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��������, �� 710069; ���������, �� 210016)

�� �� SHRIMP ������	
��	���	����������

� SHRIMP ����. ��	(NB-01)�	
� �!"(127�3) Ma, ��	

(NL-01)�	
� �!"(131�4) Ma,#$%&��	
�'(�!. )���*+

��	,-.�/01� , 23���45678+/019:�;<.

��� ����� SHRIMP 	
 ��� ���

�������	
������������������. ����, ��
�

������, � !"##$%&', (�)"*�� +, ,-./�01��� (2

34)25678�9:�� . *;���� 	<=>?�@A
BCDEFG"*2H

I�� . JK6L(Cathodoluminescence, MNOP CL)QRN� SHRIMP S	
�TD�

UV�WXYZ.

[\���]�^������!", _`abcdef�g, hiabjklm��

g[1~7]. n[\�����o</�FG�pq, rstuv_wC���xybz{|},

~�� 1�5 ���Si�_x����gNw����!�yz{|}, ���y��g[6,8].

��������S�[\����o<, �����_��!����!���_�, �

�� �� SHRIMP�	>?, ��[\����"br��}.

1 ��������	

[\����b��([)�\�(\)��, ��� ¡¢£¤ 1000 km2(¥ 1), 6¦�§

¨©MH�ª«¬�, ab01��®<¯°�.  ¡��±�²³´µ¶·¸!, N{

|µ¹�º�²{|µ»¼�!, ½hi²��µ¾¿!ÀÁ³©�ÂÃ�ÄÅ�����

² . [\���M���!(Æ 20%)�_��!(75%)�] [9], Ç�!�ÈÈ�!Éh(FÊ

5%). ���!Nw]�^ËÌÍ�ÎÏÌ�ÐÑÂ�Ò�Ð���Ó�Ô!", ²wMÕ�

�], ]��Ö×f¢�ÐcdfØ��ÙÚ Øf�, Û��ÙÃ�. _��!ÜÝ 3000

�Þ, NwMß Øf��], à�E���Ó�ÐÙÃ�ÐÏÌ�ÐÎÏÌ�ÐÏÌ�ÑÂ
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�; �w�áâÍ�Ø��, ãwä½ÏÌ

�ÑÂ�åæç; ²w]��ÌâÍÐËÌ

Íf¢��f¢�ÕèÏÌ�. Ç�!Cé

êëì , ²w�ÌíÍØ���îØ� , N

w���ïð��Î£�. ÈÈ�!ñäb

�»ò�ÈÈ��¬, Nw]���Ó�Ð

ÙÃ��ó�ô õ�ÀÕèÏÌ�; ²w

�õ��ÕèÙÃ�ÐöY õ�Ô. ÷ø

>?C�����!�w(�ùú: NL-01)�

_��!ûw (�ùú : NB-01)���

SHRIMP�	��ù, ���üä¥ 1.

NB-01, _��!Øf�, SiO2 = 56.33%,

ými%þ (5.3%), K2O = 3.02%, Na2O =

2.30%, K2O/Na2O = 1.3 (����ä���

Ô[7]� 2� NB-6�ù). ��	
, �3^�

�ß Ð�× Ðk× !", ����

	
, �× �3��, ����ß ��,

��ß _wC����Ò . �ù�¤ 10

kg. � ��¤ 100~200 µm. _wC� �

Ë¶Í, ��å�, ��, ]��×��-Ô

��, �Y�Ð�Y !6¦, 3¢"#, $

% �)	3� ��&�'. hwC� 

�(��)*�, +w6¦,-, 3¢.�, DE� �+�²/]� ºç/��0�B�.

NL-01, ���!Øf�, SiO2ài 56%, ýmij(9.75%), K2O = 5.30%, Na2O = 4.45%,

K2O/Na2O = 1.2(ä���Ô[7]� 2�� NL-11�ù). ��	
, �3^�× Ðk× ÐÙÚ

 �hi123!", ÙÚ 45�6. ��]�^�3�× !", 4fe	
. 789�

��Ò �%:;. �ù�¤ 10 kg. �ù�� àiþ, ñ� ¤ 20�� . � �<��

_, =¤ 30~200 µm. _wC� �*�, ½�0�.�>¹. ?½hi� ���, -@A

Ê���!¢��¢. � !"0B KFCD��', $%�� HI�&'�.

2 ����

� EuFYZC�, WG� ~æN�H. �� /�I RSES JK� SL13 À��

Temrra übLMNO�, PGQ)¤�(, R� +wS¡, Tb CL >?ÀUG� SHRIMP

U-Pb CV. � SHRIMPCV�'
MJK6L¥¹�W��. CL¥¹��X��Y=Z3

[\I>?]^_`�ab".

SHRIMP U-Pb CV��X��Y=Z��>?]cØd� SHRIMPe²b", ��CV

f8�g�JK CompstonÔ[11]À WilliamsÔ[12]. CVo, �Thijk, lm Zr2O
+, 204Pb+,

nop, 207Pb+, 208Pb+, U+, Th+, ThO+� UO+ 9�q_ri, s 7 øjklm�ø"Cp. �ø

� 1 ��������	�(
�������

����[10]��)
1. ����; 2. ���; 3. ����; 4. ����; 5. �	-


	��; 6. ������������; 7. �	���

�
	�; 8. ���; 9. �	�; 10. ����; 11. ����;

12. ����
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q_�¤ 4.5 nA, 10 kV� O−2, t�¤ 25~30 µm. �iCuv¤ 5400(1%ij). wT RSESJ

K� ���x��Cyz{(interelement fractionation), |T SL13(572 Ma, 238}10−6)~�

øz{ , Temrra(417 Ma)~�øz{ . S�� Temrra �>�� 2%. �����T Ludwig

SQUID1.0[13]À ISOPLT[14]8�. 	���u��T IUGS(1977)��p. � 1 �]�����

'���C� 1σ . ��"C	�4 95%�ü�<.

� 1 ������� SHRIMP ���
 a)

!"
Pbc/
% U/10−6 Th/

10−6

232

238

Th

U

206Pb*/
10−6

206

238

Pb
Ma

U

207

206

Pb
Ma

Pb

207 *

206 *

Pb

Pb
±%

207 *

235

Pb

U
±%

206 *

238

Pb

U
±%

NB-01

1.1 7.05 68 39 0.59 1.20 121 ± 4 −1650 ± 2900 0.0260 85 0.0680 85 0.0191 3.6

2.2 2.01 134 72 0.55 4.65 251 ± 5 −198 ± 230 0.0425 9.0 0.2320 9.3 0.0397 2.1

3.1 2.00 167 123 0.76 2.93 128 ± 3 −325 ± 320 0.0404 13 0.1110 13 0.0200 2.2

4.1 1.76 111 75 0.70 3.38 220 ± 5 −271 ± 410 0.0413 16 0.1970 16 0.0347 2.4

4.2 2.72 98 82 0.86 2.89 212 ± 5 −339 ± 660 0.0400 26 0.1850 26 0.0335 2.5

5.1 2.45 104 71 0.71 1.73 120 ± 4 −327 ± 680 0.0400 26 0.1050 26 0.0188 3.2

6.1 2.35 126 78 0.63 2.13 123 ± 3 −346 ± 690 0.0400 27 0.1060 27 0.0192 2.8

7.1 2.23 120 78 0.67 2.13 129 ± 4 −248 ± 480 0.0416 19 0.1160 19 0.0202 3.1

8.1 1.95 120 122 1.06 2.06 125 ± 3 195 ± 550 0.0500 24 0.1350 24 0.0197 2.6

9.1 3.14 126 96 0.79 2.23 127 ± 4 −453 ± 460 0.0385 17 0.1060 18 0.0200 2.7

10.1 1.23 266 216 0.84 4.55 126 ± 3 −211 ± 360 0.0423 14 0.1150 14 0.0197 2.2

11.1 4.01 124 88 0.73 2.08 120 ± 3 −1490 ±1500 0.0270 46 0.0700 46 0.0189 2.7

12.1 0.13 182 125 0.71 3.11 127 ± 3 539 ± 170 0.0582 7.9 0.1590 8.2 0.0199 2.2

13.1 1.10 163 108 0.69 2.92 132 ± 3 −247 ± 200 0.0417 7.8 0.1190 8.1 0.0207 2.2

15.1 1.09 96 71 0.76 1.71 131 ± 3 219 ± 130 0.0505 5.6 0.1440 6.0 0.0205 2.3

15.2 2.28 225 175 0.80 3.94 127 ± 3 −829 ± 420 0.0335 15 0.0920 15 0.0199 2.2

16.1 3.61 124 90 0.75 2.19 126 ± 3 −535 ± 580 0.0373 22 0.1020 22 0.0198 2.4

NL-01

1-1 4.61 201 170 0.88 12.1 430 ± 14 630 ± 120 0.0605 5.7 0.5780 6.5 0.0690 3.4

1-2 9.89 58 27 0.48 4.55 507 ± 19 −111 ± 850 0.0420 37 0.5000 35 0.0819 4.0

3-1 0.03 182 58 0.33 72.8 2458 ± 65 2485 ± 9.1 0.1628 0.54 10.42 3.2 0.4640 3.2

4-1 0.60 461 232 0.52 15.8 248 ± 8 −240 ± 180 0.0415 7.3 0.2260 7.7 0.0393 3.2

5-1 1.79 314 212 0.70 5.77 129 ± 4 −1251 ± 730 0.0284 24 0.0810 23 0.0202 3.3

5-2 0.39 1449 859 0.61 25.6 131 ± 4 108 ± 63 0.0481 2.7 0.1363 4.1 0.0205 3.1

5-3 0.39 1287 847 0.68 23.2 133 ± 4 −102 ± 81 0.0440 3.4 0.1266 4.6 0.0208 3.2

6-1 − 138 130 0.98 77.5 3232 ± 80 3098 ± 1 0.2366 0.43 21.24 3.2 0.6510 3.1

7-1 0.07 634 87 0.14 190 1929 ± 52 1839 ± 6 0.1124 0.35 5.410 3.1 0.3490 3.1

8-1 0.72 276 127 0.47 13.8 360 ± 11 396 ± 100 0.0544 4.7 0.4330 5.6 0.0575 3.2

8-2 3.86 162 57 0.37 8.92 372 ± 12 −1038 ± 910 0.0299 33 0.2560 31 0.0594 3.4

9-1 − 99 63 0.66 38.6 2403 ± 63 2421 ± 22 0.1567 1.3 9.760 3.4 0.4520 3.2

9-2 0.02 179 90 0.52 77.4 2621 ± 67 2592 ±10 0.1735 0.59 12.01 3.2 0.5020 3.1

11-1 1.15 1877 1827 1.01 34.0 132 ± 4 −103 ± 120 0.0438 5.0 0.1257 5.8 0.0207 3.1

12-1 12.63 155 106 0.70 2.98 125 ± 5 −510 ± 1400 0.035 60 0.1010 54 0.0196 4.0

12-2 11.13 176 114 0.67 3.46 131 ± 5 445 ± 710 0.0540 34 0.1580 32 0.0205 3.9

13-1 1.50 1248 888 0.73 23.0 134 ± 4 −11 ± 150 0.0455 6.5 0.1315 7.2 0.0210 3.2

a) ����� 1σ -; Pbc� Pb*���	
��������; ��������, NB-01� 0.79%. NL-01� 1.07%;

����� 204Pb��
����
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3 �������

� 1��� NB-01� NL-01� SHRIMP U-Pb��	
. NB-01������� CL�

�(� 2-(a)~(h))�, NL-01���������� CL���(� 2-(i)~(l)).

� 2 ������� CL �	

(a)~(h)� NB-01, (i)~(l)� NL-01; � !�"�����#$%& 206Pb/238U'((Ma)

3.1 ����(���: NB-01)

NB-01 ��������� . CL ���!���"����#$%&'(	)(*�

2(c)�� 3+,-, � 2-(a)�� 1+� 6+,-, � 2-(e)�� 7, 8, 9+,-, � 2-(f)�� 10, 11,

12 � 13 +,-, � 2-(g)�� 15 +,-, � 2-(h)�� 16+,-), ./012�345 6.

78��� 206Pb/238U �9 120~132 Ma(� 1). 14 :��;�<=>�� ?�@(� 3),
206Pb/238UABC�9(127D3) Ma, EF97�GH4�I �.
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�8��#$!J�KLL M
N	)(*� 2-(b)�� 2 +,-),

K��9 251 Ma. �:OI,

-(� 2-(d)�� 4+,-), #$%

&'( , P3Q�RS���T

U�� 217 � 209 Ma ��. 7

V��WXYZ[��\;GH

]#^_�`a�.

3.2 ����(���: NL-01)

NL-01��� CL ��b9c

d. ef��ghI(*� 2-(l)�

� 12 +,-), \bhI, Wij

k#$, lkCm(*� 2-(j)�� 5

+,-). 78��n NB-01 �o,

%&'(p#$\p!J , WX

nGH]#qrstuvw. 7V��� 206Pb/238U �9 125~134 Ma, "��x�; 129~

134Ma�yz{|}, ;� 4�, f~�x��@. 7:��� 206Pb/238UABC��(131D4)

Ma, EF9 NL-01GH4�I �.

; NL-01 �, "������9�

�N�����(� 1). 78����Ip

��, �����p�}�	). 3� 4:

,-U����\������ , 9

2403~3232 Ma(� 1, � 2-(l)�� 9+,-,

� 2-(i)�� 3 +,-, � 2-(k)�� 6 +,

-). 3 :,-U��N���(� 1, �

2-(j)�� 4+,-(248 Ma), � 2-(i)�� 1

+,-� 8+,-), 9 248~427 Ma. 78

��v8�!J�}�	), v8v%&

'(, �!��� �vp���, �2

3��p�, �:WX�EFY78��

YGH]#^_��`a�.

4 ��

4.1 	
�������

���0�#$����N�GH4�0, *������� �¡¢�¡£¤, �3¥

�¦;p��§i. �¨©ª«"��GH4�0¬®�¯°±, ²³;�GH�0 1�5

´0µ¶�·¸�, "¹ºGH4���(*� �¡£�0�»¼H��"¼H�, ¡¢�

»¼H��½¾H�, ���»¿ÀÁÂ�ÃÄÁÂ)Å�¯°±, 3Æ�®�ÇÈ±[8].

� 3 NB-01 �� U-Pb �����

� 4 NL-01 �	
�����������
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É~ÊË#��GH4�ÌÍ�ÎÏ, »¼H�; 136~125 Ma ÐÑ, "¼H�(125~120

Ma)�ÒH�(117~110 Ma)�ÓÓH��bÔ(106~91 Ma), �®��ÇÈ±[8,10]. 78�

ÕÖY K-Ar\ Ar-Ar×���	
, ØEF9GH4tu� ArÙÚÛÜ��.

ÝSÞßaà� GH4��»¼H���� SHRIMP�9(131D4) Ma, "¼H�á

����9(127D3) Ma, âã�GH4�I �, �!� GH4Y�ÇÈ±]��,

äå�¥Ñæçè. é�, ���0��GH4�0Y�ÇÈ±¥¨êë]#�, �¯°±�

0¬¥�WXìí�.

4.2 	
���������

;»¼H�GH4����î¦v��ï����ï�ðñ, v 3 :,-x�; 2403~

2621 MaÐÑ, �:,-9 3232 Ma. � Ì���0ò½�, óH¤[15];��0ò�ôõó

ö÷µ0øaà 2.9 Ga�ùúûü4�ýÌ�, ;÷µþ�4�#�� 3.3 Ga�����,

1���0ò¦;��ï����. �	;»¼H�GH4�
aà 3.2� 2.4~2.6 Ga���

���, �!;� 0�
WX¦;��ï��0���.

5 ��

1. � GH4��� SHRIMP�;(131D4) Ma�(127D3) MaÐÑ, �!� GH4

����GH4Y�ÇÈ±]��. � GH4®����4��ó����4�, ��

�����x0�[7], ����;�ÇÈ±¦;�S!J���445��ý��, 7
�n

ú�����(����ý 4�!"vw.

2. � GH4�`a� 3.2 � 2.4~2.6 Ga ����, nóH¤[15]#$����ò%í

��&', WX12;� 0�
¦;��ï��0���.
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