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1 ����

��������	
��������������, ��������	�, 
�

(�)-�( )!"#$%, &'���(��	�() 1). *��!"#+,&-.�/012

�3�412�3�56378�9. :;<	=>?��@ABCDEFG<HI�JK. L

MNOPQ<�RSTUV31�78W)XY, &-�Z��[���\A]�<^HI�

JK_`abcdefg�dehi<j=k8��lm
n9
����

��Ao��*��������p

��!"#&-<
012�3$q<rc3st78u�<vwxy3��Agz1{|=

3}
~�1������}��(LILE)������(HSFE)d&�$��, �. MORB �

vw3	���1�, gz��������,<�j���. ����*�c78xy3#o�

�� (¡¢£¤.¥<3¦3�9. §M¨©ª, XY�«¬®*���\A¡¢¯°

£¤.

� 1 �������	
���

1. ������; 2. �����; 3. 	
���; 4. ���������; 5. ���������; 6. ���; 7. ���

�; 8. ��� �!"�; 9. #$

�����<(¡¢£¤.¥<3¦3q± ²�³´µ¶�·¸¹�º�»¼½�¾

¿À	, Á
783�Â¢u����!"#bÃÄ-bÅ�,, (vw3�563�\xy

0=Æe7�vwxy3. µ¶q± ²Çw3, ÈÉÊ3ËÌ�Â¢u��Í��%I�

JÎÏ3ÐÑ, �[
Ò1ÓÔ#$%(���³»JÕ=2�-563s¨&'. ·¸¹q

±$012�3, 
Â¢!Ö(×Øs3�¨ÙÚ, Û9È783�Â¢u��Ü×Øs�Ý

Þs�ßàs�ábàCÀ3�
\2�3xy0=â�<vwxy3#o. 2�3oã`.

Çä378�9, åæç�/deèé<Â¢!Ö�Ò1ÓÔ#. º�»¼½	�<xy3

#q9$o-012�3, ê*�[	�®*ë/Çä3�ìí=2�3�äî=78Ë3, 2

�3æçï�78, ï9�ðñ$òó. ô]õ!ÖæöË÷�V, 3}øùúû^ö<�
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��üýþ��78. ¾¿q±$��3��Þ3, È��783����Ü�	ÓÔÕ�<

o412�3�ìí=2�37�<xy0=o.

2 ���������	


2.1 �������

����
�Æ 25�, _³´µ¶Çw3 7��·¸¹�Þ3 7��º�¼½�Þ3-

�Þ��3 9��¾¿��3��Þ3 2�. �

���&�*+���������ç[��

���ò�, q���¤ XRF �* RIX-2100

��Ñ&�, �/��¤ ELAN6100DRC À�

�9=�� (ICP-MS)�� . ¤�
 BHVO-1,

AGV-1� G-2 &�
���!"<#$�%.

F.��&�&"'� 5(. &�©)*�z 1.

+,-./0Õ12345 K, Rb, Sr, U

À��<��[12,13], 6Ð K, Na ��<781,

q±~¤r9*0ÕO:od78��(Ti, Zr,

Y, Nb);<3}&=() 2), ©)zY 4 >	�

<3}
�Á?�@A1s*.

2.2 �	


µ¶Çw3�·¸¹2�3
�< SiO2 `/Õ�BC$ 46DE54D, TiO2 `/&F$

1.36DE2.22D� 1.76DE2.10D. µ¶Çw3GH
�I K2O(<1D)�� Na2O(2.80DE4.37D).

(Ð¨Rñ, ·¸¹2�3 K2O`/ñ��Na2O`/ñJ. �K2�3ñÇw3� K`/�

�1L(0Õ£¤.¥. Û9MN, µ¶Çw3�·¸¹2�3Á
 Na2O >K2O�� TiO2�

MgO $��, MgO `/GO� 6DE8DÐP, QRñ^�3¦�&��. ¼½�¾¿<2�

3
� SiO2`/Õ�* 47DE59DÐP, ô¼½< 99-45 � 99-48 
�< TiO2� MgO `/

&F$ 1.16DE1.34D� 5.25DE5.65DV, Á
� TiO2�J MgO$��, �.ñ�&��&

��. 99-45� 99-48
��.=S�µ¶Çw3�·¸¹�Þ3<q��â���. ¼½�¾

¿2�3GH
��.�K2O(2.18DE4.91D)�JNa2O(0.2DE2.5D)�K2O> Na2O<��. Ñ

Tq��`/��(UAt MgO `/Õ�èV)QR, �����3¦3#W+[<µ¶�·

¸¹, Ì�-¼½�¾¿, 3¦�.W^��&-�"X�<�&��.

2.3 ��	
��	
����

2.3.1 ����� µ¶Çw3
�YµÛ/J, rZ* 65.6 × 10−6E112.7 × 10−6ÐP,

t�[\}< 17E29]. Yµ��(REE)�[\}�%�^&�_() 3(a))$`Yµ`���

�, d�. Eu�a. `Yµ��(LREE)��Yµ��(HREE)&�:"J, b
� REE^&�

c¨de<, QRYµ&�:"¨f.

rZgh�Þ3�[&ij��ok�Þ3(N-MORB)< Ta, Nbl"&Fd�� 0.7 × 10−6

� 12 × 10−6, Nb/La < 1, Hf/Ta > 5, La/Ta > 15, Ti/Y < 350; mn«�Þ3(WPB)�Oo��o

k�Þ3(T-MORB)�����ok�Þ3(P-MORB)p$ó¨q [14]. µ¶Çw3< Ta l

� 2 ��� Zr/TiO2-Nb/Y���
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� 1 �	�
��-�������(�)�����(�10−6)����

�� ����� ��	
��

� 99-72 99-73 99-75 99-76 99-78 99-79 99-81 99-26 99-51 99-53 99-54 99-55

SiO2 48.24 49.33 48.37 49.75 49.36 48.93 53.57 47.94 46.62 47.23 47.79 47.17

TiO2 1.36 1.42 1.86 1.63 1.55 2.22 1.84 1.81 1.80 1.83 1.76 1.77

Al2O3 14.60 14.18 13.81 13.34 14.52 11.38 13.43 13.08 15.16 15.01 14.78 15.08

Fe2O3 10.08 10.00 12.25 12.07 11.21 13.81 9.09 12.34 12.47 12.43 12.82 11.29

FeO 7.08 7.35 8.40 8.48 7.72 9.18 5.00 7.45 8.72 8.82 8.82 7.95

MnO 0.15 0.17 0.20 0.18 0.17 0.22 0.25 0.18 0.19 0.20 0.19 0.18

MgO 6.63 6.29 6.48 7.67 6.69 6.86 4.37 6.56 7.44 6.54 6.70 7.59

CaO 9.84 8.64 10.76 8.96 10.39 10.45 6.37 10.99 9.56 9.88 9.41 9.99

Na2O 2.80 2.97 3.51 3.68 3.42 3.10 4.37 3.09 1.93 2.46 2.31 2.25

K2O 2.36 2.29 0.43 0.65 0.69 0.66 1.01 0.87 1.85 1.36 1.03 1.64

P2O5 0.14 0.15 0.20 0.16 0.18 0.23 0.24 0.20 0.23 0.24 0.24 0.22

���� 4.14 4.87 2.52 2.20 2.45 2.22 6.12 3.08 2.78 2.33 2.96 2.59

��� 100.34 100.31 100.39 100.29 100.63 100.08 100.66 100.14 100.03 99.51 99.99 99.77

Sc 51.7 46.0 53.0 54.3 49.5 61.4 36.2 54.5 50.3 55.4 49.5 51.0

V 279 284 345 307 294 422 300 317 313 334 304 310

Cr 349 263 199 266 318 47.2 42.0 165 255 266 244 267

Co 37.9 34.7 43.2 47.1 45.5 46.2 47.0 40.7 51.1 48.0 46.6 43.8

Ni 79.0 53.6 66.4 71.9 80.7 42.7 39.1 49.4 111 92.0 93.9 111

Cu 83.9 76.7 56.9 82.2 83.9 86.2 73.0 88.1 72.2 74.8 69.8 71.7

Zn 78.9 79.6 113 107 92 122 169 96.1 102 105 102 91.3

Rb 51.7 48.3 9.08 13.5 13.0 18.1 11.4 18.3 62.0 39.0 24.6 52.1

Sr 107 73.7 219 204 202 209 83.0 174 162 203 177 155

Y 30.5 27.3 37.5 34.4 34.0 44.9 36.1 33.8 38.3 40.7 39.2 37.5

Zr 96.7 102 137 115 129 169 122 123 127 130 129 121

Nb 3.10 3.18 4.41 3.60 3.86 5.21 2.14 4.00 3.53 3.59 3.66 3.33

Ba 383 451 176 255 291 629 247 181 169 165 185 154

La 9.22 8.31 11.7 9.81 11.0 13.7 8.09 10.3 9.31 10.2 10.4 9.20

Ce 21.8 19.2 27.8 23.6 25.8 32.8 21.2 23.8 22.5 24.1 24.4 21.7

Pr 3.19 2.84 4.15 3.54 3.83 4.88 3.42 3.54 3.50 3.71 3.76 3.37

Nd 15.3 13.4 19.8 16.8 18.4 23.4 17.1 16.6 16.9 17.9 17.8 16.4

Sm 4.17 3.75 5.43 4.63 4.94 6.54 5.11 4.53 4.73 4.98 4.91 4.61

Eu 1.39 1.24 1.79 1.54 1.63 2.15 1.68 1.41 1.50 1.53 1.44 1.43

Gd 4.27 3.73 5.37 4.73 4.94 6.45 5.05 4.77 4.62 4.83 4.77 4.49

Tb 0.829 0.722 1.05 0.935 0.954 1.25 0.998 0.868 0.926 0.984 0.955 0.903

Dy 5.29 4.69 6.62 5.94 6.11 7.99 6.30 5.57 5.96 6.25 6.12 5.81

Ho 1.25 1.11 1.57 1.40 1.44 1.89 1.51 1.16 1.40 1.47 1.45 1.37

Er 3.06 2.79 3.91 3.45 3.58 4.70 3.78 3.16 3.37 3.59 3.50 3.32

Tm 0.466 0.424 0.430 0.523 0.549 0.730 0.576 0.550 0.614 0.648 0.626 0.604

Yb 3.37 3.06 4.33 3.77 4.00 5.37 4.18 3.53 3.75 3.96 3.88 3.73

Lu 0.508 0.462 0.665 0.568 0.603 0.822 0.632 0.548 0.588 0.614 0.612 0.583

Hf 3.05 3.10 4.27 3.60 3.99 5.31 4.05 3.64 3.56 3.64 3.65 3.44

Ta 0.254 0.250 0.331 0.279 0.315 0.388 0.196 0.293 0.272 0.268 0.273 0.253

Pb 2.05 3.36 0.762 0.780 0.602 1.15 26.2 1.88 2.22 2.69 2.99 3.64

Th 1.13 1.13 1.52 1.26 1.45 1.89 0.825 0.974 0.647 0.637 0.731 0.547

U 0.250 0.252 0.339 0.274 0.318 0.420 0.498 0.298 0.223 0.233 0.268 0.219
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�� 1

�� ��	
�� ��
�� ��
��

� 99-57 99-66 99-36 99-37 99-38 99-39 99-40 99-41 99-45 99-48 99-49 99-32 99-34

SiO2 47.31 49.86 50.36 55.37 56.23 58.88 54.31 47.87 50.32 51.65 52.02 57.77 49.10

TiO2 1.76 2.10 1.96 1.65 1.57 1.67 1.86 2.10 1.34 1.16 1.75 1.60 2.51

Al2O3 14.92 12.77 15.65 15.31 13.46 12.76 14.45 17.13 15.41 14.73 14.23 11.86 13.05

Fe2O3 12.87 12.91 12.81 11.05 9.29 11.00 11.06 13.55 11.11 10.99 13.16 9.13 14.32

FeO 9.00 8.32 7.58 5.55 4.80 6.48 5.95 9.82 6.65 6.00 7.08 3.28 9.12

MnO 0.19 0.20 0.22 0.18 0.17 0.16 0.17 0.22 0.17 0.16 0.22 0.16 0.22

MgO 6.94 5.47 3.24 3.04 2.39 3.67 2.59 4.02 5.65 5.25 3.67 1.47 4.15

CaO 9.26 9.48 5.07 4.18 8.25 2.71 6.54 3.18 8.09 8.13 6.19 10.25 6.65

Na2O 2.30 3.54 1.65 2.46 2.48 0.56 0.74 0.54 1.65 4.19 0.21 3.44 2.27

K2O 1.08 1.07 4.68 4.01 2.87 4.52 4.91 6.91 2.99 2.18 3.99 0.25 1.51

P2O5 0.24 0.30 0.42 0.40 0.38 0.30 0.40 0.43 0.17 0.11 0.43 0.58 1.00

���� 3.01 2.33 3.46 3.01 3.01 3.33 2.59 3.63 3.36 2.01 3.66 4.16 5.73

��� 99.88 100.03 99.52 100.66 100.10 99.56 99.62 99.58 100.26 100.56 99.53 100.67 100.51

Sc 49.8 54.1 33.2 24.3 23.8 26.9 29.6 33.0 36.8 45.6 28.2 18.8 38.7

V 305 353 171 108 104 152 154 165 199 213 120 101 160

Cr 245 24.7 14.6 19.0 21.2 17.0 13.4 14.4 182 202 19.5 37.0 55.1

Co 45.7 42.2 32.6 27.8 33.6 30.5 28.1 29.5 42.7 46.4 35.5 29.5 23.7

Ni 94.9 28.9 11.0 13.7 12.2 13.8 10.1 11.0 76.2 62.7 11.4 25.2 28.6

Cu 71.6 71.8 36.1 21.3 16.6 37.3 19.5 34.3 48.9 11.5 16.1 15.2 38.9

Zn 105 113 169 109 77.0 138 116 168 91.5 74.7 151 69.5 161

Rb 25.3 27.0 139 101 69.8 177 127 217 91.4 48.7 105 7.82 48.4

Sr 187 287 97.2 112 170 91.1 151 81.5 75.9 93.3 144 508 78.1

Y 39.3 50.5 81.0 71.6 66.9 66.8 76.7 82.4 47.5 30.0 77.3 57.4 88.4

Zr 139 190 348 328 327 281 349 376 178 91.2 373 202 339

Nb 3.77 5.79 9.79 9.37 9.32 8.59 9.63 10.7 4.37 2.05 10.4 7.31 10.7

Ba 188 702 833 535 296 958 662 2362 1492 566 829 80.5 218

La 10.3 15.1 33.5 30.9 27.1 27.4 30.0 34.3 11.7 5.5 32.6 20.4 28.4

Ce 24.4 35.1 71.5 65.5 59.9 58.6 65.1 73.7 27.3 13.3 69.8 47.0 67.5

Pr 3.73 5.31 10.3 9.23 8.54 8.22 9.36 10.6 4.06 2.12 9.90 7.06 10.8

Nd 17.8 24.8 45.5 40.5 37.1 36.0 41.7 47.2 19.0 10.5 43.5 32.8 51.6

Sm 4.91 6.69 11.5 10.0 9.35 9.10 10.5 11.8 5.35 3.16 10.8 8.41 13.8

Eu 1.40 1.83 3.70 3.24 3.00 2.94 3.39 3.80 1.56 1.02 3.46 2.69 4.41

Gd 4.76 6.55 10.9 9.47 8.75 8.66 9.94 11.1 5.32 3.24 10.1 7.80 12.8

Tb 0.957 1.29 2.13 1.83 1.72 1.70 1.95 2.18 1.10 0.685 1.97 1.48 2.46

Dy 6.14 8.17 13.6 11.6 11.0 10.9 12.3 13.9 7.14 4.53 12.3 9.37 15.4

Ho 1.44 1.90 3.18 2.67 2.58 2.56 2.89 3.22 1.71 1.09 2.88 2.14 3.57

Er 3.52 4.64 7.87 6.72 6.52 6.39 7.27 8.06 4.28 2.70 7.21 5.23 8.71

Tm 0.633 0.831 1.43 1.21 1.18 1.16 1.32 1.46 0.779 0.487 1.31 0.927 1.52

Yb 3.90 5.20 9.18 7.76 7.52 7.39 8.32 9.31 4.93 3.04 8.30 5.71 9.42

Lu 0.612 0.813 1.39 1.19 1.17 1.14 1.27 1.43 0.768 0.473 1.30 0.868 1.449

Hf 3.89 5.38 10.5 9.56 9.74 8.34 9.82 11.0 5.19 2.85 10.5 6.09 9.69

Ta 0.271 0.415 0.780 0.744 0.755 0.712 0.732 0.817 0.345 0.181 0.804 0.528 0.790

Pb 2.19 1.27 11.5 7.27 10.5 6.58 11.1 8.14 5.07 2.85 10.1 8.76 5.67

Th 0.733 1.68 6.89 7.07 6.84 5.96 6.44 7.44 2.20 0.768 7.67 2.85 3.16

U 0.266 0.449 1.70 1.82 1.66 1.33 1.60 1.77 0.591 0.189 1.87 0.724 0.816
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� 3 ������ !"#$ REE%�&'

�(0.196 × 10−6�0.388 × 10−6)� Nb��(2.14 × 10−6�5.21 × 10−6)��, Nb/La��	 0.26�

0.38, Hf/Ta��	 12�21, La/Ta��	 33�41, Ti/Y��	 268�312. 
�������

���������������N-MORB. Th/Yb, Th/Nb, Nb/La�Hf/Th��� !���

��� N-MORB"#$%&, �����' Th/Yb > 0.1, Th/Nb > 0.07, Nb/La < 0.8, Hf/Th < 8

	��, ( N-MORB )*+,-[14]. ����" Th/Yb ��	 0.20�0.37, Th/Nb �	

0.34�0.38, Nb/La�	 0.26�0.38, Hf/Th	 2.7�4.9, ./�����������, �. 

0� N-MORB.

2.3.2 ������ 12345�678#9������":�;<=>�� ,

REE?@�, ABC 77.6 × 10−6�118.4 × 10−6DE, ��FG�" 20�30H. REE�FG�

&I�J!KL(M 3(b))./NOP" LREEQR, S67 REE!TU�,V, �FG�&I

�" REEWXYZ[\.

12345�]
^67" Ta��(0.253 × 10−6�0.415 × 10−6)� Nb��(3.33 × 10−6�

5.79 × 10−6), '_ Nb/La(0.35�0.39), Hf/Ta(12�14), La/Ta(34�38), Ti/Y(249-321)��`a8

#��������� N-MORB "������, b'c Th/Yb �(0.15�0.32), Th/Nb �

(0.16�0.29)�d���" Nb/La �(0.35�0.39), Hf/Th �(3.2�6.3)�. 0� N-MORB, (

./�����������.

2.3.3 ����� ef"��67g 99-45 � 99-48 hi67"j;<=>./c	�
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��, REE �FG�&I�J!kL(M 3(c))	lmK, c REE ?@(95.1 × 10−6 � 51.9 ×

10−6)n!TU�`���op����n123���" REE ��. qr,�^9cj;

<� SiO2nd MgO ���As", ./tu�v>!�w. xyDz, {	ef��j|"

��}5�-}5�" REE ?@(182 × 10−6�232 × 10−6)n!TU�`�.d�op 99-45,

99-4867�����n123���. REE�FG�&I�J!KL(M 3(c))	 LREE~O

QRK, �8# Eu T�, S67 REE WX,�l�, ./c:�!TU�,V. ef��}

5�-}5�9cg"���(� 99-45 � 99-48)�zb��.!�X, �\op;<����

����ef"������}5�-}5���]
�tu�v������"��.

ef45�]
67" Ta��(0.181 × 10−6�0.817 × 10−6), Nb��(2.05 × 10−6�10.7 ×

10−6)����, Nb/La ��(0.29�0.37)nHf/Ta ��(12�16), La/Ta ��(30�43), Ti/Y ��

(136�232)`, a%/c����=>9 WPB, T-MORB, P-MORB ��, (9������

N-MORB ��. ��, ef45�" Th/Yb �(0.25�0.92), Th/Nb �(0.37�0.75), Nb/La 	

0.29�0.37, Hf/Th	 1.3�3.7, ./�������, �x� N-MORB��^.

2.3.4 	
��� ��45�67 REE?@,��d(152 × 10−6�232 × 10−6), LREE�

HREE!T�., (La/Yb)N�	 2.0� 2.4. C REE�FG�&I�J!kLMo(M 3(d)), REE

WXl�, ./:�!TU�,V����v^�.

��45�]
67" Ta, Nb����!0	 0.528 × 10−6�0.790 × 10−6� 7.31 × 10−6�

10.7 × 10−6, (�, c Nb/La �(0.36�0.38), Hf/Ta �(11.6�12.3), La/Ta �(36�39), Ti/Y �

(167�170)`, a��������� N-MORB, ( 0� WPB, T-MORB, P-MORB. b'd

Th/Yb(0.34�0.50)� Th/Nb(0.30�0.39)n� Nb/La(0.36�0.38)� Hf/Th(2.1�3.1)������

�45�n 0� N-MORB.

3 ������

��5"�v� j|	���n���n��}5�n}5�, qr��=\����

��¡�¢£,�"���v�=\[15], ]
^67Q¤¥¦§(2.01¨�6.12¨), ©./ª

K"���v�w[16]. AB�, �«¬�®¯��AB8#d Ni(250 × 10−6�300 × 10−6)n

d Cr(500 × 10−6�600 × 10−6)�w, Ni� Cr��"°�!0±²³�¬��´µ�n¶·�

�"!¸{¹[15,17]. ��45�8#� Ni(30 × 10−6), Cr(50 × 10−6)��, 
�c��tu�

v[15]. �n123nef���45�a8� Ni, Cr��, �����º»�v��.

�¼½¾"�¿�ÀÁ"]
^��67" TiO2 ¤@�ªK��45�Âd. qrd

TiO2 ��ÃÄÅCÆ����n�ÇÈÉ���'_}ÊËg�ÌÍ�ÇÎÏ"Ð^���

g[15]. Ñ(, ¿ 45�'Ò�ÓÐ^ÔÕ( 0�Ö×. Æ������ÇÈÉ���8

#�."QR�¸ØÙ�;<(LILE)�dÚÛ;<(HFSE)!T��. ��545�9D 0

�., CMORB&I�"O@;<��ÜÝM(M 4)o, ����(M 4(a))n12345�(M

4(b))nef45�(M 4(c))���45�(M 4(d))a'Þß^QR�¸ØÙ�;<(LILE)nd

ÚÛ;<(HSFE)����lm	��, àc�8# Nb, Taáâ� ThQR��, q�ªK��

45�"������, �. 0�ãä���(åæ OIB)QR�ç!�,è;<"é�êëì

KJ!KL[15,16].
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AB�, ��45�"����^í���îï®¯� MORB ðÆ�ñò���� �

«, qr�." Nb, Ta�óô�'²³�õö=!®¯".÷� Nb, TaÉ|"øù[18], ú�

'ûüõö��ýãþ®¯"Q LILE(Sr, Ba, K, Pb, Th, LREE)=!øù�«�� n�ëM

�g,�" K, Rb, Ba, Th� Ce"�d�Å [15]. CO@;<��ÜÝM(M 4)g, ��5]


^��678#�." Nb, Ta�ó, �9 MORB,�, Nb� Ta��b��, qr.÷" Nb,

Ta�ó.Ñj	�
� LILE� Ce"�d�ë".

� 4 ��� MORB ����	
�����

�ÌÍ^;< Nb, Ta, Zr, Hf, Y, Yb`���É|(¦¯��, (ÌÍ^;< Th)�

�É|¦¯��, Cõö{¹�>"45�g�	QR, (�, ��C����{¹���{

¹üUga�	��, ³y, Ã±¹��������º»�0. C 2Nb-Zr/4-Y M�����
g(M

5(a)), �#67wa�ù45�� N-MORB  �. C Hf/3-Th-Nb/16 M����
g(M 5(b)), �#6

7a��C�� , b8#�ñò� !Ð^��"#. Nb/Th-NbM�����(M 5(c))©$%c	

�����. C Th/Yb-Ta/Yb M�����
g(M 5(d)), �#��67a�CÆä��º», (&¸

MORBnãä���(WPB)�ÌÍ�ÇÎÏº».

'\op;<����!(, 
�¿ÀÁ��67>³)9ã*¢£{¹#�, +��

�>�����º», ��x�E,ó"��^. ��d TiO2 ¤@��²³��«� -#

=>�^[23�25].

4 ������

opSr;<������./, Å'��./�*0R�12�, ä"����n
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� 5 �������	
��

(a) AI. �������, AII. �������	
����, B. E-������, C. ��
����	������, D.

N-������	������; (b) A.N-������, B. E-������, C. �������, D. ������;

(c)	(d) ACM.���������, IAB. �����, MORB������, OIB�����, WPB������, CA

�����, S������, TH�
���, DM�� !", EM�#$!"

123nef���45�>¯�ã*¢£{¹, +���>�����º», 
�3��5

4Ï56Cã*¢£õö{¹. 78"�9�c¢£�]. 
�g-:^��;<"�=<�

>?{@���, ABCDE¼FGHI"9��JK,L\"�=<>MNO. �PK�

�JKQ�R�qS���v{¹"�s�R.

��� hTU���VW, X4��"!T¦¯��YZ, 
ÅCX[\XÏ]^!

_#go`abÇ,cd�, efgh�YÔ-ijÔ-kjÔ�l, mnÔ-opÔ' �^

¡��q\r�st¯��lDo. (�� 'X"uØ4ç)¦v#ijÔ-kjÔ�l,

j		wnx�,yzU�, (�9cs{st¯�Ã|l��q\�Ô. qr}T./~t

¯]-g¯]�, 3��54ÏÄÅ���"��!�.

���{¹��VW, �� XT"��5 :�-�l�ÔYZaD��, (X[\X

Ïst¯�_c'B�la¦¯��þ�,��{¹, ot¯�-kjÔgh, (mnÔ-op

Ôa	D��"Ç,��a�U�. ����}�� st¯�-`aÔ�lq\ï�_c,
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�"����{¹��, �\ ������	, X[\XÏ"��{¹�R����Ä�

YZ-kjZ. �/ã*¢£¦¯C�YZ-g¯]����ä.

9��45���*|���>��./ "���l��kj�, 
���./��

>�])~� T1; XTBÇ��£� g�ù��"���l	 T2; C�5 XT"��n

V�� ¦v#~kj�BÇ�ñ�U�[26], 
�X4Ç*"��n�£{¹�~kj��

�� ¡¢\ 'X"uØ4ç�V� , �(R��X[\9uØã*DE£¤�5{¹

¦¯�gkj�. ������J���5XÏ"¥¦§ò��>�±Í�ÇÎÏ¨,º»,

�]	��Y�[27]. �\ �����, ��©� "ã*¢£{¹j	¦¯C�YZ-�k

j�.

Cª[\XÏ«�-¬A (®¯¬« )±J�6C~t¯]-�g¯]°�./� ,

ô#9Æa±¨,�"°��, ú#9Æ²¢£õö#�"��45�, %/56C¬«t

Æa_c¢£õö{¹. ³´"yz{¹ÀÁ
�, «�a��µ�g`a���Û¶",

�n~`a�-�YZ��±¨nø·"��üU[28]. �\«�k¸Ø¹º°��"»��

¼lg¦Å���Y�½¾¿Í�À��[4], ��Á/¬« �µ�`aZ-�YZ�u,ó-

eÆa��üU. ¬«°�����]	 220�242 Ma[2,29]]. 4T¦v�@"g¯]£¤KÂ

Ã�, c�>�]	 206�220 Ma[30], ��R��¬«ÆÄ\�R	gkj�.

yz���v{¹JK
�, ¬« ûüÅ5���,ª�"dÆ� ,  ÇÈÉÊË

�0XÏ . Å5�ªÌ"dÆ� yz��Í�.���,�"uØ , Ö×'gh`a

Ô-�YÔ	��, ijÔîï�CgÎÏbDo. (dÆ� ¦v#·�a�,`aÔ-�Y

Ô, a�yz|Ô%/`aZ	ÐçÑÒ,�, �YZ��±���.ø·, %/,ó±¨{

¹, b��ÓsÆ²"ÄÅ[30]. ªÔÇç"ªÔÀg�|Ä¼¤~`a�-�YZ½¾¿[31]»

��"Õ2Ö45�, 9Å5�"hÖn×ØndÆÙÚÛ�¦Å"��45�, ���>X

[\XÏAÜ��45� [28], ./X[\XÏ6Cã*¢£{¹. ÝÞ Ç±Å5���

r���ßr, �4�Å52à¦v"�t¯]Ð^�[33]áAâ
�© V�ã�äå±¨

æç. üX1a�Ö, CÊË5XT12�,ª�Äè#°�./� [8]. ¿éC��54Ï

ê��9õö{¹#�"�v� , �\�#"°����Á/©� 56CtÆa_c¢

£õö{¹, 
�¬«  Çëä�ÈûÊË-�0XÏ.

� � � �

1 %&', ()*, +,-, .. /01�231�4567�89:;. �&<9, D=, 1996, 26(3): 193>200

2 ?@A, BCD, %&', .. E/0FGH12IJKLM���3NO9	!PQ9: RSOT67UV3WX.

�&<9, D=, 1996, 26(3): 223>230

3 YZ[, \]^. /0R MORB��_3`ab�cdefghic: :jk�R"l,3WX. �&<9, D=,

1996, 26(mn): 34>41

4 o)p, qrS, stu, .. E/0FGvwxy�2�abz3{|67}~. �&<9, D =, 1996, 26(mn):

78>82

5 ���, %&', ��c, .. E/0F�-G��V2LM����_!PQ9:;. �_9�, 1997, 13(4): 563>573

6 � �, B �, ���, .. �����vw�3!PQ9:;67�!H1}~. �_9�, 2000, 16(1): 106>110

7 � �, B �, ���, .. ���vw� 40Ar-39Ar N�: �����R:jkTl,	��3WX. <9��,



� � 12 � ����: ��	
������������� 1153

2001, 46(5): 424>426

8 �� , %&', ���, .. ¡¢£�vwH1xy�3¤¥67�!H1}~. �&<9, D=, 1999, 29(3): 221>

231

9 Coleman R G. The diversity of ophiolites. Geol mijinbouw, 1984, 63: 141>150

10 % ¦. vw�§¨�3©ª«¬. �_9�, 1995, 11(mn): 228>240

11 �� , %&', ���, .. ��®�!¯°£�±²3³´. �&¯µ!M, 1998, 17(4): 371>376

12 Hart S R, Erlank A J, Kable E J D. Sea floor basalt alteration: some chemical and strontium isotopic effects. Contrib Mineral

Petrol, 1974, 44: 219>230

13 Mitchell W S, Aumento F. Uranium in oceanic rock: deep sea drilling project leg37. Can J Earth Sci, 1977, 4: 794>808

14 Condie K C. Geochemical changes in basalts and andsites across the Archaean-Proterozoic boundary: identification and

significance. Lithos, 1989, 23: 1>18

15 Wilson M. Igneous petrogenesis. London: Unwin Hyman, 1989. 1>466

16 Pearce J A. Trace element characteristics of lavas from destructive plate boundaries. In: Thorpe R S, eds. Andesites: orogenic

andesites and related rocks. Chichester: Wiley, 1982. 525>548

17 Green T H. Island arc and continent-building magmatism: a review of petrogenetic models based on experimental petrology

and geochemistry. Tectonophysics, 1980, 63: 367>385

18 Saunders A D, Terney J, Marsh N G, et al. Ophiolites as ocean crust of marginal basin crust: a geochemical approach. In:

Panayiotou A, ed. Proc Int Ophiolite Conf. Cyprus: Nicosia, 1980. 193>204

19 Meschede M. A method of discriminating between different types of mid-ocean ridge basalts and continental tholeiites with

the Nb-Zr-Y diagram. Chem Geol, 1986, 56: 207>218

20 Wood D A. The application of a Th-Hf-Ta diagram to problems of tectonomagmatic classification and to establishing the

nature of crustal contamination of basaltic lavas of the British Tertiary volcanic province. Earth Planet Sci Lett, 1980, 50:

11>30

21 ?@A. vw�ScH1¶·3 Ba-Th-Nb-La¸¹º. �_9�, 1993, 9(2): 146>157

22 Pearce J A. The role of sub-continental lithosphere in magma genesis at destructive plate margin. In: Hawkesworth C J, Norry

M J, eds. Continental basalts and mantle xenoliths. Nantwish: Shiva, 1983. 230>249

23 Cox K G. The Karoo province of southern Africa: origin of trace element enrichment patterns. In: Hawkesworth C J, Norry M

J, eds. Continental basalts and mantle xenoliths. Nantwish: Shiva, 1983. 139>157

24 Bellieni G, Brotzu P, Comin-Chiaramonti P, et al. Flood basalt to rhyolite suites in southern Parana Plateau (Brazil):

palaeomagnetism, petrogenesis and geodynamic implications. J Petrol, 1984, 25: 579>618

25 Mantovani M S M, Marques L S, DeSousa M A, et al. Trace element and strontium isotope constraints on the origin and

evolution of Parana continental flood basalts of Santa Catarina State (South Brazil). J Petrol, 1985, 26: 187>209

26 �� . »�¼¢!¯½¾¿À-�ÁÂÀ!Ã6ÄÅ¶·Æ!Ã9yÇ, 1997, 21(2): 130>135

27 ÈÉ�, ÊË�, Ì9Í. �®��ÎÏ��. �Ð: !MÑÒÓ, 1993. 1>186

28 ()*, %&', +,-, .. /0E�½RSOÔÕ-Ö×TÄÅØÙ6H1ÚQ. �&<9, D=, 1996, 26(mn):

28>33

29 Li J Y, Wang Z Q, Zhao M. 40Ar/39Ar thermochronological constraints on the timing of collisional orogeny in the Mian-lue

collision belt, Southern Qinling Mountains. Acta Geologica Sinica, 1999, 73(2): 208>215

30 BCD, ?@A, Yadong Chen, .. E/0£Û�Ü_ U-Pb¥N67!M}~. !PQ9, 2000, 29(3): 209>216

31 ÝÞß, ��à, ?Z�, .. E/0áâ±abzQ_3{|67!M}~. �&<9, D=, 1999, 29(1): 38>44

32 ���, %&', �ãä. E/0å��æç-è[-éêë���ì23¤¥67�!H1}~. �&<9, D=, 2000,

30(mn): 53>63

33 %cí, ` �, %&', ., E/0îRSO���ï±3!PQ967!M}~, �&<9, D =, 2002, 32(10):

819>829


