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In , the northwestern part of the Noto peninsula, central Japan, was struck by damaging

earthquakes of M . . To correlate seismogenic source faults with geologic structure we con-

ducted seismic reflection profiling of the focal areas. We used two vessels : a gun-ship with a ,

cu. inch air-gun and a cable-ship with a . -km-long, streamer cable and a cu. inch air-gun. Com-

mon mid-point seismic reflection data was acquired by total km-long seismic lines. The obtained

seismic sections portray faults, that displaced the shallowest part of the reflectors. A deeper ex-

tension of the active fault was traced down to km in depth on the seismic section. The deeper

extension of the imaged fault accords well with the linear distribution of the hypocenters of

aftershocks, providing direct evidence of fault reactivation at depth. Seismic sections suggest the

three tectonic phases ; the early Miocene rifting, late Miocene, and Late Pliocene to Quaternary

shortening deformation. The Noto Hanto earthquake was generated by reverse and strike-slip

faulting of Miocene normal fault under a compressional stress regime with a WNW-ESE trending

P-axis. The ruptured fault segment is strongly controlled by transfer faults, which was formed

during the rifting.

: Noto Hanto earthquake, two-ship seismic reflection profiling, earthquake source

fault, central Japan
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Fig. . Location of the seismic lines of the west of Noto Peninsula seismic survey.

Fig.

km

, m,

cu. inch

Fig.

BIRPS British Institution’s Reflection Profiling

Syndicate

Singh,

Tsuru

m

et al.,

et al.,

+

,**1 3

+ ,*

, .**

2+* +31-

+31-

. +

+31-

+332

,**/

,**1

+32/ +320

,**/ ,**1 1 2

,**1

+/* ,**

,**1 +31- +33-

,

�



��� ��� �

	

 �� 


 � �
 


  �� �
 
 � 
     
 
  ��  

  
   

  �

  �� 



  �� 
 �
�  

 � 


 �  
� 
 � �
 


 �

  ��  �

� 


 
 ��

 

��  

 
 ��

� �

 �


   �� �
  


� � 


   ��  �
� 
 �


  �� ��




� �

 �� 

�  

 � 	 �


 ��

� �

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

'� � '� ()* +,#&�� - . � � �� � /�
+, 01� � 23 * �4 �# 5 () 5 6�  /�

&� 7 8 �� !�9&# /�:;�
� <=�> ? @ �A BC  D
  < E  E  F  GH� ����%&#� I()
 J �K +,#&� LM( NO PQ � � � R��ST

�� ? � �� � UVW� ����XYZ [\]# ^�:> R� ���
_`[ a � ���b� ()< c� a () d � �'(e fg
�h � i � j&� � [kl �� mnopqr f�s�p�t �= �#&�
7 8 6,)� �2  �  �2 ST���%u� * � � ��� v
+,����� �� �:��wx),#& y��pz{p|}�~t���� ��
� M( D  XYZ 3 ft� ��;# �_ � u�

�� � � [�),��e�_> 6e�� �H �� ��#� {p|}
 ��� �  ��x�[ LM [ �� � ,����m}y

( � ��� 6�  � ��pz{p|}�~t� (9� � ,� �
[� �#&� < E  �_ � ����pm [�� ��:�

�� � � � ��� < � ��� ���n� ���y��pz � �
� � [<=� � v� ;# �� ���n� ��� � � �
7 8 ����,@�� � � Y� �� ~t��y��pz{p|} �
�b�_� /�� ��#�� ��& � ��

���%&#� E ���������� ���. � �pm� �%&#
() E�� � =� �<=�>P I � ��
  I � ¡ I �� +,#&� 7 �¢�#� � � �¢£�

  I �� @�� � ¤��< $ � ¥� ¦_ * � )(����]
= ��n§�¨��6�() <=� E  �© @<� ��;# �pm� ��
ª  I ���/�  � ¤� [ ��
��+,#&� 6,)� ��),� ¤ « ������pm y��pz �
�2 �¢ ��M¬ '()� 2�:� /�� � �����. �

K/ � ;#�pm� ��
@�� � 2� � '� R� /�� � ��

3 ¤3M¬ '� [2 +,� 6,) ���. � �
� � ® ()¯ �#&��wx),#&� � � K/ �%&# �pm�

M( 7 01�k�° � ��
�*±()�� ² [ '[ ³ � ������pm ´
�#&� M( � �

K/ K/�%&# y��pz ����
n �t� '� ���µmpn��>
� ������¡ v � ���pm� �

� � I� �
����= �� � �:> %u� qrk¶ �pm �
��� �� R� [ �� · � �$ � � � �

� � �· �q¸ R��¹ �pm� � ��
�pm �%u� = ()� =

��� ����	
�� ��
��

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

) *��  �) *�� + , �� - ./�� 01 $
21 ���	 
 
3 4 5 � 6 6 78� 6

9 : �%
 ;<
= > ?

@A �BC ' � �' � D $ E	FG>HI

JK L M : � N �� OP Q RS
��	��' = TU 
� V W X $

Y MZ [\] '^\_ ^ ` a \ � b)c L d
e 3 ? �� ��d MZ � L f g

9 : 6h + i S' 4 jk lm n
+ �� ��d &L �
��

Yo @A W L �p L 5( .
� � ��T � dqm5( r s�

BC L t : & uv w� x
���	��' % �BC W� x ��

��� y ' � 8� z{ |
*�� W }~ % �'^\_ ' � h$ � � B
� ��� �� �� � MZ � �p 8�� ��)� �1
9 : % 
� � !" &
��� �� 8� L

�� �
3 - �� ��� z
� � ��� � � {

� � N � LB � �� ���	
� � ��
� � �\_ ��� � S' & � � �v 4 �

� �' � �)� S'�� z{
� � � �� � W t

� 6h �b� 1&L z{ � 8
� + �  �) ��� �� L - 0
K^ K^ Y� � 1 ��� ( � z{
\_ �� ��� � ) � �� L
� �  �) �� + - 01 ��
�� �\] � �� � ( �� z{
�� � �n 8
� L� �� )   �&L z{ ¡

¢£ �� �� �
( �
� ) �¤
&L ¥ ¦ | z{

$ �� ���	�)  � ��
g RS $ �� �� �� z{�

��' uv RS §L % &' ( ./�� 01 Sv(
�� 01 ¨��& uv ©� ª� z{

z{ «1.8� g � ¬v

�

�
�

����� �	
������

����	��
�����

�

�

� �

�

�
�

�

�
�

�

�

�

�
�

�

�

277

A

Kano .

km

Ma

m

Kano ; .

Ma

Ma , , m

. Ma

,

m, , m

, m

Fig.

A

Fig.

:

, m , m

; ; Yamamoto, A km

NE-SW , m, , m, , m

, m, , m, , m A

km

;

WNW-ESE CE : Con-

tracting and Expanding Spread : A

km

km

km km

Fig. m A

m . km

Fig. km . km

Table

et al.,

et al.,

,**1

,**, / *

,**1 3 . 3 ,* 1

,**1

,*

+33, +**

,**1

,**, ,**/ +0 /

+0

+0 +/ + *** + ,**

+33,

+/ +- /

,**1 + ,**

+ ,**

, .**

,

,**1

-

+

, .** - 0**

+313 +32+ +33- ,*

- 0** . 2** 0 ***

. 2** 0 *** 1 ,**

+*

,**/ ,**1

,

,**1

+* +,

3 +,

.* -*

+ -* ,**

,** 1 / *

+ +,0 + / ,

+

- ,

-

- +



� � � � � � � 	
 � � �� �

� � �
� � �

� �

� �
�

� � �
� � �

�
� �

� �
� �

� � ��
� � �

� �
� � � ��

� �

� ����� �� !"� �� !" #$%&'
� � ( " )*' +�� , - . *'/01�23� 2456789:4;"
<=4 ">?@AB CDEFGHI ?'JK LMNO</01�$%P Q�<�/01�EFGH
R"789:4 24S�LTU I )VPQWX $�/01� Y � = =0Z�[\� X
] $%&' =^ /01�_`ab cd" efg' h Ii

j'LMNO"k&@ l9:m�nXLT " of
gP pq�rs� 2t $u8vIw *' x

pq�Yy$� < z{e "kP 4|/01� 2� 789:4
X }~ �D$ efg@?Pu��v:F+�8� �� 2o�{e$� fg 789:4�� 2�
789:I ?' Q�F+�8�789:�	� �"k&@ �' 24�� 2� �"k&@ 2�
�� ���S���+"� fg@>� � �X���" �fg'

� �u8v ����56 3�����X �� 24 1�
��[�I)�'  �¡�¢£X¤=^¥ *' 2_ 2¦
§C X] $%&' �' �¨S$�¦ o� C
DEFGH�¥ ©56 ª «¨S�¬ I®  789:4 1�
AB u��v:F+�8�789:�¯ � °±4 2_ 2¦
56²³´ �¢£"µ¶"T·VP¸$ ]¹=

��� � � � � �

� � �
	 
 � � �  �

� �  �
� � � � �� � �� ��

� � � � �
� �

� � �
 ! �

" � � # � $
 � � % �

& '

� ' ( ! � �)

' * + � , � �
* � �

* - . / �)
�  � , �

� 01 2 �

� ������	
�������
����
���������� !"#��	$%

�

�

� � � � �

278

Table . Data acquisition parameters (A) and survey line information (B) for the West of Noto Peninsula

seismic survey.
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Fig. . Data acquisition by flip-flop two-ship shooting used in the west of Noto Peninsula seismic survey.

Fig. . A two-ship data acquisition layout along the seismic line A.
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Fig. . Example of shot gathers obtained by a two-ship method at constant distance spread.

Fig. . Examples of shot gathers obtained by a two-ship method at contraction and expanding spread.
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Fig. . Flow chart of data-processing of the west of Noto Peninsula seismic survey.
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Table . Processing parameters for the seismic data of the west of Noto Peninsula.
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Fig. . The schematic description of trace interpolation in common-location domain and a comparison of CMP

stacked profiles before and after spatial trace interpolation.
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Fig. . A comparison of CMP stacked profiles before and after the suppression of surface-related multiples based

on the parabolic radon transform and model-trace extraction.
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Fig. . Velocity structure along the line A.

(A) Initial velocity model for tuning-ray tomography.

(B) Final velocity model estimated by tuning-ray tomography.

(C) Interval velocity model estimated by refraction velocity analysis.
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Fig. . Processing flow for deeper reflection profile along the seismic line A.

Fig. . Migrated time section and depth converted seismic section of the line A.

Based on the data acquired by two-ship standard reflection survey.
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Fig. . Migrated time section and depth converted seismic section of the line B.
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Fig. . Migrated time section and depth converted seismic section of the line C.
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Fig. . Migrated time section and depth converted seismic section of the line D.
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Fig. . Migrated time section and depth converted seismic section of the line E.

Fig. . Migrated time section and depth converted seismic section of the line .

CMP Fig. :A

+/

+0 +

+3

,+** ,0/*

1- ,



������ �	
�������������

� �

�

291

Fig. . Migrated time section and depth converted seismic section of the line .

Fig. . Migrated time section and depth converted seismic section of the line .
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Fig. . Migrated time section and depth converted seismic section of the line and A- .

Fig. . Migrated time section and depth converted seismic section of the line -B- .
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Fig. . An example of geologic interpretation of the seismic section of the west of Noto Peninsula (Line E).
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Fig. . Seismic sections of the line A, acquired by two-ship deep reflection survey, and its geologic interpreta-

tion.

A : Migrated time section, B ; Depth converted section, C : Geologic interpretation.
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Fig. . Comparison between aftershock distribution and deep seismic section of the Line A. Hypocenters of

aftershocks within km from the seismic line were projected on to the section. Data of hypocenters are shown

in red circle after Sakai ( ) and blue circle after Yamada ( ).
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Fig. . Geologic interpretation of the seismic sections Line B to D.,.
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Fig. . Geologic interpretation of the seismic sections Line E, Line and .

Fig. . Geologic interpretation of the seismic sections by JNOC ( ) seismic data.
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syn-rifting succession, northern Noto Peninsula, Japan :

Fig. . Blowup of the seismic section of Line C, showing the late Miocene shortening deformation.
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