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st�uvwFGxy	
, ?“�x�z” N, �{|@}~�������. 	�����

2LMJ$%&', ����4Bd��4�B�LMJ������, ���@f_���F

G4�(�_������4�)dAB_�����4��ijkl, ��d��4�����

 ¡¢��5DEFG�2£@f_¤A_(�¥¦4��§¨, ����>d�©���x

y	
ª«����)¬
­=��2>®. �¯J�
°�J$%&', ���o±²r¤³

´tµ����>?��¶��¯Jd
°�J N, SiO2, Al2O3d K2O·¸�, ¹5�º>2.8,

ANKC »>1.1, ¼½¾¿ÀV½¾Á¸�, ?'Â EuÃÄÅ, ¿À Rbd Th, Æ Bad Nb, Ç¿
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70~80 89:;, <=>�?����
@A��B

CD, EFGHIHJ0��� �KHLM @�

NO, PG?���4 NW� SEQRSTUV�W

X [1~5]. YZ[�B\]#^?�_�`@aZb ,

1�)��K+,�c*def���g`@a� 

hij?klCD[6~8]. �mnop4q��&�r

stu!"#��vwxby[9,10]. z{, |}�Z

b~����-��b���B���CD, ���

&��n��BCD, ��!<=1CD#��U

V���. ������[11~14], ���#�����

F�����i�����nUV?�,  ¡¢6

>£��¤¥, ¦�§I��v¨��©ªI, �«

¬­%P®-¯°±*¯²³´�&�µ¶·¸¹º

»¼½H��0, CD#���¾�*¿ÀÁµÂ

Ã%P®-¯°±ÄÅ�&�µÆ, ÇÃÈ�É²³

´ÊËÌÍ���, p*���c�&-�v-Îc�

�nby�ÏÐÑ[12,15].

1 ����

���&ÒÓÔ\Õ�Ö×ÈIØ·ÄÅÙ

5[16~18], ���ÚÛÜg E-W ��&ÒÙ�, ÝÞ

ßà��, È:áâ, ãs5ä. 23å~26åN Ùæ.

"#ç\è�é E-W�������Ò(ê/Ò+,

�-ëì�K Ò�È�-íÈK�Òîï-�ðñ)|

�òèó6-§¡¢6�ô3õö÷��[19]. Îc�

ø� E-W ��ù/úû-îïúü-,ýúþÒ*é

E-W�����sÒ(−20~−40 mGal)[5], ��c��

��*ò¦�I����K��7-¯é7�3��

�� NE�	j
�. +,-�)�#-./Ò, �/

É�+,���cK�É�ëì��*
�
æ��

)���� (��). CD#��'�����(� 2)

½���ø! E-W �¸ NE ����&�µ\��

��¸���Ræ¾�.
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 2 ��-
���012345
(���[3]6��)
$%&'( 5)10−5m/s2

��������	, 
���
�����

����������������, � !"#

$%&�$'()*[20, 21]. +,-./, 01�2�

34567"894�:;<=�>?
���, @

A�B� 50000 km2, CDEFGH�IJ?K. �

�L�MN6O E-W PQ, �	��%&RS�T

U; VW7���XY6O NE Z[, \]F^_�

�`a�b&�c. defg-hijgklmno-

np>?qr�s�, t�u", vwxy, wz{,

�|}QwN, ~^&�_����>��
��

�. :ijg��6Oyp, ��:���3r��

���(��;��;��)�������(�}��;

�0��;|�;��), ����� ¡X�(¢£

¤¥, Rb-Sr¦§¨©m 179ª4 Ma)[14];A«GH�

(�0¬­;®¯, §¨©m 160~180 Ma)[7,22,23], °±

²³'([24,25], \]´µ¶·¸-���¹º»·¸

�¼½. h¾¿gm"ÀÁ�ÂÃ��, ��L�M

NÄÅÆ|PQ; ÇÈo-nop�ÉÊ�-ËÌ�Í

ÎÏn�Ð�ËÌ�ÑÒv. Ód¾¿gÔ$�Õ,

m2Ör[­×Ø�:8«ÙÃ��[20], OÚÛÜ

�oÝ-ÞÝp, ÇßË?-à?�áâ���ÑÒv;

��:���;ãä�å;æç�å;èÃ%&;é

êë�å;ìÁ;íîÁï~uäðñ�òó�;ô

õö÷
�%&� . <�ÕÝ�ÀÁø8, ùúw

N.

2 ���������

2.1 �����

û2��-�üý�þ��y�Ò��m?�.

�"�GH��Òv!4´��|}QMN��	

�
, S0Æ��m
����, 0�m0���,

Æ�m����. ��F���D�"«����

Ù�m�, ��Ù�Ø�� ������, ��A

å�r[�å����ÓÆQ0 �!Ø". ��

#$ ;���0����%&��(d_)'v(�

?�. ÓEgÕ 90 ¨�)�*, 9Ù�+RS,-

[M%&���[7,9,10]. ./û20�Ù1�2��

µ3A, 45'v"ÀÁ��µ:��6��#$

 , ������þ�7�=389"Ù² :�,

ÀÁ;8, k�þ''<=/�µ>�þ'Ö(�?

<10 km), 9~@þ��y�AB�Cw9a, DE

Sm�¹FG[M%&[7].

H!IJ�Ú, 0�-%&�¹FG[M%&�

þ�þ'~��K%,ÇL�þ' �
MN�?þ
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�þ' (O�;MáPQRS��XÉ�N�)ÑÒ

v. L�þ' klwN3��2���%&��

�:;<=���:, 
MN�?þ�þ' wN3

�á�Õ�þ�Tº�����UV . k��Ù

�wN3%&�� SE ���UV �0�-WX4

 , �=3��FL�þ' �D(Y 1), m4"«

Z�"[\Ù�, "6]^�´;_`´;á�´a

b�ïGH���� . Ø���Ç�����G

H��Ø$=�þ��ÑÒv; E���cÇ\Ù

��d²�Òv�L�þ' , &e� 30��

�:. 3Ø������Y�fg-hi4 , � 

j"«��#$ ; 3��Y� SE �, k� lß

(25m13n32oN, 114m14n35oE)��#$\Ù��5]

L�\Ù�(Y 3).

3%&���0������K� , %&þ

'w �pm	q. �0�Ù²m�, E�(SE �)m

L�þ'Ö, rU 2000s3000 m,Ø�(NW�)m��

þ'Ö, r 1500~2000 m. Ó��Ô��, ~	qþ'

t�Àñ, \wu��ëGH� vNwëGH� 

(1200 m)vGH�Nw� (500 m)vxyëNw� 

(300 m)vj"«XÉ�R�� (20 m, Ø�z�)v

{��;{�|t� (50 m, E�º�)vÝ��}d

|t� (100 m)vÝ��~����þ (�p

 )(0.5~1.0 m)vÝpât� ÷��7%&þ' .

0�-%&FG[M%&�8��F�����

���	, Ó:��Ô:>�;Ó��Ô���%&

þ't�ïS¼½��T/FG[M�4�y��

�­×.

2.2 ���	

H!IJ��, %&�GH��� 3>þ�

��0��|_��Tº�E, Tº��klÇO

��-bRS���Ø$=����´ÑÒv, 
�

��klÇ$�´;¾¿´;:-Øij.�Eef

.ÑÒv, ��u���´�á�´.

$�´2 500~650 m, mno;ÈÝpudÎ�

´, ��������. E¾¿.2 1300~2100 m,

mÞÝp�â�;á�;���, ��������,

¼��; ¡Ð;¢'Ð;£¤;¥��÷, �Ø¾

¿.O¦§�V¨; Ø¾¿.2 1100~1800 m, mn

o;oÝpËÌ�;©KÏn�;ÍÎÏn��nM

p���;Ê���Ò�; :-Øij.2?>800 m,

wNùú, mno;�n;n¾pât�;�Éâ�;

yâ��~�á�, :��ª�ë����ËÌ�

a�, ºt��O|?9§�«�/¬���E. E

ef.mt�;â��~�á�, ��­Øef.á

n�;��, :ef.®1. E$=�ùúu�, ¯

­��´�á�´, m>°-±°?dÎ�-~���

Ò�, FØ$=�6OÙ²V¨. ^�-_`´kl

m4²O��;RS���áâ�xå�(^�´�

~�á�), ®1³´´. ��´mRS���áâ

�xå�;{�����dÎ�;äµ�;|��;

�¨§¨¶+�	, S:��w��=/:·$�.

2.3 
����

%&��0�c�0¸¹�kl¼2�4, E
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º�$=���^�Õ����%v!0�-%&�

¹FG[M%&� �t��Tº, ���Tº�

��UV»�3|�� . %&��m47¼/½

�¾�(� E-W Q�6_x��� , Ç��|_

(γ3);ì¿_( 1
5γ )�À�h_( 2

5γ )GH�x�Áv, �

ì¿_�À�h_GH�wNA�p"(Y 1, Y 3).

��|_��7u�3hi�lß4 , him�

�ëGHÂX�(kl¹½: Q+Pl+Mc+Bt+Amp), Á

l ß Ã m x y ë N w ë G H � (k l ¹ ½ :

Q+Pl+Mc+BtªMs). ì¿_��Ç��ëÄQÅG

H�(kl¹½: Q+Mc+BtªPl)�ÆQÅGH�(kl

¹½: Q+Mc+Bt+Ms)ÑÒv, klwN35];Çi;

ØÈ�Æ�4 . À�h_GH�3É2&ewN,

Çu�ëÊXGH�(kl¹½: Q+Mc+BtªPl);��

ëGH�(kl¹½: Q+Mc+Bt+Pl);ÆQÅGH�;

��ëÄQÅGH��äòÄQÅGH�ÑÒv ;

À�d_GH�9� , ��ÉGH��m��, k

lwN3��2�}�.

��:��� ÈpT��Ë, 6=¡M�, ~

¡MK%, ÇäòërX�;¡��Ì#|Â�ÑÒ

v, r 2~10 m9÷, Í NWWQ� NEQ»ÎÀ�_

GH�:. À�h_GH�:kÏ­T��æ�, æ

� 6 cmÐ12 cm~45 cmÐ80 cm9÷, T��æ��

��6O�Ñë, �GH�OÄþV¨. +ÒÓ§,

��2d:=�ÔÕ�=�r[­×Ø�T�F�

��¹�Ö�·¸.

%&��Æ�m×®9É���$=�
��

�, �¯6Í NNE PQMN, SEØ�ÙX ëh-

:ijgudÎ���, �Ú��6O� E-W PQ

MN, ®Ì¾¿Õ~$�Õ
�.

ÙX9ë�0���jQ NE50m~60m, � 3

%&��ÛÜ��"GH����D(Y 1, Y 3), X

130 km, r 15~18 km, A� 1800 km2, Çd¾¿g�

$�Õ�Ýpáâ���ÑÒv; �7(����

w��"Ý¼/��-0�-)�Þß4� . ���

	, 0���@�Ec479RE�ràQá%&,

~“ÆÙ0B”��: ��Æ�, $�Õât��Eâ

Øà�Z�\Ù�F%&�GH�V¨, ÙA SE

:-âãá; ��0�, d¾¿gt��â���9

§�
�3ÛÜ�GH�( 2
5γ )�E(Y 3). ä»�¯

åæ����¶+��d¾¿g$çËÓ NE  SW

PQ��, ôõö�òó���0����\Ï�

óm0¬Æ<. 
��
è:éê�0�Ù²ëT,

Ó SEQ NWPQìí, îÝ��|0�¬Á}Æ�

<, ~9RE[MÙÃ����. ï+��Út�;

uâ�vwFWð��;��vw�4Ý��ï�Ú

t�u";wz{;�|ë÷��, Ó§ñ(�2¼

ý��ò29�.

0���d¾¿g��:6»� óôë��

�, õ0�jö÷;��øñùêu��2 5~20 m

�:äò���� , ��:óô�#U 10%~15%,

ÚCúû�;�É�¥¾�÷¹½; �ÍvwmrX

�(10%)����+¡�(3%~5%); 6wN3E¾¿

.º�udÎ�:, �EØ��¼ë�-. �y��

¶+(�ü)°±Smýþ´��r����, ��r

�'(.

2.4 ��������

m!�%&FG[M%&:GH����:�

����¹vw��¹ò2���, ����! 10

7����<��	(
7GH�, �7���)·k

·�;
�·��9?�·��w�. ������

�¹½���E��º. 1~8 ��	�k·�w�Ç

�����ò�:é����v;9~10 ��	�k

·�w�Ç0�"�Ú�w�:é��L�v, 


��ã#·�§Ü�·Ç0�"�v¹·¸��î

 ����!�(ICP-MS)�"#$(ICP-AES)�v .


�·�üw%��¸yò&�¶©'(�[26], ã

#·�üw%��¸)��¶¶©'(�[27], w�

K*­�ü.

��� SiO2�#�¹½vw�	, %&��kl

�3GHÂX��GH��+��Ð«. �-�hi

��m��; ^-wNA�,-R./, 0¹½vw

\wmÄQÅGH�;ÆXGH�;ÊXGH�;Æ

QÅGH�÷6+Ð«. ����¶+�	(� 1), �

�|_GH�Ð(lß�ÆXGH��hi�GHÂ

X�), ��Al2O3(14.38%~14.96%)�K2O(4.15%~

4.66%), K2O/Na2O1.18~1.39, Sþ��¶(Al2O3+
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 1 ��-
������������������������� 

�� ���� ���� ��	
 ��
� ���� ���� ���� ���� ����� �����

��� 102 114 110 123 103 115 116 111 NX44 NX1

� � 1 2 3 4 5 6 7 8 9 10

!" #$% &'(% #$% )*+% K2 K2

,-./(%, 0-�12)

SiO2 74.34 74.38 73.38 72.15 71.47 71.86 70.32 63.89 50.13 53.43

TiO2 0.14 0.18 0.66 0.36 0.41 0.38 0.56 0.68 2.34 1.69

Al2O3 13.61 13.61 14.06 14.68 14.28 14.46 14.38 14.96 14.17 15.37

Fe2O3 0.72 0.84 0.82 0.54 0.45 1.85 1.25 1.25 4.7 3.73

FeO 0.96 1.57 1.28 1.48 2.15 1.08 2.75 3.96 7.24 5.58

MnO 0.10 0.09 0.15 0.04 0.06 0.12 0.15 0.16 0.17 0.13

MgO 0.38 0.45 0.40 0.45 0.54 0.52 0.88 2.66 6.25 6.35

CaO 0.82 0.84 0.64 0.71 1.28 0.76 1.48 4.26 8.61 8.52

Na2O 2.95 2.74 3.46 2.55 2.82 3.64 3.16 2.98 2.88 2.86

K2O 4.64 4.06 4.82 5.88 5.92 4.78 3.76 4.15 1.14 0.73

P2O5 0.12 0.07 0.08 0.14 0.23 0.14 0.20 0.25 0.31 0.23

34 1.05 0.96 0.30 0.84 0.52 0.68 0.92 0.76 2.14 1.04

5- 99.83 99.79 100.05 99.82 100.13 100.27 99.81 99.96 100.08 99.66

67./(µg/g)

La 43.46 52.48 46.86 44.66 50.45 48.34 46.34 40.36 17.963 18.86

Ce 87.54 94.34 86.24 80.63 78.66 81.46 74.67 68.78 38.187 39.586

Pr 10.25 12.93 9.34 11.14 10.24 13.14 7.86 8.92 4.4616 4.6176

Nd 50.34 43.05 44.26 54.35 36.58 38.48 33.71 27.35 19.377 20.195

Sm 10.645 10.57 9.256 11.19 8.46 9.036 7.465 7.083 4.408 4.952

Eu 0.668 0.853 0.614 0.882 0.658 0.568 1.074 1.123 1.593 1.627

Gd 9.856 10.545 8.864 11.86 8.726 7.954 8.724 7.525 4.849 4.92

Tb 1.734 1.646 1.462 1.836 1.724 1.434 1.386 1.265 0.642 0.61

Dy 8.324 7.581 8.345 7.786 6.434 7.266 6.846 8.846 3.995 3.867

Ho 1.324 1.574 1.326 1.612 1.736 1.564 1.224 1.864 0.805 0.851

Er 3.742 4.945 4.214 3.828 3.38 4.368 4.12 3.742 2.068 2.121

Tm 0.424 0.549 0.568 0.492 0.512 0.615 0.482 0.826 0.271 0.273

Yb 3.045 3.412 3.184 3.565 3.458 3.245 3.644 4.568 1.417 1.53

Lu 0.558 0.568 0.468 0.536 0.616 0.568 0.604 0.718 0.193 0.207

Y 38.42 36.78 39.56 40.12 42.68 34.56 28.46 30.15 19.141 20.064

SREE 270.33 281.823 264.561 274.487 254.314 252.598 226.609 213.12 119.3706 124.2806

La/Yb 10.24 11.03 10.56 8.99 10.46 10.69 9.12 6.34 9.1 8.8

Eu/Eu* 0.20 0.24 0.20 0.23 0.23 0.20 0.41 0.47 1.0 1.0

8-./ (µg/g)

Li 19.447 16.548

Be 3.142 4.024 3.135 5.321 3.843 4.285 3.768 3.338 1.361 1.31

Sc 7.235 7.342 9.182 1.686 8.684 5.582 5.043 4.615 14.365 13.565

Ti 1491 3816 6436 3628 4124 1658 5495 6853 9519.412 9568.404

V 65.35 70.52 74.54 26.78 36.38 60.44 54.64 18.65 147.142 144.77

Cr 25.2 112.2 67.36 20.68 56.44 63.12 58.45 36.46 194.843 207.743

Mn 650 588 568 785 712 570 608 618 919.132 948.786

Co 2.356 7.654 11.24 2.246 3.452 2.646 3.234 3.016 47.131 45.492

Ni 18.6 19.36 20.14 6.347 15.6 20.36 15.14 14.85 161 172.801

Ga 16.73 15.826

Rb 134.7 153.5 178.46 161.5 150.2 186.4 204.2 234 11.083 13.639

Sr 65.65 88.6 132.46 130.4 140.2 146.3 122.6 118.5 352.004 374.756

Zr 168.4 215.8 287.68 263.14 212.6 247.3 196.4 186.7 122.952 127.375
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 1(7)

�� ���� ���� ��	
 ��
� ���� ���� ���� ���� ����� �����

��� 102 114 110 123 103 115 116 111 NX44 NX1

� � 1 2 3 4 5 6 7 8 9 10

!" #$% &'(% #$% )*+% K2 K2

8-./ (µg/g)

Nb 15.32 16.34 25.34 18.35 18.64 26.68 28.15 21.84 22.606 24.28

Sn 1.398 1.71

Cs 0.305 0.31

Ba 467.3 650 752 435.4 452.6 380.6 402.3 424.4 238.095 257.426

Hf 13.596 15.759 14.523 14.214 16.686 12.978 14.523 12.669 2.962 3.264

Ta 1.746 2.124 1.925 2.346 1.654 1.965 1.768 1.882 1.38 1.469

Pb 24.36 24.83 26.24 21.56 20.65 27.8 28.16 26.45 2.71 3.422

Th 19.64 14.68 29.68 11.21 12.56 22.23 24.46 15.46 2.576 2.972

U 0.788 0.824

CaO+K2O+Na2O)/(Al2O3+CaO-K2O-Na2O)(%, î#5w

1)m2.2~2.5,=/2þ´���. SGHÂX� ANKC

©(Mol Al2O3/(Na2O+K2O+CaO))m 0.87, ~3«GH

����. ì¿_�À�h_GH�Ð�k#·�

�#{49", ��vwE�q5� c����

Si, Al� K, SiO2 = 70.32%~74.38%, Al2O3 = 13.61%~

14.68%, K2O = 4.06%~5.92%, K2O/Na2O = 1.3~2.3, S

þ��¶Óì¿_ÔÀ�h_O6�Å/(2.8~3.6),

�	4+�Ê�2þ�´7�� ; S ANKC ©m

1.16~1.3, =/ S «GH�. 0���:�d¾¿g

����&|eç��:�d¾¿g~$�Õ���

��vw?�[17]: SiO2 50.13%~53.43%, Al2O3 14.17%~

15.37%, Na2O 2.86%~2.88%, K2O 0.73%~1.14%, þ

�#8
, þ�´¶ 1.4, ANKC © 0.66~0.73, =r

�´����Ð.


�·�E(� 1), %&��Ñ��	êq�u

9
����� , La/Yb=9.1~11.0(VGHÂX�Ã

m 6.3), Eu :Ï;<	q(Eu/Eu*=0.2~0.47), 
�@

# 213~282 µg/g, yò&�'(�üw%�O =ã

á�9
���«(Y 4), �	9î
�w>	q,

��ûx����GH�kl*ò/�µ½�. 0

���:����üw%�F">²³���?

� [28], �ÚmQ=ãá�9
�9?��« ,

La/Yb=8.8~9.1, Eu :Ï9	q(Eu/Eu*=1.0), 
�@

# 119~124 µg/g, Ó§S½�vwkl*ò/�¶.

39?�·�E, %&�GH�? Ba � Nb(�

1), È�GH�Ð���v@m>µî©«; FÒ?

c, ;��Rb� Th�#q�u��~�A�»Î�

���. 3)��¶'(�BCYE(Y 4), �	q

� Ba, Nb, P� TiD:Ï, Rb� Th\:Ï�ïãb

� Ce, Zr� Hf\:Ïm��, � S«GH�9?�

·�üw��[28]E?�, F	û2$¬Tº��µ

ÒwGHI%&�GH�Ð���vw. ?1�Ø,

0�������9?�·��? Rb, Ce � Zr, b

��Ba, Th, Ta�Nbm��, SBCY@�EO4E

J«, F">²³����BCY'K[28]?�.

LEÑº, %&�GH�Ð~��� SiO2, Al2O3

� K2O �#, þ��¶>2.8, ANKC ©>1.1; 9
�

��;
�@#�, Eu;<, ~	q EuD:Ï; ��

Rb� Th, ?� Ba� Nb÷. �M��F	ûGH�

Ð=�Ê�A�2þ´� S«GH�Ð, °±>Ú%

&-�¹'(. 0������Ã�{?þ, 9
�

9?��, Eu :Ï9	q; ? Rb, Ce � Zr, b��

Ba, Th, Ta� Nb, üw��OEJ«, =r�´��

��Ð, °±">²³%&-�¹­×.

3 �������

3.1 �����

��0SN�Põ�O�;P�QR��þ'�

��[29~34]?1, ��2���#$Q??R;b, À

Á88. H!���IJ�	, %&��¯� �9

��#$ : 49� 3��Ú��fg-hi4 ,

jQ NE40m,X? >40 km, r 200~400 m; S49�

 3��|0��0�-WX4 , jQ NE60m, X
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8 4 ��-
���9:�;�<=�/�����>?@��A�BC
��������	
[26], ��
�����	
[27]

? >50 km, rU 2000 m. �9��#$ Ú���

ê��=MN�?þ���É-X�?��þ'.

IJ�	, R/ |0PQâãá�fg-hi

��#$ , GH������þ'cÓ��Ù�

�:éQ��TÄUb�, V¾QÅ�PQÅ�ä

òX��ÉR���B���(60~90 m)vNwëG

H�(50~80 m) vxyëNwëGH�(70~120 m)v

��ëGH�, |0�(E�)þ'r?(180~300 m)"

/}Æ�(Ø�)þ'r?(60~100 m), °±fg-hi

��Ù² cWX��þ�þ'Fò�:é. R/

0�-WX��#$ , ��þ'kl�=3��|

0��!� ; SÚ êmÛÜY�½å9aØ�

�¹KÍÖ, ���ëK%m��, T�u"(�É

Zò>5 mm), ãáX��Í\[ 20 mmÐ50mm,�#

20%~30%. Ó��Qk��Ù� , þ��?Ç|Â

�?TÄþmMN�?, ��þ�¹½ÓMá��

ïQÅþm�\�. ��#$þ'·¸Ó��Qk

��Ù�TÄ]Q: ��ëGH�v9 ëÖ�G

H�vxyë����GH�vNwë����G

H�v����GH�Nw�väòX��ÉR�

��B���. Ó2ÚGH�ð��>þ���($

=�mk)���Tº���O��-bRS��
^

þ��?w�, _2���#$ c3Tºþ�T

`E,þ�·¸�¼½.

3.2 �����

fg-hi��#$ � 3��Y�, Ífg-

hi4 MN,  ÚGH�ê��=QR�äò�

�����þ'. GH����:#$Aåâa, ¼

ëm 300mb75m;AåAE�r[�å�ç�, ¼ë:

210mb5m,°±j"#$��. XZ A(��A)E��

�#$þ'%&õ9REX�×�´(Y 5(a));�É

×�´(Y 5(b));X�xy%&;S-Cx�Ò%� ,

��û c49'³cÏde�fgj"��#$

 . 3hi}0����h�ß���i�fg}

0��e�ç, b"å���âÎn��RS��

�=QR�9RE��, Aå� , r[�å\­,

S���'³(9RE�j���÷)4��ûÙ�m

fgj"þ'��.

0�-WX��#$ kl� 3��K���

X·(0�Æ)-k�-"òlm-¾�1-WX4 , j

Q NE60m, X? >50 km, rU 2000 m.  Ú#$A

å;r[�åcÏ� , XZ A(��A)E�9RE�

��Ò%	q. não����Ò%klæp: (1) σ
«�X���É×�´, (2) X���Éxy%&, (3)

QÅ“qr”%&(Y 5(c)), (4) S-Cx�Aå, (5) á�s

të�ÉýZò(Y 5(d))÷. 3AåAE­�Òr[

�å, S4mã"�å, Aå¼ëm 155mb45m; r[

�å¼ëm 165mb38m, ¼ëÛÜ, wN&e, XZA

E����Ò%��E��j |0Ø". S4m

j"�å, Aå¼ëm 145mb45m,r[�å¼ëm

225mb4m, �Õ$uøvæ�!ã"«r[�å, �

 3rU 20 m ���F��UV , ����Qm

fgj".

S!, 30���0����h�}Æ�Þß
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8 5 ��-DEFGHIJ��12�KL
(a) ��������, 	
��
���(����, ������); (b) ��������, 	
��
���(����, ������); (c)

���� , 	
!"�#$� (%&'(, �������); (d) )*+,-.��/01, 	
!"�#$�(%&'(, �������).

Fel, )��; Qz, ��; Ms, 2��

�(GPS ¼ý: 24m57n32oN, 114m02n52oE), ­XU

100 m, rU 5~10 m�np�oÝp��Õ~���

�¯, �þ�þ'm����"å�. SEw5þ�

�d¾¿gÝ�9§�«�, ât���â�¼ë

m 320mb15m. ��Õ���QRx�, ��Aå;

r[�å� . yÁ, û�¯z�!^_L�þ'%

&�QRf�, îÝr[�åx�{%, |å;}}

å;��éê�÷��� , }~!h_���#$

%&'<��Q'³; H!��ÚÜQaNê5]

�Ô\)���þ'����Q.

%&��"�w��=L�þ'Ö, |å�Ù

²� . �fg-hij"��#$ mY�, S|

0�L�Ù��ÙAê SE PQãá, � 3�7

kÙAE��ö;����=%&���j SEP

QV 0���PQØ". 3��K� �0�Æ

k��, d¾¿gÞÝp�â�(S0: 150mb10m)�N

wëGH�(S1: 155mb40m)O\Ù�V¨(F: 150mb

45m), V¨ r20 m,  Ú��ê�=QR{��|

t��; 3ö��Æ 6 km », $�ÕoÝpât�

(S0: 145mb30m) �NwëGH�(S1: 150mb52m)O

\Ù�V¨(F: 150mb52m), V¨ r 12 m,  ÚG

H�QR{�d²�|t��. 30���Ú�, \

Ù�4;� , VÀÁ;8, Ù�6m�^ÀÁ(õ

0�}0� 25m03n19oN, 114m13n23oE», K2�â�

:\Ù�Ù�m 3.2 m). L����'³(�ö;�

�;}}å;9RE��÷)��E��j S-SWP

QØ".

LEÑº, F%&FG[M%&�c���Ë

þ��L�þ'������Q�É4Ý, ���

L�þ't�Àñ��ûGH�FG[M%&Ó:

��Ô>�c4÷�þ'�K*, GH�����

��0�����%v!47�����%&�´.

4 ��������	
���


4.1 ��������	

%&�GH�'v(�cÏxy, �+ï+H
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!»ÎV¨c´�Ì#�¼�§¨¶+[7, 17, 35], �S

�wm��|_(γ3);ì¿_( 1
5γ );À�h_( 2

5γ )�

ïÀ�d_÷6_��(� 2), Sk�(�Ümì¿

_�À�h_, �¹����_mdefg�:i

jg. �¨�� U-Pb ¦§¨¶+q�, %&�x�

�T:�ì¿_���ð;���"�Å/.

À�d_�v��d¾¿g�ÉGH��;GH

���T��ËLm��, ÀÁ9", �»Îc´�

Î3À�h_GH�:; ST��Ë� 87Sr/86Sr)�

1m 0.705, ε Nd(t)=2.6, ´¶òv@[7]. FÒ_�¹�

�?��, 0���6»� ����, �¯
�;

���jö÷;øñù���, ��Fv��T�c

�$r�'(, c!���v@���c´�îl

½�, �Ü%&F`a��V�+. ��m�, 0�

������§¨�· ¡¶+��. mÒ, ,-R

øñù���¢z���¹½,-!WZò���

£¤¥¦¨¦�§Ü�·. T��§¨ê3Æ��

£¤¥:é,-, �§Ü 19 Ò��, Ç§¨©��

ª�,-�v. §«É��¬­0ÀÜË��l®

,-, §«:�ê¯§«�Ò�	¨¦V,-46

'�(°"±ý'�)§Ü��
§«�#. SHRIMP

§«K*­� 3. 3 206Pb/238U-207Pb/235U²GYE(Y

6), å 95.9±0.8Ma¨¦©, MSWD=1.64. �c4Ò�

�#�¨¦¶+, �F³´¡÷[7]%&��0�GH

�:�¡M�Ë Sm-Nd ÷(�¨¦©(94ª7 Ma)�

ïRb-Sr÷(�¨¦©(102ª8 Ma)T_4Ý, 4F�

�:0�ÒÑ�� Oolithes clongatus� Cyprides sp.

÷���d¾¿g��(� [17]µ� , °±_23

K1-K2 �UÔ�=�46[M%&F`a. K�SN

���+, ,-¶m, 95.9±0.8 Ma\���%&�G

H�¹t�·_�ï��¸¹G6;0���QRr

����_.

4.2 ��������	

�º�	, :=���:�(ÚÔ� e"�

E-W Q�%&Ö: �Æ;�0ïSD��W»%&

Ö[16]. :efg, 01Æ��"4�2�=!�0F

�Æ>j�¼½;0��¾|-¿}-À04 �=!

�0Fì¿>j�¼½·¸, SK*ÁîÝ"«¼

½Â� �'v, ÃîÝ!S���2QR�%&

þ';�¹��F��t�. ��2»3��"¼½

 �D, S%&�¹��Ä�Ò2Ö­×�GH. E

AÅÔ, %&���k�wefÕ-:dijg�{;

A;Ê�2þ´�GH��LÑ,+, @�ù�ÆO

� E-W Q, S��¹½��y��~ S «GH��

�, =^&�GH�, m>Ú�µ½���©Ç�¼

� 2 ��-�����	
��
���

�� �� ���� �	
 ��/Ma 
� ����

1 ����� ����� ���
 385 U-Pb [19]

2 ���� !���� ���
 374 U-Pb [19]

3 ���� !���� ���
 371 Rb-Sr [19]

4 "��#� $%&��� '(
 239±5 ICPMS U-Pb [35]

5 "��)* !%&��� '(
 236±8 ICPMS U-Pb [35]

6 +,�-. !%&��� '(
 196 U-Pb [19]

7 +,�/0 !%&��� 123
 141 K-Ar [17]

8 ���45 $%&��� 123
 160±6 ICPMS U-Pb [35]

9 ���67 !%&��� 123
 151±11 ICPMS U-Pb [35]

10 "��8� $%&��� 123
 174~183 U-Pb [17]

11 9:;<= $%!���� 123
 162 Rb-Sr [2]

12 ���>? !%@���� 123
 166 Rb-Sr [2]

13 ���AB2 @���� 123
 177 K-Ar [17]

14 +,�-.C @���� 123
 149 K-Ar [19]

15 +,�DE $%!���� 123
 147 K-Ar [19]

16 FG2CH IJ�K 12L
 102±8 Rb-Sr [7]

17 FG2CH IJ�K 12L
 94±7 Sm-Nd [7]

18 CM;NOP QRST� 12L
 96±1 SHRIMP UV
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½[17]. �(, 2Úk×´���7� E-W jQ�d

efg-hijgqr���;�}-�0-01� E-W

Q�:ijgdÎ���(�������), %v�

�2h:=���­�. w�¶m, �Mh:=��

�����v@���\]FS0Æ��QR¼½

·¸R">Ú����GH�c[12,27,30,31,36], ÁCD

MN�'KÀÁÃ�Ô$¬Tº%&(�W»-$ýÈ

%&Ö)�TU. ÉÊÔ:ijg��:6»� �

�������r����, ����� � A «

GH�. ,-Ó§, 3^&��%&-�¹��_·,

01��%&2\]uÚ�47��ËÌ;>ÚÍ�

���.

��m�, ��2GH�¹�'v�?�Y�

9a 9de. Îy%&��»��'v(��4,

V���ï�y����K*�	, SdefgÔ

ijÕ·�GH�Ð�GH��~�?�����

��y����, Ó47�A�	%&�GH�¹

2ÕÏ!ÓdefgÔijÕ·�÷�t���.

h¾¿g�=3��20|��Ð�ÑOj 

">�ÒôÓUïÑ>�Ô EQR���-»Î�

�, 4ÄyÕR��2Ö_��%&F��¼=	

* 6 ����+,-.
!/" SHRIMP�0*1

q�f�Fb&. �+xy�%&­×, ×Ü!_2

�%&�¹��F��­��xy�[12,15]. "Ý�

"Ø-Ù|Ù²(ÚG�Ù²)m�, S|0�m NE Q

%&2, wd:=���-»Îy�Ñ,+, =Ð�

Ñ��>�%&Ö. 3S}Æ�"> ��01�

2, �Õz�ÔÐ�ÑOjÓU·¸�QRGH: (1)

efÕ~:dijgGH��
��:� NE Q|å

�Ù²%&cÏ� ; (2) ��7h:=�GH��

����XYO NEQMN; (3) �:=� E-WQ%

� 3 ����234+,-.
/" SHRIMP�0

WX�
206Pbc U/µgYg−1 Th/µgYg−1 232Th/238U 206Pb*/µgYg−1

206Pb/238U��
/Ma

207Pb/206Pb
��/Ma

207Pb*/
206Pb*

Z[

/%

207Pb*

/235U
Z[

/%

206Pb*

/238U
��

/%
NX1-1 1.45 323 534 1.71 4.24 96.3± 1.1 −127± 130 0.0437 5.3 0.0907 5.4 0.01505 1.2

NX1-2 1.32 456 568 1.29 6.04 97.3± 1.0 175± 200 0.0496 8.6 0.1040 8.7 0.01521 1.0

NX1-3 − 553 790 1.47 7.37 99.72± 0.92 336± 110 0.0532 4.9 0.1143 5.0 0.01559 0.93

NX1-4 1.42 233 358 1.59 3.13 98.7± 1.4 −337± 360 0.0402 14 0.086 14 0.01543 1.4

NX1-5 0.40 347 415 1.24 4.42 94.6± 1.2 315± 190 0.0527 8.2 0.1074 8.2 0.01478 1.2

NX1-6 − 431 453 1.09 5.50 95.4± 1.3 565± 170 0.0589 7.7 0.1211 7.8 0.01490 1.3

NX1-7 0.30 365 427 1.21 4.69 95.5± 1.1 247± 96 0.0511 4.2 0.1053 4.3 0.01493 1.2

NX1-8 5.46 72 232 3.31 0.886 86.3± 3.7 −1,230±3300 0.029 100 0.054 100 0.01347 4.3

NX1-9 1.74 460 567 1.27 6.16 98.0± 1.0 −169± 330 0.0430 13 0.091 13 0.01532 1.1

NX1-10 2.68 282 464 1.70 3.68 94.5± 1.3 −571± 600 0.0368 22 0.075 22 0.01477 1.4

NX1-11 9.00 54 94 1.81 0.738 93.0± 5.0 0.01453 5.4

NX1-12 6.59 127 236 1.92 1.80 98.2± 2.6 0.01534 2.7

NX1-13 0.71 354 622 1.82 4.70 98.2± 1.7 82± 240 0.0477 10 0.101 10 0.01534 1.7

NX1-14 − 320 759 2.45 4.20 98.06± 0.93 438± 80 0.0556 3.6 0.1176 3.7 0.01533 0.95

NX1-15 − 152 255 1.73 2.05 101.1± 1.6 −376± 260 0.0396 9.9 0.0863 10.0 0.01580 1.6

NX1-16 1.95 514 603 1.21 6.71 95.34± 0.89 0.01490 0.94

NX1-17 0.08 433 379 0.90 5.73 98.43± 0.85 −2,217± 630 0.0221 16 0.0469 16 0.01539 0.88

NX1-18 4.01 133 158 1.22 1.75 93.7± 2.2 −1,180±1600 0.030 53 0.060 53 0.01464 2.4

NX1-19 1.26 369 414 1.16 5.03 100.27± 0.97 331± 150 0.0531 6.6 0.1147 6.7 0.01568 0.97
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��������	
; (4) ��
�, �����

��� 140~100 Ma�������; (5) �����

 , !"#$%&, '()-*+),-.#/�


01, 234567 NE89:;<,. =>?@, A

BCDEFGHI���JKLMNOP�QR. S

T+), UV2W�
�0�XYZ[\�]�^_

`a. bcdeJKLMN fghij9klm,

nT+)
o�01�YZ[\�poqJKLMN

rsUh, Rt2Wu�-�]`a�vw[12].

xy, z{|}�
�01�I'(~��[

\�oB��������%&����Z���

��Z��, ���A�q
��OP�[\�]�

�OP�������������OP�r[21].

����, |}-��
G�� ¡����¢

�£¤h¥A¦§D¨© 3 ª«�: (1) ¬���+

E-W 9�­®¯-*°±u�²�³|��u�, D

EFG��T����u�®´Xµ¶�w·¸¹�

¢�º»; (2) ¼½�¾¿��À¹Á0XEFG�

Â��]qu�`a, �����IÃÄ~SÅÆ

)Ç���È�¬2�
, É�¡�$Ê�]`a;

(3) ����JKLËÌMNÍÎÏQ, EFG0�

+ E-W9­®¯-*°±u�²9 NE JKLu�²

�ÐÑ, Ò���u���Ó�ÄÔÕÖ�,×¥�

����ØÙÚÛ, ���
��Ü0�����

Ý�oÞ»�ßàáâ,©ã0�äZåæÓ�, �

ã0�çZÓ�, �Ìèéê9ëê©ß, ����

� ì�íîï#oOPð��ñ,-�ò
ó#

/�
, u�ôÚ,-���s. I'(~-*+~,

�G²,-u�OPÏQ, EFG0�!"$Ê�

[\�]��OP, �����0��Z����

õ���Z�����, ö÷�
�ì01��[

\·ø��^_.

5 ��

(1) ������ùúª01�­®¯-*°±

u�²Ó·��Þ��6�ûü��, B¼½��

�������Dý�. �]`aéþ0��¼½

�-����, �|���íî�2-2¾¿A�ù�

02W�]`a�a����. ���ÚÛ�k�9

u�²9�k9u�²�ÐÑ����Ó·Ó���

��¬�
����, ìq�'(~JKLËÌM

Nv��íh�9ØÙOP�r. |}�
���

 ¡�	
��ý�ùI'(~-*+)2W,-O

P�§�.

(2) |}�
ùúªI'(~-*+)�UH


,-#/�
, �“�#|�”­�. |}�
���

q��¢������ôÚOP�G²,-u��

����.

(3) ��������|}#/�
�ñu�

Xúªò
óü�u��s, ��Þ»Dú NE �9

�h.áâ#o, ���o�ôÚ,-u����

�q�a�­�. ���� u��a�EF��,

�äZ�Óo�çZÓ�o��a��9 !ú¥,

g"X�Â�ÜäZ,-Ó�(¡�É�#$�ßÓ

�)��o�ÜçZ%"Ó��&'OP, äZ�ç

ZÓ�¢�()*+,��·ôÚ,-u�è�Â

�S��ùú-.Ó��§�.

(4) �/��
0��EF§���, ���I

ÃÄ~SÅÆ)Ç�������12��/��


0��­�: SiO2, Al2O3� K2O34é, Y·�5

>2.8, ANKC 6>1.1, 789:;�89<4é, ��

= Eu>?@, :; Rb� Th, A Ba� Nb, t:B£

C�DYsE S.���, ��������]g"

XèIÃÄ~SÅÆ)Ç�-.¢�£¤.

(5) ����������%&01�Z��

���Z��, ���A�q2W�
��OP�[

\�]��OP�������������OP

�r. |}ö÷�
�6ê01���[\�o�

�Fe%,íjGh. [\���H�I/ SHRIMP

5{ 96J1 MaD,�u�ôÀ¹���¢�®´X

AK�L����.

(6) ���-|}
G�����M�ý�N0

�äZåæ, ý���Ó�U�
��Âo�0�,

äZåæÓ��OP��a�Ó·Q0����R

��ST-UV��� SE W�|}-XY�
 , (

Z1H[\, �� NW WäZåæ]^. �d, _`

�� ¡�aXÓ·bc�����¸¹, dÕN

#efg�
�hi, jN��h(Z�
��Â



� 1�� ��������-����������� !
" #$%&#'��#() 13
�

www.scichina.com

o�äZåæ , �ðU�aÓ·bc��k�¸

¹, Ul
Ó·bc�, 
�D�]ôÚ,-u�m

['n.

�� ����� 2001���	
� 13�
���
�������������
�� !", #$
%��&'()*+,-./0123, SHRIMP4
�56789:;<=>1#?@ABCADEFG

H�IJK/0, LMNOP*56QR1STU
��IVW, XY 290GHZ[\1]^_`Pab
cd!"ef, �ghijk.

� � � �

1 �������. ��	
��
����������. �

�: �����, 1981. 1~395

2 ���. ��� !"
��#$�%&'()*+. ,-�

�, 1987, 2(2): 1~12

3 ���./“�012”
��345. �0
�������

67��89. ��: �����, 1989. 1~182

4 :;<, =>?, @AB, C. �0
���DE&����

FG. ��: HI�J�KL���, 1996. 1~113

5 MNO, PQR, STU, C. HI-��MVW����..

��: �����, 1997. 1~118

6 =XY, @Z[, =;\, C. ��]^_`-Mabcdef

�ghi�j. ���k, 1983, 57(3): 294~303

7 =lm, =no, =XY, C. �-�Hpq�rsFG�i

��89. ��: tuv���, 1998. 1~262

8 w x, yz;, {|H, C. �0H}Hq�FG-�~�`

�i����. i���, 2002, 18(5): 257~263

9 =lm. ��]�FG��89���i��'��. i��

�, 1994, 10(3): 168~174

10 ��|, @�p. �,���/rsFG�i����'*�.

i���, 1994, 10(3): 138~143

11 Zhou Xinmin, Li Wuxian. Origin of Late Mesozoic igneous rocks

in Southeastern China: implications for lithosphere subduction

and underplating of mafic magmas. Tectonophysics, 2000, 326:

269~287

12 yz;, �p�. HI-�/�Hq�FG��. ����,

2002, 48(3): 249~260

13 =��, ���, ���, C. �0�W�f�GW
���:

�D���7��`��� . HI��, D ¡, 2002, 32(4):

279~289

14 ¢£¤, :¥z, ¦§m, C. ,-¨©�ª«¬c­®¯-°

®¯��±². �E�D��j�³k, 2001, 20(3): 172~175

15 �p�, ´µ¶. HI-�/�Hq�V���6: �D·¸

¹7ºµ�»¼a½¾'¿" . ÀÁ��Âs , 2000, 10(3):

240~247

16 ÃÄÅ, ÆÇÈ, 7ÉÊ, C. HI-/'FG�Ë7`�Ì

j. Í: ÃÄÅ, :ÎÁÏÐ. HI-/�D·½F�FG�

~Ìj. ��: tuv���, 1998. 1~12

17 ,-Ñ���.Ë . ,-Ñgh��N . �� : ����� ,

1988. 1~941

18 w x, yz;, ÒÓb. HI-�/ÔHq�®»FG*+.

ÕÖ���k, 2002, 8(2): 169~179

19 ,-Ñ���.Ë. ,-Ñ��×, 1Ø100Ù, ÚÛÜÝ. ��:

�����, 1988

20 ´Þß, àáâ. HI-/�ZgHãpq�ä�Ìj���

j�`��� . µ>: HI�������, 1997

21 å7æ, çè�, ´éê, C. HI-/Hãpq��ëä��

rsW0ì¾%�. ��Ôí, 2000, 7: 477~486

22 ´î�, �>ï, å ð, C. ñòóôHq�õº�¼ö�

��FG÷ø: ù. úûR[7 Sr-Nd 
ü[��j�. ��

j�, 2001, 30(1): 57~65

23 =��, ýþ�, ��q, C. ���W�f��"VW�'

��7÷ø. ����, 1999, 45(	
): 734~741

24 ���, 
"�, �Ç¤, C. �¯
��'FG��Ú��

����N. HI��, B¡, 1995, 25(4): 418~426

25 ���, �N�, @AB. ��Hq�ºµ����j���.

HI��, D¡, 1998, 28(	
): 7~14

26 Sun S S, McDonough W F. Chemical and isotopic systematics of

oceanic basalts: implications for mantle composition and proc-

esses. In: Saunders A D, Norry M J, eds. Magmatism in the Ocean

Basins. Geol Soc Spec Publ, London, 1989, 42: 313~345

27 McDonough W F, Sun S S. The composition of the earth. Chemi-

cal Geology, 1995, 120: 223~253

28 Condie K C. Plate Tectonics and Crustal Evolution. Oxford: Per-

gamon Press, 1989. 1~476

29 Faure M, Sun Yan, Shu Liangshu, et al. Wugong dome extensional

tectonics, South China. Tectonophysics, 1996, 163(1-4): 77~106

30 yz;, ¦ �. ��-}
���Á�$�¶úFG¿ !

"±². HI��, D¡, 1995, 25(11): 1226~1232

31 ¦ �, yz;, ´#$, C. %c]�&'(�'!"Ú).

HI��, D¡, 2000, 30(5): 519~525

32 yz;, ¦ �, 
*+, C. ��µ�WHq�rsFG. H

I��, D¡, 1998, 28(5): 431~438

33 Wang Dezi, Shu Liangshu, Faure M, et al. Mesozoic magmatism

and granitic dome in the Wugongshan Massif, Jiangxi Province

and their genetical relationship to the tectonic events in Southeast

China. Tectonophysics, 2001, 339: 259~277

34 Lin Wei, Faure M, Monie P, et al. Tectonics of SE China: New ins-

ights from the Lushan massif (Jiangxi Province). Tectonics, 2000,

19(5): 852~871

35 ,-q, w x, O’Reilly S Y, C. ��È-.��/012

D3£*4 ICPMS U-Pb �5����÷ø. ��³k, 2003,

48(12): 1328~1334

36 ¦ �, yz;, 6ï7, C. H8ug9:GW$�89'

;<Ìj=}. HI��, D¡, 2001, 31(6): 455~463


