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�������������. ����

� !�"#, $%��&'�()���*+,

-./0123*+45. 6789���:;<=

>,/?�������@�[1], A/BCD!	


��E<F  40%, GH�I��@	�#JK�$%

L&�[1~3]. �M�NOPQ, L&�
��RH&

'��SH&'�T�U�VWXYE(�Z[H

��
\.[SH��/]^���&'�7�V(

_`abcdK�[3~8]. eJ, ��L&��fg�

��
hijjklm�V�no, J/
��	


��$pqr[6~8]. 	
SH&'�ABs�VW

XYE(�V-��t0uvwxK�[9,10]. 

yz{L&�V
|}~���#�����

�����V, ��F 20 km2, �( 95%��(V�

�
�)�L&�. ��V�e.K�����T}~ 
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�������(���
M 20 ��}~���N

O�:����], �9��T �¡¢. £¤�¥

�
¦§�¨	$%��&'�, ©¥�|}~�

Tª2«¬­�®¯�[11,12]. °±²³[13]´#, �L

&�Vµ£��ab���hi. f¶·Y¸I�

�0u¹º.»!��¼½Vhi.�����
�

@��23�¾+(¼¿ÀÁ)23��NO¥�, y

z{�V
��ÂÃ&'�g�VÄ��ÂÅ	Æ

<ÇÈ���0uvwK���ÉÊWX�eL 

&�.  

1  ��������	 

yz{L&�VËÌ|}~����Í	ÎÏ, 

Í-|}~���ÎÐÑÒ  (ÓÔÕÑÒ) �|Ö . 

�V×Ø 18.5 km, ÙÚÛ 1.1 km�ÜÝVÞ���

ßàËÌ}~áâã�0�g�( , ØäSåÄ

NWW åæç��èSå]^, Íéê, êâ 70°ë

ì . �Víî�!Æïðñ� [14].  �òH��� 

(�ò) [Øâã�³���g�. �ó��ôõk

löI��»�
/÷E<øùú/0123�Æ

ûú23�üýþ��[15,16]. �f�³[16]´#�Ã

ÌI�­�þ�����ÂÃæ. 

�V�	��ª�, �ÎÏ£	
��¦�ß

�
�, �
¤��k¾Ý����
# 4 ��� 

I�:  

(1) �ñ��L&�   ��V#�����

85%��, ����V��V(� 1). ��µ£�ña

�.��ýÞa�, s 70%~ 90%�ª��&'� 

(Fo 90.37~91.57)������
 �¦��.!ã

�.Üã�."�³�g!Ø����, ©klú#

�$�%&�Khi. ��(¼½�+/÷'<�

ÜÝÞ�(Þ()ñL&�*V, Tk¾+ß(,

-./£)ñ&'�ù0V�$ý������å


 (�  2(a)). °±²³[13]1�I���k¾��.

2��K��ghi34Y5�6±.  

 (2) ()ñL&�  ×/÷���*V
 Ì

��L&�((�  1), 7��V#����  10%. ��

��
Z], s 98%����&'�(Fo 90.51~90.98)

�-+89���, �µ£:;K()ññÞa�

(�  2(b)), J/µ£��&'�¼V�¦§�¨	  

$%��&'�xj/�ñÞ�ba�. &'�(

<=�,-/. a���
>¥�, yz{�V(�

)ñ&'�*V
ú$�%&�K�$* [ 1 3 ] .  ) 

 
� 1  ��
���� !"�#�$%&'�()� 

��� 713��� 1�2000�	��
(1973)��



 
 
 
 
 
 

40  *+� D, ��+� � 35- 
�

 

 
SCIENCE IN CHINA Ser. D Earth Sciences 

 

� 2  ��
����./0123 
(a) 
���������������, S-05; (b) �������������, S-17; (c)  !�"�#$��, % !&'(“)”*+,-�

./�"&��0123456��"&�07, S-249; (d)  !�"��89��:;<=, >?(@;<=AB, S-249; (e) 
������

�"&�0�CD�:;<=, S-05; (f) EF�GH����I0��:;<=, S-15. �:;<=�JKLMNO�"& 

ñL&�*V(j/µ£?bhi�@�Þ89�

L&�. �V�AD8BCÞ89�. 

(3) SH&'�  yz{�V#�£-+*[

SH����(7��V#���� 2%), jÄ)ñ

L&��!, DEt�×F�¹º, Ú�ÜÝÞ*V

G¼½Ì��L&�((�  1). ����¼¿�&'

�(Fo 90.32~91.31).HIH�(En 91.52~92.06)�8 

9�, J�KLM(*-+Z[H�(< 2%). /÷L

M([SH�*+���, �KLM([SH�*

+ÆF 80%��. [SH�·j×:;KñÞN¼

*OP�ñ&'��)ý, ÄQRK&'���S

ba��hi�TUa�(impregnation texture[6], �

2(c)), ©-.µ£&'�Ä[SH�*+��x×

8�@�Þ��. 
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(4) &'ÜH�  V� 1 xl, ÜH&'��×

Û</³�WÞV Ì�V�|Ö(�  1), ©Ä��

L&������XY #. öI���&'��

ÜH�ù(K��@�Þ��DZ�hi, [&'

�� Fo \(< 81)k]5Ì^±¸I��(�&'�. 

�����ó��NO_`�Ä�±¸I���T

fgab. 

2  ������� 

��(��V¼½V
��ab��T!ØY

E(»Ëcd����g(¼¿�V.eV�fV), 

ghijmk���abYE(íî���!lL 

M[17], AG¥�
£��abvwD!��!lm

n. 

yz{L&�V^±¸I�������&'

�.[SH�.ob�(p�D8cd£»!��¼

½V(� 2(d)~(f)), gh�×qrÞ #, A/£�a

bst !��u¼½V�v�¼½V
  (�

2(d)). Z�¼½V�×QRK.wbK.xÞ./�

yÞ, �Øz·j <10 µm, {/F 25 µm. ¼½V�

	0�
|}, j¼*��~��0, ������

�/ÜQ����0(� 2(d)~(f)), ·Y�²ü��

�T�K¼½V��
>#* H2O � CO2³�st

�0, kl��¼½V
Gcd������k�

���Ì�����<.ï���JD!mQk a

b�����»!��¼½V, /÷Ì���¼V

�¦§�¨	$%��&'�(x���¸I¼½ 

V[17~19]. 

2.1  �������� 

�w�ÁôÃ	é��g� NOx JXA-733

��~��(�v@�: �`�ï 15 kV, �e 15 nA) 

1»!¼½V~��0�k����
34m
>. 

1~��0���¼½V34�¾� .¡²G¢£

~��0¤��#, 
�34�
£�, £¥a¦/

P 1. Tk¾Ý�×8��bVÎÐ�~���



>a¦§¨, �+lM 100%(©+�
�), �u~�

�0�ÎÏª«0¬�­��0P®N*£0¯	

+�°D��
, £¥	n�+±5, �_`��


²³. 

sP 1B/, ��L&�.)ñL&�.89L

&�.SH&'�&'�(��¼½V�~��Ú�

&'�(Ol).[SH�(Opx).89�(Chr).´9� 

(Mag), ]���L&���V¼½V(�/£ÆP

µ¶��u·��(Mgs) ~b(� 2(e)). ËÌ¼½V

�¸�¸~��t�A¹0(N)
>kl*(©+� 

� 1  �������	
��
�����������(%, �����)a) 

�� S-05  S-11  S-249  S-15 

�� �����  	
���  �
���  ����� 

 ��� ���  ��� ���  ��� ���  ��� ��� 

SiO2 42.25 1.34 45.32 35.98 41.93 10.40 38.86 41.34 57.81 39.06 39.62 41.44 33.28 40.86 41.82 35.14 42.88 

TiO2 0.03 0.03 0.05 0 02 0.03 0.06 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.03 0.03 

Al2O3 0.02 0.11 0.66 10.64 0.05 0.00 0.02 0.00 0.12 3.72 0.06 0.03 15.07 0.06 0.04 9.54 0.73 

Cr2O3 0.00 0.84 0.11 2.02 0.15 0.14 0.97 0.00 0.36 1.66 0.08 0.02 1.29 0.03 0.00 1.76 0.05 

FeO 8.92 85.99 5.43 4.15 8.53 4.96 5.91 9.85 1.39 7.73 9.63 8.47 3.64 8.25 7.87 4.57 8.65 

MnO 0.14 0.07 0,12 0.06 0.16 0.31 0.13 0.11 0.03 0.07 0.18 0.10 0.05 0.16 0.22 0.06 0.01 

NiO 0.27 0.94 0.23 0.22 0.31 0.03 0.24 0.25 0.19 0.30 0.34 0.15 0.13 0.16 0.05 0.24 0.12 

MgO 47.58 4.61 44.08 33.20 48.25 44.49 44.35 48.86 27.77 42.55 47.79 49.68 33.34 49.21 50.67 38.24 45.52 

CaO 0.00 0.06 0.00 0.05 0.00 0.10 0.02 0.00 0.05 0.05 0.00 0.03 0.00 0.01 0.00 0.02 0.00 

Na2O 0.02 0.06 0.02 0.06 0.00 0.03 0.00 0.00 0.06 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.02 

K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 

�� 99.23 94.05 96.03 86.33 99.40 60.52 90.55 100.43 87.78 95.14 97.73 99.93 86.82 98.73 100.71 89.61 98.05 

Fo 91    90   90   90 91  91 92  89 

 Ol Mag Ol N Ol Mgs Ol� Ol Opx? N Ol Ol N Ol Ol N Ol 

a) Fo, ���� Mg/(Mg�Fe)�100 
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�� )SiO2: 33%~39%, MgO: 33.2%~38.4%, FeO: 

3.64%~6.45%, Al2O3: 3.72%~15.1%, Cr2O3 : 1.07%~ 

2.02%, ��� 86.33%~95.14%, ����	
��

�
��. �����������������

�� !"#$ %&'()*��+,-./. 

2.2  ��������	
 

01 Leitz-1350 2�3456789:�;<

=-���>?@ABC��, @A��DEFG

H,IJKL, �M%NOP  2. QR= S���

�>?@ATU 1250~1300V, ���WX,Y@A

(Z4'(S���[X,\, ]^_`ab[X�

<c\�@A)defg(P 2), gh 1000Vij, k

�lm^_�� n"#$ %&Uo@pAg�=

 qj�. 

rst=�QR= S;<=-�����u

!v��n>?@AwxPy, = Sz{|}�~

� 1300V,-S%&��� n"#$n�& , �

��������������Q]^_�>�

MgO�� CaO�������,-���o���

��+��=�,-. 

3  ������ 

3.1  ��
 

�=m��!3�����%NOP 3. ���

=��o�#$��=!F�=[20,21]��, rst 

F�=�= ��g+, � Al2O3(0.05%~0.54%), 

CaO(0.06%~0.69%)! TiO2(�0.01%)	����� 

�, �0�"#$ 	�h 60%���"#$ =

(S-249)S, Al2O3! CaO 	��y� �. Al2O3¡¢ 

£¤�¥¦��,Y(A�§¨, ©��,Y(A 

�ªg�«� ,  ��¬¥¦��,Y(A�  Mg� 

[Mg/Mg+Fe], �rst=�­®¯F�=°g± , 

v²= ³´����=µ!(A���c¶. 

� MgO/SiO2-Al2O3/SiO2·¸
[8](· 3)i, rst

F�=�¹,o���=���º»�¬¼I½a

U¾¿ÀoÁ�¶ÂÃÄ�ÅÆ, �� Oman��=

!ÇÈÉÊËÌÍÎ�F�=n#$��=��, �

�Ï��Al2O3/SiO2(0.001~0.01), 0vÏzÆUÐÑ

Ò(· 3). Ó?#Ô, = S�6�� MgO/SiO2�D

0v� Izu-Bonin-Mariana ÕÖgÐÑ��=×�[

Ø . �Ù��ÚÛ%Ü���"#$ = (S-249), 

Mg/SiO2 �Ý«�, �Þß
ào�=á\ÂÃÄ, 

��:¾¿À,-%&_��y�âã. 

3.2  ���
 

wx¬¼äå\� REE !3���æ�O· 4. 

F�=�3���	�Þ�UÁçè !;Xo�

D (}�� < 0.1×PM[22]), �#$��=�3���

	�©$ 	�ªg�ªZ. �é½
ào�=�

Oman��=æêSF�= HREE�6��n LREE

�ÝÐÑ�ëì REEíî[8,21]��, rst=�QR

= � HREE(YbN: 0.01~0.11) >�U Oman ��=

S#$��=�F�=� HREEïA, � LREEðu

��(A��ñ(· 4(a)). Sòç!óçF�=��

ôõö÷ø U 2 REE ù�íî, #$��=��:

©"#$ �ªZ LREE y��ñ�ðuúì�û

Ä2 REEù�íî(· 4(a)). 

�üýþ����=��
ào���=de

��� U 23���ù�íî[8,21]��, rst= 

�QR= ������(Cs �  Nb)! LREE �6U

HREE y��ñ, de��úìäå\3����î

(·  4(b)). ���=��,�����F�=[8]��, 

Sr ! Eu ðuL���¶¢(· 4), �� Zr ! Hf Ð 

� 2  %&'�()�����*+,-.�� a) 
�� ���� ��	
 ��
�/� ��
�/ ˚C 

S-249 ����� 5 1246~1287 992~1075 

S-05 ����� 3 1263~1285 1056~1090 

S-08 ����� 1 1252 1093 

S-11 ����� 6 1261~1297 1020~1063 

S-15 �������� 2 1225~1278 1037~1046 

a) �� 
�!�"�#
�$%
 23 ± 2�&�
'(); *+�,-.$/0 1 
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� 3  A���BC�DEF�
5�
�GHIJ a) 

���� �����2 2 �����2 2 �����2 2 �����2 2����� 

�� S-05 S-08  S-11 S-17  S-27 S-249  S-31 ZQL-57  S-16 

SiO2 40.62 40.17 40.16 41.28 43.51 45.47 39.74  30.85 

TiO2 0.01 0.01 0.01 0.01 0.01 0.01 0.01  0.03 

Al2O3 0.34 0.39 0.17 0.05 0.37 0.51 0.13  2.52 

Fe2O3 3.92 4.16 4.00 1.72 1.9 6.43 3.71  5.79 

FeO 4.05 4.05 4.60 6.9 6.28 4.45 2.98  3.12 

MnO 0.11 0.12 0.12 0.12 0.12 0.13 0.09  0.15 

MgO 42.67 43.1 43.77 46.02 44.31 37.3 43.78  39.18 

CaO 0.42 0.17 0.64 0.58 0.44 0.06 0.17  0.02 

Na2O 0.04 0.04 0.07 0.04 0.03 0.08 0.05  0.03 

K2O 0.01 0.01 0.01 0.01 0.01 0.03 0.02  0.01 

P2O5 0.01 0.01 0.01 0.01 0.01 0.01 0.01  0.01 

LOI 7.22 7.21 5.9 2.13 2.05 4.53 8.87  4.47 

3
 99.87 99.88 99.95 99.61 99.71 99.5 99.88  86.52 

456/% 

Mg� 0.909 0.908 0.905 0.907 0.908 0.867 0.925  0.893 

Cs 0.0857 0.0778 0.0403 0.0654 0.0294 0.1896 0.4915 0.1339  

Ba 1.332 2.383 33.793 12.664 4.538 69.640 24.723 29.429  

Rb 0.0945 0.0849 0.0938 0.1317 0.4104 3.3481 1.2279 0.6618  

Th 0.0007 0.0008 0.0007 0.0173 0.1327 0.0727 0.0006 0.0028  

U 0.0023 0.0015 0.0005 0.0034 0.0190 0.0312 0.0080 0.0013  

Nb 0.0269 0.0124 0.0079 0.0327 0.0887 0.1570 0.0136 0.0818  

La 0.0070 0.0098 0.0056 0.0174 0.0774 0.4811 0.0056 0.0073  

Ce 0.0137 0.0216 0.0122 0.0465 0.1294 1.0099 0.0209 0.0186  

Pr 0.0016 0.0032 0.0021 0.0038 0.0164 0.0939 0.0009 0.0021  

Sr 14.638 5.687 13.104 7.650 5.851 18.339 5.043 1.714  

Nd 0.0124 0.0114 0.0062 0.0219 0.0753 0.3818 0.0062 0.0063  

Zr 0.0566 0.1362 0.1056 0.3119 1.9665 1.0224 0.1137 0.1297  

Hf 0.0041 0.0044 0.0032 0.0106 0.0418 0.0291 0.0041 0.0058  

Sm 0.0047 0.0019 0.0006 0.0043 0.0159 0.0561 0.0009 0.0020  

Eu 0.0020 0.0023 0.0052 0.0047 0.0053 0.0220 0.0041 0.0029  

Gd 0.0057 0.0028 0.0013 0.0063 0.0195 0.0547 0.0019 0.0035  

Tb 0.0016 0.0005 0.0003 0.0011 0.0029 0.0068 0.0005 0.0002  

Dy 0.0087 0.0038 0.0033 0.0087 0.0111 0.0345 0.0031 0.0017  

Y 0.0881 0.0381 0.0229 0.0626 0.0916 0.1837 0.0309 0.0132  

Ho 0.0025 0.0014 0.0009 0.0017 0.0032 0.0062 0.0009 0.0004  

Er 0.0083 0.0040 0.0024 0.0063 0.0096 0.0175 0.0021 0.0015  

Tm 0.0011 0.0007 0.0004 0.0012 0.0026 0.0026 0.0005 0.0003  

Yb 0.0109 0.0055 0.0038 0.0092 0.0129 0.0194 0.0050 0.0018  

Lu 0.0021 0.0011 0.0008 0.0018 0.0043 0.0038 0.0011 0.0003  

V 29 22 26 12 17 31 11 86  

Cr 2601 2664 4496 1655 2055 4986 3401 37738 75263 

Co 105 110 117 140 118 121 91 154  

7
56

/µg8g−1 

Ni 1742 1818 1938 1917 1837 756 1023 1884  

��� Mg# 90.49 91.67 90.74 91.09 91.62 91.34  92.22 92.78 

9��� Mg#    91.5 91.4 92.3    
 

:;	< 
��: Cr� 95.23 94.57 88.44 91.84 82.57 82.45  81.03 82.3 

a) =�>?@ABCDEFGHIJK%LM , 4N56>?OP X QRRST(XRF), 7
56>?UP ICP-MS. Mg� , =�
Mg/(Mg+Fe); Mg#= Mg/(Mg+Fe)V100; Cr�= Cr/(Cr+Al)V100. :;W>>?XBYCDEFGZ[�HIJK% JXA-8100�\]^_`W

�[8]��, ����� Zr 	 Hf
��

����

������(Zr/Sm ��  >25.2). �� , ����

Zr/Hf(14~33)��� !"#$%&'((36.25[22]), 

)*+,-�.� Zr/Hf '/01(35~ 47). 
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 3  ��
���� MgO/SiO2�Al2O3/SiO2��
 
IMB, Izu-Bonin-Marianaab���; OMD, Oman���; OMH, Oman
����; WAO, AcdefZ[�g����hij�. Jk$lm

no�>pq rsk, tuvw[8] 

4  �� 

4.1  ���� 

���������	
��
, �����

���� ,  ������� Al2O3 �  CaO  �� 

HREE !", �#$%"&'�()*+�,-./

0 .  12()*+�,34 [ 2 3 ]56#-7()�

LREE ���&'89, ����������#:

;8<=>? (Cs@ Nb), LREE, Zr� HfA>?�

BC(D 3), E2��	F>? Ca � Al �&'8G

H. EIJKL�, BC8<=>?, LREE, Zr� Hf

�BM��NO��-���<PQR;STU$-

7()VW�. U��
	XYZ[��\]^�

L���	_`abBM�\cdefOg	hi

�VW�A�
. jk�lmn+op�qr�
 

 


 4  �����(a)�����(b)��
 
1. Oman �����; 2. Oman ���; 3. Oman ���, ��	
[8]. ��
��������	
[22] 
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���������	
��
���������

� (� 5)[10]. ��
�����	������

LREE � �!"#$%&'()(� 3)*+,-	

./01��. 23��45678�9�:;<

=�>?@
��A�BC[3,6~8]DE, F.:;G

.HI�DJBC(
��KL���.:M�)NA

�.:OPQRSAT@
�, UHV#4+,2

3�W.:�	X��HIYZ�56. 

4.2  ��������	�
�� 

[HV\?]^_�`abcdHIefgh

�ij, kl 40%md?'.nop�efqqr

stu�vwx�ef[3]. 2;yczH<=�>?

{|HI��}:7~��
�����
�� , 

�@
����~bc���;��
���0� 

������(���:�����. � Oman<= 

�[3]��������<=�[24]�@
�j�HI

���� 5% ~15%. �� X, @
��FHI.:

d¡
¢�;HI
��DJBC£��'¤� 


��KL�¥0[3,6~8], ¦ .:d¡��§��

FHI{¨�©ª�[3]. «��¬, ­ Oman <=�

®¬�j 1 km ¯�E°^¥-@
�m±²³ ~

F�/´µx?°¶�©ª�, U·��� X, ¸

¹Fº
��.:­»I¼½¾ ( M T Z )¿À� 

 


 5  562 Opx-Ol-Cpx��789�(%, :�;�<)
 
����� 1 � 2GPa ���	
��, ����
�	
��, ��

�������, ����[10] 

ÁÂOPQRSÃÄ
¢�;HI
��DJBC

NA[6~8,25~27]. D+, ÅÆ��:-Ç¬Àk 20 km2, 

UÈ 95%md@
�ÉA, Ê���
��7~�

Ëa:'ÌsÍÎ@
��, ÏÐ23��
��

� Opx º�Ñ#Òt, ; Opx º�ÓsÔÕ�<=

�>?{|HI��
��wÖ��DE×. 23

56mØ
���������0�.:ÙÚ:�

ÁÛ, Ü��ÝÅÆ��:[.:�ª�Þß, ��

F@à�G.HI
��. 

HV#4'á+,ÅÆ��:zâ��;<=

�>?HI�X���(ã� 3� 4). äå, æ�ç�

HREE èf;<=�>?����DE×, éêë.

:ìíîÛ- LREE�X�ïð, U HREE�ñ�D

ò�óDôõÕ[6,8,23]. æ�ç� HREE èfö�Å

Æ��:zâ��÷øùúr¢f?'.n�ìí, 

ÏD÷pûúr�efgh. üý, .:�þ�FR

SAT@
� LREE èf�r�Tów�[8,27], ;²

³~È 0.5%~1%.:��ËA LREE ïð¢f�ç

� Oman @
� [8]D� ,ÅÆ��:zâ���

LREE���Dò�ómØ Zr� Hf	úX���  

(� 3), 8��;RSA�BC�.:�	HIYZ

rW.:�56. 

4.3  
��� 

��	, �3 MgO º�k 15%[28,29]
�úr�

�W�
1�­����^�
��²ÁÛ, Herz-

berg �  O’Hara[30,31]8-23��u����1.:

�t?'���
�1.:(MgO >15%)ú�W. Niu 

�[1]��8-,d¡�HIY­A'd}ûF
 ��

1�, �F
��1HIY�?'.n���ÝN

ArW�� OIB ./�#4pû. ­������, 

z���� �HIY!­ef(Tp: M_�HI0

1"�#]$fd¡��H �%	]ð&'(x

o�	�ef[32]);¥Â MORB �dHIZ )ef

D�*7r-  150~300+[28~30,33], ²³~k 1450~ 

1600+. ÈrW
��(Fo 93.3%),ª*-��./

� Tristan (132 Ma, 01�23�) HIY4?!­

ef(Tp)úr, k 1700+[34]. �5re�
��1H

IY#]d¡ ,  ­HIY6?NATre��7 
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?'.nìíé�¯��rfïð�HI�{ 

¨[35], �8¹¥Ât��rMg��OIB./56�

9Z
��1.:. t���� OIB 56�rW.

:d¡;�7ïð�{|HI�ÖÁÂDJBC , 

�W
��:OPQR;<=�rW>?�1./

�@A�t�KL, ­dHI6?�»IbcNA

×1�	�Õ�(��4�HV#4×15B�R

SAT@
�:. CsÅÆ�@
�:o�	��

�4�HV#4��0�.:ÙÚ:56, üAT�

D�¤EF;HIY01F=	G�RSAT@


�:. «H�3IJKL9�:MN;j 820 Ma O

P Rodinia tQR¤�STHIY[36,37]�F=DG, 

}ûIJÙU : (1) ÅÆ�@
�:V��Wª�
40Ar/39ArreX�Y 833.8±2.3 Ma[38]; (2) ÅÆ�@


�ØZÂ�[����[\��� Pb �¶ó�]

��ó�^�_�`aHa�bc>��, ��³

~�deHa·�f¦HIZ)g`ahHI[39~42]; 

(3) ·�f¦HIYZ��/BC¥0­`a`a	

ij'Ì[40,42~44], ÙU-Çs`a`a�b, -Ç¬

Àts 800 km2, ºthkl��m�noc×°^

p�, 3qr�sHtrtQu<���, mØÅÆ

�@
�:vw� OIB×1�Wl1ZÂ��[16]. 

5  �� 

(1) ÅÆ�@
�:��âh�Ë��0A'5

6���#4�5B×, mØ�Â�/ÙÚ:�ÁÛ, 

x�9�:FÈHIY�/F=DG���� OIB

56�rW./;HIY4?5ÕreyzNA�

rfïðHI�{¨DJBCNA�RSAT@


�:, ; Oman�<=�>?@
�{­�|}æ. 

(2) cs~��	���'á³~, 9�:F�

�Ý·�f¦STHIY­`a`a�b�/F=

�5BH1:, üô���deË�¾�`a`a

wÖ��������	
. 
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