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Spatio-Temporal Features of the Seismicity Occurring

in the Assumed Locked Area of the Next Tokai Earth-

quake
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National Research Institute for Earth Science and Disaster Prevention

Abstract

The Tokai district is one of the most intensely monitored places in Japan with respect to

seismic risk due to the anticipated Tokai earthquake. We have been performing continuous

observations of microerathquakes in this region for more than two decades. The GPS observations

to monitor ground surface deformation have been performed by the Geographical Survey Institute

since +331. Recently, unusual signal changes have been found nearly simultaneously by both

monitoring operations. First, a small but significant quiescence was detected in seismicity within

the subducted Philippine Sea slab, which commenced in August +333. A similar quiescence was also

detected in other regions, such as seismicity within the overriding plate and seismic clusters

beneath Lake Hamana. All of these activities are considered to be caused by the interaction of two

plates, i.e., due to the locked subduction of the Philippine Sea slab. The seismicity change was

represented by a spatial pattern with a decrease/increase of earthquakes compared to the standard

one. We recognized that the characteristic pattern appears at the present. Following this seismic

event, GPS monitoring found a gradual movement of the ground surface, which deviates from the

previous trend, and was analyzed to be due to a slow-slip occurring on the plate interface beneath

Lake Hamana. All of these anomalous events happened in the period from the late +33*s to ,***, and

have continued to date. Such slow and small changes in crustal activity seem not to be directly

bound up with the forthcoming megathrust, that is, the next Tokai earthquake, but lead us to

imagine a progress of change in the locked state as follows. In the early or middle stage of locked

subduction, the plate coupling should be sustained in the entire locked region. In the later or critical

stage, the inhomogeneity in the strength of locking may emerge explicitly. The latter will result in

a situation in which the stress sustained at a relatively weakly locked zone is released, and be

concentrated. The pattern change in seismicity may agree with this interpretation. If this is the

case, it means there is steady progress being made toward the final failure. It is indispensable not

only to carefully monitor crustal activities, but also to build a consistent model to interpret all of the

unusual evidence detected to forecast the next Tokai earthquake.
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Fig. +. Hypocentral distribution of microearthquakes in the Tokai district for about +. years since June +320 observed

by the Kanto-Tokai observational network of the National Research Institute for Earth Science and Disaster

Prevention. The attached section is a vertical projection of the thick solid rectangle area. The shaded area is the

locked zone between two plates inferred by Matsumura (+331). Four areas are selected for monitoring seismicity

change. (a) the upper layer above the locked zone (within the crust), (b) the lower layer beneath the locked zone

(within the slab), (c) the narrow clusterized zone just beneath Lake Hamana (within the slab), and (d) the tail-like

seismic zone extending from Lake Hamana (within the slab). These four samples are shown again in Fig. 0.
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Fig. ,. Distribution of earthquake frequency pro-

jected on an axis perpendicular to the assumed

plate boundary that dips ++.. degrees. The ordinate

D (km) is the vertical distance from the assumed

boundary. It is recognized that there are two

seismic layers separated with a +*km o#set.

Fig. -. Model of a partially locked subduction. The

plate boundary is locked along the thick solid line,

while creeping in the broken part. The com-

binations of arrow pairs indicate the stress pattern

induced due to partial locking.
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Fig. 0. Graphs of accumulated earthquake frequency for four monitoring areas selected in Fig. +. (a) the upper layer

above the locked zone (within the crust), (b) the lower layer beneath the locked zone (within the slab), (c) the narrow

clusterized zone just beneath Lake Hamana (within the slab), and (d) the tail-like seismic zone extending from Lake

Hamana (within the slab). Seismic quiescence is commonly recognized in (a), (b), and (c), while it is not recognized in

(d).
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Fig. 1. Seismicity changes and crustal movements. (a), (b), and (c) are parts of Fig. 0, expanded in time axis. (A) :

East-west displacement at the Hamakita GPS station (see the inset) operated by the Geographical Survey Institute

(GSI). (B) : basement length change between Niijima and Kohzusima, also observed by GSI. The vertical broken line

indicates the epoch when a significant change was widely detected both in seismicity and in crustal movement.
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Fig. 2. Results of the back-slip inversion analyses by

Yamamoto (,**,). The arrows indicate the moving

vectors of the overriding plate, which is usually

dragged toward the NW direction by the

subduction of the Philippine Sea slab. (I) +332/+�
+333/+,, (II) ,***/++�,**+/++, and (III) ,**+/++�,**,/

++. The egg-plant shape is the focal area assumed

for the next Tokai earthquake, issued by the

government committee of Japan.
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Fig. 3. Contour map of seismicity in the slab for the standard period from June +320 until May +330. The number is

the earthquake frequency for magnitude +./ and greater, counted within ++·++ km, per one year.
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Fig. +*. Sequential pattern change of the seismicity in the slab, where the solid parts correspond to the quiescent

region (less than /*� compared to the standard seismicity), and the open parts to the activated one (greater than

+/*�). The time span of one year is shifted every two months. The year/month in each figure indicates the center

of the time span.

���������	
������������

� 279�



�����������	�
���	����� �
��� ����������������� ��	�
��� �������!"	�#
	$�%�� &'
(�	)*�� ��+,� -��.��/�01'�
�	2��3!45� �267����������8
�9:'� ;�!����<��=��!�*�(	�
���� �>&?@��� �A�BCD���E� 9
�(!�F�G3'(��HI��8JKLM����
	!� �����8J�N��E��� *�(O!�
9��

EP�)*"�Q:'� �HI�RMS��#JT>
U�V�W&'�$5�XYJ�	Z'[�� Fig. +,

�%\8�]�:'^��&_` a+333' 2b�,**,'
+,bc J(d8&?)eRMSJf&?� *g!� Fig.

+*	�+� �hi���HI��9��� %\8��,
3"! Fig. +*	!j2�� kl_`�AmnJo&�
�p�qr-s a+**�^Fc &'Jet.��u&'
(�� v/�!w0����1x��f&?�� ���
���� -yz�)23� av�A� B� Cc J{&'�
%\8��;�|sJ}�s~�(��	�3V�� �
�v� 9�(! Fig. +*�,(?)eRMS!�J@�
�����>V� ���!� �����1�����
�� �F��HI��4��'(�	)*�� �26
7� e��!� �E��������#[�9����
"	X5�9��	J@�&� )��!� �E����
���&�9:'� e���X5�?"	�&6��
�?Z�I�8&?�	Jf�	XY����9��
Fig. +*�� �_�j2�6�7	6�7�RMS�!�
9�89�:���U���� ;�!� RMS��;�
F��9:?��!2(V� 	(>�	J�����
�;�t;�F�!� ���<d�	&'�	�	=�
&?���9�>� ��>��H4� ����?�8�
!<d��=�!���6�!2:'(2(� �J�'
@A�?"	�B*C�DD���t���� <d�
3E�/����(�3V����]��� ���� �
(�3��&6���]��� Fig. +*�,V�?��
��+��#!� ��'(?<d�3E��6�2�
�8JU�'(���!2(��>V� ;>�	��
	� ���  �F����G¡&'&H�"	J¢*'
(��!� {�?)23� aFig. +,�A� B� Cc 	(
>�	�2�� ;&'���!� �£�/��I� as-

perity	&'J¤���3�2���	w����
$9� Fig. 0� ¥¦ Fig. 1��§7v�K:'�2
�)¨J�Z�� �HI�	�<���L"��M2�
8�©�&?�!� +3334NV� ,***'Nª�V1'
�9��&V&� -O��«P&?
>���HI��Q
�2�8! +331'¬Z�!�]�:'(�� ��o
&R� +330' +*b�!� %®¯S°T��F�M ..-

�%®¯/��H�G3'(�� ���H!� ��U�
�!36Z'V&(�H±²XJ³7� �A�BCD�
���!��Jf´�����9:? aµW� +332c� $
5	&'!� ��� ¶·�=¨&'(�&'�����
�8��X!���H�9:?��!2(V� 	�¸Y
JZf&'�3?(� �?� ���H!� Fig. +,� -¹
��0 asperity��� A�/�G3?���9��	

Fig. ++. Models showing the relationship between

the locked subduction and the ground surface

deformation. The boxes are the overriding plate.

The bottom is dragged with share stresses

expressed by the short arrows, while the top is free.

Both sides are fixed. The surface deformations

calculated using a FEM program are expressed by

the long arrows. In the upper case, the middle

arrow among the three stressing arrows is released,

then the ground surface is transformed little from

solid long arrows into broken ones. In the lower

case, the left one among the three arrows is

released. The deformation on the surface is distinct

only in the lower case.

µW º»

¼ 280¼



�������� 	
 asperity
��
�����
�	��������

0� ����
�������
������� �� !"
#$%
&'()*��� ����&�+�,�*-. -�/0
�12��&� �34567��859.:;� (�
<
�=>� ?@A
BC�DE�FG
HI�9J
�� ����<
>
5�;:KL�M��FNI� �

OP&�Q4R�� S	� GPS45TUV:D�>


� ?@A
�45W��
X�Y�Z�HID3[
�\&������]�*^]�__R�� `>a�D
�b5� �c
3d& eK2f
g.hi D
-� e�j
"
	f�k)�2�i D
-�l���	�4R
�� 	:5� �c& em��ni �R�
-� e��ni
�R�
-��l��	��>op��� �b
qr�
G*�_
sb&�-tu&�� v�_5� �c
�
wx !y�� z��
{|}�\x��K��~�
4w�������u��	�� <�*>Iv�_5�

�c
 zy��2�
y��
���]I	�4R
����
�P5�-F- ,*� �4�-D0����
� !�! +/*�/0�12��2�
��
K��-
�(9��2hD�� ��0����->�:D�2�

2��U.D�((��c
��+FG4<
���
G�O�"NI� ��I	�5<><>#$D���>
�J�� 2���c45�P
��"�>��wD��
�&R���� ���%K�u4
�&�^��	�5
4wD�-.4R�� �-�� 2��
_D&��O"
����&�0#� G45D�� '¡
¢£4¤¥�
�HID¦§¨©ª�«�
��5� v�_
¬,
4R�� �c�2�� ®	
 GR¯u4
(°f5)"
�D�*4
 !y�
�)f� ±°f�²³�*�
�� <�*<
	�5� �c
 !y�
�¨+�§
���*� <:& +**��+J�2�
2�
´,�9
*��5;4R�� ��IO"���*
K)
µ¶�
-J*0:��  z��
·¸>%.4RNI� GPS�
P�H)*TUV:��������&2��¹�*º
�/��-»I-� ��I�0�1)*2�
P P"

Fig. +,. Spatial pattern of the seismicity change in the slab, where the solid parts correspond to the quiescent region

(less than +**� compared to the standard seismicity of Fig. 3), and the open parts to the activated one (greater than

+/*�). The period of the anomaly compared to the regular one is -.. years from +333/2 until ,**,/+,. Three open

parts marked A, B, and C inside the inferred locked zone are considered to be current stress-concentrated areas,

which are assumed to form asperities at the time of the entire failure.
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