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Table.1 List of the observation sites.
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Fig.1 Location of the observation sites (@ + B - A ). The list of the observation sites is shown

in Table.1. Circles ( @ ) show the new observation sites at which the Ishii type multi-
component strainmeter and the tiltmeter (digital type) are installed. Squares ( B ) show
the new observation sites at which the Gladwin type multi-component strainmeter and the

T
138

FhBEE LT 2 BTSLBIE . M Gladwin
LTV BHBBIHIA, AT o s hFoaH
LT 2 B BRI, it o R S SSE R O SRS

Mitsutoyo type tiltmeter are installed. Triangles ( A ) show the old observation sites at
which the Ishii type multi-component strainmeter (analog type) are installed. The gray mesh
shows the area which is thought that short-term slow slip events and deep low frequency

tremors occur stationarily.
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Fig.2 Observed strain at the TYS observation site from May to October 2011.
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Fig.4 Observed strain at the TYE observation site from May to October 2011.

Fig.3 Observed tilt and groundwater levels at the TYS observation site from

May to October 2011.
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Fig.5 Observed tilt and groundwater levels at the TYE and the TYH
observation site from May to October 2011.
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Fig.6 Observed strain and groundwater levels at the HTS observation site

from May to October 2011.

Tilt and groundwater level at ANO (B5fifi&)
(2011/05/01 00:00 - 2011/11/01 00:00)
ANO atmospheric pressure, rainfall

1010

[hPa]

960 4wl i L all . A ‘J

frad] ANO?2 tilt-X (+:N180E up)

3.0 [

106 [T ]
]

frad] ANO?2 tilt-Y (+:N270E up)

3.0%

106 [ L e

ANOT1 groundwater level
tm] g

El e SN VU S
-

ANO2 groundwater level
ml ¢

3 —

&/"—"

P

ANO3 groundwater level
tm] g

e S

r 100
[mm/hr]
-0

05 06 07

RK34 RT1
Bl 2RR (B2 BR)
Tiltmeter depth = 236.6-237.3 [GL-m]
ANO1 : Screen depth = 502.7-513.6 [GL-m]
ANO2 : Screen dep 97.5-208.5 [GL-m]
ANO3 : Screen dept 2.0-22.9 [GL-m]
Lotk b L RER
T:BAYTAP-GIZ& W% « SERE « / 1 AMSHRE, G 1R ML FOBRE

5 8 [ ANO 12 B 1 2 R« 1R AR AL BRNHS S (2011 4 5 A ~ 2011

£ 10 H)

Fig.8 Observed tilt and groundwater levels at the ANO observation site from

May to October 2011.
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Fig.9 Observed strain at the ITA observation site from May to October 2011.
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Fig.11 Observed strain at the MYM observation site from May to October
2011.
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Fig.10 Observed tilt and groundwater levels at the ITA observation site from
May to October 2011.
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Fig.12 Observed tilt and groundwater levels at the MYM observation site
from May to October 2011.
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Fig.22 Observed tilt and groundwater levels at the ANK observation site from
May to October 2011.
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Fig.24 Observed tilt and groundwater levels at the MUR observation site
from May to October 2011.
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Fig.25 Observed strain at the KOC observation site from May to October
2011.
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2011.
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Fig.26 Observed tilt and groundwater levels at the KOC observation site from
May to October 2011.

Tilt and groundwater level at SSK (B 1)
(2011/05/01 00:00 - 2011/11/01 00:00)

SSK atmospheric pressure, rainfall
1030

S ) (e @A
980

[rad] m l 80E up)

3.0% W

10-6 o i, L

SK2 tilt-Y (+:N270E up)

100
t [ [mm/hr]
0

[rad]
3.0x
Too [ s il
tm] SK1 groundwater level
ot
3 ! /—/\m/\
(m] SK2 ground rlevel
; M\,J\/\
tm] SK3 groundwater level
3 A WWM
" o3 o6 || o7 08 00 |10

201

RS2,3 RS5,6 RS5,6
Tiltmeter depth = 201.6-202.2 [GL-m]
SSK1 : Screen deptl 55.5-371.9 [GL-m]
SSK2 : Screen deptl 9-101.9 [GL-m]
SSK3 : Screen deptl .0-21.5 [GL-m]
Lt R LY FERE
T:BAYTAP-GIZ& W #% - RERE « / 1 RS ERER. titdIRE LY FOBRE

55 28 [ SSK 12 B1J 2 fER} » MR KALBLIAS R (2011 47 5 A ~ 2011
E10H)

Fig.28 Observed tilt and groundwater levels at the SSK observation site from
May to October 2011.
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Fig.29 Observed strain at the TSS observation site from May to October
2011.
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Fig.31 Observed strain at the UWA observation site from May to October
2011.
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Fig.30 Observed tilt and groundwater levels at the TSS observation site from
May to October 2011.
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Fig.32 Observed tilt and groundwater levels at the UWA observation site
from May to October 2011.
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Fig.35 Spatio-temporal distribution of deep low frequency tremor in the
Tokai district from May to October 2011.
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Fig.40 Number of deep low frequency tremor in the Shikoku district from
May to October 2011.
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Fig.41 Spatio-temporal distribution and number of deep low frequency
tremor in the Kii Peninsula from 12:00 June 27 to 0:00 July 2, 2011.
The epicenter of the tremor estimated by the envelope correlation
method.
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Fig.43 The residual distribution of observed and calculation strain changes
when the patch (fault plane) on the Philippine Sea (PHS) plate
boundary is slipped. Small circle shows hypocenter of deep low
frequency tremor estimated by the GSJ, AIST. The patch size is 20 x
20 km, the amount of slip is changeable from 1 to 100 mm every 1
mm. The black rectangle shows the path with minimum residual. The
amount of slip and Mw of this patch are shown downward. The black
bold circle shows the observation site used to calculate.
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Fig.42 Observed strain in the observation sites and number of deep low
frequency tremor in the Kii Peninsula from Junel5 to July 3, 2011.
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Fig.44 The fault model estimated by grid search method on the PHS plate
boundary. Small circle shows hypocenter of deep low frequency
tremor estimated by the GSJ, AIST. The interval of the fault position
is 0.1 degree, width and length of the fault is changeable from 10
to 50 km every 5 km, respectively, the amount of slip is changeable
from 1 to 100 mm every 1 mm. The principal strain changes at each
observation sites are shown right.
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Fig.45 Spatio-temporal distribution and number of deep low frequency
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tremor in the Kii Peninsula from 12:00 July 5 to 12:00 July 8, 2011.
The epicenter of the tremor estimated by the envelope correlation
method.
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Fig.47 The residual distribution of observed and calculation strain changes

when the patch (fault plane) on the Philippine Sea (PHS) plate
boundary is slipped. Small circle shows hypocenter of deep low
frequency tremor estimated by the GSJ, AIST. The patch size is 20 x
20 km, the amount of slip is changeable from 1 to 100 mm every 1
mm. The black rectangle shows the path with minimum residual. The
amount of slip and Mw of this patch are shown downward. The black
bold circle shows the observation site used to calculate.
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Fig.46 Observed strain in the observation sites and number of deep low
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frequency tremor in the Kii Peninsula from Junell to July 11, 2011,
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Fig.48 The fault model estimated by grid search method on the PHS plate
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boundary. Small circle shows hypocenter of deep low frequency
tremor estimated by the GSJ, AIST. The interval of the fault position
is 0.1 degree, width and length of the fault is changeable from 10
to 50 km every 5 km, respectively, the amount of slip is changeable
from 1 to 100 mm every 1 mm. The principal strain changes at each
observation sites are shown right.
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Fig.49 Spatio-temporal distribution and number of deep low frequency
tremor in the Tokai district from 0:00 July 27 to 0:00 August 2, 2011.
The epicenter of the tremor estimated by the envelope correlation
method.
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Fig.51 The residual distribution of observed and calculation strain changes
when the patch (fault plane) on the Philippine Sea (PHS) plate
boundary is slipped. Small circle shows hypocenter of deep low
frequency tremor estimated by the GSJ, AIST. The patch size is 20 x
20 km, the amount of slip is changeable from 1 to 100 mm every 1
mm. The black rectangle shows the path with minimum residual. The
amount of slip and Mw of this patch are shown downward. The black
bold circle shows the observation site used to calculate.
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Fig.50 Observed strain in the observation sites and number of deep low
frequency tremor in the Kii Peninsula from July 6 to August 3, 2011.
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Fig.52 The fault model estimated by grid search method on the PHS plate
boundary. Small circle shows hypocenter of deep low frequency
tremor estimated by the GSJ, AIST. The interval of the fault position
is 0.1 degree, width and length of the fault is changeable from 10
to 50 km every 5 km, respectively, the amount of slip is changeable
from 1 to 100 mm every 1 mm. The principal strain changes at each
observation sites are shown right.
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Fig.53 The residual distribution of observed and calculation strain changes
when the patch (fault plane) on the Philippine Sea (PHS) plate
boundary is slipped. Small circle shows hypocenter of deep low
frequency tremor estimated by the GSJ, AIST. The patch size is 20 x
20 km, the amount of slip is changeable from 1 to 100 mm every 1
mm. The black rectangle shows the path with minimum residual. The
amount of slip and Mw of this patch are shown downward. The black
bold circle shows the observation site used to calculate.
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Fig.55 Locatlon of observatory of GSJ, AIST and National Research Institute
for Earth Science and Disaster Prevention (NIED). A strainmeter is
installed at GSJ observatory, and a tiltmeter is installed at GSJ and
NIED observatory.
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Fig.54 The fault model estimated by grid search method on the PHS plate
boundary. Small circle shows hypocenter of deep low frequency
tremor estimated by the GSJ, AIST. The interval of the fault position
is 0.1 degree, width and length of the fault is changeable from 10
to 50 km every 5 km, respectively, the amount of slip is changeable
from 1 to 100 mm every 1 mm. The principal strain changes at each
observation sites are shown right.
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Fig.56 Spatio-temporal distribution and number of deep low frequency
tremor in the Kii Peninsula from 0:00 September 11 to 0:00
September 17, 2011. The epicenter of the tremor estimated by the
envelope correlation method.
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Fig.57 Observed strain in the observation sites and number of deep low
frequency tremor in the Kii Peninsula from September 8 to 18, 2011.
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Fig.58 The residual distribution of observed and calculation strain changes

when the patch (fault plane) on the Philippine Sea (PHS) plate
boundary is slipped. Small circle shows hypocenter of deep low
frequency tremor estimated by the GSJ, AIST. The patch size is 20 x
20 km, the amount of slip is changeable from 1 to 100 mm every 1
mm. The black rectangle shows the path with minimum residual. The
amount of slip and Mw of this patch are shown downward. The black
bold circle shows the observation site used to calculate.
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Fig.59 The fault model estimated by grid search method on the PHS plate
boundary. Small circle shows hypocenter of deep low frequency
tremor estimated by the GSJ, AIST. The interval of the fault position
is 0.1 degree, width and length of the fault is changeable from 10
to 50 km every 5 km, respectively, the amount of slip is changeable
from 1 to 100 mm every 1 mm. The tilt changes are shown at tiltmeter
installed observation. The principal strain changes at each observation
sites are shown right.
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tremor in the Tokai district from 0:00 October 28 to 0:00 November
1, 2011. The epicenter of the tremor estimated by the envelope
correlation method.
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Fig.61 Observed strain in the observation sites and number of deep low
frequency tremor in the Kii Peninsula from October 24 to November 2,
2011.
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Fig.62 The residual distribution of observed and calculation strain changes
when the patch (fault plane) on the Philippine Sea (PHS) plate
boundary is slipped. Small circle shows hypocenter of deep low
frequency tremor estimated by the GSJ, AIST. The patch size is 20 x
20 km, the amount of slip is changeable from 1 to 100 mm every 1
mm. The black rectangle shows the path with minimum residual. The
amount of slip and Mw of this patch are shown downward. The black
bold circle shows the observation site used to calculate.
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Fig.63 The fault model estimated by grid search method on the PHS plate boundary. Small circle shows hypocenter of deep low frequency tremor estimated by the
GSJ, AIST. The interval of the fault position is 0.1 degree, width and length of the fault is changeable from 10 to 50 km every 5 km, respectively, the amount
of slip is changeable from 1 to 100 mm every 1 mm. The principal strain changes at each observation sites are shown right.
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Fig.65 Pattern diagrams how to change strain in borehole. Basically since an elastic-strain field has strong geometrical spreading inversely
proportional to cubic distance, strain variation between the sensors at such slight different depths is negligible for a sufficiently distant
tectonic strain source, while a nearby source largely varies strains between the sensors. Thus if a strain anomaly is tectonic and uniform
around the sensors, the calculated four sets are expected to be identical. Such a inconsistency tends to be clearly recognizable in the

- directions of the calculated principle strains and we routinely check them for the discrimination.
fEFst
2

KIEZE 1 5.0x10%strain ~ MYM

> .
1,004mm KEZE 2 Expansion (10/2912:00 MYM ICU KST

(251mmPgFE) KFE3 Contisction - 10/300:00)
gi;jr BT $ .
BEEF
KFEL 2,3 o

566 M 3BHIAIC BT 2, 4 floFESL X UZ O,

X¥ ) 7TV —vavidfToTWZWV, MYM DR

AR (22 15) 13RI - B E bk E QD

# DL, U— B NUEMOHELR T E

S NnD, —FH. A~ b G0 37))

DOEEE, 4F1E HAL - WIFAICKS WIEL o F

BV, v ANV THEEEHEDZITF T
TwEHEN S B,

/ Fig.66 Four sets of prinicipal strain and these average. They

were not calibrated. A relatively large anomaly on

October 29, 2011 seen for MYM S3, these cannot

by a tectonic signal because it leads to very different
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Fig.64 The elevation view of the digital type multi-component borehole instrument.
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