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½.Ä Ä�Ñu¼
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â)¢u³!�W³h� �c�W�	´o�.�#�.¢}¹	�=§�¡:�:�.�c³h¢~�h¡�¹.�j�c�.�j�#�#�c���c�j  �D�W¡ §�¡ µ��W� ¦u���z«>R}¼�Ó9�'¡�¦u����².¼�Å��.².Ç'�#�yÇ
¢u¡}¼�½�ÄuÇ�½.Ä�Ñ ª�¬��z½�Ä Ñ Ë�Ñu¼

ºLÒ,�j§�§�� Ç=¿�¼hÇ=ó^� ¢}²n�.¢yÇ=Åp¼hÇ��j¢}�ÚÀD�u¢uµ��u§TÇ�ó�¼hÇp½.Ä Ä�¬:Ç�¥��'³M²n§�³M¹YÂ)²n¡��u��¹	���j¢}�è±��/Ò �'Â
¦u�#¡�¦}�jµ��,�W³v¡�¢��	Ï_�.¹	�W²^¡ ¢�¿yµq±��/Ò ��²�³v¢¤¥:¹.�j¢}�u³v¢}�/Ò�³M�u«VÓ9�.¡ ¦u���:²'¼�R}¼uâ)¢���¼vÇ+­Y��®yÇz¬ £ ¬$�
¬jª Ñ}¼

¿y³h�'¢}�'�#�.ÇuÀ9¼vÇ:ÀD�'�Wµ}Ç:¶^¼vÇ:�j¢c��Ûu���jü.�'��Ç:¿�¼hÇ�½.Ä ×�×uÇ�ó���¦z¡�¹'�'¢��#�.�.Ç:� ¢��.� �n�W�}���}�j ��^�h¡:¹'�,�W³v¡�¢
§s�'�#�u¡:�¤�}²n³h¢uµT¹	�.¢��W�'�W�.��Ç�²W¹'� �v�����j¢}�É� �u� ¦:�#³hÒ �.�v�T�h�.��²*�L²#���}� �#��²'«�ÀD�u�h��¼Q¥:�'³M²'¼�¥�¡:¹j¼
à�§T¼vÇ ��¯QÇcÌ Ì:½��uÌj× ª}¼

¾�� ³v¢yÇVâY¼vÇ�â)�WÒ�³v¢}µ}Ç��R¼vÇD¾��}²W²n¡�¢yÇ�Åp¼hÇg�j¢c�ÃÅ=��� �:³h¢uµ}Ç�à4¼vÇ$½.Ä�Ä ÄuÇV¯g¡�¢}²*�W�W� ³v¢���²�¡ ¢Ã�#�u�
´o�#�����}�'¢}¹'�q§�� µ ¢u³v�#�c�:�L�#�.�h�j�#³h¡ ¢�� ¢}��§��jÐ:³v§R�u§»§q�jµ ¢}³!�W�}�:�.²�³h¢��#�u�p®^º]´o�#¡�§»¡ ¨:Â
²n�.�#Ò��.��²#�'³M²n§�³M¹	³v�*���j¢}�Éµ �M� ¹'³v¡ ÂÆ³M²#¡�²n�W�,�W³h¹��#��¹	¡,Ò �.�#���W�j�#��²'¼h«9Ó9�.¡ ¦u���:²'¼°Rc¼_â)¢���¼vÇ�­'� ��Ç
¬jª�¬$�:¬�¬j©u¼

¾��}²W²#¡ ¢yÇ^Å�¼vÇ^Ö^�'³h�h²#¡ ¢QÇ$Ós¼vÇ9�j¢}�wÀg�}�n�W¡ ¢yÇ^Þ�¼hÇ^¾���¹	�W¡�²#�'³M²n§�³M¹T�#�.¦c¡��n�d¡ ¢Ù�u³M²n�#¡ �W³M¹'�j�
Àg�W³v�#³M²n�����j�#�#�}���}�   ��²=î^â#âY«_Ö^¡ �#�#��·ñ� �v��²$� ¢}��â)�W³h²#�É¥����u«hÇyÓ9�v¡�¨}�j��¥��'³M²n§�¡��v¡�µ ��£j×uÇ
Àg�W³v�#³M²n��Ó9�'¡��v¡�µ ³M¹'�j�y¥��}�#Ò��'� Ç�½�Ä × Ë}¼

¾��}²W²#¡ ¢yÇ}Å�¼vÇzà]¹'�j�W�j�h¡ µ��u�L¡j´�ÀD�#³v�#³M²#�d���j�#�#�}���}�   ��²'«hÇu�Q��¹��u¢u³M¹'� �QÅ=�'¦z¡ �#��·ñ¿>xjÄjËYx,©jËcÇ
Àg�W³v�#³M²n��Ó9�'¡��v¡�µ ³M¹'�j�y¥��}�#Ò��'� Ç�½�Ä Ä Ë}¼

½�Ä



Ö^� ¨c�.�v�. _Ç�Rc¼vÇ��j¢}�sî^³M�uÇ�Ós¼vÇc½.Ä�Ä�¬:Çj¾�¡ §��'¢��1�#�.¢}²#¡ ���j¢c�j�h��²#³M²��}²n³h¢uµp�W�'µ�³v¡�¢}�j�:�u�j�W�u«P�j¦:Â
¦u�v³M¹'�j�#³h¡ ¢d�#¡s�W�u�4£ ¬s¾�� �W¹��yÇ�½�Ä Ä�ªuÇu¥:¹	¡ �n��²�¾�³h�v�M²'Ç ï �#�.µ ¡ ¢QÇ����j�#�#�}���}�   ��«�Ó9�.¡ ¦u���:²'¼
Å=�.².¼}¿y�'�n��¼vÇ#�#�yÇ�½.ª$�_½.Ñ}¼

Ö��.³v�M²#¡ ¢yÇ$Ós¼hÇ$¾��}²#²#¡ ¢QÇ�Åp¼vÇ9�j¢}�wÀg�}�n�W¡ ¢yÇ^Þ�¼hÇ^¾���¹	�W¡�²#�'³M²n§�³M¹T�#�.¦c¡��n�d¡ ¢Ù�u³M²n�#¡ �W³M¹'�j�
Àg�W³v�#³M²n� �.� �n�W�}���}�j ��.²�î^âY«R½.Ä ª}½)R��u¢u�ÃÌèÖ^¡ �#�#�]¥��.�}«vÇ�Ó9�h¡ ¨}� �4¥��'³M²#§s¡��v¡�µ ��£ × ©}Ç
Àg�W³v�#³M²n��Ó9�'¡��v¡�µ ³M¹'�j�y¥��}�#Ò��'� Ç�½�Ä ×�Ñu¼

ï �n�W�'§�¡ �h�h�'��Ç�¿V¼vÇ�� ¢}�Ùó^��²n �¡,Ò_Ç±Rc¼vÇ^£ © ©�ªuÇ�¾�¡ §��'¢��~§q�jµ�¢u³v�#�}�:�É�:�	�W�'�W§s³h¢}�j�#³h¡ ¢Ú´o¡ �
�v¡:¹'� �^�j¢c�ã�W�'µ�³v¡�¢}�j�=���j�#�#�}���}�   ��²R¨c� ²#�.�è¡ ¢Ù²#¡ �u��¹	��²#¦c��¹Y�#���u«�ÀD�u�h�Æ¼D¥��.³h²#§T¼g¥�¡:¹j¼
à�§T¼

Þ��c�j���j¡ �QÇ��L¼hÇu¾�¡ �h��¢u�'�uÐ_Çu¥_¼hÇ}¾��.�#�W³h§�� ¢yÇ:Åp¼hÇu¿y�'��Çu¾Ê¼hÇu�j¢}��ý1�'�W¢u³v�.�W².ÇYR}¼hÇ�½.Ä�Ä ª}Ç����u�
¯D�j�h�.�:¡�¢u³h�u�.²$¡j´1�#�}��à^¢uµ �h¡jÂ)ÀD�W� ¨}�j¢��^¾���²#²#³v´��#�.Ò�³h�'±D�.�y«^Ó9�'¡ �Æ¼�¾��jµc¼vÇ>­Y��®QÇ_¢u¡}¼y¬:Ç
¬jÑu½0�:¬ Ñ�£:¼
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Ó9�'¡ �h¡ µ�³h¹.�j�y¥��u�WÒ �.� Ç�½�Ä Ä�£u¼
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·ñ¿>x,©�£�xj©u½ Ç�ÀD�#³v�#³M²#�TÓ9�.¡ �h¡ µ ³M¹'� �y¥��u�WÒ �'��Ç}£j©�©�£:¼

¥�¢u¡�  ��Ç'Rc¼hÇ�¾��u¢}²#�'� ÇDRc¼hÇ��;�.� µ �u��Ç:à�¼hÇu�j¢}��Àg¡��v�h³h¢uµ �.�.Ç:Ós¼vÇ�½�Ä × Ë}Ç�à�¦}�#¡�µ ���j§r´o¡ �D´o¡:¹'�j�
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²+³µ´G¶�·¸¶m¹±¶m¹�´¸¹Iº�»½¼µ¾0³À¿�ÁÃÂGÄWÅ�Æ�ÇÉÈ�¼ÀÊ0³�Ê0³µ»Ë¹=ÌÀÍ ¶Î¾:ÁÃÂ=ÄWÏPÐÑÅ�ÒGÓ¢Ô�Ò�Õ
Ö�× Ö�Ö Ø$× Ö�Ö Ù�× ÚIÛ
Ü�× Ý�Ü Ý�× Þ�Ö
ÚG× Ý�Ý ß�× Ø0Ý
Ùµà�× à0Ú ÚG× Ö�Ö
ÛIØ$×ËÙµÝ à�× Ö�Ö

�P�j¨u�h��½ «g¯g�W�}²*���j��ý1�.�v¡:¹	³v�*�~§�¡:�:�'�Q�}²n����³h¢T�.� �n�W�}���}�j ��$�h¡:¹'�,�W³v¡�¢y¼

²�¼P¶�³ á>¿�ÍËâ�ÍËã�¶�ÍËÄ5³�äY¼P¶mÍ ¶�å$æ�³
ä'¹�ã$â�Í ¶må$æ$³¦²>³À´�¶m·"ÁÃÂGÄWÅ�ç�¹ × ¹IºDÐm¶�¼P¶�ÍË¹�ã$ÐSè�Ä5Ð�ÁéÐm³µÌÀ¹�ã$æ�ÐÑÅ
Ü�Ö�Ö�Ü Ï Ö�Þ Ï Ü�ÜêÜ�Û�ë Ý�Û�ëËÙÀØ$× ß Ý�Ü�× Ý�Ü�à Ü�×ËÙµÛ�Þ ÙµÝ�× Ú Þ Ö�× Ö�ßIØ
Ü�Ö�Ö�Ü Ï Ö�Þ Ï Ü�ÛêÖ�Û�ë Û�Ü�ëËÙµÝ�× Þ Ý�Ü�× Ý�Ü�ß Ü�×ËÙÀØ0Ý ÙµÛ�×ËÙ Þ Ö�× Ö�Ý�Ý
Ü�Ö�Ö�Ü Ï Ö�Þ Ï ÜIØìÖ�Þ�ë Ü�Þ�ëËÙµÞ�× Ü Ý�Ü�× Ý�Û�Û Ü�×ËÙµÝ�ß ÙÀØ$× Ü Ø Ö�× Ö�ÝIØ

�P�j¨u�h��£:«sÅ=�.²#�u�v�W²�¡ ´;ÿ*¡�³v¢��4����¦z¡�¹'�'¢��#�W�~�:�'�#�'�W§�³v¢c�,�#³h¡ ¢¸¡ ´D�W�u�~§q�j³h¢}²#�u¡:¹� É� ¢}�Î³!��²'Á
�*±D¡��j´C�#�.�W²#�u¡:¹� :²'¼

£u½



í ¶�¼P¶�ÍË¹�ã èjÁÃÂGÄWÅa»Ë¹�â°î �¦ïpð ÁéñÑò=ó�ôPÅMõ �÷öpø ÁÎùWú=Å�î"û
ü�á>ä ÙÀØ=Ú ÙµÝ�× Ø Ü�Ù�× Ü Ø$× ÜýÙ�× Ý�Û Ø$× Ü
þ�²>ÿ Ü�Û�à ÙµÝ�× Ü Ùµß�× Ý Û�× ÞýÙ�× ß�Û Ø$×ËÙ
����á Ü�Ý0Ú ÙµÝ�× Û ÙµÛ�×ËÙ Û�× ÞýÙ�× Ø=Ú Ø$×ËÙ
�°²>ä Ü�Ý�Þ ÙµÝ�× Ý Ü�Û�× à Ø$×ËÙ Ù�× ÝIØ Ø$× Û
����� Ü�ß0Ú ÙµÝ�× ß ÙµÛ�× Ú Ø$× ÜýÙ�×ËÙµà Ø$× Û
��� ² Ü�à�ß ÙµÝ�× Ü Ü�ß�× Û Û�× àýÙ�× Þ�ß Ø$×ËÙ
��	
	 Ü�ÞIØ ÙµÝ�× Û Ü�Ö�× à Û�× ÞýÙ�× ß�Ý Ø$× Ü
����	 Ü�Þ�Ý ÙµÝ�× Ú ÚG× Ú Ø$× Ü Ö�× Þ�Ù Ø$× Ø
ÿ ��� Û�Ö�Ü ÙµÝ�× Ü Û�Ü�× Ú Û�× à Ü�×ËÙµÛ Ø$×ËÙ
�
��� Û�Ùµß ÙÀØ$× Þ ÙµÝ�× Ý Û�× Ý Ü�× ÖIØ Û�× Þ
ÿ í�� Á���Å Û�Ùµà ÙµÝ�× Û Ø$× Ö Û�× Þ Ö�× Þ�Ý Ø$× Ü
ÿ í�� Á í Å Û�Ùµà ÙµÝ�× Ü ÙµÜ�×ËÙ Û�× àýÙ�× Ø0à Ø$×ËÙ
��� � Û�Û�Ý ÙµÝ�× Û Û�Û�× Ü Û�× àýÙ�× Þ�à Ø$×ËÙ
��� 	 ÛIØ�Ø ÙµÝ�× Û Ø0Ý�×ËÙ Û�× à Ü�× Ü�Ý Ø$×ËÙ
Æ � � Û0ÚIÞ ÙµÝ�× Û Ü�× Ú Û�× à Ö�× à�Ý Ø$×ËÙ
ÿ í�� Û0ÚIÞ ÙµÝ�× Ý Ø$× Û Ø$× Ö Ö�× à�Ý Ø$× Û
ÿ ²
� Û�àIØ ÙµÝ�× Ø Ø$× Ú Û�× Þ Ö�× ÞIØ Ø$× Ü
Æ � á Ø0Ö�Ý ÙµÝ�× ß Ù�× Ö Ø$× Ö Ö�× Ý�Ù Ø$× Û
Æ �hí Ø0Ö�ß ÙµÝ�× Ú Ü�× Û Ø$× Ü Ö�× Ý�Þ Ø$× Ø
ÿ��
� Ø0Û�Ù ÙµÝ�× Ø Ü�× à Û�× à Ö�× à�Ü Ø$× Ü
ÿ ²
� Ø0Ý�Ù ÙµÝ�× Ú Ù�× à Ø$× Ü Ö�× ÝIØ Ø$× Ø
ÿ ²�è Ø0à�Þ ÙµÝ�× Ý Ø$× ß Û�× Þ Ö�× à�ß Ø$× Û
� ²�á Ý�ßIØ ÙµÝ�×ËÙ Û�× ß Û�× ÝýÙ�× Ö�à Ø$× Ö
��� ² Ý�ß0Ú ÙµÝ�× à Ù�× Ý Ø$×ËÙ Ö�× Ø0Þ Ø$× Ø
��� 	 ß�ÙÀØ ÙµÝ�× Ý Ù�× Ú Û�× Þ Ö�× ß�Ù Ø$× Û
è+è�è ß�Û�ß ÙµÝ�× Ø Ù�× Ö Û�× à Ö�× Ý�Ý Ø$× Ü
è��>á ß�Þ�Þ ÙµÝ�× Ø Ù�× Ý Û�× Ú Ö�× ß�Û Ø$× Ü
�+Ê0³À¿ ¼Iâ�³ ÙµÝ�× Ø0Ö Ù�Ù�× à�Ü Û�× Þ�ÙªÙ�×ËÙµÞ Ø$× Ü�Ö
ð Ö�× Ü�Ù ÙµÜ�× ÖIØ Ö�×ËÙµÞªÖ�× Ý�ß Ö�×ËÙµÛ

�P�j¨u�h�4ªu«�¥�¡ �}�W¹'�p¦}�j���j§��	�W�'��²D´o¡ �^�#�u��§q� ³v¢}²#�u¡:¹� É­{Ë}¼UÌ�¾�¿P°=�:�	�W�'�W§�³v¢u�����j�:�W¡ §q�,�W³!Â
¹'� �v�h�q´o�W¡ §áÒ��'�#�#³M¹'� �yë ì ÂÆ±��/Ò �9²n¦z�.¹	�#���u¼

£�£



í ¶�¼P¶mÍË¹�ã è)ÁÃÂGÄWÅ�»Ë¹�â#î ����ð ÁÉñÑò0ó0ôPÅ,õ �÷öpø ÁÎùWúGÅ,î û
í$í ü ßIØ ÙµÜ�× à Ü�Ö�× Þ Ù�× Þ Ù�Ù�× Û0Ú Ü�× Ý
� � � Ù�ÙµÞ ÙµÛ�× Ø ß�Ü�× Ý Ü�× Û ÙµÖ�× Ö�ß Ü�× Þ
ü���� ÙµÜ�Þ ÙµÛ�× Ö ÙpÚG× Ú Ù�× Þ Þ�× Ö�Ý Ü�× ß
ü�Æ � ÙÀØ�Ø ÙµÛ�× Ü Û�× Ý Ü�× Ö Ø$× ÚIÛ Ü�× Ú
� ä'ä ÙµÝ�Ü ÙµÛ�×ËÙ Þ�× Ø Ù�× Þ ÚG×ËÙµÝ Ü�× Ú
� è�ÿ Ùµß�Ü ÙµÛ�× Ü Þ�× Ö Ù�× Þ ß�× ß Ü�× Ú
� è�	 ÙpÚGÙ ÙµÛ�× Ö Û�Ù�× Û Ù�× à Ù�Ù�×ËÙµÞ Ü�× ß
��Ê0³µ¿�¼Iâ�³ ÙµÛ�×ËÙµÖ Ü�Ü�× ÖIØ Ù�× Þ�ß�à�× Ý�Þ Ü�× ß0Ú
ð Ö�×ËÙµÞ Ü�Ö�× Ö0Ú Ö�×ËÙµß�Ü�× Ý�Ù Ö�×ËÙµÛ

�P�j¨u�h�¤Ëc«Ã¥�¡ �u��¹	�É¦}�j���j§��'�#�'��²q´o¡��~�W�u�É�M�j�Wµ ��²*�d�,´C�#�.�W²#�u¡:¹� Ø­�£u¼JÌ¸¾¤¿;°��:�	�W�'�W§s³h¢u���
�j�u�#¡ §q�j�#³M¹'�j�h�h�q´o�#¡�§áÒ �.�n�W³h¹.�j��¿yµ ÂÆ±��/Ò �9²n¦z�.¹	�#���u¼

� ¹�·$¹�²>³À´�¶�·TÁéÂ=ÄWÅ í ¹�å$¿mÌÀ³7²>³À´�¶�·:ÁéÂ=ÄWÅ�è �hí
Û�Ö à�× Ø Ö�× Û�Ù
Û�Ù Þ�× Ø Ö�× Û�Ù
Û�Ü ÙµÖ�× Ú Ö�× Û�Ù
Û�Û Ù�Ù�× Ý Ö�× Û�Ù
ÛIØ ÙµÜ�× Þ Ö�× Û�Û
Û�Ý ÙµÞ�× Ü Ö�× Û0Ú
Û�ß Ü�Ö�× à Ö�× Û0Ú

�P�j¨u�h��¬:«��$�'¦z�'¢}�u�'¢}¹'��¡j´�²n¡��u��¹	�p�:�'¦u�#�T±=³!�W��¾�¡ �u¡q�:�.¦:�#�Q¼

£ ª



-2.8˚ -2.4˚ -2˚ -1.6˚
52˚

52.4˚

52.8˚

0 10 20

km

Magnitudes


5 


4 


3 


2 


Whitchurch

Shrewsbury

Telford

Stafford

Derby

Birmingham

Wolverhampton

Ludlow

Nuneaton

Coventry

Warwick

Worcester Stratford-Upon-Avon

Evesham

Redditch

-5˚ 0˚

50˚

55˚

60˚

ÛP³vµ��u�W�~½ «=â)¢}²n�#�W�u§��'¢����j�g­��u�j�W �¹	³h�W¹'�v��²W°��j¢}���}³h²n�#¡��#³M¹'� �g­o�h³hµ ���9¹'³v��¹	�h�.²�°�²#�'³M²n§�³M¹	³v�*��¡ ´
�#�}�^·Î�.²n��¾�³M�:�M�j¢}�}²�´o�W¡ § ½/ÌjÑ ×9�#¡4�#�u�$¦u�W�.²#�'¢��.Ç�³v¢��~½.©�©L �§û²W���}�j�W�^¹'�'¢��#�W�.��¡�¢q�#�u�
£j©�©�£4�'¦u³M¹	�.¢��#�W� Ç:§q�j�W  ���~¨��~�W�u��²*���j��¼

 !
"

#

$ %'&)(+*-,-.0/+%1(32�45/+6'$ 7�/+%1(+*-/

ÛP³vµ��u�W��£:«q¾���¹	�W¡�²#�'³M²n§�³M¹�³v¢��#�.¢}²#³!�*�¸§q�j¦¸´o¡��4�W�u���$�}�:�h�'�¸�.� �n�W�}���}�j �� ¼�â*²#¡�²#�'³M²n§q� �
¹	¡�¢��#¡ �}�W²��:�.¢u¡j�W��¶V¾¤¥�â)¢��#�'¢c²n³v�#³h�.².¼����u�4£j©�©�£��'¦u³M¹	�.¢��W�#�L³M²=§q�j�W  ���~¨�����²n�W�j��¼

£jË



-8˚ -6˚ -4˚ -2˚ 0˚ 2˚

50˚

52˚

54˚

56˚

58˚

0 100 200

km

KWE
DSB

SBD

HAE

CWF

TFOHTL

AEU

LDU

SWN

JRS

KEY2

HBL2

WFB
YRH

YRE
YLL

WPM

SSW

KTG

WOL

RTO

RRR

EDR

EDU

EAB
ESYEDI

GMM

CCA
CGH

ECK

ESK

MVH

MDO
MCD

BBO BDL

BBH

BTABHH

XDE

GCD

PCO

PCA
PMS

ÛP³vµ��u�W�Éªu«è¥��'³M²n§�¡�µ ���j¦u�ñ²n�W�j�#³h¡ ¢}²��}²#�.�Ù³h¢�²#�u¨}²#�.���u�.¢����j¢c�j�h��²#�.²��j¢}�ñ§s�.¢��#³h¡ ¢u���
²#¦c��¹	³väc¹'� �v�h�~³h¢��W�u�L�#�'Ð��.¼����u�4£ © ©�£4�'¦}³h¹'�'¢��#�W�L³h²�§q�j�W  ����¨�����²n�W� �.¼

£�¬



-20000

0

20000

SWN/slz
23:53:14.4

-10000

0

10000

LDU/slz
23:53:04.9

-600

0

600

AEU/shz
23:53:28.2

-3000

0

3000

HTL/slz
23:53:24.4

-3000

0

3000
BBO/shz
23:53:33.4

23:53:00 :30 :54:00 :30 :55:00 :30

1

2

3

4

5

Time (hr:min:sec)

ÛP³vµ��u�W�DËc«P¥��.³h²#§�¡ µ��W� §�²P¡ ´c�W�u�=Ò �.�n�W³h¹.�j�u¹	¡�§�¦c¡�¢u�'¢���¡j´_µ �W¡ �}¢}�4�:³M²#¦u�h��¹	�.§s�.¢��V�,�1ä}Ò��
�h¡,±èµ��j³h¢q²*���,�#³h¡ ¢c²�³h¢��#�u�9®^º �,�V�.¦u³M¹	�'¢��W�W� �c�:³M²*���j¢}¹'�.²V�W� ¢uµ ³h¢uµ9´o�#¡�§Ü½�© ©9�W¡R£ ¬ ©L �§T¼

8:9<;

=?> @

ÛP³vµ��u�W�R¬:«=¥��u�#´{� ¹'�p�#�W�'¢}�}²�¡j´1�W�u�4¦}�#³h¢}¹	³h¦}� �y´{�j�}�!��²�³h¢��#�u�R·É��²*�L¾�³M�:�h� ¢}�u².¼�Ö�¡��#§q�j�
´{�j�}�!��²~�j�W�d�u�'¢u¡ �#�.�è¨��Ã�¸²W���c�j�W��¡�¢Ã�W�u���:¡,±=¢��#�u�W¡,±=¢ã²#³M�:� ÇD±=�u³h�v���W�'Ò��'��²n��´{�j�u�v�W²
�j�W�R�u�'¢u¡ �#�.�¤¨��T��¨}� �#¨�¡�¢��#�}�R�u¦u�#�u�W¡,±=¢É²#³h�u� ¼p���u�s·É��²*�W�'�W¢ÉÀD¡ �u¢c�u�j�W�dÛc�j�u�v�L³h²
�:�.¢u¡j�W�.�d¨��~·ñÀ�Ûg¼

£ Ñ



ACBEDGFH ICJLKNMO PCQSR+TU VCWYX�XZ[�\L]�^_

`�aEbGcd

e�fhgjik
l�mhnNop

q r s+t u)v wNx yGz {�|

}
~
�)�
�)�
�G�
�G�
���

� ������ �
�

��� ��������3��� �3 ¢¡ £ ¤ ¥)¦ §)¨ ©Nª «N¬ ­G®

¯
°
±)²
³)´
µG¶
·G¸
¹�º

» ¼½¾¿ÀÁ Â
Ã

Ä�Å Æ�ÇÈ�É�Ê�Ë�Ì Í�Î0Ï

Ð

Ñ

Ò

Ó

Ô Õ Ö ×

Ø�Ù+Ú�Û Ü'Ý

ÛP³vµ��u�W�^Ñu«�ó�¡��#³hü'¡�¢����j�}� ¢}�qÒ��'�#�#³M¹'�j�}¦u�#¡ ÿ*�.¹	�#³h¡ ¢}²V¡j´_�#�u�9Ä ©'&]¹'¡ ¢:äc�u�'¢}¹'���'�h�v³h¦}²#¡ ³M��´o¡ �
�#�}��¹'�j�M¹	�}�h�j�#�.������¦c¡:¹	�.¢��#�W�9¡ ´Q�W�u���^�c�:�v�.�����j�#�#�}���}�   ��¼

£�Ì



0

1

2

3

4

5

6

7

8

9

10

T
ra

ve
l-t

im
e 

(s
)

0 50 100 150 200 250 300

Distance (km)

P

PmP

Pg

Pn

ÛP³vµ��u�W�9Ì�«�Å=�.�u�}¹	���~Þ1ÂX±D�/Ò����#���/Ò �.�:�#³h§��.²V´o¡ �g�#�u�9�^�}�u�v�.�s���j�#�#�}���}�   ����²V�p´o�}¢}¹Y�W³v¡�¢
¡j´P�'¦u³M¹	�.¢��#���j�y�:³M²*���j¢}¹'�9´o¡ �=¨z¡j�#�T¡�¨}²n�.�#Ò��.��­{µ �W�'��¹'³v��¹	�h�.²�°D�j¢}��§�¡:�:�'�h�v�����}�,�W�}¼����u�	Â
¡ �W�	�W³h¹.�j��Þ1ÂX±D�/Ò��q�#���/Ò �.�!ÂÆ�#³h§��d¹'�u�WÒ �.²4´o¡ ��¦u�W³h§�� �#�Ê¹'�#�}²n�W� ��¦u�}� ²#�.²�� �#�d�:�	�W�'�W§s³h¢u���
´o¡ �^�#�u��½	Â)�]Ò �.�v¡:¹'³!�*�d§�¡��u�'�Q�c²n���T�#¡~�h¡:¹'�j�#�p�W�u���.� �n�W�}���}�j �� ¼=���u�4�}�,�W�~�}�/Ò �p¨z�'�.¢
�W�.�:�}¹'�.���}²#³v¢uµ~�s�W�.�:�c¹Y�#³h¡ ¢dÒ �.�v¡:¹'³!�*�~¡ ´P×s �§ax,².¼

0.2

0.3

0.4

0.5

0.6

0.7

R
M

S
 e

rr
or

 (
S

) 

0 5 10 15 20 25 30

Depth (km)

ÛP³vµ��u�#�p×}«�Å�¾¤¥��'�W�#¡��g³h¢T�.� �n�W�}���}�j ��$�h¡:¹'�,�W³v¡�¢d��²=�R´o�u¢}¹Y�W³v¡�¢T¡j´1�:�'¦:�W�y¼

£ ×




(b)


(a)

ÛP³vµ��u�W�RÄu«^¥:¡ �u��¹	�R§s��¹��}�j¢}³h²#§q²$�:�'�#�.�#§�³h¢u�.�T´o¡��^�W�u���^�}�u�v�.���.�j�#�#�c���c�j  �4�}²n³h¢uµÎ­{��°
ä}��²*�D§�¡j�#³h¡ ¢�¦c¡��h� �#³v�#³h�.²�´o�#¡�§þ�h¡:¹'� �}�W�.¹	¡��W�u³v¢uµ�²V� ¢}��­o¨z°�§�¡ §��.¢��g�#�.¢}²n¡��V³h¢�Ò �'��²#³v¡�¢s¡ ´
�W�'µ ³h¡ ¢c�j�}¨}�#¡�� �:¨}� ¢}�q±��/Ò �'´o¡ �W§�².¼;���}�$¨z�.²n�nÂÆäu�n�W³v¢}µ��u¡ �u¨u�h�	Â)¹	¡��u¦u�h�$²#¡ �h�:�#³h¡ ¢�³h²Dµ ³hÒ �.¢
¨��q�#�}�p¨u�h��¹� ~�h³v¢u��²'¼

£ Ä



Þ ßáà âäã åáæ çáè éáê ëäì í î ïáð ñ ò òáó ô

õ ö ÷ ø ù ú û ü ý þ ÿ � � � � � � � � � 	 
 � � 
 �

� ��� ��� ��� ��� ��� ��� �! "�# $�% %�& '

(*),+.-0/213-54

687:9<;>=@?

A8B:CEDGF@H

I8J:K@LNM@O

P8Q:R@SNT@U

VXW,Y.Z0[2\,Z^]

_a`:b<cNd.e

fag:hEikj.l

man:o@prq.s

tau:v@wrx.y

z*{,|.}0~2�3}5�

�8�:�<�>�@�

�8�:�E�G�@�

�8�:�@�N�@�

�8�:�@�N�@�

�X�,�.�0�2�,�^�

 a¡:¢<£N¤.¥

¦a§:¨E©kª.«

¬a­:®@¯r°.±

²a³:´@µr¶.·

¸º¹¼» ½¿¾5À

ÁÃÂ¼ÄÅÃÆÈÇ

ÛP³vµ��u�W��½.©u« ï ¨}²#�'�WÒ �.�Î�j¢c�¸§s¡:�:�.�v�h�.�Ê²#�'³M²#§s¡�µ ���j§q²9´o¡ ��´o¡ �u�4²#¡ �}�W¹'�~�:�'¦:�W�}²�¡ ´p½�£:Ç
½'ËcÇQ½�Ñ~�j¢}�Ô½.×q �§ �,�$²n�W�j�#³h¡ ¢}²R­{��°�ó^À�¿P£:Çz�'¦u³M¹	�.¢��W�W� �;�:³M²n�W�j¢c¹	�R×�©� �§dÇ1­{¨c°�ºp¶7�L£:Ç
�'¦}³h¹'�'¢��#���j�9�:³h²n�W� ¢}¹	�Î×�£¸ �§TÇR­�¹.°~· ï ¿VÇg�.¦u³h¹'�'¢��#���j�9�:³M²*���j¢}¹'�Ã½'Ë�ÄÊ �§TÇ4­{�}°�à^¶g®�Ç
�'¦}³h¹'�'¢��#���j�y�:³M²n�W�j¢c¹	��£jª�©4 �§T¼

ª�©



ÉËÊÍÌ Î

ÏÑÐ ÒÔÓ

ÕÍÖØ×

Ù ÚÔÛ

ÜÞÝ2ß

à áãâ äãå æãç èãé ê ë ì í î ï ðòñ óòô õ ö ö
÷ùø úüûþý ÿÑû�������� ÿ	�

ÛP³vµ��u�W�=½ ½ « ï ¨c²n�.�#Ò��.��­o¨u�M� ¹� u°_� ¢}�L§�¡��u�'�h�v���~­oµ��#�.�:°_²#�'³M²#§s¡�µ ���j§q²z´o¡ �;²*���,�#³h¡ ¢c²Qó^À�¿P£
­{×�©q �§~°YÇ_ºp¶��L£�­{×�£q �§~°	Ç_¥�·ñÖÜ­*½�½�¬� �§~°YÇ_¿Q�9®Í­n½'Ë�×� �§~°�� ¢}��· ï ¿ñ­*½.Ë�Ä� �§~°Y¼
���u��²#��¢��W�u�	�W³h¹.²�±g�.�#�Lµ��'¢u�.�W�j�#�.���}²#³v¢uµq�q²#¡ �u��¹	�L�:�.¦:�#�T¡j´�½'Ës �§T¼


����


����

�����

��� �

� ��� ��� ��� ���  "! #"$ %�& '�( )+*-,-.-/021 35476 8�4�9�:2;�<�8	=

ÛP³vµ��u�W�9½/£:« ï ¨c²n�.�#Ò��.��­{¨u�M� ¹� u°��j¢}�R§�¡:�:�'�h�v���T­oµ �W�'�u°P²#�'³M²n§�¡ µ��W� §q²y´o¡���²*���,�#³h¡ ¢c²1à^¶V®
­�£ ª ©� �§~°YÇ_ó^�=¿ñ­Æ£jª Ëq �§~°	ÇzÀ�À ï ­�£ ¬ Ñ� �§q°	Çz� ¢}���=Û ï ­�£�Ì,Ñ� �§~°Y¼����u�s²n��¢��#�}�	�#³M¹'²
±D�'�W�9µ��'¢u�.�W�j�#���~�}²#³v¢}µ��q²#¡ �}�W¹'�9�:�.¦:�#�T¡ ´D½.ËR �§T¼

ª}½



> ?
@ A

BC D E F G H I

J K
LM N O P Q R S

T U
V W

X Y Z [ \ ] ^ _

` a

b c d e f g h i

j k l m
n o p q r s t u

v w
xy z { | } ~ �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   ¡ ¢ £ ¤ ¥ ¦

§

¨

©

ª

«

¬

­ ® ¯ ° ± ² ³ ´ ¯ ® µ ´ ¶ ° · ¸

ÛP³vµ��u�W��½.ª}«;·¸�/Ò �'´o¡ �W§�²1´o�#¡�§ �W�u��ä}��²n�g�,´C�W�'��²n�u¡:¹� ��,�g©�ªu« ª�£L®$�^¯ã¡ ¢�£jªR¥��'¦:�W�'§R¨c�.�.¼
���u�=�W�.�R�#��� ¹'�.²1²#�u¡,±ã�#�u�=¦u�W�.¹'�u��²n¡��#��²#³vµ�¢}�j�u� �v³hµ ¢}�.�s³v¢��W³v§��=±=³v�#���W�u���M�j�Wµ �'�1� �#�W³vÒ,� �
�j¢c�~�W�u��²n³h§�³v�M�j�W³v�*�~¡j´P�#�u��²#³hµ ¢}� �h²��,�=�W�u�L�#�}�#�.�L²n�W�j�#³h¡ ¢}²^¯g·ñÛDÇ}ó$à^¶Ù� ¢}�d¥uÀD�R¼

ª�£



AEU/shz
23:53:28.2

BBO/shz
23:53:33.4

BHH/shz
23:53:33.4

BTA/shz
23:53:33.4

BBO/shz
03:32:35.1

BHH/shz
03:32:35.1

BTA/shz
03:32:35.1

AEU/shz
03:32:37.9

DSB/bhz
23:51:10.6

DSB/bhz
03:27:39.3

:15 :30 :45 :01:00 :15

1

2

3

4

5

6

7

8

9

10

Time (hr:min:sec)

¹»º	¼¾½À¿5ÁÃÂÅÄÇÆÉÈËÊÍÌÏÎÑÐÓÒÏ¿ÔºÖÕÔÌÏ×ØÌÚÙÜÛ5ÝÀÁßÞàÒâáÏÁÅÙ2ÌÏ¿5ÎÑÕãÙ2¿ÔÌ¾Î�Û5ÝÀÁßÎäÒÚº�×ÓÕÔÝÀÌåÊçæèÒÏ×ÓéèÛÔÝÓÁßêÓ¿çÕëÛ
ÒìÙ�Û5ÁÅ¿çÕëÝÓÌíÊçæîÒÚÛðïÏñÓÆ ñóòõô÷öðøùÌÏ×ÃòÏñÉúíÁ7ÐåÛÔÁ7ÎõûüÁÅ¿þý

ñ¾ñ



ÿ� � � � � � �� � 	 � 
 	 � � � 


�

�� � � � � � �� � � � � � � � � �

��  ! " # $ %& ' ( ' ) ( * * + &

,
-. / 0 1 2 3 45 6 7 8 6 7 9 : ; :

<= > ? @ A B CD E F E G F H H I D

JK L M N O P QR S T U S T V W X W

YZ [ \ ] ^ _ `a b c b d c e a f g

h
ij k l m n o pq r s t r s t u v w

x y z { z

|

}

~

�

�

�

�

�

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

¹»º	¼¾½À¿5ÁÃÂ��ÀÆÉÈËÊÍÌÏÎÑÐÓÒÏ¿ÔºÖÕÔÌÏ×èÌÚÙÜÛÔÝÓÁßÞàÒâáÏÁÍÙ2Ì¾¿ÔÎäÕ Ù2¿5ÌÏÎ ÛÔÝÀÁßêÓ¿çÕ Û ÒÚÙ�ÛÔÁ7¿5ÕÔÝÀÌåÊçæèÒÚÛ ïÏñÓÆ ñóò
ôðöðø ÌÏ× òÚñ úíÁÅÐÀÛÔÁÅÎ ûÇÁ7¿õÒÚ×Çé ÕÔÁ7ÊÍÌ¾×ÓéèÒìÙ�ÛÔÁ7¿5ÕÔÝÀÌåÊçæÃÒìÛ ï��ÀÆ�ò��ßô÷öðø Ì¾×ØòÚÄ úíÁ7ÐåÛÔÁ7ÎõûüÁÅ¿
ÒìÛàÙ2Ì¾½À¿ðÕëÛ5ÒìÛ5º	Ì¾×ÓÕðø�� ¹����ðÈ¡ ¢�Çú¤£�¥ ÒÚ×Óé§¦¨�©  ý

ñÏÄ



¹»º	¼¾½À¿5ÁõÂ«ªÓÆ öàÝÀÁ éåÁþÊÅÒ­¬ÉÌÚÙ áÏÁ7¿ëÛ5º�Ê7Ò�®Ç¼Ï¿5ÌÏ½À×ÓéäÒ¾ÊÅÊÅÁ¯®�ÁÅ¿çÒìÛÔº�ÌÏ×±°³²µ´·¶ È¹¸ ÞÜº	ÛÔÝîÝº¬íÐüÌíÊÅÁÅ×óÛÔ¿çÒ�®
éåºÖÕ ÛçÒÚ×ÓÊÅÁ Ù2ÌÏ¿àÛÔÝÓÁãÎÑÒÏº	×ÇÕëÝÀÌåÊçæ ý

¹»º	¼¾½À¿5ÁõÂ­»åÆ öàÝÀÁ éåÁþÊÅÒ­¬ÉÌÚÙ áÏÁ7¿ëÛ5º�Ê7Ò�®Ç¼Ï¿5ÌÏ½À×ÓéäÒ¾ÊÅÊÅÁ¯®�ÁÅ¿çÒìÛÔº�ÌÏ×±°³²µ´·¶ È¹¸ ÞÜº	ÛÔÝîÝº¬íÐüÌíÊÅÁÅ×óÛÔ¿çÒ�®
éåºÖÕ ÛçÒÚ×ÓÊÅÁ Ù2ÌÏ¿àÛÔÝÓÁ¼®�ÒÏ¿Ô¼¾Á7ÕëÛÜÒÚÙ�ÛÔÁ7¿5ÕÔÝÀÌåÊçæ ý

ñ½�



¾ ¿ À Á Â Ã Ä Å Ã Æ Ç È ¿ ¿ Ä Á É Ê Ë Ë Ê ÌÍ Î Ï Ð Ñ Ñ Ò Î Ð Ó Ô Õ Ö Ö × Ø

Ù Ú Û Ü Ý Þ ß à Þ ß á Ý â ã ä å æ æ ç èé ê ë ê ì í î ï ð ñ ò ó ó ô õ
ö ÷ ø ù ú û ü ù ý þ ÿ ø û � ø � ø � û ù � � � � ú ü ú � ú ø � � 	 
 
 �

� 
 � � � � �

� � � � � � �

¹»º	¼¾½À¿5Á Â��ÀÆ��÷ûÓÕÔÁÅ¿5áÏÁ7é áìÒ�®�½ÀÁþÕîÌÚÙãÐüÁ7ÒÏæ ÝÀÌ¾¿Ôº��ÅÌ¾×óÛ5Ò�®Ü¼¾¿ÔÌ¾½À×ÓéùÒÏÊ7ÊÍÁ«®	Á7¿5ÒÚÛÔº�ÌÏ× ° ²��¡¶ È¡¸
Ù2¿5ÌÏÎ Õ Û5¿ÔÌ¾×À¼ØÎÉÌÏÛÔº�ÌÏ× °2ÛÔ¿5º�ÒÏ×À¼ ®�Á7Õ ¸ �ÜÕÔÝÀÌÏ¿ÔÛîÐÇÁ7¿Ôº�Ìåé ° ÊÅº	¿çÊ ®�Á7Õ ¸ÑÒÚ×ÓéùûÓ¿ÔÌóÒÏéåûÓÒÏ×Óé º	×ÇÕ Û5¿Ô½! 
ÎÑÁÅ×óÛ5Õ¨° Õ#"ó½ÓÒÏ¿ÔÁþÕ ¸ �óÊÅÌÏÎÑÐÓÒÚ¿5Á7éîÞÜº�Û5ÝîÛÔÝÓÁ÷áìÒ�®�½ÀÁþÕ ÐÓ¿ÔÁþéåº�ÊÍÛÔÁþéîûº¬ÑáâÒÏ¿Ôº�ÌÏ½ÇÕ ¼¾¿ÔÌ¾½À×ÓéäÎÑÌÚÛ5º	Ì¾×
ÐÀ¿5Á7éåºÖÊ Û5º	Ì¾× ¿5Á¯®ÖÒìÛ5º	Ì¾×ÓÕ7ý

$
s

¹»º	¼¾½À¿5ÁßÂ«�ÓÆ ø ÌÏÎÑÐÓÒÏ¿ÔºÖÕÔÌÏ× ÌÚÙ ÌÏûÓÕÔÁÅ¿5áÏÁþé ² �¡¶ È Ù2ÌÏ¿ Û5ÝÀÁ ÎäÒÏº	×ÓÕÔÝÀÌåÊçæ ÞÜº�Û5ÝÃÛ5ÝÀÁÅÌ¾¿ÔÁÅÛÔºÖÊÅÒ�®
áìÒ�®�½ÀÁ7Õ ½ÓÕëº�×À¼&% ´÷ö ý ø ¿ÔÌóÕÔÕÔÁ7ÕÜÕÔÝÀÌìÞ ÛÔÝÀÁ Ì¾ûÓÕÔÁÅ¿5áÏÁ7é éÀÒÚÛ5ÒÀýàöàÝÀÁõÕÔÌ ®�ºÖé û�®�Ò¾Êçæ ®�º	×ÀÁ ÕëÝÀÌìÞ Õ
² �¹¶ È ÊÅÒ ®�ÊÅ½¤®ÖÒìÛÔÁþéè½ÓÕëº�×À¼ Òâá¾ÁÅ¿çÒÚ¼¾Á('*) ÒÚ×Çé,+.- Ù2¿5ÌÏÎ"ö»ÒÚû¤®�ÁîñÀý öàÝÀÁßéÓÒÏÕÔÝÀÁ7é ®�º	×ÀÁ
ÕÔÝÀÌìÞ ÕäÒØÎÑÌÏ¿5ÁÃÊÍÌÏ×ÇÕëÁ7¿ÔáìÒìÛ5º	á¾Á ÁþÕ Û5º	ÎäÒÚÛÔÁÃÌÏÙ¨²��¡¶ È Ê7Ò�®ÖÊÍ½¤®ÖÒìÛ5Á7é ½ÓÕÔº	×À¼ØÛ5ÝÀÁÃÕëÛ5ÒÚ×ÇéÀÒÚ¿çé
éåÁ7áóºÖÒìÛ5º	Ì¾× Ì¾×/'*)ØÒÚ×Çé0+1- ý

ñ�ª



2
s

¹»º	¼¾½À¿5ÁßòÚïÀÆäø ÌÏÎÑÐÓÒÏ¿ÔºÖÕëÌ¾×ØÌÚÙÜÌÏûÓÕÔÁÅ¿5áÏÁþé ÒÏ×ÓéèÛÔÝÓÁÅÌÏ¿5ÁÍÛ5º�Ê7Ò�® ²��¡¶ È Ù2Ì¾¿ Û5ÝÀÁäêÓ¿çÕ ÛÉÒìÙ�ÛÔÁ7¿3 
ÕÔÝÀÌåÊçæüý ø ¿5Ì¾Õ5ÕëÁþÕîÕëÝÓÌìÞ Û5ÝÀÁÃÌÏûÇÕëÁ7¿Ôá¾Á7é éÀÒìÛçÒÀý öàÝÀÁ ÕÔÌ ®�º�éùû�®�Ò¾Êçæ ®�º	×ÀÁ ÕëÝÀÌìÞ Õ ² �¡¶ È
ÊÅÒ ®�ÊÅ½¤®ÖÒìÛÔÁþéÃ½ÓÕÔº�×À¼ Òâá¾ÁÅ¿çÒÚ¼¾Á4'5) ÒÚ×Óé6+1- Ù2¿5ÌÏÎ ö»ÒÚû¤®�ÁÉÄÓý öàÝÀÁÑéÀÒÏÕÔÝÀÁþé±®�º	×ÀÁäÕÔÝÀÌìÞ Õ Ò
ÎÑÌÏ¿5ÁîÊÍÌ¾×ÓÕëÁ7¿ÔáìÒÚÛÔº�áÏÁÑÁ7ÕëÛÔº�ÎäÒìÛÔÁäÌÏÙ ²��¡¶ È Ê7Ò�®ÖÊÍ½¤®ÖÒìÛ5Á7éè½ÓÕÔº	×Ó¼ ÛÔÝÀÁßÕëÛ5ÒÏ×ÓéÀÒÏ¿5éØéåÁ7áóºÖÒìÛ5º	Ì¾×
ÌÏ×7'*)ØÒÚ×Óé/+ - ý

ñº»


