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� SE$+; ���� !",P� 1.109�1.639; �
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8��. 9: C �;<=> b �6?@ABCD, ��9:=?E6F� (1010) a〈 〉G

HB
, I%JK���L6?8-M?8�9NO�69: C �;<��PQ. RS

��0� , �����TUVM?8�9�W6XY78Z[\]^, _`Q<ab
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��
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0�TUV��W*�, XY	�Z/[\]^_�0�`abcd�, ef60���	
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1 ����

¼½	�}~�áâãä�åæçè¼½é, �v0�ê�º�j���º|», ëì

íîBïð(� 1). 1(ñQ²v���	òÏ U-Pb6êóA�ô	�õAö6êóN��[6,7],

÷!0����Qøù. 	�cd[�jú	M, ¾¿û 13 km2, ü¾ýRþ¡���, ��

�� NE-SW. ÚS	�*>�ô", ��ô�� NW-SE, �� SE, ��MN, #		��ô


��Ìtµ. [	��

		MZÆ�f��	A����	N���	����, ��

��[�����, P AB¾#��ô�Ìtµ. Ó©	���������	�M!�¤0

.�, �����[ 0.5±2.0 mm, ef�©¤0����¯¤0Ï��gh. ��(�o[

25%±40%)��ýp�$���, *> Ð�!"�, #$%�&', (
$��&'. ��

(�o[ 35%±55%)�f�$�, �G)�.�**>���, #$_�¼¯
+,¼¯. -

./(3%±5%)ýG)�$���, #$0Û#1#&'. 23, 4f���AÒ5�A67�A

�89./A:�A;<�NP=��.

� 1 ��������	
�

XGF,  !-"#$%; TTF, &'-&($%; TLF, )*$%

¼½	�6êó�?w>?ÐÕ, �����	@� U-Pb�AB�°C 726D15 Ma, b

B�°. 224.5D6.3 Ma, ²	���E�#-./� Ar-ArF�°kj. 203.9D3.5
 180.8

D2.5 Ma[8].

2 ����	


.G$o��	��T�o
T�HI, [	��
JKG 26 ]$�LÌ, Moò�k

lZN(� 1). [O�, QP]$�LÌQRSS�TUu��T�¾��(XZ, YZ, XY¾), Q

SS�T�¾M�����JV Robin W�X®$, PS��®$ 40±50 S��. ��SS
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�T�¾T�oYW, Z[\}S]T�^
T�_`(abc`). �����o�dQ��

ø.ef, /øÂ�T�Lg�, ��p�T�ghhÈÂv?iÚS	����X..

T�®o¤j(i 1)ÐÕ, �T��F(X/Z)k�, [ 1.59±2.18; Y/Z[ 1.37±2.02; X/Yk

À , [ 1.06±1.34. T�_`abc`[ 0.11±

0.82, lmZn[o����(� 2). T�����

� SE�p, ��øq, �[ 15°±40°. T�M��

NE 2 SW q�. T�r���� NW s�, tù

`� NE2 SE�p. uT�kvw�}: (1) ��

�T��F(X/Y)kÀ, d XY//�ô¾, �2, �ô

¾��/o���¾; (2) abc` K^ZÀ� 1.0,

i ÚS¼½	�/[o��xb*>yz��;

(3) T�r���� NWs�, ÐÕ	�����

) NW � SE �{|o�, ��ÏÃM�5� SE

}~, X# AMS �¤jtµ($bÍ). 
k��

(SH-09, SH-19, SH-20)#¬���R��, wh/

(
TU�12W�(
�K���¤j.

� 1 �������	
��


�� XY YZ XZ K X ���/(°) Y ���/(°) Z ���/(°)

SH-02 1.31 1.45 1.93 0.73 175 17� 55 17� 353 80�

SH-03 1.25 1.48 1.76 0.57 142 12� 68 2� 304 85�

SH-04 1.25 1.38 1.68 0.69 127 57� 43 6� 330 43�

SH-06 1.32 1.41 1.68 0.54 128 15� 51 10� 323�85

SH-07 1.34 1.43 1.72 0.82 162 79� 52 11� 353 5�

SH-08 1.25 1.56 1.80 0.50 95 20� 212�17 285 71�

SH-09 1.31 1.51 1.80 0.46 263 28� 190 14� 98�62

SH-10 1.14 1.90 1.98 0.20 129 33� 213 2� 326 52�

SH-11 1.23 1.85 2.08 0.28 149�30 49 2� 321 59�

SH-12 1.17 2.02 2.13 0.22 269 42� 185 44� 95 54�

SH-16 1.30 1.69 1.99 0.50 135 40� 225 18� 331 52�

SH-17 1.20 1.63 1.77 0.37 134 25� 228 12� 338 52�

SH-18 1.22 1.81 2.18 0.26 217 13� 124 30� 23 64�

SH-19 1.06 1.46 1.69 0.11 237 70� 111 27� 35�22

SH-20 1.26 1.64 1.88 0.37 200 15� 102 3� 2 15 81�

SH-21 1.30 1.64 1.93 0.40 126 53� 50 12� 332 44�

SH-22 1.31 1.58 1.88 0.59 113 25� 12 17� 316 61�

SH-23 1.15 1.37 1.71 0.59 212 2� 120 18� 300 78�

SH-24 1.28 1.46 1.70 0.65 141 30� 214 11� 315 60�

SH-25 1.24 1.50 1.68 0.53 147 15� 204 11� 325�85

SH-26 1.21 1.47 1.61 0.49 174 35� 8 37� 350 65�

SH-27 1.30 1.43 1.68 0.73 104 29� 198 18� 318 67�

SH-28 1.26 1.39 1.59 0.70 122 45� 13 31� 302 50�

SH-29 1.25 1.43 1.66 0.62 121 40� 223 14� 343�50

SH-30 1.25 1.51 1.69 0.54 130 17� 209 12� 327 68�

SH-31 1.23 1.49 1.67 0.52 144 40� 29 14� 322 50�

� 2 ��������
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3 ��������	

�������(AMS)�	
��
������������, ��������


����� ��!"#$%&'()*[9]. +,, -./�
�� AMS �01
����

!"23%4567. 89
�:;����<�=�, >�?@AB< 578C[10], 
��

AMS DEFGAHI�!"45%&'(67. �JKL467M(�NO K1K2%
�NO

PQ), -R AMS�ST�U<L4ST�[11,12], V K1//a, WXYO��; K2//b; K3//c, WXZ

[L(��, \�K1, K2]K3^_<AMSST�`ab�I]`c:K(K1>K2>K3; a>b>c). d

$�������ef, � P-Tghij(P<����B, T<57ef[11,12]), %klL4m

n�opgqrks�!"tu, \�

2 2 2

31 2exp 2 ln ln ln
m m m

KK K
P

K K K

      
 = + +     
       

; 2 3

1 3

2(ln ln )

ln ln

K K
T

K K

−
=

−
, 1 2 3

3m

K K K
K

+ +
= .

�vwxy 19 z{�|}, �~����� 2 cm �
�, ��|}�� 2�6 �, �$

HKB-3����(15��m�, ��������
)�� AMSm{, m{���X 2. �
m

19���, �������f�s��a(  sh-18c� K1¡ 33193SI, ¢ sh-07£ 592.4SI), ¤

DE45 B� P �4��a, � 1.109�1.639 ¥I; DE¦§4567� T �¨<©�

� 2 �������	
��
���

�� ��� K1(SI) K2(SI) K3(SI) Km (SI) P T
���

�	/(°)


���

�	/(°)

���

�	/(°)


���

�	/(°)

Sh-01d 6 3316.3 3174.3 2810.9 3100.5 1.187 0.471 205/19 226/25 176/32 139/45

Sh-04b 6 13312.0 12583.0 11421.0 12438.7 1.168 0.265 125/22 150/43 74/12 133/15

Sh-06 6 9721.5 9323.0 8657.5 9234.0 1.125 0.278 305/7 305/15 324/9 140/15

Sh-07c 6 592.4 562.14 473.0 542.5 1.266 0.534 307/4 353/5 238/9 110/10

Sh-09c 2 18098.0 17022.0 15081.0 16733.7 1.204 0.329 330/13 263/28 56/32 157/29

Sh-10c 5 3924.6 3601.4 2984.6 3503.6 1.324 0.372 112/39 129/33 155/40 153/31

Sh-11c 6 3037.9 2621.9 1880.3 2513.4 1.639 0.386 127/34 149/40 183/36 161/31

Sh-12c 3 681.4 634.9 514.9 610.4 1.339 0.496 161/30 125/44 144/26 125/41

Sh-17c 2 10372.0 9868.5 9153.0 9797.8 1.134 0.204 24/36 134/37 63/27 163/19

Sh-18c 3 33193.0 31315.0 27242.0 30583.3 1.225 0.410 154/36 125/19 232/17 115/34

Sh-19c 3 17735.0 16599.0 15039.0 16457.6 1.181 0.198 137/31 111/27 100/18 178/29

Sh-20c 3 14356.0 13806.0 12396.0 13519.3 1.164 0.468 106/38 102/32 87/32 140/39

Sh-21c 3 13336.0 12744.0 11832.0 12637.3 1.129 0.241 173/31 126/53 129/39 150/34

Sh-22c 6 4379.5 4049.5 3371.2 3933.4 1.309 0.401 137/44 113/25 169/45 145/30

Sh-24c 5 11691.0 11240.0 10554.0 11161.8 1.109 0.231 163/12 141/30 130/20 120/30

Sh-27c 6 10251.0 9822.0 8770.2 9614.4 1.175 0.452 130/33 104/31 38/13 145/21

Sh-28c 1 16568.0 15218.0 13776.0 15187.3 1.203 0.079 132/19 122/53 213/15 210/43

Sh-30c 2 7340.5 7146.5 6574.0 7020.3 1.122 0.514 121/28 130/16 166/17 145/30

Sh-31c 4 13985.0 13108.0 11555.0 12882.5 1.214 0.321 128/35 144/46 125/36 153/36
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(Tª0, T = 0] T«0^_<Z[b¬Nb­®45[11,12]), � 0.079�0.534¥I. ¯,°±��

����s��a, ¯�=�^²�³´
µ¶. ¢ P] Tf�·¸1
��¹FGAº»¼

�Z[45(g 3(a)). ½;¾¿�À, 19���� 78�
�m{f�¨Á<©, ¸1
�Â�

45�PQ�. � AMSÃ¬ijg�(g 3(b)), Z[L((K3//σ1)330Ä61°, ¯ NW� SEÅÆ

Z[. ��Ç'��(K1//δ3)� SE, ÈÉÊ 30°. �NO(K1K2)%ËÌNOÍ}PQ, :;� SE

ÈÎ(g 1), %L4^Ï��sÐÑ. Òw, kÓf�NOb�YO�6%vwËÌNYO�P

Q(  sh-09c, sh17cÔ), Õ-ÖÀ
×Ç'ØÙ��Ú!ÛÜÝHÞßà"���.

� 3 ������� P-T 	
(a)� AMS �
	
(b)
(a) �, ����; +, ������; ×, ���. �	
��
����, ���
�

4 �� C ���

� 32 z{�|}á*â¬ãä���å C KÚ!m{, ��ãäm{ 149�182 ��å

æç(+èé
l, g 4 £� 10 �). �â¬
Úg�, aêf
Úë| a K� SE ìÈ, b K

NE-SW íâ¬, c K� NW îÈ. �åÚ! ac NïðÎ�ñ(SH-03, SH-16, SH-24, SH-26,

SH-29)ò¦Î�ñ(\ó��), �ôõ ac ö÷, Gøù:;�NO S )*. +,, 45
�r

k S !"
�úûü B !"
�ý�þ�, ¸1Z[67M�45. aêGøù� b K^²,

X¿�å�'N.�N (1010) a〈 〉<:, \�'ABG� 550C[13,14]. Á^Ú!(SH-04, SH-10,

SH-16, SH-20)�ôõF�� bK¥w��Gøù, Õ�øùê� NWò SEìÈ, øù	íô

õc
ö÷, Õ�Ú!ÀßN(0001) a〈 〉�'���, \�'AB�� 400C[13,14], ¯,¸1


�
��A���¹� SE-NW���Z[45.

���t�À, �������
 UHP(���å
]��
)���åÚ!ïP�Gø

ù��ðK�ñ(g 4(a), (b)), ¸1FGA67M�­®45�*[15]. ¯� UHPï�����

�����
�, +,���å
]��
�­®45� , ¸1F
��:H45!�"

G[
��5#.
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� 4 ������ C �	
�

����, ���	
, ��
��������; ��������(%); a, b, c������. ��� �!"#$%&

�
#$(100)�'; (�� �!")*�+*#(001)�'

5 �����

5.1 ��������	
��

��, ������	
��
���������������: �� 700Ma[8], 240�

220 Ma[5]� 205�180 Ma[4,8]. � !"#$%&, �� 700 Ma'(�)*+,-./�01

23
��; 240�220 Ma(�)4�56
��; 205�180 Ma(�37-.89:;
�

�. ��<=(: (1) >?@AB
�/�0CDEF5!G
�.65! H
IJ, K(

L0MN8, O@P69QRP6STUVW.8. XY, @AB
��ZC[\]
��


./9.8IJ. ^_`a&b�8F��, cd, ef
�/�0g(hi7-
jklm

n4�. (2) o���	
��
 227�234 Map%&e(�)
56��[5], e9qr
!"

stuv. (3) ��	
���*+D UHP�0, �34���'wZ,� UHP
8F��.

5.2 
������������

Px�3!"styz , w�3CD�!"(�"�)
��.8IJ . {|}~�D :

(1) �3�@AB
�/�0CDEF5!G
�.65! H
IJ, �CDjk���

.IJ, yz�)��� ��hi�!".8��; (2) '.st��, �'.� XZ � YZ

'.���� XY�, '.��������� 1.0, ���8��� T��&��, =Y~�
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�34�����M&��
��B��TU�!".8; (3) 
�/�00 
 C¡¢!y

z£jkB�
��.8&�, ¤¥TU¦§jkG¨k
©ª��.8. «¬�
���


 UHP
0 ¢!9�3�yZ�, yz¦�3
�-.8­®� UHP
./��.

���	
��8F
!"¯°9±� �'(: ² UHP §³´µ¶i�³·�, p!

"¸¹
º»�¼j�½�¾smn, ¿ÀÁ¾ÂÃÄÅÆÇ¾ÈÉ
BPÊ"�½8F
�

�, º»mnË/(ÌÍU�))Î½ UHP GÏÈÉ, �Ð;�� ��hiN�ÑÐ(NW G

SE)
����TU�!".8, Ò79 UHPuÓµ¶Ô³�. ÕÖ5_9×ØÙÚ
ÛÜÝ

ÕÞß[4].

5.3 ��

� àá��Px�	
��3
yâ!"9�¢!#$ãäåJ%æ: (1) sç�Ï�

�
�	
��'(� UHP8F­7Ñ4�
, èr'é� UHP8F
Ò�êë��, e9

Hacker[16,17] Úìãä
��³í UHP./�é',� 240 Ma(uv
; (2) �	
���-

.8TU�jkîï, Zð(�)FXñ(\]�0
lò", è�(¼j��
u�I�

óô, èà UHP
µ¶��9�"�½�
!"õö(÷�
; (3) Ï���	
���ø�

ù��, e��eú�0FX9¼j�8F÷�, èr*+ UHP 7Ð;4�, ûãÏ��µ

¶äüýø
 UHP�0.
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