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(1. �nY�^�st;Y,st 200030 � 2. �nY�^��{v�O���~�Æ^w 430077)2+� IF GPS MÆ�hM#���M NUVEL-1A "f�,��B;d�z0�� INDI "fR Burma I"f~�� AUST "fR Burma/SE EURA "f~��J}��1� INDI R
AUST "f��o,!�	3pj����"ro − 6X�d�z��o�d��R/)�Æ[D
B;R AUST "fz Burma "f�� INDI "fz Burma "f��J}�&Uof�l"f��*"5\�7�xR�"ro − �o�d�Æ[D
xr"f�2~H0v)� hM3��,|�h NUVEL-1A "f�,��,Eg� 2004 :�"ro − �o���rA|N
AUST "fo,M Burma/SE EURA "f1? 60 mm/a �:v NE 30◦

∼ 35◦ ��&��2? INDI "f	= − � (INDI-AUST) "f�&��WM 2004 :�"ro − �o��Æ[D
3v>3~KPr�BB�<,Db�� AUST "fb)29x�Æ�T
BB	℄ h A�d�uÆM��Ær� NUVEL-1A "f�,�� GPS �"f�J}��Æ[D
�MÆ�9�Xu^�P315.1 � P541 �� ��:�}�A

1 �:���
2004 9 12 ` 26 j<!5a��!qn~a(<!"s�4y� MW = 9.3 ��2tq��qSL�tx� (AUST) !eQ'� (Burma) H!e /�/>� (SE EURA) !e}�*PwI> (N 3.316◦, �C 95.854◦) �q9N���!qn − �n�~�ZC	N�L�qS	� SWK�i u NW 1�u NE9u�u��� N15◦ I>�GL AUST!e0 60

mm/a �b� !n+L Burma/SE EURA !e.F^b��=Vo�F^GL��!e��9{�\!�(}�z.E��Sy Burma/SE EURA !e�8*P.E�94� MW =

9.3 ��2tq� 2004 9�!qn − �n�~q	�LF^�!e18tq�)	G�� �Y�
�2007-02-07 � '`�
�2007-03-08ai!���nY�^�{v�O���~�Æg}`6



� 3 I !�W�, 2004 :�"ro − �o��Ær�MÆ�0� 271�F^!eyqG!e}�4y�R[8*P.E�W� [1] �q�T!e�AAyb��0��qyZC	S	^J!/V� 3 0�8 2 y� 1 �VL+q��Hy*P+���� Park 	g (2005) [2] � Bilham 	g (2005) [3] y
Ammon 	g (2005) [4] a��g N 3◦ ∼ 15◦ P!w��!qn − �n�~�!e18wSy�!e��n+S.�d4Sysz�C	wSLwQC	w�/%�1 N 9◦ 0(�C	w	���W��k<5 n�Mz�5W�~�!e��)tS.n 20 m �K)tS.4yg N 3◦ ∼ 6◦ �P!w�u(�#�x�g�n�~�I_�� 7 m �
LkI��F�(�[$^3i��W��	|�!e�b�pzd4� 20049�!qn − �n�~�tq�0�	|���9N�q��q��zu�i �t7KyTPs�ZC	�>9q+Kq��F�I�� INDI y AUST !e18�A+�/G6.HE�+�	 INDI !eQ AUST !e}�t�Z SW(_ S 2◦)—NE(_ N 5◦) &u�!e18�A [5−9] �+�	hM 2004 9�!qn − �n�~q	SL INDI !e2�=Vg INDI !eQ AUST !e}�\!e18�A� INDI-AUST !e+� [3,10−13] �GLo�� INDI Q AUST !e18�A�HE��� 2004 9�!qn − �n�~�qS	G6.hM	SL INDI !eQ Burma/SE EURA !e�'8e�=Vijq.hM	n+L
Burma/SE EURA !e� NE 9u� INDI !eF^b�%��k19N�wQ�!qn −�n�~ 1200 ∼ 1500 km T�ZC	�o��/(�(ZC	wC	2u��+�+����}t���6��

Sieh [2005) [1] hM	'=WM|� 2004 9�!qn − �n�~q9N�ZC	gÆ2aq	A(}k��1 Ammon 	g (2005) [4] �q�C	2u��+�k7L�wQ�!qn − �n�~�C	w!e�1}zG/u(���� Singh 	g (2006) [14] ��FhM#f
0�F/Ca��SL�n�~��3.(ZC		� �F^r[�1Vo�r[QgL���q"�y GPS gL2o	E}��{9No�� F^r[�W7if�	�W�/VHE� GPS m !"� [15] �
L NUVEL-1A !eb�+� [16] � INDI � AUSTy EURA !e�b�J��=VL INDI !ey AUST !e18�AA2u��� INDI!eQ Burma H!e}�� AUST !eQ Burma/SE EURA !e}��!eI|��VL
2004 9�!qn
�n�~ZC	2u�2}Kq�OqAA�/���Q.(ZC	�^3�LÆW7�M4L+�3.(ZC	�W�^3�LÆW7;�./�[$��� INDI !eQ AUST !e}��n+b�g�8-B" (PCFC) !eb�9uq�n+b� ��/V�/�^M;+C�F 20049�!qn
�n�~q�ÆÆ�W��4[^3�LÆ-L�
2 �;��5

NUVEL-1A X!eb�+�.Mm�XJU� (ITRF) �JU7 �$ 1996 90q/.j8EL87L�Æ�tL�ÆyX_tÆ�F [17] �G INDI �AUST y EURA !e�>l��J��U�(��~S	 X0 � Y0 � Z0 ℄$ ITRF XJU�6� Ωx �
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Ωy � Ωz M!e��� �A��^�(� !A��gL9[M [18]











Vx

Vy

Vz











=











0 −Ωz Ωy

Ωz 0 −Ωx

−Ωy Ωx 0





















X0

Y0

Z0











. (1)J� Ω �TA�^Gf�Bb����
Ωx = Ω cosΦ cosλ,

Ωy = Ω cosΦ sin λ,

Ωz = Ω sinΦ.

(2)�� Ω � Φ � λ M!e�>l��J��M'{I|���^V��[$HESL INDI �AUST y EURA !eq� GPS m !"������qC	w�>!e��BRI|��8 1 �U`�
L NUVEL-1A +�� INDI � AUST y EURA !e�>l��J��^ELt��!e�I|���; 1 INDI � AUST _ EURA 7r1 NUVEL-1A 7r0P�$9J�s(;>�$ h Ω /(◦)·10−6 · a−1 λ/(◦) Ω/(◦)

INDI 0.545 0.3 45.5

AUST 0.464 33.2 33.9

EURA 0.234 −112.3 50.6

3 �#g��p-d�{ 2004 ;>##�s�_4X8
3.1 INDI - AUST 6qfI�T/O�zGSL INDI !e>�E� 3 Q GPS m (ban2, hyde, iisc) ySL AUST !e� 11 Q
GPS m (alic, cedu, coco, darw, karr, mobs, nnor, pert, tidb, tow2, yar2) �m !"� [15] �[$��� INDI !ey AUST !e�BR!e !���2o�L8 2 �8� EURA !e2oGSL SE EURA !e� 4 Q GPS m (tnml, twtf, bako, tcms) �2o����+�2o	G8 1 �SL INDI !eQ Burma/SE EURA !e18qg N 10◦ ∼ 14◦ � INDI !e�BR !��ySL AUST Q Burma/SE EURA !e18wg N 3◦ ∼ 9◦ � AUST !e�BR !������8 2 2o8)� INDI !ey AUST !e�nR0t�n>�_ 60 mm/a � !V NE9u.F^b��{ INDI !e�b�OIYt� NE 9S)��VL GPS 2o� INDI !eQ AUST !e�n�b�}�qmg_ 22.7◦ ± 6.7◦ �9uR�o�9uRg m?PC;}� (JPL) � GPS "�_X62o�/I℄A��{ [19] �Gi�VL NUVEL-1A �
INDI � AUST !e18AA�^0hM�GL INDI !e�b��g8 PCFC !eb��9



� 3 I !�W�, 2004 :�"ro − �o��Ær�MÆ�0� 273�uq�mg+Q INDI !en+L AUST !e_ (20.8 ± 5.3) mm/a �b� ��oQ ��'	G INDI !e� NE 9u�b�9N��q����[$HE�
L PCFC !e>�E
4 Q GPS m (hnlc �mkea � bako � thti)  !���BR9u NW28.7◦ ± 4.1◦ MJU [15] � !�M (74.6 ± 3.2) mm/a �G8 2 2o^!� NUVEL-1A +�2o
/{}�ky GPS�gL2o�8)g)>� 3 × 106 a �Xq INDI y AUST !e�b�
/	Z���G� 1 � AUST !ea(18AAyq��2o^!�g INDI Q AUST !e}�� AUST!e^3�� INDI !eg8 PCFC !eb��9uqTH���z�.E�; 2 INDI _ AUST 7r	m�R�yd� U0P�{$ h "$ /mm·a−1 <U+ /(◦)

INDI: GPS iO 55.1±2.3 53.2±1.9-� 60.2 45.1

AUST: GPS iO 64.8±4.7 30.5±6.4-� 63.4 35.3

EURA: GPS iO 29.1±3.2 110.9±5.2-� 24.2 113.3

INDI S AUST q."$� GPS iO 20.8±5.3 � PCFC e��6<w-� 9.7

3.2 2004 �,Q*:4Ip�%�
DeMets 	g (1994) 
L)> 300 F90q�ÆQX_t"�$y�_X 14 Q�'!ey!e18+��=VL�'!e��A (!� 1) �U`�T!e�>lb�J��GL 2004 9<!"�q	4yg AUST !eQ Burma/SE EURA !e18�*PwI>�=V�'	GL AUST !e0_ 60 mm/a � !u NE 30◦ ∼ 35◦ �9ub�%��oQb�9ut�h�L AUST !eQ Burma/SE EURA !e�18w�AUST!eF^Qm

Burma/SE EURA !e�=9N Burma/SE EURA !e�8^S.�d4Sy��!qn
5W�~�ZC	y 2004 9<!"sz�7i�G� 1 � INDI � AUST !e18�AA^�g4k� INDI !en+L BurmaH!e�I|y��F^^3��+ 20049<!"�q�4ymg)i�d4.E�1+�3.(ZC	��W�I+�^l�
3.3 �6qfIkvz[e�-.&EL4W<Ip�\�G� 1 ^!�U�g5W�~ AUST !eQ Burma H!e18C	wt_g N 9◦ S	�C	9uGgJ0/� NW20◦ L5MgJ0(� NE 10◦ [3] �xE8 2 � GPS 2o�^��� AUST !eQ EURA(Burma) !e}�g5W�~C	w18y INDI !eQ
EURA(Burma) !e}�g�n�~C	w18�BRI|�A:M (28.0 ± 5.6) mm/a y
(9.1 ± 3.9) mm/a �lo
L8 1 � NUVEL-1A +�!eb�>lJ��^��q��BRI|�A:M 34.5 mm/a y 11.0 mm/a �8) AUST !e NE 9u�b�9Ng AUST !eQ Burma H!e�'8e�I|�t_	 INDI !e NE 9u�b�9N� INDI !eQ
BurmaH!e18�I|��> 3 -�=VG GPS"���2oQ
L!e+���2oOI�x�+���
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A 1 NUVEL-1A "f�,��`Y�("f29BB [16]

IN � AU | EU C<9� INDI � AUST | EURA $h 3 S$h(:f�y<jO INDI � AUST | SE EURA

3 S$h�FC3:�(:U�*.BB� >v�B�5q [11] B�5q9� 2004 <�#sp − �p���t\U\U�~m9��t;O��yS�#sp − �p�� 1 200∼1 500 km U��℄F�*SyZ�mLY�\UO Burma J$h [8] L�J$h1&���
 2004 <?$$�tU��s�B�5q�1*w�<h�m9�XN
NUVEL-1A -�'J�� INDI S AUST $h�3:9*�m�Kh<vp\U�N AUST $h�**FC;+C
L NUVEL-1A +�� INDI �AUST y EURA !eb�>lJ��^A:���SL5W�~�/%y(%S	�0�SL�n�~�/%y(%S	e�!e�I|��2o!8 3 �; 3 ��o5ÆG_3B~ÆGJj�8xS�7ZNJ7rglw{F"$ h � � Q$ /(◦) K~� / mm·a−1

NDI S Burma �p�e� N 14.0 10.4

N 10.5 11.3

AUST S Burma / 7Y�e� / N 9.0 31.0

SE EURA *�#sp N 3.0 37.6q��8)�g5W� − �n�~�*Pw�!e��I|�t�	G/u(����g/(�Q�>�*Pw2)8kMn>���Z��q���
M6�gL���5W� − �n�~!e�1}z^3	G/u(���0�q9N�)t!e�S.SL N 3◦ ∼ 6◦ �>5W�~C	w2�2� [2−4] 4[�LÆ-L�q�gL2�).
McCloskey 	g (2005) [8] %{}�g�!qn − �n�~C	wS.�AAI�t�R6�)t�S.n�> 20 m �=VSS.��'AAÆ�gC	w)/%_ 500 km �7K2�oQ[$q�!e�I|�AA��2o	E}��w�q> 200 9q��!qn − �n�~*PwI��� 10 Ojtq [11,12] �&



� 3 I !�W�, 2004 :�"ro − �o��Ær�MÆ�0� 275�k 1941 (Ms 7.7) � 1847 (Mw7.5 ∼ 7.9), 1881 (Mw7.0, 7.9), 1861 (M 8.5), 1833 (M 9.0), 1907

(M 7.8) , 1797 (M 8.4), 1935 (Mw 7.7), 2000 (Mw 7.9) 0� 2002 (Mw 7.3) 	�J�b 1941

(Ms 7.7) y 1881 (Mw 7.0) q	4ygSL INDI !eQ Burma H!e'8��n�~*PwI>D�JO_ 80% �q�&k 1881 (Mw 7.9) q [20] � 4yg� AUST !eQ Burma/SE EURA !e'8�>5W�~��!qn/(s`�*PwI>�o�
^0Gq� 3.3 0�/�y!e��I|�2o4[,x�LÆ+{�8)��!qn − �n�~*Pw��^3	 AUST !e�b�g�f!o[q�4yQ4j�[$^0��+Q
/�2�� 20049<!"q�'G	0 AUST !eb�M��=Q INDI !e�b�_>.E�2o�
4 ��\E��_4N��X81�gL"�i��g 2004 9<!"�q4y��ka(�!qn~��n�~��~*Pwg 8 ∼ 10 min �{�24y�Tn 1 200 ∼ 1 500 km �ZC	�wQC	AM�(��+(N�L(�!qn~� q�Mz�aE�s�u(�u_ 800 km �JC	 !M
2 ∼ 3 km/s�C'i=/���3.(�ZC	S�=��(���℄v�C	 !&M_
1.5 km/s [1,2,21−23] � Lay 	g (2005) [11] VLZC	r[2u�%wQC	AM 3 EA�A:M�!qnEA (420 km) �5W�EA (325 km) y�n�EA (570 km) �J�Q�EA�%T!M 745 km �2�L5W�~�(%�VL Ammon 	g (2005) [4] +ZC	+���F�{}GC	Sy�F^S.g N 9◦ ∼ 10◦ S	S����VL� 1 LÆ!eb�+�� AUST !ea(18S	�AA�[$4k AUST !ea(�%�S	Q
0.nU`��+.(ZC	���S	+��_SL N 9.0◦ ∼ 9.5◦}��g�+.(y�3.(ZC	�'i=/�P�S	^3zxSL INDI � AUST!ey Burma H!eon�'8e�VL mm�q�d�~ (NEIC) 4[� 2004 9<!"q� 17 82� 13 �2%4y�q�M M5.0 ∼ 7.3 Oq"��AA�{}SL5W�~y�n�~}�� INDI/AUST !eQ Burma H!e}��C	wJKmg+Q N

9.08◦ ∼ 10.34◦ �Oqaw�2o!� 1 ����2o��OqAA0�Vl [24] �� 1 �o8) AUST !ea(�%S	�^3SL N 9.1◦ I>�)G	�+.(ZC	�2�S	�8)�+.(ZC	9N�OqAAQ AUST !ea(18�&u+��1�3.(�ZC	^3N�L> N 10.34◦ �S	�u NE +��u�_ N 14◦ ∼ 15◦ �^0hM�/jq�ZC	);+C�{�g NUVEL-1A +�f AUST !ea(18wÆAA�^V��VLq�!e�I|��LÆ���+.(ZC	��W��^�-k7L�9(�d47��+	 20049<!"�q��-d4�3	SL AUST !eQ Burma/SE EURA!e��SI|.E�Qn��-d49N AUST !eF^Qm Burma/SE EURA !e�g.8^$�q�9���?f��z�=���GLqG!e�8^.E� AUST !e;+CF^Qm Burma/SE EURA !e�9N�!qn − 5W�~*Pw�ZC	�1�n7�^3	9N 2 ∼ 3 km/s �C	 !yt�F^S.�e"��3.(ZC	)^k7



� 276 �������9�W���<�k������� 25 QL�9(�+	�+.(ZC	�EW�9N AUST !ea(%/(u18n+L INDI !eTH(}�z����=�3	 INDI !eQ Burma H!e� 10 ∼ 11 mm/a �nI|.E�� INDI !e3F^Qm Burma H!e�=9N Burma H!e�8^S.�o�
	9N_ 1.5 km/s �ZC	 !y�� 7 m �F^S.�LÆW7�+qgL"��A`2o8)�g�+.(ZC	4y��C	��u(�u�g_ N10.34◦ S���3.(ZC	 !)i5��&M_ 1.5 km/s �ZC	9N�F^S.)&��� 7 m [4,11] �SL INDI !e�E18y�n�~�X8(t_Cw� 300A�GS.� 7 ∼ 20 m [25] � Chlieh 	g (2007) [26] 
L GPS y&MgL"��G>q+��2o8)�g�wQ�!qn − 5W�� − �n�~�ZC	w�`k 3 QZC	3��=�D�S	�A:SL N 4◦ � 7◦ � 9◦ �o8)/jq9N�ZC	3��'Æ�g�+.(ZC	w2�)���S	SLt_ N 9◦ �->L AUST !ea(%S	��3.(ZC	w2�It�C	3�D�Sy�o{gL2o^E/V 3.3 0���!e��I|��P!AA��,x�LÆ6��>{�)�)� INDI !e�b�+�3.(ZC	��Wy4y%N��.E�{lo�I�+.(ZC	�4y�^3��I[$%T���3.(ZC	��W�VL/V�A`Q/���n^3mg+��7oee�
5 �4�{1�
L GPS "�y NUVEL-1A X!eb�+��[$�� INDI !ey AUST !eA:Q Burma y Burma/SE EURA !eI|�M 9 ∼ 11 mm/a y 28 ∼ 34 mm/a ����8 3�2o�J� 9 ∼ 11 mm/a 2oQ 2004 9<!"qQSL�n�~q GPS gL���
14 mm/a �I|�2o [27] 	+���+ INDI !eQ AUST !e�n+b� !��2o8)�g� PCFC !eb��89uq� INDI-AUST !e�mg_ (20.8±5.3) mm/a �n+b� !�oQn+ !�'	G INDI !eb�9N��8) AUST !eg� PCFC !eb��89uq^3��+QG INDI !eb�9N�TH��z.E��+.(�ZC	�^3�oQTH��z���=�EA�=�k1g INDI !eQ Burma H!e18�I|��.Ef�d4Sy�3.(�ZC	�G NUVEL-1A !eb�+�y/V�/�� 2004 9<!"�q�'�G AUST !en+L Burma/SE EURA !e� NE 30◦ ∼ 35◦ 9u�b�9N�1�	G INDI !e� INDI-

AUST !e�b�%��o^g NUVEL-1A !eb�+��+DfG 2004 9<!"�q4y�S	�AUST !ea(18�J[T��!e�I|��AA��LÆ6�� INDI y
AUST !e�_>.E�W� 2004 9<!"q�{�y�AA2u���!qn − 5W� − �n�~wQ!e18w> 200 9�q"�8)�r�L
20049<!"q�q�g M7.0 0q�tqYk24yg��!qn − 5W�~�!e18wI>�o^3Q INDI !eQ Burma H!e�� AUST !eQ Burma/SE EURA !e��!eI| !��>%TIe�Rqgo+[�tq^3Yk24yg� AUST !e�a(��(E�18w [28] �xE/V��I|��̂ 0kLÆ)!,x6�gL



� 3 I !�W�, 2004 :�"ro − �o��Ær�MÆ�0� 277���� 1 200 ∼ 1 500 km T�C	wq!e�1}zG/u(���2� [4] �SL N 6◦ ∼ 9◦ � AUST !ea(Q5W�~� Burma H!e�'8EA�/->
AUST !e�18S	 (!� 1) �GLoEAe7�^3�5�)Q Burma H!e�}��I|��xLE!e+��������7i�gL����+.(ZC	�2ui�J�'�5Q)t!e�S.SL_ N 3◦ ∼ 6◦ �>5W�~C	w2��n�Æ�gC	w)/%� 200 ∼ 500 km 7K2 [8,29,30] �1�	AAg N3◦ ∼ 9.1◦ wQ> 800 km T��+.(�ZC	w2�VL McCaffrey(2007) [31] ���2��+�q�q4y�AjQ!e��I|�tx	Wz0��!e��I|�3Crtq�4y�.Q[$�\�3-�VL��!qn −�n�~*Pw�f+j2tq�4y�7M 2004 9� MW = 9.3 �2tq	4ygÆ
0XWÆ�E_�IV�����WÆ�$��'I'b�{�^�Fojtq��
�'��9�{�yY0�q%/�G3U`q��/V�/�%I�L;+CkÆÆqpz=W 2004 9�!qn − �n�~q��WW7�6# �/tZ.���mWÆ℄qs8V+8VX�zÆ�~y�mWÆ℄℄v�ztL���}�C�"��M|�SxO��y*��℄�+/V_O4`��x��L3!�w�S�FY+/tZ.�4j4`��x�$5�u�/�FYyG0�FYG/tZ.��Ie2kQ.n;��I4�'��9�?�M/V4[� GPS �L�gi+=8�M|�=n���
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Discussions on Possible Geodetic Mechanism for the

2004 Sumatra-Andaman Islands Earthquake

YANG Zhi-gen1,2

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Key Labora-

tory of Dynamic Geodesy, Chinese Academy of Sciences, Wuhan 430077, China)

Abstract: The 2004 Sumatra-Andaman earthquake with moment magnitude 9.3 on Decem-

ber 26, 2004 was the second largest earthquake in the instrumental record and the first giant

earthquake to have occurred since the advent of modern space geodesy. In this work, we report

estimates and results by using GPS measurements and basing on the boundary distributions of

the Indian plate and Australia plates in NUVEL-1A plate motion model, the convergence rates

between Indian and Burma plates and between Australian and Burma plates, as well as the rel-

ative motion between Indian and Australian plates are respectively estimated. Results indicate

that the two phases of ruptures that occurred along respectively the Sumatra-Nicobar Islands and

the Andaman Islands in Indian Ocean were probably related with triggering of different plate in-

teractions. The reduction between megathrust coupling as a function of distance northward from

epicenter can be kinematically interpreted by distribution of the estimated convergence rates.

The 2004 Sumatra-Andaman main-shock should be induced by the Australia plate motion, which

is towards NE33◦ − 35◦with a velocity of about 60 mm/a relative to Burma/southeast Eurasian

plate. The geological distribution of the northwestern most part of the AUST plate in NUVEL-1A

may be further confirmed by this earthquake.

Key words: space geodesy; 2004 Sumatra-Andaman islands earthquake; NUVEL-1A plate

motion model; GPS measurements; convergence rates between plates; geodetic interpretation for

crustal ruptures


