2010/10/11-14 Earthscope Workshop

Depth-dependent slip regime on the plate
interface revealed from slow earthquake
activities in the Nankai subduction zone
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Sensors

- Short-period velocity seismometer

- High-sensitivity accelerometer
(tiltmeter, long-period seismometer)

Continuous recording system




Slow earthquakes in southwest Japan

Near Downdip side Observation

] Characteristic time (tc)
Nankai Trough

- Long-term slow slip event GPS
(tc:0.5~5years)
- Short-term slow slip event Tiltmeter/
(tc:2~6days) strainmeter
SHE AR N Deep Very Low Frequency LP
Frequency Earthquake - " Earthquake (VLF) (tc:20sec) seismometer
(fe:10sec) - Deep Low Frequency Tremor SP
(tc:1.5~5Hz) seismometer
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Outline

- Variation of slow earthquakes in SW Japan
(Shallow VLF (within accretionary prism))
ETS (Tremor and short-term SSE + Deep VLF)
Long-term SSE (Tokai and Bungo channel)
Long-interval short-duration SSE (Off Boso Peninsula)

- Depth-dependent tremor activity
Shallow episodic and deep stable
Tremor triggered by updip long-term SSE



Shallow Very Low Frequency (VLF) Earthquake

Waveform difference
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ETS in southwest Japan composed of
Tremor (LFE), Short-term SSE, and VLF earthquake

Characteristic time (tc)

Downdip side Observation
- Short-term slow slip event Tiltmeter/
(tc:2~6days) strainmeter
Deep Very Low Frequency LP
~ Earthquake (VLF) (tc:20sec) seismometer
- Deep Low Frequency Tremor SP
(tc:1.5~5Hz) seismometer

Short-term SSE




Tremor and Low Frequency Earthquake (LFE)

30 minutes seismogram 20 seconds seismogram

Pass band: 2— 8 Hz
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LFE is the element of tremor.
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Tremor(LFE) on the plate interface

Precise relocation and mechanism of LFE in Western Shikoku
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Deep Very Low Frequency (VLF) Earthquake

[Seismog rams] Characteristic time scale : 20sec

VLF signals are usually
coincident with large-amplitude
wavetrains of tremor (relatively
higher-frequency component).
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g Thrust type mechanism
m around the plate interface

(/\ The location of VLF corresponds
@l to the belt-like tremor source area.

lto et al.(2007)



Short-term Slow S||p Event (SSE) Characteristic time scale:2~6days

[Tilt change and tremor activity in western Shikoku]
Obara et al.(2004) 2 years
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ETS in southwest Japan composed of
Tremor (LFE), Short-term SSE, and VLF earthquake

are all interplate shearlng phenomena
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Long-term Slow Slip Event (SSE)

Characteristic time (tc) Downdip side Observation

- Long-term slow slip event
tc:0.5~5years)
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Long-term Slow Slip Event (SSE) in Tokai
GEONET GPS displacement Slip distribution
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Tokai long-term SSE

Mw 7.1 (2000~2005)
Depth 20~30 km

Slip length 25 cm

Duration 2~5 years

— N.E ground down ( 2 it rad/div)

Recurrence 10 years




Long-term Slow Slip Event (SSE) in Bungo channel
GEONET GPS displacement Slip distribution of 1997 episode
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Depth 15~35 km
Slip length 11~18 cm
Duration 0.5~1 year

Recurrence 6 years



Long-interval, short-duratlon SSE in Boso Peninsula

SSE Fault for 2007 eplsode I
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Science 329, 210-212 (2010)



Long-term and Short-term Slow Slip Event (SSE)

SSE Type Mw Depth Duration Recurrence Tremor
Short-term SSE 5.5~6.2 30~45km 2~6 days 3~6 months Strong coupling

Tokai long-term SSE /.1 20~30 km  2~5 years 10 years Triggering

Bungo channel

Ereemc - EEE S R R Triggering

Boso SSE 6.4 6 years No, but earthquake
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Construction of new tremor catalog
Hybrld method (Maeda and Obara, 2009)

= Measurement of time lag by envelope correlation
+ Spatial distribution of envelope amplitude

€ Locate tremor source at every one minute with
pinning at the plate interface (Shiomi et al., 2008)

€ Select well located data with high VR

—+

Clustering process (obaraetal., 2010)

& Estimate centroid location from neighbor tremors
every one hour

€ Select centroid composed of more than three
original tremor sources as the final data




Epicentral distribution of tremor(2001-2009)

— Isolated tremor clusters
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Bimodal Tremor coincident with active SSE, VLF

Short-term slow slip event =
(Sekine et al.2010JGR)
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Comparison of tremor catalogs in western Shikoku
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Space-time distribution of tremor and deep VLF
® Tremor < Deep VLF earthquake
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- Clear segmentation with regular interval

- Continuous activity in small isolated clusters



Segmentation and recurrence interval
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Tremor distribution in Shikoku
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Tremor in major episodes
distributed in entire region.
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(longer than 24 hours)




Tremor distribution in Shikoku
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Frequency distribution of tremor along dip direction
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ETS/Inter-ETS tremor along d|p iIn Cascadia

Inter-E15 tremor densxty
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Inter-ETS tremor is located at deeper
side. Wech et al.(2009 JGR )




Cumulative number of tremor in western Shikoku
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- Shallower side — major activity occurs at longer interval
-Deeper side — minor activity occurs frequently at shorter interval




Cumulative number of tremor in central Shikoku

Tremor cluster in central Shikoku
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Depth dependency of tremor
recurrence in Cascadia

Updip Edge
Reference Line 30, 40, 50 km
(95% tremor)
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Observation

Depth dependency of tremor activity

- Bimodal distribution in some regions

- Recurrence interval: shorter according to depth
- Updip activity: modulated by episodic SSE

- Downdip activity: continuously

Consistent with Cascadia and SAF

Interpretation

-frictional property weakening with depth and
temperature

- pore fluid pressure increasing with depth



On-going Long-term SSE and tremor
in Bungo channel

EW displacement
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Tremor location and long-term SSE slip area

Tremor epicenters during

2003/9/3-11/1

Episodhc a-soiamic Ship A8

@ Slip distribution of

1997 long-term SSE
(Yagi and Kikuchi,2003)
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Summary

- 5tpth-dependency of recurrence interval
- Megathrust earthquake ~ 100 years
- Long-term SSE ~ 10 years
- Short-term SSE with tremor ~ 0.5 years

-Within tremor zone
- Recurrence becomes shorter according to depth.
- Updip tremor occurs with longer interval.
- Downdip activity is continuous with shorter interval.

- Long-term SSE triggers neighbor tremor.



Summary model
Various slip regime on plate interface

Continental
lower crust

Shallow VLF

S,
Mantle wedge an/)o’ﬁz‘e,. Megathrust seismogenic
Yy d k(p ’7788 zone (100y interval)

Tremors triggered
by long-term SSE

Deép slow earthquakes
(Transition zone)
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