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Abstract��
     This paper presents a study of focal mechanism of earthquakes and stress indicators for Iranian plateau and surrounding 
regions. All recorded earthquakes with magnitude of 4.5 and higher, occurred from 1964 to 2000, have been studied. The 
seismological data were taken from the International Seismological Centre (ISC) bulletin and Earthquake Data Report (EDR). 
More than 400 events of all earthquakes have been evaluated as good quality. Among them, 224 earthquakes are located in the 
Iranian plateau. Based on P-wave first arrival polarities, focal mechanisms, orientation of the principle stress axes (P and T), 
nodal planes, and their corresponding errors in cases where more than one solution may fit the data, have been determined. 
Reliability of the fault plane solutions has been evaluated by the values of the errors of P and T-axes orientations (less than 
15), the minimum number of polarities (N>=30), and the score (S>=0.75). The average number of polarities for 224 
earthquakes in Iranian plateau is 88.  The fault plane solutions indicate that the strike-slip and oblique faulting movements 
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characterize the majority of the earthquake focal mechanisms. 66 percent of the solutions correspond to strike-slip or oblique-
slip with a strong strike-slip component faulting, while only about 18 percent of the solutions correspond to the mechanism of 
dip-slip faulting. Dip-slip movements are mostly reverse. This is markedly in effect of the Arabia-Eurasia convergence by 
strike-slip and reverses faulting in seismotectonics of Iran. The Frohlich triangle diagrams for Zagros, Alborz, the east of Iran 
and Makran zones were presented. There are two main alignments of the maximum compressional stress in each zone: NE-
SW and NW-SE. The NE-SW direction is compatible with the main regional tectonic stress, whereas, the NW-SE direction 
seems to be associated with local tectonic movements.  The focal mechanisms obtained in this study are in general agreement 
with those of Centroid Moment Tensor (CMT) solutions reported by Harvard. However, the epicenters given by CMT method 
are generally misplaced by tens of kilometers from the locations reported by ISC or EDR. As reported by Dziewonski et al. 
(1981), such a discrepancy is well expected because the location of epicenters in the Harvard CMT corresponds to the centroid 
of seismic moment release, rather than to the point of rupture nucleation. 
 
Key words: Focal mechanism, Earthquake, Stress, Iranian plateau, P-wave polarities, Faulting. 
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Ƶŵřŵ�Źŵ�ƱƺĭŚºººƳƺĭ�įŚƸºººƃƹŹ�įźǀĭŹŚºººƧ�ƶºººŝ�řŸºººƫ���ŚºººƷƾºººƯ��ţºººººº�Źŵ�ŶƳřƺ

ǀŤƳºººƶŬ���ţ�ƽźǀĭŐźǀŧ���ŶºƃŚŝ�ŹřŸĭ������ƶºƫŚƤƯ�Ʋºƿř�Źŵ��������źƟ�ƶºŝ�ƍƺºŝźƯ�šŚºǀŗżū���Ŷºƴƿř
���ƂƬƀĭƴƳŚƯº��Ŷ������Ƃƴºţ�ƾºſŶƴƷ�ƖƿŻƺţ���ƶƴǀƄºǀŝ���ºŝŚū�ƹ���ƶ���ƾƿŚºū�ŞƀºƳ���ƽƹŹ�Źŵ�ƾ

Ƭƀĭ���Ƃƴţ�ƽƺĮƫř�ƹ�ŚƸ�����ƾŤųŚºſ�ƲǀƯŻ������������ƵŶºƃ�ƾºſŹźŝ�ƝřźºƏř�ƾůřƺºƳ�ƹ�Ʊřźºƿř
Ţſř����ƾƯ�ƶƫŚƤƯ�Ʋƿř�ŪƿŚŤƳ�Żźƫ�šŚǀŗżū�źŤƄǀŝ�ƶģ�źƷ�ŢųŚƴƃ�Źŵ�ŶƳřƺţƵ���ƽżºǀų

�����������ŰƠºƇ�ŢºƧźů�ƩŶºƯ�ƲǀºǀƘţ�ƹ�Ʊřźƿř�ƞƬŤŴƯ�ƾůřƺƳƶ����Ż�ƽŚºƷ�ƲǀºƯ����ƹ�ƾŤųŚºſ
�ƾſŹźŝŶƴƧ�ƾƳřƹřźƟ�ƦưƧ�ƝřźƏř�ƾůřƺƳ�ƹ�Ʊřźƿř�ƢƏŚƴƯ�ƾƨǀƯŚƴƿŵƺŗĥ���

���
çƲǀƯŻ�ƵŻźƫ�º���Ʊřźƿř�šǈƟ�ŢųŚſ��

���Ʊō�ƝřźºººƏř�ƾůřƺºººƳ�ƹ�Ʊřźºººƿř�šǈºººƟ�Żř�ľŚºººƗƺưŬƯ���ŚºººƸƷƺƧ�ƶŤºººƃŹ��ƹ�
Ʋǀººģ����ƪƨººƃ�ŽŚººƿźţ�Źƹŵ�ƾººƏ�Źŵ�ƶººƧ�Ţººſř�ƵŶººƃ�ƪǀƨƄººţ�ƾƿŚººƸǀĭŵŹƺų
ƶŤƟźĭ�ŶƳř���Ƶźºĭ�Żř�ƂƧƹŶƴƷ�ƽŚƸƷƺƧ ���ƩŚưºƃ�Źŵ�źǀƯŚºě�źŤųŚºŝ��ƹ�ƂƧƹŶºƴƷ�

ƃ��ƹŶƴƷ�ƵŹŵ�ƩŚư�����������ƶºŝ�Ʊřźºƿř�šǈºƟ�ƾƫŚưºƃ�ƶŞƫ�ŵřŶŤƯř�Źŵ�ƶƯřŵř�Śŝ�ƹ�ƵŶƃ�ƕƹźƃ
�ƵƺƧ�ƶŤƃŹƾƯ�ŻźŞƫř��ŵŶºƳƺǀě����ƵƺºƧ�ƶŤºƃŹ����ŢºƸū�Źŵ�ŻźºŞƫř���� ŹƹŚºų�º�źŤųŚºŝ�Źŵ�

���Ƶźºĭ�Śºţ�źŤųŚºŝ�ƩŚưƃ�Ţưſ�ƶŝ�Źżų�ƽŚƿŹŵ�ƾŝƺƴū�ƪůřƺſ�ŵřŶŤƯř ��ƱŚŤƀºƴƯŹř
ƾƯ�ƶƯřŵř�ƱŚŤƀƴƯŹř�ƹ�ƶǀƧźţ��Ʊřźƿř�ƥźŤƄƯ�ŻźƯ�ƪŰƯ�ƾƴƘƿ�ŶŝŚƿ� ŻźƯ�ƽźŤųŚŝ�

���ŽƺƀººǀƯŚěƹŹŚě�įŚººƸƷƺĩ�Śººţ�Ʊō�ƽŹƹŚººų�ŻźººƯ�ƹ�Ĩººģƺĩ�ŻŚººƤƠƣ�Śººţ�ŻźººŞƫř
(Paropamisus)�ŵŹřŵ�ƁźŤƀººĭ�ƱŚŤƀººƳŚƜƟř�(Alavi, 1991)���ƵƺººƧ�ƶŤººƃŹ
���ŽźĭřŻ��źĮƿŵŢſř�����������������ƽŚºƿŹŵ�ƹ�ŽŹŚºƟ�ŪǀºƬų��ƶºƬūŵ�ŵƹŹ�źºŝ�Ɲřźºƃř�Śŝ�ƶƧ�

ƱŚưƗ��������ƾƫŚưºƃ�ƽŚºƸƷƺƧ�ƶŤºƃŹ�Śŝ�ƵřźưƷ������ƵŵźºƧ�ƶºƏŚůř�řŹ�Ʊřźºƿř�šǈºƟ��ŶºƳř��



 ��
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���ƶŝ�ŽźĭřŻ���������ƶǀĩźţ�ŹƹŚų�śƺƴū�ƹ�ơřźƗ�ŹƹŚų�įŚƸƿŶƴƬŝ�Śţ�źŤųŚŝ�ƩŚưƃ�Ţưſ
�����������������ƵŹŚºƣ�ƱƹŹŵ�žƿŵřźºţ�ƪƀºĭ�Ǝºſƺţ�ŹƹŚºų�śƺºƴū�Ţưſ�ƶŝ�ƹ�ŵŹřŵ�ƶƯřŵř��įř

����İƯ�řŶū�ƱřźĪƯ�Żř�śŚƴǀƯ��ŵƺºƃ������������ƽźŤųŚºŝ�ŻźºƯ�ŵřŶºŤƯř�Źŵ�ŽźºĭřŻ�ƽŚºƸƷƺƧ�
���ƹ�Ʊřźƿř��Ƃǀě��Ʋƿř�Żř����ſ�ƶŝ�ƶƧº������ŶºƴƷŵ�ŢºƸū�źǀǀƜţ�ŹƹŚų�Ţư���Ʀºƿ��ſŵ��ººººº�ƶŤ

ţƿŶƣŚººººž���ƃ�ƶŝ�ººº��ƪƨǀţºººººƶƜ�Ư�ƽŚƷººººƄţ�řŹ�ƽŻřƺºººƾƯ�ƪǀƨ�ƴƷŵººººº�ƶƧ�Ŷ
ƕŚƠţŹřƳō�ººººº�ŚƸ�ƶŝ��ÑÒÍÍƾƯ�źŤƯ��ſŹººººŶ�ǀƫŵ�ƶŝ�ŽźĭřŻ�ººººº�źƿŚųŷ�ŵƺūƹ�ƪ
ǀƔƗººººº�������������ƹ�ŚǀºſřŹƹř�ƱŚºǀƯ�Źŵ��İŤųŚſ�ƲǀƯŻ�ƅŚų�ƵŚĮƿŚū�żǀƳ�ƹ�ŻŚĭ�ƹ�ŢƠƳ�Ʈ
ƀŝźƗºº����ſŹźŝ�įŵŶƘŤƯ�ƱřźĮƄƷƹĦě�Ǝſƺţ��ƱŚŤºƃ�İºº�ºſř�ƵŶŢ���ºƬưū�Ʊō�Żřº�ƶ
ƾƯ�ţƱřƺ�Falcon (1974), Farhoudi(1978), Pamic et al. (1979), 

Jackson &Mckenzie(1984),Alavi(1994),McQuarrie (2004)�
��ŵźŝ�ƭŚƳ�řŹ���Ƶƺĩ�ƶŤƃŹ������ƄºƳřŹƹźƟ�ƱƹŻ�Ĩºƿ�ƵŹřƺºƿŵ�řźƟ�źŝ�ƱřźĪƯ�įŚƷºº��Źřźºƣ�İ

ŵŹřŵ��ƃ�Źŵºưººººĭ�ƶººŝ�ƩŚººººººƿŹƺƯŻŚū�ƩřŵƺºŰƯ�ƱŚººººİººƯ�ŵƹŶ�ººƃº�ŻźººƯ�ƹ�ŵƺ
ƴūººº�Źŵ�Ʊō�İŝƺæêåǀĩ�ººſ�įźŤƯƺƬººůŚººƿŹŵ�ƪºººưƗ�įŚººƣ�ƱŚºººŵŹřŵ�Źřź��
� .(Farhoudi and Karig, 1977, Glennie et al., 1990)��ƶºǀůŚƳ

������������Ʋǀºŝ�ƕŚºƠţŹř�Śºŝ�Ʊřźºƿř�šǈºƟ�ƽżƧźƯÎÍÍÍ����Śºţ�ÎÒÍÍ������Żř�ŚºƿŹŵ�ŮƐºſ�Żř�źºŤƯ�
�ſŚƯ�šŚŝƺſŹºƶ���������ſ�Śºŝ�ƾºĤĭ�ƹ�ƾƨƷō��ƽř�ººº�����ºſŚţźƧ�ƹ�ŽŚºƿźţ�Ʋº��Ƅºţ�ƶººƨ�ƪǀ

ƃºř�ƵŶ�ºſŢ�(Clapp, 1940)�������ŽŚºƿźţ�Śºţ�ĨºǀƿƹŻƺŘƫŚě�Źŵ�įżºĩźƯ�Ʊřźºƿř�
�Żř�İƄººŴŝƽƺƨººſŤƀººŝźƗ�ºººƱŚ����Ƶŵƺººŝ�Ʊřźººƿř(Stocklin, 1974)�Żř�ƹ�

ſŚţźĩººţ�ƶººƶŝ�ƖƐƣ�ŹƺƏ�ƶŝ�ƱƺƴĩŚ�ǀſřŹƹřººº�Ś�ƱřŹƺţ��Ťſƺǀěººº��Ţºſř�Ƶŵƺºŝ�ƶ� 
.(Soffel &Forster1983)��

Gutenberg and Richter (1954)���ƵŻźºƫ�ƾºſŹźŝ�Źŵ��ůŚƳ�Ʋºƿř�ƽżºǀų��ºǀƶ�
ƾƯ�ƵŹŚƃř�ƵŻźƫ�ƩŚƘƟ�ƶǀůŚƳ�ƶƧ�ŶƴƴƧ�Ʊřźƿř�Źŵ�ƽř�ƵŵźŤƀĭ�ƹ�ƂŴě�ŜţřźƯ�ƶŝ���źţ

�������ƾºĜƫō�ŶƴŝźưƧ�ƽŚƸƄŴŝ�ŜƬƛř�Żř�Ţºſř�����ƶºŝ�źºŝ�������ŚºƸƳō�ŵŹƹōÔ�Ï�����ƪºƧ�ŶºƇŹŵ�
���ƭŚưţ�ƽĥźƳř�ƵŻźƫ�ƲǀƯŻ�����ŚǀƳŵ�ƾŰƐſ�ƽŚƷ�ƶŝ���ƶƬǀſƹ��źƫ�ƲǀƯŻƵŻ������ƹ�ƱŚŤƀºģƺƬŝ�ƽŚƷ

��ƾƯ�ŵřŻō�Ʊřźƿř�������ƾŝƺƴū�Ʊřźƿř�Źŵ�żǀƳ�ƹ�ŵƺƃ���ľǇƺưƘƯ��Żźƫ�ƲǀƯŻƵ��������šŶºƃ�Śºŝ�ƾƿŚºƷ
ƾƯ�ơŚƠţř�ƎſƺŤƯ�ŶŤƟř����

��ƲǀƯŻƫƵŻź�����������Śºŝ�Ʊřźºƿř�ƾŴƿŹŚºţ�ƽŚƷ�����ŹŚºŧō�Żř�ƵŵŚƠŤºſř���ƹ���ƶŤºƃƺƳ���ƽŚºƷ��ƾƳŚŤºſŚŝ
ƵŶººƃ�ƶººƘƫŚƐƯ�Ţººſř�Seyed-Nabavi, 1978; Ambrayseys and) 

(Melvile, 1982, Berberian,1994���
Berberian and Yeats (1999; 2001)�Śŝ�ŹŚŧō�ƢǀŞƐţ�Śŝ��ŶƷřƺºƃ�ƹ�ƾƳŚŤſ

ƲǀººƯŻ�ƶººƫżƫŻ�ƹ�ƾººſŚƴƃ�ŢººŴƿŹ��ƾººſŚƴƃ��ƽŚƸƬƀººĭ�ƾººſŚƴƃŜŞƀººƯ�ƽŹŚǀƀººŝ�
ŻřƶƫżƫŻ�Ƶŵźĩ�İſŹźŝ�řŹ�Ʊřźƿř�İŴƿŹŚţ�įŚƷ�ŶƳř����

ƶŞƴū������������ƲǀºƯŻ�ƵŻźºƫ�ƹ�ƽżºǀų�ƵŻźºƫ�ƽŚºƷ�����������ƾºſŹźŝ�ŵŹƺºƯ�Ʊřźºƿř�šǈºƟ�ƾŤųŚºſ
�Ţſř�ƶŤƟźĭ�Źřźƣ�ƽŵŚƿŻ�ƱřźĮƄƷƹĦě��ƽřźŝ�ƩŚŨƯ���

�Stahl, 1911, Wilson, 1930; Peronaci, 1958; Niazi and 
Basford, 1968; Nowroozi, 1971;1972;1976; Seyed-
Nabavi, 1972; Mckenzie, 1972; Berberian, 1976a; 1976b; 
1977; 1981; 1994; 1995; Shoja-Taheri and Niazi, 1981; 

Jackson and Mckenzie, 1988; Baker, 1993; Hessami and 
Jamali, 1996 ).   

���Ʋƿř�ŹŵƂŴŝ�ƴţ������ƾºƯ�ƵŹŚºƃř�Ʊřźºƿř�ŢųŚºſ�ƲǀºƯŻ�ƵŻźƫ�Żř�ƾţŚǀƬƧ�ƶŝ�ŚƸ��ŵƺºƃ�ƹ�
����������������Ƶŵřŵ�ƕŚºūŹř�šǇŚºƤƯ�ŢºſźƸƟ�ƶºŝ�źŤƄºǀŝ�šŚƗǈƏř�ƹ�šŚǀŗżū�ƽřźŝ�ƵŶƴƳřƺų

ƾƯ�ŵƺƃ�� 

 Shoja-Taheri and Niazi (1981)���ƶººŝ�ƦººƿŵżƳ�ƾººſŹźŝ�ŚººŝÑÍÍÍ�
ƲǀƯŻ�������Żř�Ƃǀŝ�ƾĭŹżŝ�Śŝ�ƵŻźƫ��é����������ƶƧ�ŶƳŵřŵ�ƱŚƄƳ�Ʊō�ƝřźƏř�ƹ�Ʊřźƿř�šǈƟ�Źŵ�

Ƨ�ƩŚƘƟ�ƂŴŝƲǀƯŻ�Ŷƴŝźư��ŝ�ŚǀƫŚưǀƷ�º�Ěƫō�ƾŤųŚſƶ���ƂºŴě�ƶǀůŚƳ�Ʀƿ�šŹƺƇ
��ƵŻźƫ�ƵŶƴƧřźě�ƹ�żǀų������ƵŻźºƫ�Ŷƴŝźưĩ�Ŷƴģ�Żř�ƪĪƄŤƯ���żºǀų���ƵŹŚºƣ�ƱƹŹŵ���Ţºſř�įř��
�ŶƴŝźưƧ�Ʋƿř�����������������ƵŵźºƧ�ƶºƏŚůř�řŹ�ŹřŶºƿŚě�ľŚŤŞƀºƳ�ƦºģƺƧ�ƥƺºƬŝ�ƲƿŶºƴģ�ŚƷ���ŶºƳř��

�ƥƺººƬŝ�ƲƿźţŻŹŚººŝŚººƳƵŻźººƫ��ƽźŤųŚººŝ�ƱŚŤƀººƳŚƜƟř�ƥƺººƬŝ��ŹřŶººƿŚě�ƹ�ƽřŢººſř��ƹ�
��ř�Śŝ�ƽŚƸƧƺƬŝ�ƦģƺƧ�ŵŚƘŝ������ƾŝƺºƴū�ƶºǀůŚƳ�ƹ�ƱŚºŬƿŚŝŹŷō��ƽżºƧźƯ�Ʊřźƿř�Źŵ�źţ

ƶƔůǈƯ�ƪŝŚƣ�ƽŹřŶƿŚě�żǀƳ�Źżų�ƽŚƿŹŵ�ƾƯ�ƱŚƄƳ�řŹ�ƽř��ŶƴƷŵ����
 Nowroozi (1971)ƲǀƯŻ�ƽŵŚƿŻ�ŵřŶƘţ�ƪŰƯ�ƲǀǀƘţ�Śŝ�����ƶºƧ�ŵřŵ�ƱŚƄºƳ�ƵŻźºƫ
��ƵŻźƫ�ŢǀƫŚƘƟ�ƲƿźŤƄǀŝ������Ţſř�żƧźưŤƯ�ŹřƺƳ�ƶſ�Źŵ�ƽżǀų�������Żř�ŚƷŹřƺƳ�Ʋƿř�Żř�ƾƨƿ

�Źŵ�ŻŚƤƠƣ�ƶǀůŚƳ�ŢƸūƽŹƹŚų�ƽźŤųŚŝ�º���ƽŚƿŹŵ�Żř�ŹƺŞƗ�Żř�žě�ƹ�ƵŶƃ�ƕƹźƃ
����ƩŚưƃ�żǀų�ƵŻźƫ�ƶǀůŚƳ�ƶŝ�ŹżųƽŹƹŚųƾƯ�Ʊřźƿř����ƹ�ƾƳŚºǀƯ�ŶƴŝźưƧ�ƹŵ�ƹ�ŵŶƳƺǀě

�ŝ�ƾŝƺƴūƶ������������Ţưƀºƣ�ŹŚºƴƧ�Żř�ƩŚºƘƟ�ƱƹŻ�Ʀƿ�šŹƺƇ�ƽŹƹŚºų����ƺţŚºƳō�ƪƀºĭ�ƫ�ƾ
ƫŚưƃİ������������ƾºƯ�ƮǀƀºƤţ�ŹřƺºƳ�ƹŵ�ƶºŝ�žĜºſ�ƹ�ƵŶƃ�ƕƹźƃ���ŵƺºƃ�����ŹřƺºƳ�ƹŵ�Żř�ƾºƨƿ

���ŤƯř�Źŵ�ŻźŞƫř�ƽŚƸƷƺƧ���ƾƯ�ƩŚŞƳŵ�řŹ�Źżų�ƽŚƿŹŵ�ƾŝƺƴū�ƶŞƫ�ŵřŶ����ƽźºĮƿŵ�ƹ�ŶºƴƧ
��ƽŚƸƷƺƧ�ŵřŶŤƯř�Źŵ���ŢƸū�źǀǀƜţ�ŚŬƳō�Żř�ƹ�ƵŶƃ�ƵŶǀƄƧ�żƯźƷ�ƶĮƴţ�Śţ�ŽźĭřŻ

ƾƯ�ƶƯřŵř�ƱŚŤƀƧŚě�ƹ�Ʊřźƿř�ƾŝƺƴū�ƪůřƺſ�ŵřŶŤƯř�Źŵ�ƹ�Ƶŵřŵ�ŶŝŚƿ����
������ŴƯ�ƾůřƺƳ�ŢųŚſ�ƲǀƯŻ�ƵŻźƫ�ƶƘƫŚƐƯ�ŹŵŤ��������ƹ�ŻŚſ�ƲǀǀƘţ�Żř�ƵŵŚƠŤſř�Śŝ�Ʊřźƿř�ƞƬ

Ż�ŹŚƧƲǀƯ�ŻźƫƵ�ƶƤƐƴƯ�ƮƸƯ�� Mckenzie (1972)���ƲǀºǀƘţ�ƹ�ƾºſŹźŝ�Śŝ��ƹ�ŻŚºſ
ŹŚƧ���ƲǀƯŻ�ƽŵŚƿŻ�ŵřŶƘţ�����Ĝƫō�ŶƴŝźưƧ�Źŵ�Ɩƣřƹ�ƽŚƸƬƀĭ�ƹ�ƵŻźƫƾ��ŢºƟźĭ�ƶŬǀŤƳ�
��ƶƧ�ƾƬƨƃ�źĭŵ����źƋŚů�ƩŚů�Źŵ�ƶƤƐƴƯ����İƃŚƳ���ŰƠƇ�Żř�ƶ��ƽŚƷ�ƵŹŚƣ�����ƾƨģƺƧ�ƽř
Ţſř�ƶǀƧźţ�Żř�ƱŶƃ�Źƹŵ�ƩŚů�Źŵ�ƶƧ�ƽŹƹŚųƽźŤųŚŝ�Ʊřźƿř�ƹ�ƴŤƀƷ�Ŷ����

 Nowroozi(1972)ŝ����������ŶºƴƬŝ�ŵƺºƿźě�Śºŝ�ũƺƯ�ƶƘƫŚƐƯ�ŚP������ƶºŝ�ƵŶºƃ�ŢºŞŧ�������ƶƬǀºſƹ
�ƵŻźƫ�ƲǀƯŻ�������������������ŹŚºƧ�ƹ�ŻŚºſ�ƶºƧ�ŢºƟźĭ�ƶŬǀŤƳ�ƝźƏř�ƾůřƺƳ�ƹ�Ʊřźƿř�šǈƟ�Źŵ�ŚƷ

ƲǀƯŻ�ƵŻźƫ���ĭŵŹƺų�Ʋǀģ�Źŵ�ŚƷǀŽźĭřŻ�ƽŚƸ�ŝ�ƶ��ŹƺƏŹŚƨƃō��ƕƺºƳ�Żř��ƾĭŶºƳřŹ�
����Śţ�ľǇŚưŤůř�ƹįŶů�Ư�Œ����żƜƫ�ŵřŶŤƯř�ƶƠƫŢſřƶƫżƫŻ�ƶƧ�ŵřŵ�ƱŚƄƳ�żǀƳ�ƹ���Ʋǀģ�Źŵ�ŚƷ
ƸǀĭŵŹƺų�����������ƶºƿǇ�Ʀºƿ�ƶºŝ�ŶºǀƤƯ�ŽźĭřŻ�ƽŚ���ƵźºƧ�Ĭƴºſ��ƽř����ŢƯŚŴºƋ�ƶºŝ�ÓÍ�

�����Ŝǀƃ�Śŝ�ƹ�źŤƯƺƬǀƧÎÒ��Śţ�ÏÍƾƯ�ƩŚưƃ�Ţưſ�ƶŝ�ƶūŹŵ���ŶƴƃŚŝ����Ʊřźºƿř�ŹƹŚų�Źŵ
�ƲǀƯŻ�ŹŚƧƹŻŚſ�ƵŻźƫ���������ƊºŰƯ�ŵźĮĜģ�żƜƫ�ŵřŶŤƯř�Żř�ŽƹŵźƟ�ƪƀĭ�ƶŝ�ƍƺŝźƯ�ŚƷ

��ŚţƾĭŶƳřŹ�ƾƯ�źǀǀƜţ�ƊŰƯ���ŶºƴƧ����Ʊō�źºŝ�ƱƹżºƟř�����ŶƷřƺºƃ�ƶºŝ�ƶºūƺţ�Śºŝ���ƲǀºƯŻ�
ƵŻźƫ��ƹ�įř�ǀƯŻ�Ʋ���ƹ��ƾſŚƴƃƽ��ƶƳŚǀƯŹƹŚų�ƭŚưţ��řŹ���Ʒ�ƶŝ�Ƅ��ƲǀƯŻ�ƶŰƠƇ�Ţ�ſŚƾŤų�

��������������ƱŚŤƀºŝźƗ�ƹ�ƶºǀĩźţ��ƵŚǀºſ�įŚºƿŹŵ��Źżų�įŚƿŹŵ��Ʊřźƿř��šƺƫ��ƱŚŤƀƳŚƜƟř��ŶƴƷ�



 
ƶƈŴƄƯ�ƲǀƯŻ�Ƃƴţ�ƽŚƷ��ƾƳƺƳŚƧ�ŹŚƧƹŻŚſ�ƲǀǀƘţ�Żř�ƵŵŚƠŤſř�Śŝ�Ʊřźƿř�šǈƟ�Źŵ�ƾŤųŚſ������

��

��ŹŚƸŝÕÒ���ƩŚſ��ƮƷŵżƳŚě�ƵŹŚưƃ����ÒÖ��                                                        ÎÍÒ ��
 

ŵźƧ�ƮǀƀƤţ���ƺĮƫř�Ʋƿř�Źŵ ƾƯ�Ţĩźů�ƩŚưƃ�Ţưſ�ƶŝ�Ʊřźƿř�ƶŰƠƇ���Źŵ��Ŷºƴĩ
įƺĮƫř�Źŵ�ƶĩ�ƾƫŚůMckenzie (1972)���Ţºĩźů�ŢƸū���ƩŚưºƃ�Ţưºſ�ƶºŝ�

�Ţſř�ŹƹŚų���ǀƯŻ�įŚƸƫŶƯ���������ƵŶƃ�ƶŗřŹř�ƱřźĮƄƷƹĦě�Ǝſƺţ�żǀƳ�įźĮƿŵ�İŤųŚſ�Ʋ
ƾƯ�ƱŚǀƯ�Ʊō�Żř�ƶĩ�Ţſř�ƩŶƯ�ƱřƺţNowroozi (1976) ��ŵźºŝ�ƭŚºƳ�řŹ�����ƹř��Śºŝ�

�Ư�ƲǀǀƘţŬ�����Żř�Ƃǀŝ�ƱŚƨƯ�ŵŶÒÍÍ��ƲǀºƯŻ���������������ƱŚºƨƯ�ƶºƧ�ŵřŵ�ƱŚƄºƳ�Ʊřźºƿř�Źŵ�ƵŻźºƫ
���ƵŻźƫ�ƲǀƯŻ�Ʋƿř�ŶƿŶū��������ŹŚǀƀºŝ�źºŝ�ƢºŞƐƴƯ�ŚƷį�������ƩŚºƘƟ�ƽŚƸƬƀºĭ�Żř��ŶºƴƳŚƯ���ƪƀºĭ�
��ŞƿŚƳ��ƱŚƴŞƷƺƧ��ŽƹŵźƟ�ƶƨţ��Ŷƴ�������ƱřźºƨƯ�ƪƀºĭ�ƹ�ŵƹźƷŚºƃ�ƪƀĭ�ƞƬŤŴƯ�ƽŚƷ

ƾƯ��ŶƴƃŚŝ��źſƿ��ų�Ʋǀģ�ƽŚƸƺ���ŴƯ�ŭƺƐſ�ŽźĭřŻ�ƵŵŹŤ�������Źŵ�řŹ�ƽżºǀų�ƵŻźºƫ�ƞƬ
���ƾƯ�ƱŚƄƳ�ƞƬŤŴƯ�ƽŚƸŤưƀƣ������������ºų�ƶºǀůŚƳ�Ʋºƿř��ƹŹ�Ʋºƿř�Żř�ƹ�ŶƴƷŵƺ�����ƲƿŶºƴģ�ƶºŝ�ŵ

�ƺƧ�ƶǀůŚƳģƦ���Ż�ƵŻźƫ�źţƯƲǀ�����ƮǀƀƤţ�ƪŝŚƣ�ŢųŚſŢſř�������ƖƿŻƺţ�Żř�ƵŵŚƠŤſř�Śŝ�ƹř
ƲǀƯŻ�ƵŻźƫ�ƯŻ�šŚƗǈƏř��ŚƷƲǀ�ţ��ƾſŚƴƃƽŹŚŤųŚſ�ŶƳƹŹ��ƾƨưƳ�ƽŚƷŶŞƴĭ�ƖƿŻƺ�

Ɵ�ƽŚƸƬƀĭ�ƹƩŚƘ�ƶŝ�řŹ�Ʊřźƿř��ÏÐƲǀƯŻ�ƵŻźƫ�ƶǀůŚƳ���ƮǀƀƤţ�ŢųŚſźƧŵ���
Berberian (1983)Ƶŵřŵ�ŽŚſř�źŝ�řŹ��ŚƷƺĮƫř�ƶƳƺĭ�Ʋƿř���ƵŻźºƫ�ƲǀƯŻ�įŚƷ��ƽř

���ƵŻźƫ�ƲǀƯŻ��šŶƯ�ƵŚţƺĩ������Ƶŵřŵ�ƹ�İƳƺƳŚĩ�ŹŚĩƹŻŚſ��īŹżŝ�įŚƷ�����ŵƹŶºŰƯ�įŚºƷ
�ř�ƹ�ƶŤƀƳřŵ�İŤųŚſ�ƲǀƯŻ����ƾºƯ�İºƟźƘƯ�Ʋǀºƴģ�řŹ�ŚºƸƳō�İſŚſř�ŵřźƿ�����Śºŝ��ƶºĩ��Ŷºƴĩ

��������������ƶºĩ�ƵŶƃ�ƆŴƄƯ�įŶƿŶū�ƶŰƠƇ�ŻźƯ��ŶƿŶū�īŹżŝ�ƵŻźƫ�ƲǀƯŻ�źƷ�ŵřŶƿƹŹ
ƾŝ�ŵřŶƘţ�ŶƿŚŝ�ƶŬǀŤƳ�Źŵ�ŵźĩ�İƟźƘƯ�ƶŰƠƇ�įŹŚưƃ����

������������ƺºĮƫř�ƹ�ŚƸƫŶƯ�ƶŗřŹř�ƹ�İŤųŚſ�ƲǀƯŻ�ƵŻźƫ�ƪǀƬŰţ��ƶƫŚƤƯ�Ʋƿř�ƝŶƷ�����ƲǀºƯŻ�ƽŚºƷ
��������ºţ�įƺĮƫř�Ĩƿ���ƢǀƤŰţ�Ʋƿř�ƶĪƬŝ��ƵŵƺŞƳ�İŤųŚſ����šǈºƟ�Źŵ�ƶŤºſƺě�įřźºŝ��Ƃƴ
����Ţſř�Ƶŵźĩ�İſŹźŝ�řŹ�ƝřźƏř�ƾůřƺƳ�ƹ�Ʊřźƿř������ŹŚĩƹŻŚºſ�Żř�İƬƯŚºĩ�ƶƗƺưŬƯ

�����įŚƸƫŚºſ�Ʋǀºŝ�ŚºƷ�ƵŻźƫ�ƲǀƯŻ�İƳƺƳŚĩæîëé�Śºţ�çååå���Ţºſř�ƵŶºƃ�ŢºſƺǀěżǀƳ���
�īƺƫŚţŚĩ�ƶĩ�Ţſř�Ʋƿř�Źŵ�Ţſƺǀě�ŢſźƸƟ�ŢǀưƷřHarvard CMT �ŚƸƴţ��

�ƶƫżƫŻ�ƪƯŚƃ������Żř�Ƃǀºŝ�İĭŹżŝ�Śŝ�įŚƷê�ê������ƩŚºſ�Żř�ƹ�æîìì��ºŝ�����İºƯ�ŶºƘŝ�ƶ����ƹ�ŵƺºƃ
������������İºưƳ�ŽźŤºſŵ�Źŵ�ƶºƘƫŚƐƯ�ŵŹƺƯ�ƵźŤƀĭ�įřźŝ�įźĮƿŵ�ƖƯŚū�īƺƫŚţŚĩ��ŶºƃŚŝ��

���ƁƹŹ��Ʋǀºŝ�šƹŚºƠŤƯ�ŢºǀƷŚƯ�ƶŝ�ƶūƺţ�Śŝ�ƲǀƴĤưƷCMT ����Żř�ƵŵŚƠŤºſř�Śºŝ�ƶºĩ��
�ƵŻźƫ�ũřƺƯř�����������������Ʋǀºƫƹř�Żř�ƵŵŚƠŤºſř�Śºŝ�ƶĩźƋŚů�ƶƫŚƤƯ�ƁƹŹ�ƹ�Ƶŵƺŝ��ŵƺƿźě�ŶƴƬŝ�įř

��ǈŤųř�ŵƺººūƹ�Ţººſř�ŵƺººƿźě�ƵŚººţƺĩ�įŚƸƷŚĮŤººſŵ�Źŵ�ũƺººƯ�ƂŞººƐƣ��Źŵ�İţŚººƟ
�������ǈƯŚĩ�ƵŶƃ�ƶŞſŚŰƯ�ƶƫżƫŻ�ƱŚĪƯ�ƹ�İƳƺƳŚĩ�ŹŚĩƹŻŚſ�����Ţºſř�ƲºĪưƯ����ƲƿřźŝŚºƴŝ

ƵŻźƫ�ƲǀƯŻ�šŚƘƫŚƐƯ�Źŵ��ƵŶƃ�ƶŗřŹř�ŢſźƸƟ�ŵŹřŵ�ƾƳřƹřźƟ�ŢǀưƷř�ƶƤƐƴƯ��įŚƷ���
��
èǀƯŻ�ƾƳƺƳŚƧ�ŹŚƧƹŻŚſ�º�ƲƵŻźƫ�ƶƈŴƄƯ�ƹ�ŚƷ�Ƃƴţ�ƽŚƷ��

�����ƲǀƯŻ�ƾƳƺƳŚƧ�ŹŚƧƹŻŚſ��ƶƘƫŚƐƯ�Ʋƿř�Źŵ�ƵŻźƫ������ƂŞºƐƣ�ŽŚºſřźŝ�ŚƷ(Polarity)���
��ũƺƯP�ŝ���ƶ�ŶƯō�Ţſŵ�����ƲǀƯŻ��ŹƺƔƴƯ�Ʋƿř�ƽřźŝ��ƵŻźƫ��īŹżŝ�ƽŚƷ����Żř�źţÒ�Ñ����źŝ

����İƳƹŹŵ�ũřƺƯř�įŚƴŞƯmb�����Żř�źŤưĩ�İĭŹżŝ�Śŝ�įŚƷ�ƶƫżƫŻ�įřźŝ�ë��ƾƿŚºƷ�ƶƫżƫŻ�ƹ�
�����İŰƐſ�ũřƺƯř�ŽŚǀƤƯ�Źŵ�ŚƸƳō�İĭŹżŝ�ƶĩMsŢſř�ƵŶƄƳ�ƁŹřżĭ����Ƶŵřŵ�űŹ

����ƽŚƸƫŚſ�Ʋǀŝ�ŹŵÎÖÓÑ���Śţ�ÏÍÍÍ����ř�ƹ�Ʊřźƿř�ƾƿŚǀƟřźƜū�ƵŵƹŶŰƯ�Źŵ���ŵŹƺºƯ�ƝřźƏ
��ŶƴŤƟźĭ�Źřźƣ�ƾſŹźŝ��ƯŐųŸ�ƲǀƯŻ��ƵŻźƫ�������������ƾºƬưƫř�Ʋǀºŝ�żºƧźƯ�ƵŶºƃ�ƵŵŚƠŤºſř�ƽŚƷ

ƲǀƯŻ�ƵŻźƫ����ƾſŚƴƃ�ISC�����ƽŚƸƫŚſ�ƽřźŝ��ÎÖÓÑ���Śºţ��ÎÖÖÑ�Ƶŵřŵ�ƁŹřżºĭ�ƹ����ƽŚºƷ
ƲǀƯŻ�ƵŻźƫ��ƽřEDR�ƽŚƸƫŚſ�ƽřźŝ��ÎÖÖÒ�Śţ�ÏÍÍÍ�Ţſř����

�������ƲǀƯŻ�żƧřźƯ�Ǝſƺţ�ƶƧ�ũřƺƯř�ƂŞƐƣ�Żř�ƵŵŚƠŤſř����ƾƯ�ƶŗřŹř�ƾſŚƴƃ�ƵŻźƫ���ºƃƺŶƳ��
�����ƠƇ�Żř�ƾŞſŚƴƯ�ƪů�ƶŝ�ŜƬƛřƶŰ���ƾưƳ�źŬƴƯ�ƪƀĭ���ŵŵźĭ���Ʊō�ŢƬƗ���ƾºƯ�řŹ����Ʊřƺºţ

�Ƴ�ŹŵŞ���������������Żř�ƽŹŚºĮƳ�ƵŻźºƫ�ƽŚƸƷŚĮŤƀºƿř�ŜºſŚƴƯ�ƹ�Ţųřƺƴƨƿ�ƹ�ƾƟŚƧ�Ƃƃƺě�ŵƺ
�ƿŻō�źƔƳư���ƹ�šƺƟŚƬƇ����ƯŻ�ƾŰƐſ�żƧźƯ�Żř�ƶǀƲ����������ŚºƐų�ŵƺºūƹ��ƲǀºƴĤưƷ�ƹ�ƵŻźƫ

������ƽřźŝ�ƵŶƃ�ƶŗřŹř�ŢƯǈƗ�ŹŵŤƀŴƳ������ũƺƯ�ŢƧźů�ƲǀP����ºƃŹřżĭ�ŹŵƽŚƸ��żºƧřźƯ�
ƲǀƯŻ�ƵŻźƫ���ŵźƧ�źƧŷ�ƾſŚƴƃ�����ƾƯ�ŚƐų�Ʋƿř������Żř�ƾƃŚƳ�ŶƳřƺţƽŚƸǀĭĦƿƹ���ƾºƨƿżǀƟ�
����ũƺƯP��ŤųŚſ�ŚŹ��ƽŚƷ���Śƴºƃ�ƲǀƯŻ�ƾŤų���������ƵŻźºƫ�ƵŚĮŤºſŵ�ƕƺºƳ�Śºƿ�ƹ�ũřƺºƯř�źǀƀºƯ�

�ŶƃŚŝ�ƽŹŚĮƳ(Balakina et al., 1996)���ŵřŶƘţ�ƲƿřźŝŚƴŝ��ƲƿźºŤưƧ��ƂŞºƐƣ�
ŝƶ�������ƲǀǀƘţ�Źŵ�ŢƿŵƹŶŰƯ�Ʋǀƫƹř�ƱřƺƴƗŹŚƧƹŻŚſ���ƲǀƯŻ�Ʀƿ�ƾƳƺƳŚƧ����ŹƺƔƴƯ�ƵŻźƫ

Ŷƿŵźĭ�Żř�ƵŵŚƠŤſř�Śŝ�řŹ�ƖŞƴƯ�Żř�ũƺƯ�ŢƧźů�ƶƿƹřŻ��ƴŰƴƯǀ�ŚƀƯ�º� ƱŚƯŻ�ƽŚƸƟ���Ţ
J-B�(Jeffreys and Bullen, 1940)�ƮƿŵźºƧ�ƶŞſŚŰƯ�������ƾƳŚưŤųŚºſ�ƩŶºƯ

���ƾƫƺƏ�ũřƺƯřJ-B����ƶŤſƺě�ƽřźŝƾƿǇŚŝ�źŤƄǀŝ����ƾƯ�ŜſŚƴƯ�ŚǀƳŵ�ƾůřƺƳ���ŶƃŚŝ����Ʋºƿř
��ƶººŝźŬţ�Śººŝ�ŜººƬƐƯ�ţ�ƞººƬŤŴƯ�ƢƏŚººƴƯ�Źŵ�ƾƳƺƳŚººƧ�ŹŚƧƹŻŚººſŐƾººƯ�Ŷººǀƿ��ŵƺººƃ

(Balakina et al., 1996)����
�ƠƇ�ƲǀǀƘţƶŰ�����������ƶºƯŚƳźŝ�Ʀºƿ�Żř�ƵŵŚƠŤºſř�Śŝ�ƪƀĭ��ƶºƳŚƿřŹ��ƽř�����ƮŤƿŹƺºĮƫř�ŽŚºſřźŝ�

Snoke et al. (1984)ŝ�ƶ�ŶƯō�Ţſŵ��ƮŤƿŹƺĮƫř�Ʋƿř�ƽřźŝ��ƾƬºƇř�ƽŚƷŹƺŰƯ�
�Ƃƴţ�P�ƹ�T�šŚŰƠƇ�ƹ���ƾƷźĭ� (Nodal Planes)řŹ�ŚƷŚƐų�ƲǀƴĤưƷ�ƹ� 

����������Ƶŵřŵ�źŝ�ƢǀŞƐţ�ƪŝŚƣ�ƪů�Ĩƿ�Żř�Ƃǀŝ�ƶĩ�ƾŤƫŚů�Źŵ���ŚƷ�ŶƃŚŝ����ƾºƯ�ƲǀºǀƘţ����Ƨ�Ŷºƴ��
��ƠƇ�Ʀƿ�ŢǀƫƺŞƤƯƶŰ�������ƽŚºƷŹƺŰƯ�ƽŚºƐų�ŽŚºſřźŝ�ƪƀĭ��P���ƹ�T���ƹ��ƲƿźºŤưƧ�

���ƂŞƐƣ�ŵřŶƘţ(N)�����ŻŚǀŤƯř�ƹ��(S)��ƾƯ�ƲǀǀƘţ��ŵƺƃ����ƶºƐŝřŹ�Ǝſƺţ�ƪů�Ĩƿ�ŻŚǀŤƯř�
ƶŝ�źƿŻ�ƾƯ�Ţſŵ�Ŷƿō���

��ƂŞƐƣ�ƪĩ�ŵřŶƘţ���ŚƐų�ŢƯǈƗ�Śŝ�ƂŞƐƣ�ŵřŶƘţìê����ƂŞƐƣ�ƪĩ�ŵřŶƘţ�����
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��żƜƫźŤƄǀŝ�ŝ�ƶ�����ŽƺºƨƘƯ�šŹƺºƇ�Ţºſř���Ư�ƲºƿřŒ�ºƿŶ��ƶºĩ�Ţºſř�Ʊō��Ż�ƵŻźºƫ��ºƯƲǀ�
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Ţººſř�ŽƺººƨƘƯ�ƹ�żººƜƫ�ŵřŶººŤƯř�ƽŚƸƬƀººĭ�ƪººŝŚƤŤƯ���ƱƹŹŵ�ƽŹŚŤųŚººſ�šřźººǀǀƜţ
ƶŰƠƇ��Ʊřźƿř�ƽřŒƯŻř�źŧ�ŢƧźů� �ƱŚŤƀºŝźƗ�ƶŰƠƇ��ſ�ƶºŝ�ºººŢư NNE �Ţºſř��

ſ�ŵŚŬƿř�ŜŞſ�ƶƧººƶƳŚƯŚƴŝźưƧ�Żř�ŜƧźƯ�ººƫ�ƽŚƷŶºƵŻź�ųźŝ�ƽřºƿŚƯ�ƽŵŹƺººƪ��
�(Collision-Oblique�ƹ�źŝųƽŵŹƺ�ƯƽŻřƺ(Collision-Parallel)��ƵŶºƃ�

ŢººſřMckenzie,1972;Berberian,1981;Jackson&Mckenzie,) 

1984; DeMets et al., 1990; Jackson et al., 1990; 1995; 
Bonini et al, 2003��� 

ƽŚƷŹřŵƺưƳƾŨƬŨƯ�ŲǀƫƹźƟ��(Frohlich, 1992)�ƽŚƸƬƨƃ�Źŵ��Ô��Śºţ�ÎÍ��ƱřżºǀƯ�
��������������ƽŹŚŤųŚºſ�ƾůřƺºƳ�ƽřźºŝ�Ŝǀţźţ�ƶŝ�řŹ�ƾƳƺƳŚƧ�ƞƬŤŴƯ�ƽŚƷŹŚƧ�ƹŻŚſ�ŶƇŹŵ

���������ƾºƯ�ƱŚƄºƳ�ƱřźºƨƯ�ƹ�ŹƹŚų��ŻźŞƫř��ŽźĭřŻ��ŶºƴƷŵ���ƱŚºưƷ����ƶºƧ�ŹƺºƏŻř�Ƭƨºƃ�ŚƸ�
�ƾƯ�ƆŴƄƯ��ŵƺƃ��ſ�ŻŚ������������ŵřŶŤƯř�ƕƺƳ�Żř�ƶǀůŚƳ�ŹŚƸģ�źƷ�Źŵ�ŜƫŚƛ�ƾƳƺƳŚƧ�ŹŚƧ�ƹ

�ƾƯ�żƜƫ��ŶƃŚŝ��Źŵ���Ƭƨƃ�Ʋƿř�ŚƸ���Ư�ŢƸū�ƲǀƴĤưƷ�ƲǀĮƳŚǀ���ƄƟ�Ƃƴţ�ŹƺŰƯ�ºº�Źŵ�ƽŹŚ
ŢƸū�ƹŵNE-SW �ƹ NW-SE ŵ�ƿ�ººº�ƾºƯ�ƵŶ��ŵƺºƃ�����ŢºƸūNE-SW����Śºŝ
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ŰƠƇººƶ�Ʒºººº�ƽŚſřŹƹř�ºººƗ�º�ŚǀƀŝźºººưƷ�ƱŚŤººººƴƷŚºººººŵŹřŵ�ƾĮ��
��DeMets et al., 1990; Stella et al., 2002������źºƔƳ�ƶºŝ�ƶºƧ�ƾƫŚºů�Źŵ�

ƾƯ��������ƲǀºƯŻ�šŚƧźů�ƶŝ�ƍƺŝźƯ�ƭƹŵ�ŢƸū�ŶſŹ����Ƭƀºĭ�ƹ�ƾºƬŰƯ�ƾŤųŚºſ�Żř�ƽŚƸ
ŶƃŚŝ�ƭƹŵ�ƶūŹŵ���

���ƪƨƃ�ŹŵÎÎ���Ư�ŢƸū��Œƫ��ƶƠ�Ƃƴºţ��������������ƹ�Ʊřźºƿř�šǈºƟ�ƽřźºŝ�ƵŶºƃ�ƶŞºſŚŰƯ�ƾºƤƟř�
�����ƮſŹ�ƱŚƨǀě�ƶƬǀſƹ�ƶŝ�ƝřźƏř�ƾůřƺƳ����Ţºſř�ƵŶºƃ�����������Śºŝ�ŜºſŚƴŤƯ�ŚºƸƳŚƨǀě�ƩƺºƏ

�ƲǀƯŻ�ƾĭŹżŝ�ƵŻźƫ������Ţºſř�ƵŶƃ�śŚŴŤƳř�ŚƷ���ƱŚºưƷ��ƽŹƺºƏ��������ƪƨºƃ�Ʋºƿř�Źŵ�ƶºƧ
�ƾƯ�ƵŶƷŚƄƯ�����ŢƸū�ŵƺƃƵźǀģ�Ư�Œ�ƾƤƟř�ƶƠƫ��Ƃƴºţ�������ƲǀºƯŻ�Ʋºƿř�ƽřźºŝ���ƵŻźºƫ�����Źŵ�ŚºƷ

����ŵřŶŤƯřNE-SW�Ţſř��ƲǀƯŻ�İƳƺƳŚĩ�ŹŚƧƹŻŚſ�įŚƷźŤƯřŹŚě���ƵŻźºƫ����Ʊřźºƿř�įŚºƷ
ƶŝ��ƩƹŶū�Źŵ�ƶƇǈų�šŹƺƇæŢſř�ƵŶƯō�����
ŝƲǀƯŻ�ƪƧ�Żř���Ƃƴţ�ƱřŶǀƯ�źŤƄǀŝ�ƾſŹźŝ�ƽřź�ƵŻźƫ���ŚƷÐÓƲǀƯŻ���śŚŴŤƳř��ƵŻźƫ

���Ŷƃ�ŝ�ƶ�ƽŹƺƏ������������ƹ�ƶŤƃřŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƤƐƴƯ�Źŵ�ƾŤųřƺƴƨƿ�ƹ�ŜſŚƴƯ�ƖƿŻƺţ�ƶƧ
�ƪůŻŚſ�ŹŚƧƹƲǀƯŻ�ƶǀƤŝ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƹ�ƂŞƐƣ�ŵřŶƘţ�ƲƿźŤƄǀŝ�Śŝ�ŚƸƳō�ƾƳƺƳŚƧ��
ŻźƫƵ�ŚƷƽ��ƵŶƃ�ƾſŹźŝ������ŶƃŚŝ�ŚƐų�ƲƿźŤưƧ�ƽřŹřŵ����ſźƸƟ������Ʋºƿř�šŚƈºŴƄƯ�Ţ

ƲǀƯŻ�ŻźƫƵ�����ƩƹŶū�Źŵ�ŚƷÏ���Ţºſř�ƵŶƯō���ŝ����ŵŹƺºƯ�ŹŚºƸģ�żºŬ���Żźºƫ�ƲǀºƯŻƵ����ƽŚºƷ
��ƵŹŚưƃÑ���ƹ�Õ���ƹ�ÎÕ��ƹ�ŽźĭřŻ�ƶǀůŚƳ�Źŵ�ÏÔƱřźƨƯ�Źŵ��ƶǀƤŝ��ƲǀºƯŻ���ŻźºƫƵ����ƽŚºƷ

�����Ƃǀººŝ�ƾººĭŹżŝ�ƽřŹřŵ�Ʊřźººƿř�ƾƿŚººǀƟřźƜū�ƵŵƹŶººŰƯ�Źŵ�ƵŶººƃ�śŚººŴŤƳř�Żř�Ó�
ƾƯ��ŶƴƃŚŝ�����ƪƨƃ�ŹŵÎÏƯ�ŢƸū�Œ���ƵŶºƃ�ƶŞºſŚŰƯ�ƽŹŚƄºƟ�Ƃƴţ�ƾƤƟř�ƶƠƫ��ƽřźºŝ�

�ƲǀƯŻ�Ʋƿř�ƵŻźƫ������Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ŚƷ��ƱŚưƷ�ĭ�ƺ���ƶºƳ����ƾºƯ�ƶºƔůǈƯ�ƶºƧ����ŵƺºƃ
ƯŒ�����Ʊřźƿř�šǈƟ�Źŵ�ƾƤƟř�ƽŹŚƄƟ�ƶƠƫ��ľŚƯƺưƗ������ŢºƸū�Źŵ�NE-SW����ŵŹřŵ�Źřźºƣ���

�����ºŝ�źºĮƿŵ�ŢƸū�ƲƿřźŝŚƴŝƶ��������ƾºƴƘƿ�ƵŶºƯō�ŢºſŵNW-SE������Ż�Śºŝ�ƍŚºŞţŹř�Źŵ���ƲǀºƯ
ƵŻźƫ����ƾƯ�ƾŝŚƿŻŹř�ƎſƺŤƯ�ƽŚƷ��ŶƳƺƃ�����ƪƨƃ�ŹŵÎÐ��ŹŚƧƹŻŚºſ����Ʋºƿř�ƾƳƺƳŚºƧ�ÐÓ�
ƲǀƯŻ�������ŢºƸū�Śŝ�ƵřźưƷ�ƵŻźƫ���ƶºƴĪưƯ�Ư�Œ�ƶºƠƫ����Źřŵźºŝ�ƾºƤƟř�����ƄºƳ�ƁżºƜƫ�ºº��Ƶŵřŵ�ƱŚ
ƃººƵŶ��ƳřºŶ����ƲǀƯŻ�źƷ�ƽřźŝ������ƃ�ƮſŹ�ƱŚƨǀě�ŢƠū�Ʀƿ�ƵŻźƫºº������źºƷ�ƶºƧ�Ţºſř�ƵŶ

���ƁżººƜƫ�źĮƳŚººǀŝ�ƦººƿƯŰŤ�����ƾººƗźƟ�ƶŰƠººƇ�ƹ�ƾƬººƇř�ƶŰƠººƇ�Żř�ƾººƃŚƳ�ƪººư
(Auxiliary Plane)�ƾƯ�ƵŶƃ�ƶŞſŚŰƯ�ƱƺƳŚƧ�ŶƃŚŝ������śŚºŴŤƳř�Ţºſř�ƾƸƿŶºŝ
����Źŵ�ŢƸū�ƹŵ�Żř�ƾƨƿ����������ƁżºƜƫ�ƾºƘƣřƹ�ŢƸū�ƱřƺƴƗ�ƶŝ�ƵŻźƫ�ƲǀƯŻ�źƷ�����ƾĮŤƀºŝ�

�������ƶŰƠƇ�ƹŵ�Żř�ƾƨƿ�śŚŴŤƳř�ƶŝƾƷźĭ�����������ƾƬºƇř�ƶŰƠºƇ�ƱřƺºƴƗ�ƶºŝ�ƵŶƃ�ƶŞſŚŰƯ�
�����řźŰƇ�šřŶƷŚƄƯ�Śŝ�Ʋƿř�ƶƧ�ŵŹřŵ�ƂƬƀĭƿ�ƵŶƃ�ƁŹřżĭ�ƾžě�ƲǀƯŻ�ƕƺƣƹ�Żř�
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éƁƹŹ�ƹ�ƂŞƐƣ�ƁƹŹ�ƶŝ�ƾƳƺƳŚƧ�ƪů�ŪƿŚŤƳ�ƶƀƿŚƤƯ�º�CMT���
ůºƬƳŚƧ�ƽŚƸºººƳƺººſŚŰƯ�ƾººƃ�ƶŞºƤƯ�Ʋƿř�Źŵ�ƵŶººũƺƯ�ƂŞƐƣ�Ǝſƺţ�ƶƧ�ƶƫŚ P 

ƶŝ��ſŵºº�Ưō�ŢººƵŶ�ƳřººŶ���ů�Śŝ�ººƳŚƧ�ƪººƳƺººſŵ�Ʊō�ƾºŤººŻ�Żř�ƶǀƯººƲƵŻźƫ��ƷºƿŚººƾ��
Ƨºººſƺţ�ƶººƁƹŹ�Ǝ Harvard Centroid Moment Tensor (CMT) ��

(Dziewonski et al., 1981)����ƶŞºſŚŰƯ�żºǀƳ�ºƃƵŶ�����ƾŞƀºƳ�ƢºƟřƺţ�ƽřŹřŵ�ŶºƳř
ŶƴŤƀƷ����ƾƫƹ�������ŝŚū�Ʋƿř�ƹ�ŵŹřŵ�ŵƺūƹ�šƹŚƠţ�ŚƸƳō�ƾƳƺƳŚƧ�ƱŚƨƯ�Ʋǀŝ�ƶ��Źŵ�ƾƿŚºū

�ƾƯ�źŤƯƺƬǀƧ�Ƶŵ�Ŷƴģ�ƶŝ�ŵŹřƺƯ�ƾųźŝ�ŶſŹ���ƲǀºƯŻ�İƳƺƳŚĩ�ƱŚĪƯ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ�
ƵŻźƫ�����ƃƹŹ�Ǝſƺţ�ƶŝ�ŚƷİ���ƶŝŚƄƯ�ISC�ǀƘţ���Ʋǀ�Ư�ƵŶƃ�ƪŰ�ŶƳř���ƪƨƃ�Źŵ�ÎÑ�ƪŰƯ�

�Ż�ƾƳƺƳŚƧ�ºƯƲǀ��ƵŻźºƫ�����������ƶƀºƿŚƤƯ�źĮƿŶºƨƿ�Śºŝ�ƵŶºƃ�źºƧŷ�ƁƹŹ�ƹŵ�ƶƬǀºſƹ�ƶºŝ�ŚºƷ
ƵŶƃ��řŶƳ�����ƪƨƃ�ŹŵÎÒ����Śū�Ʋƿř�ƾţƺưƿŻō�ƖƿŻƺţ��ŝ��ƶ�ƿŚūǀ���������ƶºǀůŚƳ�ƶºſ�ƽřźºŝ�řŹ�ŚºƸ

������ƾƯ�ƱŚƄƳ�Ʊřźƿř�ŹƹŚų�ƹ�ŻźŞƫř��ŽźĭřŻ��ŶƷŵ��ƱŚưƷ�ƶƳƺĭ�Źŵ�ƶƧ��Ʋºƿř��ƪƨºƃ�ƹŵ�
�ƾƯ�ƵŶƿŵ�������ŝŚū�ƖƿŻƺţ�ƲǀĮƳŚǀƯ�ƶƨƴƿř�ƲưƋ��ŵƺƃ��ƶ��������ƶºūƺŤƯ�ŻŹŚºŝ�ŹƺºƏ�ƶŝ�ŚƸǀƿŚū
��ƩŚưƃŹƹŚų���Ʊřźƿř��Ţſř���������ƹŵ�Ţưſ�ƶŝ�ƖƿŻƺţ�Ʋƿř�ŻźŞƫř�ƶǀůŚƳ�ƽřźŝ�ƾƫƹ���ŢƸū�
�ƩŚưƃƽŹƹŚųƽźŤųŚŝ�ƩŚưƃ�ƹ��Ţſř�ƶūƺŤƯ���

Pan et al. (2002)�Ż�ƱŚƨƯ�ŵŶŬƯ�ƲǀǀƘţ�ŚŝƲǀƯ��ƵŻźƫ���ºſƺƳŚǀƣř�ƱŚºǀƯ�ƽŚƷƾ��Śºŝ�
�Ƶŵřŵ�Żř�ƵŵŚƠŤſř��ƽŚƷCMT�ƾƟřźĭƺěƺţ�ƹ�źŤƀŝŝŚū�Ʀƿ�ŚƿŹŵ��ƶƾƿŚū��Źŵ�ŻŹŚŝ�

�ƿŻō�ŢƸūư��������Ŷºů�Śºţ�ƆŴƄºƯ�ƾţƺÔÍ���ƁƹŹ�ƽřźºŝ�řŹ�źŤƯƺºƬǀƧ�ISC��ƾºƟźƘƯ�
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�ƩŚů�Ʋƿř��ƱŚưƷ��Ə�����ƽŚƸƬƨƃ�Źŵ�ƶƧ�ŹƺÎÓ��ƹ�ÎÔ���źºƷ�Źŵ�Ţºſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�
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ŚǀƳźƠǀƫŚƧƽ�����������������ƵŶºƃ�ƁŹřżºĭ�ƽŚºƸƳŚƨƯ�Śºŝ�ƽŶºƘŝ�ƶſ�ƩŶƯ�Żř�ƵŵŚƠŤſř�Śŝ�ƾŝƺƴū�
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Ƭƀĭ�ƹ�ƾƬŰƯ�ƾƗźƟ�ƽŚƸ�ŶƃŚŝ����
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