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�� ��������	
���
��
�������� U-Pb �����,

��� �(946�18)�(904�18) Ma !"��#. ���$%&'()*&+&
,

!-�����./0123, 456789'(:;<!=*>?<!*@ABC

.DE!F0GH, IJKL�MNOP 0.95~0.90 Ga!QR<STUVWXYN. �

��$%&Z[�@<(0.83~0.75 Ga)\W]^_`abc!de, fg5 Rb-Sr ��

�hijk�lm.

��� ���� �	
 ��
 ���
 ����

��-�����	
��
�������������, �������� �!"

#$, %&���'()�*�+�,-./012345678, 9:;<23�=>�

?@AB�-2CDEFG[1~5]. ?@HI	JKL�2MN,-./OP��:QRST�

��HI, UVWX
����
Y�����Z=>X[Q�
\��[6,7]. \��']^

�
�_�*76F`<?@A!abcB�2Mde, U\��.fgh�2ij�kgh

�2l
�_�*m:!n�m\o2b'_pgh�2q[8], rsntuZ>vwx?@

B�HIya�OP�z{y!n.

�����'()�*?@AB�-2CDE�wx|}~�F]f���, ����Q

s�������. Um\���!n76F<�?@A!ab, �9���������

��, ��V������ 600~1100 Ma����� . �¡, ¢?@HI�£¤¥¦§�v

¨©]f�ª«���¬­�§, ®¯;<!ab°±X²³3�´µ, Z91�¶·¸ 

¹º2:»M SHRIMP U-Pb����v(748�12) Ma[9]. ¼½, ­¾¿��zÀ��ÁÂÃÄ

­�B�ÅÆÇ2CDEÈ¦�]ÉG3'2MNB�OP�8ÊË. u¼, ÌÍ¾Î��

��zÀwxv0Ï, ��3[ÐÑ�e�l���!ÒPÀwx, ¢ÓÔÍÕ!n?@A

B�ya�OP�wx�Î ±ST�ÖI}×.

ÕØ�ÙXÚ\_pgh�2ÛÜÝ»M U-Pb���Í¾Î����, ��3[�e�

l Sm-Nd, Rb-Sr���!ÒPÀÞßwx, Ó9=>¥zlB�àáâãXÃÄ.

2001-08-2912, 2001-10-081342
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1 ����

_pg��
���_�*ä�å7����3, 9�*æ^�����, ZLi_()

��vçè�l�é�Ö´B��(ê 1(a)). ���!n0Õ!adeëìíîï�v: îð

ñz(?)-ñeñz�ò01(óko2)i:-îeñzh!ôglîeñz_pgõ=01i²

³/l���{"23.

� 1 ���������

1. H�IJ; 2. KL�MN�; 3. OP�MN�; 4. %QJHR�; 5. SL�MN�; 6. TUVWX; 7.

YZ; 8. [\'; 9. ]^_; 10. `abc�D<

óko2(cöók2g)ï�÷øÆ ù�gÓú, ûTëÍüý2] TTG þ�2i�

�üýþ2l�þ�2¸>, ������3_\����-�e'9Ì_nt. þ�2:»

M�	
 207Pb/206Pb ��&±Xîðñzíñeñz���[10], 9 Sm-Nd �������Á

<vîðñz[11].

h!ôgë
þ2]���¸i�(¸õ��2l���¸h�2¸>, ­ª��óko
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2È�. �(¸õ¹º2»M�	
 207Pb/206Pb��l���¸ ����MPM{�, 9=

>¥z�v 1.6~1.1 Ga[10]. ÕØ}�(����)�Ó���¸��2âãXÛÜÝ»M U-Pb

�����, �&X(806�14) Ma � l��. h!ôg�!���'9Ì_nt 23,

�"�¢ntL�*i#�!$%Mg�eñ�õa!�&'h!ôg, ¬(v��(¸]f.

_pg�����3L��, )"�L-\_ä��, 76*�� 400 km2, ¬Ì+,�c

-y./��01!ade�2(ê 1(b)). _pg�v1��345¸i$6¸l:���7

8ki$9:'�M;¸. ~¸¦!a<=>½?@ÊË, ��M;¸l$9:¸�F78k

¸��aA2üB, Ì'345¸i$6¸�õaCD�9E¸, 9¥¦�FG�b�§. $

6¸l345¸2yÌH.alI�aA2vû, �J+�KaA2c¹º2. 78k¸Ì

�KaA2vû, ¬�Q��+�H.-I�aA2É�, ��nL��aA2�M�MNò,

¬�Rh�2]�O. �M;¸l$9:¸Ì91����ah�2üBvPQ, ä�Rõ

vSB2lS2, ��nL7T��aA2c¹º2, U�FVWh�2]¸�.

?@A2bX'_pglh!ôgi¬°²³3´µ. LLz{y2bFYZ�[�2g

(ê 1(b))lm\:\yo2b, _\L]Ì��[�2l^_ki�8;ý�22bl���

`y%a2qvz{.

{"21�v²³3, Ç²³[bc, �²³[	defª(?gh¸lij¸). ��k

�²³3)_ã­ª�, ��Fl-./ímn/!�(9:op/-Mq/Fbc).

2 ����	

r_pgs�¸t*âãX3[uvwx(ê 1(b)), 9:�M;¸l78k¸uvwyt

*z, Z$6¸l345¸��wyt*{l|. 0�>½�}Ç?@i2MPÀ¸>, ~�

X 28 Eî�h�2A2uvâã�+e�l�����. 2MPÀ��ë��!a��U2

�����:�f>, �F�P���(RSD)�� 5%. �+e����:K�À���!Ò

PÀwx�× Perkin-Elmer Sciex ELAN 6000 q��ba� (ICP-MS)f> , �K�Pu

(GSR-1%a2iBHVO-2I�2l BCR1H.2)��, ��<�e���(RSD)�� 5%~10%,

���O�e�(Sc, Ni)l�� HREE]Ó��v 10%~20%. �+e�uv��������

�Ø�[12]. uv 5416�+e�¸>���.

Sm-Nd l Rb-Sr �����ë:K!a�À2MNB�i����'Ã�� ¡d�S

¢£¤¥f>. ¦Euvö�� 60~100 mg§¨(� 200©)(ª�«u¬(bomb) , 9:Qª

­"®¯°±²ú³' 85Rb, 84Sr, 145Ndl 149Sm´�±²µ×} Rb, Sr, Ndl Sm�+�+�

�, ¶Qª×� 87Sr/86Srl 143Nd/144Nd���ú���. uv³' 1�1· HFl· HNO3, ¸

�¹º»�(� 105¼)�½�¾. ¿R³' 1�1 · HFl· HNO3, ¬À'«u¬ÁÂ½Ñ:,

¸'ÃÄÅ , � 190¼ÄÎÇÃÄ 48 h. «Æuv�¹º»�× HClO4ÇÈ HF ó, ÉPv

ÊP�ËÌ. ­PÍ��× AG50WX8Î��ÏÐÑÒ��iÓP Rb, Srl REE, × P204ÑÒ

(HDEHP)£T Nd� Sm����ÓP, ¬�}a���. �����Ô�Õ1 Sml Nd��

�v 35 l 100 pg, Rb l Sr ���v 100 pg. a���w×ÕÖ<�×Ø�wx�� ,
143Nd/144Ndl 87Sr/86Sr ���¾ÎÙ� 0.005%(RSD, 2σ m), 143Nd/144Ndl 87Sr/86Srú���

­ 146Nd/144Nd = 0.7219 l 88Sr/86Sr = 8.37521 âãÚÛ. La Jolla PÍ 143Nd/144Nd ���v



104 � � � � (D �) � 32�

0.511860�5(n = 3), GBW04419H.2PÍ����(n = 2)v 143Nd/144Nd = 0.512723�5, Nd =

10.14Ü10−6, Sm = 3.032Ü10−6. NBS987PÍ 87Sr/86Sr����v 0.710271�10(n = 5), GBW04411

M�MPÍ����v 87Sr/86Sr = 0.760024�12, Sr = 158.1Ü10−6, Rb = 246.1Ü10−6 (n = 2).

Ó_pg345¸l78k¸uv

âãX�uwxÌ�~»Md�� . 7

8k¸�u� SGH-2(��2)w��Q

6Ý , Z345¸�uvw�t*|�

Þßuv (KI2 ). uv�S��àx

ó , ×á~Ø
~7»Mòb . 78k

¸»Mò=fª , <v�âãäåæç

è�òb(ê 2(a), (b)). 345¸»Mò

=fª , �<véâãäåæçè�ò

b(ê 2(c), (d)). �êë¹���}(SEM)

>ìíî , ï9	Óðñ�òb+*â

ã�êë{� , �	TÅ�còóô .

Ó(EuvâãXÛÜÝ»MU-Pb��

���, ¦Euv�� 4¸, ¦¸ë 1~5

Ü»Mòb¸>. ��ëKõö÷�^ø!awx����£¤¥f>. «uw×¸��«

u¬l 205Pb-235U´�±²µ, ¬� VG-354a�ù�× Dalyí�úâãdûIÖ U, Pb��

���, üý������Ø�[13].

3 
��
������

3.1 �� U-Pb ��

345l78k¸»M U-Pb�������þ�{ 1, 9s¸»M U-Pb���¸>��

� 207Pb/235U-206Pb/238U ê�� l�=�(êC), ������>u��c. 345¸l78

k¸»M 206Pb/238U, 207Pb/235Ul 207Pb/206Pb³	_�{*����v(946�18), (949�10), (950�

12)l(904�18), (900�12), (895�8) Ma, �[
À���, suv 3¸���ú�����]

�, z{Xh�A2�=>��. 
��q[4]l_pñ��L� 500 m�õ��"�78k¸

h�2(�ÕØ78k¸uv¢� 2.3 km):�&X(896�13) Ma �»M�	
 207Pb/206Pb ��,

�ÕØ��]�. ë�345l78k¸����_pgh�23�Çi��, ��È¦ 40~50

Ma�����z{X2C}×�£¤¥¦.

3.2 ����	


uvû+i�+e�' Sm-Ndl Rb-Sr���¸>��þ�{ 2l 3. � TASê��(ê

C), uv2y)ëH.aä��a��¤��, ¯�78k¸J+��2½, �v�`y. _

pgh�2�b�{T71�Ì��avû, ��Ì�Kavû, �s¸���­�ú��

I�a2M; h�2¸�ûbv�`y, ¯� SiO2� K2O G3, ��a2ÌûTv:M-ÍM

a3þ, ���uv��v Ma(U 5408, 5410, 5413l 5414)cMHa(shoshonitic)23(U

5520).

� 2 �������	
� SEM �
�

(a), (b) �����; (c), (d) �����



 

 
 
 
 
 
 

表 1  西乡群火山岩锆石 U-Pb同位素组成与表面年龄 a) 

放射成因同位素比值 表面年龄/Ma 
颗粒样号 重量 

/? g 
U 
×10? 6 

Pb 
×10? 6 

普通 Pb 
/ng 

206Pb/204Pb 
208Pb/206Pb 206Pb/238U 207Pb/235Th 207Pb/206Pb 

 
206Pb/238U 207Pb/235Th 207Pb/206Pb 

BMX-Zir 1 15 308 57 0.068 682 0.1602 0.1602 (16) 1.563 (21) 0.07073 (55) 958 (9) 955 (8) 950 (16) 

 2 15 156 29 0.037 629 0.1706 0.1590 (30) 1.552 (41) 0.07082 (118) 951 (17) 951 (16) 952 (34) 

 3 15 220 40 0.056 758 0.1590 0.1569 (23) 1.522 (37) 0.07035 (132) 940 (13) 939 (15) 939 (38) 

 4 15 141 24 0.009 2362 0.1645 0.1551 (34) 1.523 (47) 0.07120 (138) 930 (19) 940 (19) 963 (40) 

           946 (18) b) 949 (10) b) 950 (12) b) 
              

SJH-Zir 1 10 908 146 0.046 1836 0.1429 0.1493 (8) 1.420 (11) 0.06897 (32) 897 (5) 897 (5) 898 (10) 

 2 10 538 94 0.094 537 0.1581 0.1495 (13) 1.413 (19) 0.06857 (60) 898 (7) 894 (8) 886 (18) 

 3 10 267 44 0.009 2649 0.1686 0.1498 (27) 1.420 (33) 0.06876 (91) 900 (15) 898 (14) 891 (27) 

 4 10 237 40 0.020 1109 0.1574 0.1538 (21) 1.459 (28) 0.06880 (85) 922 (12) 913 (12) 893 (26) 

           904 (18) b) 900 (12) b) 895 (8) b) 

a) 206Pb/204Pb比值已进行全程本底(Pb = 0.050 ng, U = 0.002 ng)和稀释剂校正, 括号内数字表示误差(2? ?), 数值精确到末位(或末二位) 

b) 加权平均年龄(95%置信度) 
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� 2 ����������(%)�����(�10−6)�� a)


��� ����


� 5002 5006 5008 5109 5112 SGH-1 SGH-2 5201 5204 5208 5211 5212 5215

��* RHY RHY BAA AND AND AND RHY BAS DAC RHY RHY BAA TRD

SiO2 69.16 69.92 54.79 58.58 59.49 61.59 74.28 48.81 66.82 74.22 74.20 52.77 64.79

TiO2 0.40 0.40 1.37 0.97 1.05 0.70 0.22 2.49 0.91 0.25 0.22 1.21 0.83

Al2O3 15.47 15.93 17.60 16.91 15.52 16.73 12.75 14.67 15.21 12.69 13.54 17.77 16.07

Fe2O3 2.67 2.26 7.99 6.09 4.24 2.37 1.10 8.19 1.37 3.05 1.60 3.95 1.27

FeO 0.25 0.13 0.91 1.18 2.53 3.33 1.38 5.50 2.86 0.34 0.18 4.36 2.86

MnO 0.04 0.03 0.15 0.12 0.14 0.11 0.04 0.23 0.12 0.13 0.03 0.16 0.11

MgO 0.30 0.43 3.13 4.24 5.60 2.01 0.21 4.65 1.25 0.10 0.10 3.41 1.28

CaO 0.25 0.43 5.39 1.84 1.35 3.51 0.47 7.77 1.84 0.24 0.24 7.22 2.33

Na2O 3.60 4.84 3.29 3.04 4.16 5.66 4.20 2.50 5.76 3.73 4.06 4.53 4.84

K2O 6.41 4.38 1.49 2.66 2.36 1.39 3.97 1.65 1.65 4.38 4.51 0.59 3.03

P2O5 0.09 0.08 0.26 0.20 0.23 0.17 0.02 0.22 0.28 0.02 0.01 0.43 0.28

CO2 0.02 0.15

H2O+ 1.04 0.86 3.29 3.86 3.33 2.20 0.96 2.95 1.59 0.92 0.75 3.27 1.60

�� 99.68 99.69 99.66 99.69 100.00 99.79 99.75 99.63 99.66 100.07 99.44 99.67 99.29

Cr 2.71 0.790 113 102 83.6 27.0 4.44 131 7.23 2.02 2.31 64.4 4.34

Ni 56.7 47.8 37.5 15.4 19.2 0.940 26.9

Rb 170 131 31.3 105 52.1 36.6 104 69.8 73.5 106 152 27.1 84.9

Sr 201 175 361 158 148 373 105 384 414 48.7 40.3 751 461

Y 29.4 24.5 28.2 20.6 33.4 20.7 88.3 40.3 34.1 100 82.6 27.6 28.9

Zr 241 274 155 128 190 127 380 125 234 383 427 148 190

Nb 8.13 9.33 5.82 4.45 7.59 5.40 18.9 3.07 7.59 19.4 19.6 6.91 6.83

Cs 2.83 2.83 3.10 4.98 2.65 0.417 1.16 2.27 1.47 1.11 1.31 0.887 1.08

Ba 815 888 464 433 573 411 934 420 1300 763 751 497 1351

La 34.8 29.9 18.9 14.8 20.8 21.8 52.5 9.56 36.9 53.1 37.9 28.5 29.7

Ce 61.2 55.8 40.7 32.8 42.1 45.2 110 24.8 76.5 113 90.1 60.6 62.5

Pr 7.79 6.51 5.41 4.31 5.53 5.66 14.9 3.76 9.85 14.1 11.0 7.83 8.29

Nd 27.0 23.6 21.8 17.3 22.2 23.2 57.2 17.6 37.2 56.6 42.6 31.6 32.8

Sm 5.52 4.40 5.04 4.13 5.57 4.91 14.2 5.16 8.18 12.7 10.3 7.06 7.02

Eu 1.13 1.14 1.52 1.24 1.63 1.46 2.28 2.04 2.11 2.25 1.64 2.08 1.92

Gd 5.78 4.85 5.54 4.34 5.93 4.50 15.3 6.66 8.13 15.4 11.5 6.71 6.77

Tb 0.856 0.755 0.875 0.671 0.957 0.674 2.57 1.16 1.15 2.69 2.22 0.944 0.982

Dy 5.08 4.38 5.24 3.92 5.86 3.85 16.6 7.45 6.48 17.6 15.0 4.95 5.46

Ho 1.03 0.872 1.01 0.736 1.09 0.710 3.45 1.45 1.28 3.53 2.99 0.944 1.09

Er 3.09 2.56 2.91 2.22 3.22 2.10 10.3 4.16 3.77 10.6 9.41 2.71 3.08

Tm 0.467 0.407 0.434 0.308 0.485 0.315 1.53 0.585 0.564 1.60 1.52 0.376 0.459

Yb 3.34 2.78 2.82 2.05 3.15 2.00 10.4 3.79 3.74 10.2 10.3 2.49 3.06

Lu 0.497 0.441 0.423 0.328 0.458 0.313 1.59 0.575 0.558 1.53 1.63 0.396 0.487

Hf 6.91 7.56 4.24 3.42 4.91 3.48 12.5 3.62 6.61 11.8 13.8 3.51 5.72

Ta 0.775 0.843 0.417 0.341 0.531 0.335 1.39 0.245 0.494 1.34 1.46 0.399 0.429

Th 15.9 18.2 4.67 4.21 6.01 4.36 14.2 1.45 9.28 13.7 14.7 4.73 6.97

U 2.12 3.89 1.12 1.01 1.47 1.15 3.86 0.454 2.44 3.59 3.96 1.17 1.76
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� 2(�)

���� ��� ����


� 5216 5220 5408 5410 5413 5414 5415 5416 5503 5509 5516 5519 5520 BMX-1 BMX-2

��* DAC RHY BAS BAA AND BAS DAC DAC BAA BAA BAA BAS BAA BAS BAS

SiO2 68.46 74.82 50.35 56.37 57.65 48.93 64.24 65.61 53.54 56.65 52.12 49.00 53.07 48.54 50.94

TiO2 0.78 0.21 0.65 0.47 1.07 1.41 0.69 0.68 1.70 1.67 1.37 0.64 0.58 0.69 0.56

Al2O3 15.74 13.05 14.78 12.82 13.67 16.53 16.76 16.48 13.24 13.63 16.69 12.67 13.08 17.36 15.59

Fe2O3 2.25 2.06 2.94 3.82 6.09 6.41 4.37 3.64 6.88 11.35 4.24 5.82 4.59 6.77 3.01

FeO 1.24 0.31 7.03 5.11 4.15 5.02 0.97 0.65 7.35 1.85 5.52 4.35 4.24 4.18 7.22

MnO 0.09 0.07 0.36 0.19 0.15 0.18 0.10 0.06 0.18 0.07 0.15 0.14 0.16 0.15 0.12

MgO 0.98 0.73 9.63 8.65 3.82 4.21 1.70 1.51 4.59 4.90 6.78 11.73 8.20 5.35 6.58

CaO 0.98 0.43 6.85 5.39 4.81 8.79 1.59 1.63 5.26 1.86 3.30 8.00 7.59 10.17 3.71

Na2O 5.00 4.90 3.09 3.19 4.35 3.49 4.84 2.08 3.04 0.48 3.98 1.52 1.85 2.44 4.29

K2O 2.46 1.90 0.10 0.20 0.26 0.14 1.74 3.69 0.39 3.35 0.60 0.45 2.75 0.04 0.86

P2O5 0.18 0.05 0.05 0.05 0.12 0.14 0.18 0.44 0.25 0.05 0.16 0.24 0.24 0.19 0.23

CO2 1.09 1.16 0.09 0.04 0.04 0.04 0.04 2.12

H2O+ 1.69 1.15 4.08 3.44 2.52 3.37 2.46 3.19 3.34 3.93 4.84 5.07 3.28 3.85 4.61

�� 99.85 99.68 99.91 99.70 99.75 99.78 99.64 99.75 99.76 99.83 99.79 99.67 99.63 99.77 99.84

Cr 5.4 15.5 271 209 621 506 46.3 0.18 26.2 208 862 553 33.2 127

Ni 2.99 111 97.8 145 171 13.4 12.3 16.1 55.6 222 152 25.2 52.6

Rb 81.1 97.8 0.898 3.21 8.36 4.28 52.3 3.41 66.9 13.6 8.19 52.4 9.06 11.6

Sr 209 125 217 92.0 82.3 101 249 175 57.3 202 565 436 680 68.7

Y 35.3 64.7 16.7 15.6 32.9 30.3 22.0 47.9 28.5 31.0 13.3 12.7 13.3 13.0

Zr 270 160 17.5 13.4 47.0 67.9 111 151 123 126 39.6 42.2 40.9 39.9

Nb 8.44 16.4 1.15 0.629 2.77 3.62 6.79 13.4 6.13 4.18 2.61 2.49 2.54 2.00

Cs 2.04 2.36 0.097 0.106 0.519 0.187 2.12 0.116 2.15 0.578 0.19 0.713 0.290 0.360

Ba 999 440 45.4 48.1 76.0 35.2 599 91.9 178 112 173 1859 116 99.8

La 31.1 37.0 1.76 0.977 4.07 4.54 20.1 13.7 10.8 12.1 6.73 8.91 16.6 6.93

Ce 77.9 78.4 4.62 2.92 10.8 12.7 39.6 32.0 26.7 27.2 15.8 19.4 31.6 14.5

Pr 8.53 10.8 0.768 0.510 1.72 1.99 4.81 4.55 4.04 4.04 2.15 2.70 4.03 2.03

Nd 33.4 41.8 4.16 2.96 9.11 10.1 19.0 20.3 18.5 17.7 9.42 11.1 16.1 8.81

Sm 7.30 10.2 1.50 1.21 2.95 3.33 4.03 5.41 5.07 4.94 2.30 3.12 3.36 2.33

Eu 1.77 1.13 0.457 0.414 1.10 1.38 1.30 1.59 1.81 1.50 0.705 1.01 1.08 0.767

Gd 7.41 11.2 2.12 1.84 4.21 4.32 4.32 6.91 6.15 5.59 2.47 2.83 3.23 2.29

Tb 1.13 1.83 0.423 0.370 0.801 0.79 0.653 1.20 0.979 0.929 0.381 0.408 0.455 0.36

Dy 6.69 11.8 2.88 2.63 5.43 4.87 3.99 8.03 6.07 6.06 2.27 2.39 2.36 2.27

Ho 1.28 2.31 0.611 0.549 1.12 1.03 0.763 1.64 1.16 1.18 0.444 0.464 0.469 0.47

Er 4.02 7.15 1.81 1.66 3.11 2.97 2.34 5.10 3.30 3.34 1.30 1.37 1.39 1.37

Tm 0.589 1.12 0.276 0.242 0.485 0.45 0.371 0.763 0.482 0.507 0.201 0.207 0.197 0.208

Yb 3.89 7.35 1.82 1.66 2.99 2.88 2.47 5.23 3.06 3.34 1.31 1.38 1.29 1.44

Lu 0.622 1.07 0.278 0.255 0.463 0.431 0.401 0.784 0.450 0.486 0.205 0.208 0.195 0.217

Hf 7.79 6.23 0.678 0.560 1.34 2.07 3.48 4.06 3.41 3.63 1.19 1.28 1.106 1.00

Ta 0.554 1.30 0.082 0.048 0.180 0.244 0.443 0.939 0.369 0.305 0.148 0.153 0.132 0.112

Th 10.3 16.9 0.122 0.057 0.266 0.307 4.28 1.64 1.17 2.48 1.04 1.19 2.72 0.760

U 2.70 3.97 0.079 0.030 0.057 0.082 1.12 0.534 0.166 0.714 0.474 0.427 0.541 0.379

a) �� BAS����; BAA������; AND����; DAC����; TRD������; RHY����
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� 3 ������ Sm-Nd, Rb-Sr ����� a)


�
143Nd/
144Nd

REa) Nd
/10−6

Sm
/10−6

147Sm/
144Nd

87Sr/
86Sr

REa)
87Rb/
86Sr

Sr
/10−6

Rb
/10−6

TDM

(Ga)b)
T2DM

(Ga)c) ε Nd(t)d)


���

5002 0.512356 5 26.71 5.178 0.1172 0.731743 45 2.116 197.5 144.1 1.25 1.20 3.66

5006 0.512367 7 21.48 4.073 0.1146 0.726085 43 2.098 158.3 114.6 1.20 1.17 4.17

5008 0.512525 5 20.74 4.739 0.1381 0.706188 45 0.2382 358.9 29.54 1.26 1.14 4.55

5109 0.512548 8 17.40 3.950 0.1373 0.722285 33 1.721 152.6 90.64 1.20 1.10 5.10

5112 0.512400 5 23.50 5.404 0.1390 0.712360 48 0.9515 139.4 45.81 1.53 1.32 2.01

����

5201 0.512866 5 16.18 4.722 0.1765 0.709263 35 0.4619 349.7 55.82 1.16 0.99 6.79

5204 0.512404 5 35.03 7.104 0.1226 0.709360 31 0.4699 385.8 62.65 1.25 1.18 3.98

5208 0.512575 5 54.83 13.28 0.1464 0.764902 65 5.955 42.98 87.98 1.30 1.14 4.57

5211 0.512572 5 40.35 10.01 0.1500 0.804765 33 9.183 36.74 115.5 1.38 1.17 4.10

5212 0.512491 5 31.43 6.493 0.1249 0.704959 24 0.0998 774.2 26.70 1.13 1.08 5.42

5215 0.512372 5 30.25 6.158 0.1231 0.709754 25 0.4893 413.5 69.93 1.31 1.23 3.30

5216 0.512370 6 30.59 6.374 0.1260 0.715209 18 1.042 192.1 69.11 1.35 1.25 2.93

5220 0.512447 7 37.80 9.016 0.1442 0.724965 29 2.436 100.6 84.56 1.54 1.30 2.32

SGH-1 0.512435 5 24.62 5.010 0.1230 0.706791 17 0.2528 369.7 32.30 1.20 1.14 4.53

SGH-2 0.512595 4 54.18 12.56 0.1401 0.731525 54 2.725 96.47 90.64 1.15 1.06 5.69

���

5408 0.513059 7 4.026 1.431 0.2149 0.704393 26 0.00861 369.0 1.098 −12.20 1.08 6.02

5410 0.513192 7 2.960 1.143 0.2336 0.705791 36 0.0669 184.9 4.275 0.32 1.06 6.34

5413 0.512997 6 8.724 2.863 0.1984 0.706679 40 0.2250 87.63 6.815 1.52 1.03 6.81

5414 0.513058 5 10.59 3.360 0.1918 0.704513 19 0.0780 138.6 3.735 0.64 0.89 8.81

5415 0.512458 6 17.08 3.524 0.1248 0.709325 23 0.5346 246.2 45.48 1.19 1.14 5.25

5416 0.512481 9 19.23 4.409 0.1386 0.729211 27 2.415 108.0 90.00 1.36 1.22 4.01

����

5503 0.512708 5 19.59 5.173 0.1597 0.704247 20 0.0363 227.6 2.852 1.25 1.09 5.88

5509 0.512666 5 17.52 4.650 0.1605 0.733602 33 2.782 57.99 55.62 1.38 1.16 4.96

5516 0.512664 5 19.24 4.959 0.1558 0.705101 33 0.1547 215.5 11.53 1.28 1.12 5.49

5519 0.512533 8 9.049 2.076 0.1387 0.703815 21 0.0317 638.4 6.991 1.25 1.15 5.01

5520 0.512519 5 11.78 2.567 0.1318 0.706398 19 0.2708 438.3 41.02 1.17 1.11 5.58

BMX-1 0.512398 5 17.26 3.440 0.1205 0.703519 26 0.0462 3085 49.25 1.23 1.18 4.59

BMX-2 0.512447 8 8.995 2.032 0.1366 0.709246 39 0.6539 66.35 14.99 1.39 1.25 3.59

a)  !"#(2σ m), $10−6

b) �%&, (143Nd/144Nd)DM = 0.51315, (147Sm/144Nd)DM = 0.2137

c) '()*+,-, ./01 Sm/Nd 234567[14]/89:;<=>?01@A3, 
���B���� t =

900 Ma, ���B���� t = 950 Ma

d) 
���B���� t = 900 Ma, ���B���� t = 950 Ma

��������	
��
���[15]���(� 3)���� Nb, Ta���� Cs, Rb, Ba,

K���� !"#(LILE)�$%&', ()*+,�����-�./0. 123456�

7$8, 9:��� Nb, Ta���;<=>� U, Sr, Zr?��@ Ti���, �AB4CDE

�FGHIJ�KL/0(� 3(c)). MNO3PQ45�RS(T 5503, 5509)�"#/0UV

�WXY)Z[\(� 3(d)).

]-^_���� [ 1 5 ] , ��������RS`aB;<=>� LREE $%&'
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� 3 �������	
��
�����

(a) 
���; (b) ����; (c) ���; (d) ����. CDEFGH��(SiO2�63%), .IGJ�K��

((La/Yb)N = 8.67~1.70, bc 4.71d0.43)� Eu���(δ Eu = 0.32~1.07, bc 0.80d0.04), e1

2345�f`ag LREEQhij$%bklmn((La/Yb)N = 1.07~0.40, bc 0.76d0.15)

�o��� Eu���(δ Eu = 0.78~1.11, bc 0.92d0.07).

���pqRSε Nd (t)rcg?r(+2.0~+8.8, st��u3�vwx3 ty 900 Ma, 1

23�MNOg 950 Ma). 12345��z{�ε Nd (t)r(+6.02~+8.81, bc+6.99d0.63, s

tRS 5414 �{ε Nd(t)r]|}Q~��), �<�� MORB r(+7.99)$�(�mn�


4.56 Ga�ε Nd = 0� 0 Ga�ε Nd = +10�j5���Z��[16], stmn�
ε Nda�rg%

�-t-��� MORB���r[17]). RSmn�
����g 1.13~1.53 Ga(12345�R

S�s 147Sm/144Nd �r�{�D����), es�������7$%��, g 0.89~1.32

Ga (bc 1.14d0.02 Ga). ���+,��� p¡�/¢£¤¥¦, (§¨E;<=>©F

KGH�ª, ������«¬­�`®KV�
�¯��F.

���RS Sr<°#3±�E²³£¤´µ¶�·¸�¹�®|�cº�, (s
� Sr

<°#¬»¹��;<=>�¼½, ·¸®s%
���� �¾A(¿²ÀÁÂ).

4 ��

4.1 ����������	
��	�
�

123�5Q456�(5408, 5410, 5413� 5414)�ÃÄ�(5415� 5416, st 5416ÅÆ

"#DÇÈ)X), stÃÄ��"#�<°#/0����sÉ3ÊÃH��)*, T Nb,

Ta, Ti���� LILE, Zr, Hf?��, Ë{� La/Yb�r�$%<345��ËÌ�ε Nd(t)?r

�, �ABÍ3ÊÃH���)*���KL/0���� �=.

12345�(5408, 5410, 5413� 5414)�ËÎZÏÐÑÒH��/0, s LREE$%m
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nÓËÌ� REEÔÆÕbÓU?���{ε Nd (t)

r�/0c�ABsKV LILE $%mn�(l)

PQ6Ö=>Ë{��
KL. 	 La/Yb-Th/Ta

�[18]�(� 4(a)), ×ØÙVMORBLÚ� DMÛ

"Ü� , �sÉ3ÝÞH�7°VßàáÑÒ

�(SUB)LÚ(RS 5503 � 5509 UV MORB �

SUB [\); )*�	 Ta/Yb-Th/Yb �[19]t(�

4(b)), 123�sÉ3456�Qâmn�Ï

ÐÑÒH�$%&'�ãä5�LÚ , å12

3����«æEçèQ�� �·¸(é CF

êë��), �sÉ345�����7�FK

GHIJ�(l)�
ìKLEí¬î�qï(é

Wl CCêëQh).

12345�{ Mg(60~75, 100ðMg/[Mg +

Fe2+]
!�)gsñº�ò/0, �{ÝÄ��

(boninite)SiO2>53%, Mg>60 �Èó, RS 5410

� 5413 (MgQôg 75.1� 62.1)câVõö. {

ÝÄ��	ßàá���t÷;�¿ , «æB

aVø, (forearc)�L [20,21]�ùú�ût [22,23].

{ÝÄ����{ Mg( > 60)ÏÐÑÒ�3ü,

÷ý	Õ;þü�¶���
K�(���)��

.b��¯���p�±, �$%Ë{� Cr, Ni

�"#ÔÆ. 123ÑÒ�(5408, 5414)�Ä��(5410, 5413)gËÎZ�{ÝÏÐÑÒ��{

ÝÄ��3ü, stRS 5410��-�.3±� Tatsumi� Ishizaka[24]p�È��C�	+,

Ä��
���3±
Q$�. õ�, pq45�RSc�qË{ε Nd?rÓË{� Cr, Ni"

#ÔÆ(Qôg 209~621, bc 402, 98~171, bc 131ð10−6)� LREE$%mn@o��� Nb,

Ta ����/0. �õ123456�­�`®KVmn�
KLÓ4CDE�FGHIJ

�+,��� Ë�³���
G.

4.2 ��������	���

MNO3Óvwx3���u3���t, 45��Ä�H��g«, ÷�q�<3ÊÃ

H6�)*� Nb, Ta mn�{ LILE/HFSE �r/0. 	 SiO2l MgOÔÆ$���¶�, s

ε NdrÌV123<)��, å<3ÊÃH�ÝÞH���\ε Ndr$�, � SiO2lMgOÔÆ

[\o���$ï5. ��a�`�s±���
�����çè�=t��FIJ(AFC)

��oï, �ABßàá+,��� �±�/0.

MNO3�PX�Ä��RS(5503, 5509)��-�./0(La/Yb, Th/Ta� Nb, Ta���

�)UV123�sÉ345���[\, §¨�`®+,��¯�Q�çè�
G. RS

5509 � K2O ÔÆ(3.35%)$%s SiO2� Na2O ÔÆ(56.65%� 0.48%)�{, §¨�²³&�í

¬î�� qï. ���E�®²³�Ê��H�¬(�)�ª(�R�� 50 mq�ÊH �!

� 4 ������ La/Yb-Th/Ta(a)� Ta/Yb-Th/

Yb(b)	
���

(a) MORB-������; SUB-��	���; WPB-
�

���. (b) W-�
�������; CC-����; CF-�

���; S-�������
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	), � 5509 �<3RStz{� Rb, Cs ÔÆ"g#$. eî�� D��·¸s HFSE �

REE3±, To�ò� Nb, Ta����+4.96�ε Ndr.

	 Y-Nd �(Y+Nb)-Rb £¤¥¦%ô�t(�&), ��ÊÃH6���g+,���),

ePQRS(T SGH-2, 5208, 5211� 5220)â'(���. t�-{�»ö�5g���tÓ�

P�»�/0, )*Ba�ÑH»ö(T 5002, 5006� 5520). �ÑH��«æ�±V+,��

� +³l²,-,��, ÷	.\�/ 0u[25,26]. t+³{�H�'(��H6��B

a, �1��+,��� £¤23ýø,ë,²Ï45���.

4.3 ������

6!7	8-	8!	�û 0.97~1.0 Ga�9:³ùú�»(;7<Ó=	�><)[27~29], �

A6!7	8�	8?�g@A�BC8â5, ÷§¨zDEF®GH�6!BI[\�,

-Jü��±�º�G	BI[7]. ���+,£¤¥¦� 950~900 Ma �±���KÈ, `�

6!�<8?�Lg'IMNC8. OPoQR$ST�9:³6!�<8�UFßàVW

EF®,-¤�, å	XY(�@<XY?)�6!V9:³�$Zï»"q[V\º�]Á ,

e¥6!BI�¡@A5�BC8�!	7*^`�, _BIV 1.0~0.9 Ga �9:³!	`

�saCBI¹�MNJü�bc.

��� Rb-Sr<°#3±é(747d23) Ma(2σ , MSWD = 389)���jQh, _����

dVse� U-Pb ��, `�s Rb-Sr <°#3±E�®²³£¤´µ¶�|f. �ª���

�gh�iÊ�¬ Sm-Nd <°#(P����(��+jki�+45kÊ�)g 785d88 Ma

(2σ , MSWD = 0.08, CÀ�lDm�S), �4no�[30]V�³¹`�p	q�¬<°#È�

çr(837~800 Ma)$�. p	q�¬��±����+V������, ×Ø�`®6!BI

�<89:+³(0.84~0.75 Ga)ñº|æ��s���µ¶, ÷EF®������ Rb-Sr <

°#3±�|f.

rt¾B, unv�[31]z�	vwx3w(xyH-zH�t¹a®½{|Å©��, O

}B���(!	£¤Iq�á, ef�g_3�»ây5-�~». ��, �������

��g+©��, 7;¨��T�a�: E��»��÷�ª����p	q�¬�ê�È

�rg 840~750 Ma��"©�, ����RS£±�� 750 Ma Rb-Sr����4C%­; v

wx3�MNO3� 900 � 950 Ma ��^�e� U-Pb ���s�¹���¨$Z�$. ý

V���°V�³£¤@A�}üP°, �sV��³(	XYë6!BI<8)��£¤Ë

¹�, ;��£¤�#EF�;<�³�£¤j"��Iq�§¨.

������g� 950~900 Ma �9:�³�±V6!BI�<8@A5�BC8�+

,���», ÷�!®�³(950 Ma)ø,¥¦*+³(900 Ma),²5�Ë���+,���3

ü. ���V� 0.84~0.75 GaE�®p	q�¬��ª, ÷�s Rb-Sr¬»¹�®|f, p	

q�¬��±�`®L(9:+³ñº�Ë�s��£¤��µ¶.

�� ��������	
��
��. ����������������� �!

"#�����$�%&�'(��)*�+*,-./012 SEM3%45678; 9:

;<=6>.?@AB. CDEF.
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