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REE !"#�$%&'()*�+,-., /0123456789:";<=>?

@A, Ba, Nb<B@AC�, Pb, Sr<BDECF. Ta/Hf > 0.3, Th/Ta < 1.6, GH��I

JKL12MNOPQ<R�@A12ST. UV������W:�9X��Y�


��
�Z[L\]12MNO<R^_`�	a1bcdefgh, iK12M

NOjk, UalFefmnopqr`d, s^tu�vwxy.

��� ����� 	
�� 
���� ���� ���

���������	
��
� 10�������������[1~3]. ��, ���


����	 
�!"#$ 
%&'()*+,-. ./���	 
�0�12345

64-6478��9:��;<=+>�?1@A�BCDEF, GH�IJK�	
��

"#$ 
%&�LM��0N. OP��	 
�"#$QR�STUVWXYWZ[U

V�\]^_`X, ./�abcd�efg-higjk, l� 
��mnopqrsq

tuDvWwxyjz{�!"#$jk�./�34564-64|8D}�8�8~78

�. �����78��}�8��������8��q����j�&������[4~8],

�zj�����������j�, ��}�8I!"#$����	\]_X����

��. ��?278 ¡¢#�£¤8D¥¦8|8§�9:��¨©, ª«¬­�78�

�}�8�j�&�®¯�?°|8§�8�qj�&�±²��, ³´µG¶�4·�®¯,

��B¸"#$��	\]_X¹º»�8~78�¼����]½�¾¿, À�I�	


��!"#$ 
%&�ÁÂÃÄÅ.

1 ����

��	 
��mnopqrsjÆ!"#$jk�z{^Ç|8aÈ�Ä, G¶�É

�tuDvWwxjÆ./�|8�ÊËÌ�64}�81Í ���	Æ1Ä®+�!"

#$8ÎÏ(Ð 1). ��Æ|�ÑÒÓÔÕÈ�Ô, Ö×ÒÈÔÕÒØÙ¨y, ÚÛÜÇÝÞ

¡ßjkà, ^©t�jkáâ��ãägjk�, �l��Æn���"#$jk0å.

Oæ§8|�z. |8�MI£¤8q£Ö£¤8D¥¦8. 64|8§�Máâ�opç�

��èéê-ëìíî�³��ef9�ïð9jk�, ¥¦88|�M./��î�W�ï

2002-01-08��, 2002-03-20� !�

* �"	
�#$	%&'()(*+,: 	-.[2000]143)/��0123�4&'()5�"67��89�
&

'()(*+,: 49732080, 140032010-C)
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ð9�!ñò:�. 64}�8lrsçnWrs-óôõ1ö�W�÷øjÆ�ef9�ï

ð9jk�ùI./, lrsçnW�+�ñòúû�ü8ýþ��[9].

� 1 ��������	�

: 1�20;<=>��?@� 1)

64|8§�£¤¬ q£Ö¬ D���¬ , �����MI�Ö�(20%�60%)D

	�£�(15%�45%)³�ÊËÝ
�, ��©I	�£�, ���+
��(�
���)�

��, ÊÒ��zO¤ã�q¤��y����, ÛÜ�+���&. �f8������¬

 DÝ�� 
, ���MI	�£�, +ÊË� Ý
�zO, 6·�MI£�D�Ö�,

!+"©
��, ���8�©zO¤ã�D¤��, #����&. ¥¦8§���¬ ,

��³34Ö�I�, 6·�$%�¥¦¬ , & ��'ÊË()*(<5%), �+ÊË+,

�q��y���.

2 �������

l-0±²��./0162�, 34op�rsjÆ56$74|8D64}�8 31

Å. ��, 64}�8��89Ý�:�;Ú. �Ë<=l“nW^�^_]½�>/�L?

@A-”�B, FeO DCDË(LOI)EFGH&�H�B, ���Ë<=F3IJKLHlMª

N� RIX2100X OPPQR���, !
 BCR-2 D GBW07105 S�TU, 8V�Ë<=�B

WX:Y� 5%. .Ë<=l��j·^�(fZ)[8�� 
q���\�B]^_>/�

L?@A-`F ICP-MS(POEMSa)]µ, �BbH�«c[10]. ��
 AGV-1qBCR-2qG2

D RGM-1�dS�TU, Co, Ni, Zn, Ga, Rb, Y, Zr, Nb, Hf, TaD REE(Ú HfD Lu)y<=�B

e�WXY� 5%, �f<=e�WXg� 5%�15%hi.

1) A�B��CDEFG��HIJ. �KLMN/� 1�20;<=>(I-49-(31)��?. 1990
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��


3.1 �����

��������	
��
��� 1.

��(Na2O + K2O)-Si2O ��, �����	

�������, ���� �!�"�(#

�$%&'(�))*��+,-
(� 2), .

/01234��56. 789:;<, =9

�	�>?(Mg# = 100@MgO/(MgO + 0.9@

TFe2O3)A, BCDE$�FGHIJK�L

M, �NCO+5PQRSJTIJUV(�

3). W 05(KXY05)�	/�ZJ[\

], ^_O`"��a	�b"�c�b'(

�defg��. DE� Si2O = 40.64% ~

66.99%, Na2O + K2O = 1.53%~11.89%, Na2O/
K2O = 0.88h 29.14, TiO2= 1.61%~4.31%,

TFe2O3 = 2.56% ~ 16.06%, Al2O3 = 6.67% ~
16.81%, MgO = 0.77%~13.48%, ijkZl� mnop�q�IJUV(� 3(a), (b), (c), (d)).

r05(KXYs5)�	tu$"�c�)'(��, Si2O = 37.24%~51.06%, Na2O + K2O =

0.86%~6.51%, Na2O/K2O = 2.37~25.0, TiO2 = 2.38%~7.03%, TFe2O3 = 8.39%~20.34%, Al2O3 =
9.47%~21.16%, MgO = 3.23%~6.34%. �vY05�	, DE�/�ZJ[\w, q�IJU

VPx�yN, zMgO0{|, }5�	��G TiO2, TFe2O3) CaO, Al2O3~�]�ZJ. �

�, ��+5�	d��bG�����$��, DE����+�PQIJUVi��
�

� MgO��� ��op��(� 3(e)h(j)), ��� MgO0{|, Ys5�	�Y05�	

G V, Sc, Sr, A Zr, Ni, CrZJP].

�� Sc �����	�	b ����a	bi&�	)��	 ��P��, Ni, Cr

�A�y�&�	)��a	�� �¡¢£¤¥[12]. ¦§, Y05�	 Sc, Ni, Cr, V, Ti�

MgO¨����(� 3(h), (e), (f), (g),(a))©y, �FIJª« ��a	¬�¡� ¢£ª«

�tu ­�, Q|�8�&�	) Fe-Ti ®JM� ­, zfg�l¯G� Zr )°A� Ti

±²¬³´M (µ¶	)Ti· Zr¸��¹. Ys5�	 TiO2, Fe2O3de Vº MgO�A]»

H�ABC7&�	<, ±²¼� Fe-Ti ®JM(�½´¾�¿½´)i�FIJª« ¢$�

¡� ´M ­.

3.2 �����	
��

ÀÁ����ÂÃ��ZJ], ÄbÅÂÃ�Æ�, ��Ç¨l¯(¾�ÈÉl¯)�ÊË

ÌÍ��(� 4). zY05"�c��d�	ÂÃ��G(ÎREEÏ(328.39h448.38)@10−6)bÄ

ÂÃÐ��(LaN/SmN = 2.52h2.93), �È Eu¨l¯(δ EuÏ1.05h1.14)$��; '(���ÂÃ

��ÐA(ÎREEÏ(103.66h299.97)@10−6), ÄÂÃ��(LaN/SmN = 2.38h3.97), Eu Èl¯

(δEuÏ0.94h1.08). Ys5"�c���ÂÃ����AÑZJ](ÎREEÏ(120.49h311.15)@

10−6), ÄÂÃÈ��(LaN/SmN = 1.91h2.36), Eu¨l¯yN(δ EuÏ0.97h1.50); '(��Â

� 2 ������� SiO2- (K2O+Na2O)�(	 Le

Maitre
, 1989[11])
R ����; T ����(Q<20%); �����(Q>20%); O1

�	
���; O2����; O3����; Pc��
	
�;

S1���	
�; S2�	
�; S3������, 1. ���;

2. ���; 3. �����; 4. 	
�; 5. ���



� 1 �������	
��
�����(%)���(�10−6)����

� ���

�� ��� ��� �	��� 
�� �
�

SiO2 41.6 55.2 48.5 51.5 57.6 51.7 44.0 45.9 45.6 44.3 49.2 41.5 40.6 41.7 45.8 65.0 63.9 63.7 67.0

TiO2 4.3 1.8 3.2 2.8 1.6 2.5 3.8 4.1 4.0 3.8 3.7 4.3 4.3 4.3 3.5 0.94 1.1 1.1 0.96

Al2O3 9.9 14.6 14.4 15.2 15.6 14.9 11.3 11.6 10.9 6.7 11.3 9.0 9.6 9.9 9.2 15.9 16.0 16.8 15.9

TFe2O3 15.6 11.3 11.5 10.2 8.9 11.4 13.1 12.7 12.9 12.7 13.6 16.1 15.0 15.6 13.3 4.1 3.9 4.8 2.6

FeO 10.0 8.5 8.7 7.6 6.1 9.1 9.7 9.6 8.9 6.8 5.8 8.0 10.9 10.1 6.7 2.1 2.8 12.2 10.9

MnO 0.17 0.25 0.27 0.27 0.28 0.28 0.20 0.18 0.18 0.20 0.12 0.20 0.18 0.17 0.16 0.24 0.27 0.25 0.04

MgO 12.2 2.4 4.5 3.9 2.1 3.5 7.3 6.1 7.7 12.2 6.3 12.5 13.5 12.2 8.6 0.77 1.0 0.95 0.99

CaO 10.0 4.7 8.2 6.6 4.4 6.8 12.7 11.3 11.8 16.5 8.7 10.7 10.5 9.6 11.3 0.89 1.8 0.33 0.26

Na2O 1.9 5.9 4.9 5.3 5.5 4.9 2.8 1.3 3.3 1.5 4.4 1.9 1.2 1.9 4.1 7.1 4.3 5.1 4.2

K2O 0.53 1.7 1.6 2.0 2.2 1.4 0.8 4.4 0.96 0.02 1.5 0.54 0.48 0.53 0.14 4.8 4.9 5.8 3.4

P2O5 0.52 0.68 1.5 1.3 0.48 0.94 0.45 0.58 0.61 0.20 0.55 0.54 0.58 0.52 0.46 0.21 0.23 0.21 0.16

�� 3.5 1.5 2.1 1.3 1.6 1.8 3.2 1.6 1.9 2.3 1.1 3.0 3.9 3.5 3.3 0.63 2.4 0.95 4.4

�� 99.72 99.99 100.52 100.09 100.14 99.99 99.69 99.76 99.93 100.35 100.52 100.13 99.78 99.83 99.83 100.58 99.68 99.94 99.87

Mg 63 32 46 46 34 40 55 51 57 68 50 63 66 63 59 29 36 30 46

Sc 37 9.9 10 8.9 5.3 11 30 27 30 54 27 35 32 35 27 3.7 4.0 2.3 3.4

V 392 53 256 217 52 150 425 308 414 428 345 370 367 384 308 20 71 28 74

Cr 654 4.6 6.5 4.2 5.8 10 76 416 123 633 142 536 484 634 416 3.4 5.3 37 6.5

Co 88 28 23 27 26 34 73 60 74 78 67 84 84 84 60 26 32 23 52

Ni 266 1.7 2.4 1. 7 1.2 2.8 71 176 57 125 87 230 218 253 176 1.5 2.7 1.5 2.5

Cu 175 11 20 18 10 18 147 63 206 69 107 67 131 129 63 6.3 8.4 6.8 14

Zn 136 136 120 206 132 143 124 90 128 113 84 132 126 130 90 153 136 194 69

Ga 25 26 26 26 25 29 18 16 18 17 15 21 21 24 16 37 37 41 40

Rb 13 36 32 41 48 31 22 3.6 32 1.7 18 11 18 13 3.6 75 107 111 49

Sr 323 271 736 1086 297 334 585 280 545 172 464 283 280 317 280 23 291 177 71

Y 25 45 46 45 41 44 20 26 23 15 27 25 25 24 26 43 49 53 36

Zr 275 354 339 400 415 360 180 245 233 137 287 270 278 267 245 554 960 1173 1090

Nb 67 61 86 96 76 71 51 50 74 42 74 64 68 65 50 154 211 242 247

Cs 0.73 4.5 1.6 1.7 8.2 1.7 0.56 1.2 2.0 0.08 0.17 0.41 1.3 0.73 1.2 0.46 3.9 3.1 1.8

Ba 242 856 1981 2041 906 443 3542 209 415 115 2752 201 228 251 209 176 1700 343 1784



�� 1

� ���

�� ��� ��� �	��� 
�� �
�

La 51 59 83 88 61 59 34 39 48 19 52 44 67 47 39 107 148 89 58

Ce 102 124 172 183 122 121 66 80 90 39 109 93 121 98 80 204 284 185 121

Pr 13.2 16.6 23.3 23.8 15.8 16.3 8.4 10.6 11.5 5.3 13.5 12.4 14.9 12.6 10.6 25.4 32.9 22.9 14.0

Nd 56 73 103 101 65 71 34 46 46 23 56 52 60 53 46 97 123 94 53

Sm 10.3 14.8 19 19 13.0 14.7 6.4 9.4 8.5 4.9 10.3 10.2 10.6 10.1 9.4 16 20 19 9.4

Eu 2.9 4.8 6.2 6.0 4.4 4.5 2.5 2.6 2.4 1.4 3.5 2.7 3.0 2.8 2.6 3.8 4.6 4.2 2.2

Gd 7.5 11 14.7 14.4 10.0 10.8 8.0 6.8 6.5 3.5 9.5 7.1 7.9 7.3 6.8 11.5 14.7 12.9 7.0

Tb 1.2 2.0 2.3 2.2 1.8 1.9 0.84 1.2 1.1 0.63 1.3 1.2 1.3 1.2 1.2 2.0 2.4 2.5 1.2

Dy 6.5 11.1 11.6 11.1 9.6 10.1 4.7 6.4 5.6 3.5 6.6 6.5 6.8 6.5 6.4 10.4 12.2 12.6 6.90

Ho 1.2 2.1 2.2 2.1 1.9 1.9 0.91 1.2 1.04 0.70 1.2 1.2 1.2 1.2 1.2 1.9 2.3 2.5 1.5

Er 2.7 5.2 5.0 5.1 4.6 4.6 2.3 2.8 2.6 1.7 2.9 2.7 2.9 2.7 2.8 4.9 5.9 6.2 4.5

Tm 0.33 0.69 0.61 0.61 0.63 0.59 0.31 0.34 0.34 0.23 0.37 0.34 0.35 0.33 0.34 0.64 0.81 0.84 0.71

Yb 2.1 4.4 3.8 3.9 3.9 3.7 1.95 2.1 2.1 1.5 2.3 2.0 2.1 2.0 2.1 4.1 5.5 5.6 5.1

Lu 0.26 0.60 0.48 0.51 0.53 0.49 0.27 0.27 0.28 0.20 0.30 0.25 0.27 0.26 0.27 0.57 0.76 0.77 0.78

Hf 7.1 8.8 8.2 9.0 9.4 7.7 4.7 6.3 5.6 3.6 6.9 6.9 6.9 7.1 6.3 14 22 25 24

Ta 6.1 5.3 8.4 8.4 6.4 5.7 4.5 4.6 6.2 3.4 6.2 5.8 5.9 5.9 4.6 13 19 23 21

Pb 2.5 4.2 5.5 12 3.3 2.8 2.6 3.6 3.3 3.5 4.5 3.1 4.1 2.3 3.6 8.9 110 13 16

Th 5.7 5.9 6.9 7.0 6.9 5.0 4.0 4.9 5.4 2.9 6.5 5.6 5.9 5.8 4.9 10 20 20 22

U 1.3 1.4 1.5 1.8 1.6 1.2 0.93 1.3 1.6 0.98 1.5 1.1 1.1 1.4 1.3 2.0 4.4 5.3 6.2

� ���

�� ��� ��� �	��� 
��

SiO2 37.2 46.0 44.8 46.5 45.9 47.0 45.1 45.1 42.1 40.0 41.2 51.1

TiO2 7.0 4.0 4.4 3.7 2.4 4.5 4.0 3.8 4.2 4.6 6.2 3.1

Al2O3 9.5 13.6 12.6 14.5 21.2 14.0 13.4 14.3 13.7 15.1 12.0 12.4

Fe2O3
Tot 20.3 14.8 15.5 14.6 8.4 15.2 14.3 13.0 17.1 19.0 18.6 12.3

FeO 15.3 11.3 11.8 11.5 4.7 12.0 11.9 10.7 12.3 14.5 13.6 10.2

MnO 0.29 0.29 0.23 0.20 0.11 0.24 0.25 0.24 0.18 0.18 0.23 0.14

MgO 7.1 4.2 6.6 5.3 3.2 3.2 4.4 3.9 6.2 4.8 6.3 4.6

CaO 13.8 9.8 9.4 7.2 10.9 7.4 9.7 10.0 11.3 10.7 11.1 7.8

Na2O 0.61 3.9 3.2 3.6 4.3 3.9 3.7 4.0 2.2 2.1 2.3 5.5

K2O 0.25 0.26 0.40 1.5 0.17 1.4 1.3 1.2 0.7 0.71 0.21 1.0



�� 1

P2O5 1.5 1.5 0.32 0.44 0.70 1.3 1.7 1.7 0.32 0.31 0.36 0.45
�� 2.8 2.2 2.3 2.0 3.3 1.9 1.9 2.5 2.2 2.3 2.1 1.6
�� 100.35 100.55 99.75 99.54 100.58 100.04 99.75 99.74 100.2 99.8 100.6 99.99
Mg 44 38 48 45 48 32 40 39 45 36 43 45
Sc 27 18 31 23 8.9 13 14 9.5 32 22 36 19
V 713 299 478 399 214 284 307 268 575 642 599 322
Cr 8.5 7.3 108 50 6.0 10 13 14 26 29 10 42
Co 91 44 67 58 37 57 42 40 85 87 97 67
Ni 5.1 2.3 70 37 13 1.7 8.0 4.3 79 67 56 39
Cu 43 22 79 52 17 35 26 25 134 115 65 102
Zn 200 126 136 137 73 186 148 134 135 146 151 129
Ga 25 28 20 23 22 27 23 23 23 24 23 16
Rb 9.7 6.2 9.2 41 5.3 34 25 21 28 24 5.7 37
Sr 773 179 255 1026 1041 730 392 279 880 864 406 732
Y 33 47 21 26 17 39 36 37 18 15 21 28
Zr 294 273 139 202 95 283 190 184 122 109 143 230
Nb 52 51 26 27 23 59 38 44 19 17 24 66
Cs 13.7 1.1 2.9 3.6 0.43 2.5 0.70 4.3 5.1 6.0 1.7 0.47
Ba 314 115 181 1806 2149 745 595 357 699 451 164 794
La 57 52 19 29 30 48 44 45 19 18 21 47
Ce 115 111 42 60 61 100 93 97 41 37 45 85
Pr 16.8 15.9 5.9 8.1 8.8 13.9 13.5 14.1 5.8 5.4 6.6 10.2
Nd 74 74 28 37 40 65 64 65 27 25 31 41
Sm 15 16 6.4 7.9 7.9 13.7 13.8 14.0 6.0 5.3 7.0 7.8
Eu 3.9 4.5 2.1 3.0 3.7 4.7 4.4 4.5 2.3 2.0 2.5 2.2
Gd 10.2 11.4 4.8 7.0 6.9 10.4 10.0 10.3 5.0 4.2 5.1 6.6
Tb 1.7 2.1 0.89 1.1 0.88 1.8 1.8 1.8 0.76 0.67 0.94 1.1
Dy 8.6 11.2 4.9 5.9 4.5 9.4 9.4 9.4 4.3 3.8 5.2 6.1
Ho 1.5 2.1 0.99 1.2 0.79 1.8 1.7 1.8 0.82 0.71 0.99 1.3
Er 3.5 5.0 2.3 2.8 1.8 4.2 4.0 4.1 1.9 1.7 2.3 3.2
Tm 0.41 0.62 0.30 0.37 0.21 0.51 0.48 0.50 0.25 0.22 0.30 0.45
Yb 2.5 3.9 1.9 2.3 1.3 3.2 2.9 3.0 1.5 1.3 1.8 3.0
Lu 0.32 0.51 0.25 0.30 0.16 0.43 0.38 0.38 0.20 0.17 0.25 0.41
Hf 8.3 6.7 3.8 4.8 2.3 6.7 4.9 4.8 3.1 2.9 3.8 5.4
Ta 5.0 4.5 2.0 2.5 1.9 5.1 3.6 3.9 1.5 1.3 2.1 5.6
Pb 4.5 0.60 6.2 0.43 4.5 2.9 1.5 0.47 0.96 2.0 0.37 4.0
Th 4.9 3.7 1.7 2.7 1.5 3.9 3.2 2.9 1.4 1.4 2.0 6.5
U 1.1 0.96 0.41 0.71 0.34 0.95 0.72 0.66 0.35 0.33 0.37 1.3
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� 3 ���������
����

������ 2, �������������,  ������!���

Ã��A(ÎREEÏ(105.11h214.94)@10−6)bÄÂÃ��È(LaN/SmN = 1.89h3.77)bEul¯�

NÒ(δ EuÏ0.93h1.26). +5�	�ÎREE)ÓEu� MgOÔmnÉ����. W , Y05

�	ºMgO�AWÂÃ��ÕG�Q|, DE� Eul¯��ÈÉl¯ÖZ$�È¨l¯; z
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Ys5�	×ºØÂÃ��ÕG, Eu l¯��ÈÉl¯ÙÚÖZ$yN¨l¯, BCDE�

�FIJª«Ûi�]Ül . �"����v , fg���ÂÃ��G(ÎREEÏ(285.75h

657.34)@10−6), LaN/SmN(3.02h4.58))δ Eu(0.78h0.82)eDE�ÂÃÝ4�Y05�	"�

�Þ(� 4(e)), ©yDE�Y05�	ßà�Qá�, ��0¹��FIJª«.

���	�Í���
�âãRäåæJçè�$ Nb����m3, Pb, Sr, Péê/ë�P

��
�����ìí��Ì(� 5(a), (b), (c), (d), (e)), � OIBÍ'(����0¹[14]. îï OIB

dP��
���$��, zP��
�ð��yNZJ¯BCá�/��Ül[14]. ��Y05

�	�P��
�yNG�Ys5�	, �yDE�á�Ûi0{Ül, zDE�ÌÍÔ� EM

ñ¾HIMU�OIBÌÍ��Þ, òCDEÔtußà� EMñ¾HIMU�OIB�Q���Räá.

� 4 ��������������(����
	 Boynton, 1984[13])

������ 2, ��"#$�����%&, '()$
�!���*+)

� 5 �������������/��� �
���(����	 Hofmann[15])

������ 2, ��"#$�����%&, '()$
�!���*+). EM,- HIMU. Hofmann[15], /0

�	
�. Yigang Xu1[16]
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4 ��

óôõö÷bøùR��c�)úûü�t
�bÂÃ
�)��
���ýQþC, D

E¬�ßàá��Ülb�FIJPî�Q��23úû����+5���	./. +5�

	� LREEe LIL����, P��
�(IEs)ð���PQ, �yDEßàÐ�PQ���R

äá�. }���"���ÔmnyN Nb¨l¯) Pb Él¯(� 5), ©yDE"����]

�R���¢£��	. Ñfg�PQ«H�� Pb, 
y���R�M����. A
��

���	�¡� ¢£±�/IJ�	 Sr Él¯­n, ��7fg�<���	ÔPÛiy

N Eu Él¯, ©y��¤¥d��	$t��¡� ¢£. ¦§, Y05�	 ��âã'

(�F�	(Mg#>65)�A Srð�, ��Oá�A Sr���. z Mg�A�,�:; Srð�Z

J°](� 3(j)), DE����(LOI)�yNÉ����, ©y�Z¢£��	 Sr�ZJL¥O

yN��	. r<, ���	(��¬fg�)P, Ti yNéê, tu¬���FIJ��, #�

��O Ti, P�
��¶	)��	�´M¤¥O� �¡¢£.

]��ë¢£��OR������, � #!"Tª«�#{, W��±$0%��

&'(¹)*+�,/, z�¯�� #â¦-W'.Ñ�)*+/0. �ë¢£,/�1

Í�	56$�2'(�e��'(���5/�23úû�, d��'(�$t��	5

6���ë3�45�LM; ��'(�)�2'(�Q�¤6~BC]�R��yN78

$��ë¢£ �; �]�9�&'·�0�)*�,/|, :d�2'(�56$t[9]. ó

ôõö÷bøùR�d��"��$t./�����23úû�, "���G Ti, Zr )

Nb(TiO2=1.61%h 4.45%, ;Ô$ 3.34, Nb=(23.04h 96.05)@ 10−6, ;Ô$ 57.28@ 10−6,

Zr=(95.21h414.57)@10−6, ;Ô$ 281.34@10−6, � <=# )¥�]��ë'(� [17]�

TiO2(;Ô 2.25%)bNb(;Ô 58@10-6)) Zr(;Ô 285@10-6)���0¹, �yóôõ�>0�

��Fü�?��O]��ë¤63�45�LM.

r0@g, OIBbAB]�CD'(�(CFB)de]�R�B�"��EF�,/GG� 

#RäH�FI!JK��, ��¬�"��EF¾ CFB ]�­n��WL�	0Q./2

3úû�Ý4|, Pz��OR�����MN, Ñ�BC�RäHM��OP[18~23]. Q¯,

�RäHI!��� CFB) OIBá�=$��Räá, DE� IEs(��¬ Nb, Ta)) LREE�

�, Ta/Hf>0.3, Th/Ta<1.6[24], Nb/TaR14h15[25]. óôõö÷bøùR�+5�	�"���Ô

���� IEs ) LREE, Ta/Hf>0.3("�c�� Ta/Hf=0.51h1.03; '(�� Ta/Hf=0.45h1.11;

Th/Ta<1.6("�c�� Th/Ta=0.74h1.11; '(�� Th/Ta=0.86h1.16), ��ORäHá�F

I!�/¦��. zÀÁ�"����Nb/Tav?(Ô?��$ 11.43, 12.05)��A�RäH/

¦�'(�(14h15), tu¬��DE�á�� Ti, ¹-�}á�¥/��FIJ­��	 

]�­n�½´(¾�¿½´)b¶	�� Ti ´M, >S� Ti ´M�Ûi±]]�A Nb/Ta v

?[17]. Q|, � Ti Räá�TUKV,/éê Sr, P ��� Ti �G Ti '(�[26,27]. >0��

�W<XóYZ�s[\|�RäH]#TU,/�^_ûG Ti '(�[16,28]�Þ, DE�â

ãRäåæJ�Ì��0¹(� 5(d)), Q:
`óôõ�Ûi�RäH����FI!. i

Ba/Nb-La/Nb �� "�úû�)c�7,�:;��G� Ba/Nb ?Ñ�i OIB �<, ]=

�^_ûG Ti'(�0:tu�!�OIB�(�Ð). aÑ, óôõ"�úû�)c���éê
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Pb, Th/Tav?A�^_û'(�(Th/Ta = 0.41~2.68), BCîïDEÔßà�OIB�Q�á�,

��RäHOP��, zóôõ��c�)úû�tußàRäH�Fá�, ]��	bM

��DE,/�cdP]. Ñ^_û'(�,/ª«yN�]��	bM�e�[16,28,29], �y

�s[\�fghi�Qij�kl/0��mn�¤¥����|W�#RäHI!��,

Pz�/RäHá�F�,/, Q|�]��	bRä�TU, so�6OÕp¤,/O�

]�CD'(����^_û'(� [16,30]. �	bqH�rs�	Räá�#�TU¤¥�

 H)«H, $Ñ�	�F/�[31]. �	bqH], Räá�iG
�¤¥A«H#�TU,

	�	/$tutu´M�, �/TF éê Y ) HREE, �P��
���, �� Ti ) MgO,

>��FIJKv±,/��«H�G�� Ti'(�[29]. ÀÁ����	G TiO2, MgO, Äb

ÅÂÃ���l, ��P��
�, NCO§��FIJ��w. xyúû� Räz{ ,

/ H|� 100h150 km�f[6]}~, >S�	��F�8ßà� 150 kmd��Räá�, v

DE¬i H]� 150 km �Rä��RäHI!��� #�F¢£O�¾p­R��LM.

¦§, �óôõøùR� �u��	�����úû�)�"��c�O[9], ��WX#�

�j¥�R� �¤n§��c­�de�c��� 431.9h413.10 Ma�Q����[5,6], 


`O �u����3j¥�}� #Ûi�RäHI!����F¢£. �`O, �óô

õ3j¥�·!]���¤6��-�u\��)�����ë �+R, ���Fü���

�}�ë���� , Q:BC}� #�RäH���I!�í�3j¥�����¢£.

�ÑPzi�|���ghR ¡��óôõ�,/O>�¢�£Ý����Fü�?, Q

|���+R[¤�}·!���O[3]. r<, RäHI!�d��Ûi�0,Åu��¬R

äB#¥¦�§¨�©�ª«[16]. xy}�¬¤6���FI!�LMÑyN­�]��2

'(��
, }�ë��¢£¬$3�45, ®a}�3j¥����F�Räá� H�

]z����F0¯��Räá�A«HTU��°±, Na #²³¢£)©�ª«P§,

-�WRäH�����I!��´µ, �²¶·Xö÷bøùb;¸)¹¡º»�R=X0

q��/0,/)�*+.

5 ��

óôõ�¤6�0�O¼½¾��3j¥�����c�)úûü�?��Oôõ3j

¥�¿�0À����¢£. >0¢£��RäH���I!�í, z��}I!´µ, �Ñ

�²Á³��/0)�*+.

¤6�·bÂ+ZÃÄR��3j¥���c�)úûü�?Å=i¹¡º(Æ)Ç(÷)e

ÈóÉÊR��]�­�[32], Q|�vghX���Þ�ËÌ­n[33], Í���óôõ�bg

hR ¡�Î�X�3j¥�|�Ûi0ÀÏÐ����ë¢£, ��Oôõ)gh¡�e

X�R�ÅuR�ÑÅÒ¥��, � <]���,/�IJ��Åu]�!"TÓÔ.
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