.40 120.87�2.3

zcz4 2.52 42.50 97.52 5.531 1.948 123.72 88.92 122.31�2.3

zcz7 2.26 38.55 97.35 4.882 1.943 99.47 105.18 120.44�2.3

zcz11 2.14 39.45 97.81 4.644 1.940 96.58 131.17 120.99�2.3

zcz-13 2.25 41.70 98.10 4.859 1.937 106.66 135.90 120.42�2.3

zcz17 2.36 38.75 95.24 5.100 1.934 107.32 54.07 120.51�2.3

zcz20 2.35 31.20 98.55 5.100 1.928 83.74 230.52 120.98�2.4

���� !"#$%

jg-1 1.72 29.75 89.52 2.854 1.8603 50.999 53.637 93.32�1.96

jg-9 3.09 39.40 98.23 6.060 1.8584 130.76 117.12 109.7�1.0

fh-8 2.04 34.25 93.01 4.352 1.8575 86.268 46.469 119.0�2.4

3 ���������	

3.1 ����

��������	
��
��������

��� , �������� !"#$%&'(�

�)�*
+,- . ./0123	45*67+

879�:;<
=7�01>?@� . �AB�

(IRM)CDEFGH , #$3IJK�LMNOP

300 mTQRSTUVW�, SIRM�B�XYZ[\

3 15~40 mT]^. _`a��Zb(MicroMag AGM

2900)�cdFefGH , #$	g�
��h� .

iW��jK�(Ms)8W�B�K�(Mr)klXYZ

(Hc)8B�XYZ(Hcr)mn�o�_p, #$	q�

��krst(PSD)u��v(w 1).



� � � 47 � � 17 � 2002 � 9 �

www.scichina.com 1337

� 1 ������

�� zcz15-11 (a)�fh6-2 (b)� jg7-4 (c)����	
���
�������

xy_`J�z{(MMVFTB)e|B�(J)-A�

(T)EF}~GH, ���#$	��
u�v��

������������!��� . ��#$k

������#$��G, ��A�� 530~580�,

��EF���EF�����_�
 . ��v�

��3�����/, ��A�� M 300°C, 3�

�¡¢	iM����£`�����¤��N�

¤��, ¥¦���EF M��EF(w 2).

� 2 ����	�

����������������. �� sht4-3, zcz6-8, fh1-1�

jg7-4a������ �	
���
�������

3.2 �����

#$�§�01¨y©4Magnetic Measurements

ª«¬­� MMTD60 �.®¯�§�b, B�ef

2y°4 2G ª«¬­�±¥�)�Zb?@�, .

/0123²�³^	%& . ´
�#$%&�µ

¶�§�(�§�A�·>A� 585�¸ 13 ¶, §�

^¹3 25~50�]^)GH, º§�A�UV 250�Q

_,»�¼|�s½B��, , ¾3§�¿Àw�

ÁMÂÃ, �G����ÄÅQ�Â¬B�ÆÇ(w

3).º��A�ÈM 585�k�, É[�Ê#$�B�

ÆÇËÌ½¦
.

ÍÎvÇf,-ÏD�½�ÐT���B�,

f�, k����sÑ´��B�,f%& Fisher�

Ò{Ó , Ô�Õ´Ö����{ÓÆÇ%&�Ò{

Ó, ÏDÖ��×ØQ��{ÓB�ÆÇ(G 2). G 2

´ÙÚÛ
,Ü%&��Ò{Ó , Ý}~_Þ¡ß

£à1(f = 2.09�F(2,14) = 4.74 ) .

4 �����

���=7�áâGH, 	4ãäåæçklè

é"ê3ëìíîR?.ïð3½ñ[8~11], ò2×Ø

"êïð]�óôÅ¬õö÷£ø¯ . ùúû|"

ê]^ü´÷£ø¯2=7�*ýPþ�¦ZM�

��;<��. ��j�½;<, T�	
4�Þy

�=7�ÊÎ_�Ð
 [12,13], ´RÅG�	4ãä

�èé"ê���k��=7�ÊÎ%&��:(G

3). iG 3 _�, 	4ãä�èé"ê3���ÓR

8�����H��Ü . i	4��������

7������(Q���� 133~93 Ma, �G 2)C

D�=7�}~GH, �7�®����k�, ü´

M ![õ"�H���Çø¯ , #��$%&÷

£ø¯(G 2, 3); i	4ö'={()*�D��}~

#�üØ��� . èé+,ü´M ![õ®�-

.�k�Ø#2"�{/#�÷£ø¯[10], 03�
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� 3 ������

��(��)�����	
�(�
�)���, W, Up� N����������. � fh, jg, sht� zcz���

������� !"�#$�%&'�()*+�

��èé+,(1ä/��üØ�ø¯��, �G 3)

ü´M ![õ2� 33.9°�gQ3÷£[10]. 456

¨èé+,3���Å¬gQ3÷£�79ö/¯

Z275? �89�½:; , <=�>½>8	4

��?/�èé+,üo@�7� , 3����/

Å¬�75¡¢: �?7�%&-��A¯BC, �

Ü2���î3DEF7öG@[fHI�J�K

LMÄN, ��O%ÅP, ��ÄÅ	QROST�

UÅü��Nü�,V [16]. Þ¡´������W

XY���� Th, Ta � Hf �K×üZ[\�,-,

xy Ta/Hf � Th/Hf mn��]n�^ÜHI�G

@�[7%&_`(G 4�w 4), _k>�, �?HI

�23µabc�[õKd_`eG@� . fgh

iQ^j` , ·klKdmn_`Åc@�o��

KdHI� [17]. pð�q01�re}~ , <=s

����îèé+, 33.9°�gQ3÷£v�2iM
	4t/[õuv7wmn
¦ , 87wmn´x

�7G¡¢2[fHI�J�ÄÅ . 	4�?kl

ö'={(�7_yz ![õvê�T\ , 7w

�mn´�{7�|�­¬�$�À}.
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� 2 �	�
� a)

��+� ,-./ n/N D(°) I(°) PLA(°) PLO(°) α 95(°) 01/Ma(2σ )
JG-U 5 31/35 6 59.6 85.1 232.4 3.9 93.2221.96

JG-L 5 29/33 186.4 −58.2 −84.1 64.9 4.9 109.721.0

FL 7 42/46 7.9 59.5 83.8 222.5 3.6 119.022.40

zcz 20 136/140 174.9 −60.1 −86.1 205.9 2.3 120.9320.88

sht1-3 3 22/25 175.9 −60 −86.8 199.1 6.4 124.2921.69

sht5-11 7 52/58 4.9 59.3 86 231.1 3.6 124.9122.38

sht12-13 2 11/11 14.3 56.1 77.9 230.1 8.2 126.1422.55

sht14-15 2 18/19 -4.5 59.5 86.4 11.6 13.5 129.2321.79

sht16-19 4 30/33 6.2 58.2 84.5 238.5 5.5 133.4321.81

N-P 6-site 5.9 58.8 85.1 233.4 2.9

R-P 3-site 179.2 −59.5 −88.6 146.3 5.2

N&R 2-P 2.6 59.2 87.5 249.2

a) n/N: 3456/�789��/, D/I: :;</:=<, PLA/PLO:>?:@AB/CB, α 95: DBE//95%FG<, JG-U/JG-L: #$+�

�H/IH, FL: � !"+�, zcz: ()*+�, sht: %&'+�, N-P/R-P: J@K/L@K

� 3 �
��	����������	�
�

��?M ��NF D/(°) I/(°) PLA/(°) PLO/(°) α 95/(°) O�

PQR� 41.6°N, 120.7°E 2.6 59.2 87.5 249.2 133.43~93.22 Ma

PQST>
U 42°N, 119.2°E 6.8 56.6 82.9 249.5 5.7 K1
[14]

VWXY�H 37°N, 128°E 37.5 61.3 60.9 195.5 8.2 K[15]

VWXYZH 35.9°N, 128.6°E 36.5 59.4 61.2 199.5 6.6 Aptian[10]

� 4 ���� Th/Hf� Ta/Hf��

[\� Jg1 Jg2 Fh Sht

O� K1~2�H K1~2IH K1 K1

-K ]^- ]^_`- ]^- ]^-

Th/Hf 1.06 0.77 1.01 1.15

Ta/Hf 0.73 0.19 0.19 0.13

��������	
��
���(����

�����), ��
������ !"#$%&

'��(
. )�, Morgan[18]*+,-./0123

4'56728��$ , ,-�28 9:;0<

=
����>?�2@ABC$2D . EF ,

Zhao[19]GH2IJK�LMNOP, 
QRSTUV

WUXYZ��[\],-^_`$23abc0d

3��(CMB). ef g,-bc0 410 h 660 km

ijkB(lm.523��)$nop23a. [Y

Z��q2I?rs�_`$,-t./bc05

23h 410/660 km uvBnw23ax�$[19], y

z2D^�$zYZ��q�.2I?rs� . {

|, }~�#����MN8�, ���<� 9_

`0��$���, ����q�����2D, /

0�p�4�$�������_�$x� [20]. �

	���p�� , �.� ��_�x�¡��%

&�(
[21~23]. ¢£5¤2I��#���MN¥

¦ , §¨©ªy«¬­]2$%&�®¯°c05

23$nw23a±²³ , x��´nw23a$

µ¶·. 410/660 kmuvB��,4'56.

¸¹*º$»¼½�.: (1) ¾¿ÀÁÂ�, �

Ãyz¬­�ÄÅ2D±_0ÆÇ��Èf
��

É$ZÊ�ËÌÍ	 . �ÎÏÐW±_0ÆÇ��

�¾¿ÀÁ
�¡ 33.9°$ÑÒÓËÌ. (2) _�Ãy

z¬­�ÄÅ%&�ÔÕ$Ö×2Ø��MN8�,

�g%&�.�ÙÚÛÜ$����ÝÞ1��$.

�ß!5¤½�$àÒ ,  áâãäåæ�ç

¨Bè: �é�Í	��pêëÎÏÐW$ 33.9°$
ÑÒÓËÌ? ì°íb�Ãyz , îm�Ã[�¾

¿ÀÁ��ÛÜ$ï�ðH , ñ�bc0523h

410/660 km uvBnw23a$_�fò? e.°

[Ç���q��óô�$õö÷øfò? 2'M

N��¥ùúû��ó�qô�$.üËõöÍ	,

ýþ.�þ����ÎÏÐW$ 33.9°$ÑÒÓËÌ?

�ê��gäå, ��ià��$�	
à��.
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� 4 ����	 !"#� Th/Hf-Ta/Hf$%�
aP��M�� sht, fh� jg������%&'�� !"�#$

���

�� ��������	
��
���� (KZCX-

2-114)��.
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