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Topic #1.
Biannual slow slip events in SW Japan
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Episodic Tremor and Slip (ETS)
Slow Slip Event (SSE)

Silent Eq., Afterslip

Very Low Frequency Eq (VLF)
Low Frequency Eq. (LEE
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Sensors

Scaling law: The longer it takes, the larger is the earthquake

Geodetic

log[Characteristic duration (s)]

Seismometric

Ide et al. (2007)
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Fastest plate motion ? (UNnAVCO webpage)

Facs of Hig Earth ™

Fastest divergence Fastest convergence? SW Ryukyu
~17 cm/year ~11 cm/year >12 cm/year
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Velocity relative to the Amurian Plate
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Comparing the three islands
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SSE in Up component

Antenna replacement (2003 May 7-13)
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No interplate earthquckes ai the Ryukyu Trench

Slow slip events repeating biannually there
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Estimating fault parameters for the 17th SSE
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horizontal vertical

1. Slip ~5-6 cm  consistent with convergence rate

2. ~ SE-ward close to the convergence direction
3. Depth ~ 20-40 km “transient” depth

4. Average seismic moment 1.26 x 10° Nm (Mw ~6.7)



Stick-slip and Earthquake Recurrence




Stress perturbation by pole tide?
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SSE in Guerrero, Mexico (Lowry, 2006)
7 events annually repeating in winter

0.5

Other "periodic” SSEs
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Alaska ~ 1yr interval /winter (??)

005

Shikoku ~ 0.5 yr interval

Central Japan ~ 0.5 yr interval

Marth displacemant relative to Marth Amaerica (mj

"Commensurability” with a year
Stress perturbation by climatic load?

'l i L i L] i) i 1
1996 1987 1958 1999 2000 2001 2002 2003 2004
Waar



Stick-slip and Earthquake Recurrence

Cyclic force
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External perturbation governs the rhythm?




Controlled by extciiial seasonal rhythm?

Let us compare 2 histograms.
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Year (AD)

Recurrence of interplate thrust events in the Nankai Trough
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Stick-slip and Earthquake Recurrence
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If this position is fixed, the recurrencelis "time predictable”

If this position is fixed, the recurrence is "slip predictable”
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Nankaido Egs. looks time predictable
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Cumulative slip and plate convergence
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Topic #1 summary:

1. Recurrence of this series is time-predictable

2. - hot seasonal
3. General feature?




Topic #2.
Co- & Postseismic gravity changes
from GRACE

(Ogawa, R. & K. Heki, GRL, 2007 March)

1. GRACE data from Release 01 to 04 (UT/CSR)
2. Fault model from Banerjee e‘r__al. (2005) to Banerjee et al. (2007)
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Gravity/Geoid Measurements with GRACE
Monthly data sets since 2002

W Seasonal gravity changes due to land hydrology

2. Trend in gravity due to globalzcwg
-3 Sudden gravity changes due idi@aRthaquake




Coseismic gravity change of the 2004 Sumatra Eq.

(Han et al., Science, 2006)
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How does an earthquake change the gravity?




Coseismic Mass Perturbation

1. Surface uplift/subsidence

Crust

.al dilatation

2. Moho uplift/subside




Geoid height changes AU =YGAm/r;, Ah= AU/g

t = 1.025
Water (p ) /3 -

[ 20 km
Crust (p = 2.750)

Mantle (p = 3.30 g/cm?3)



Geoid height change by uplift/subsidence

Surface uplift
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Geoid height change by dilatation

-

Crustal dilatation Total dilatation
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Subducting (downward) movement of substance
makes a dent in Geoid (decrease of gravity).

Subduction
zZohe

Geoid dent




GRACE is shortsighted




On/Off of the 350 km Gaussian filter:

-xpected signal

-3 3
Geoid uplift




Time series of Geoid height (RL0O4)

(N7.0, E96.5)
j— -lD Il ] ] I Il 1 L I 1 ]
&
E s5-
= 1 A %ﬁ ﬁ“
o od F '@Eﬁ. - 1
'O | Coseismic jump
I 5
3
D |
Lg _1D 1 I I I 1 1 I I I I I 'l 1 I T I 1 I I | | I

2003 2004 2005 2006 2007
Time (year)




a0

15°

B 35" 1007 1057 HI:ZI
|:—E 0 —f: & 9 s
-0 6 |—= - - plift

M | - o ®, "
—g ) a
@ 7 Model - B
o i B
) N7.0
-10 - |
I : I :
90 100 110

GRACE and Model are fairly similar



Postseismic changes?




Time series of Geoid height (RL0O4)
(N10.0, E92.0)
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Postseismic AQ
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First detection of postseismic gravity/geoid
changes in the world

Key features
1. Opposite to coseismic

2. Rapid (7~0.6yr)

Which of the following?
1. Afterslip

2. Viscoelasticity
3. Pore fluid diffusion




In afterslips, post- and coseismic directions are same

T
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40° - —xuiiﬁ s

. . Heki et al. (1997)
Which of the following?

1. Afterslip
2. Viscoelasticity
3. Pore fluid diffusion



Burgers Viscoelasticity
Viscous relaxation of mantle (Pollitz et al., 2006)

Observed time constant Predicted Andaman subsidence is
is too short inconstant with GPS observations
Maxwell W Kelvin

—W I

Which of the following?

2. Viscoelasticity
3. Pore fluid diffusion



Pore fluid diffusion

Water diffusion /pore pressure change :
opposite sense, short-term

Depth (km)

Pore fluid(

-50 0 50
Trench Mormal Distance (km)

Dilatation

dilatation



Water in wedge mantle
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Diffusion of H,O at the Fault's End
( Nur & Booker, 1972)
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K: permeabiliy Water volume fraction: 1%

B: bulk compressibility (40 GPa)

n: viscosity of supercritical water (10-° Pa s)
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The geological scar left by the devasiating earthquake off the coast
HOME of Sumatra in December 2004 has healed more quickly than
— expected.

Satellite measurements of Earth's gravitational field taken just after
the quake show it left a depression 8 millimetres deep in the crust
and shallow mantie. While this does not seem like much, T
the shifting mass jolted Earth's axis of rotation enough to
move the poles by 10 centimetres.

In under a year, however, the depression had nearly
vanished — something that surprises geologists, because
according to models of how rocks in the mantle move it
should have taken 20 years. "I's almost impossible for
rocks to move, that quickly,” says Kosuke Heki of Hokkaido
University in Sapporo, Japan.

So Heki's team developed a new model to show how Earth
could have healed itself in as litile as seven months. The
key, he says, is that the mantle beneath the 1200-kilometre
fault has more water than usual — about 1% of the rock by
weight. As the water is under intense heat and pressure, it
behaves like a gas and can move through kilometres of
solid rock in a short time.

TﬁERE IS A WORLD In his model, water flows from rocks compressed by the
MORE FUNDAMENTAL quake into those that expanded as it released their
THAN LOBGIC & MATHS siresses. The influx causes the de-stressed rocks to retumn s

fo their original state faster. The model also suggests that
A. TRUE the extent of permanent shifts in Earth's rotational axis due
8. FALSE to strong quakes would be less than expected.

lournal reference: Geaphvsical Research | etters (vol 34. p L06313)



Topic #2 summary:

1. Seismometer

2. GPS (positioning)
3. GRACE (gravity)

A talk in a similar topic later in this session




Topic #3.
Studying Earthquakes by GPS -TEC

Seismic waves propagating upward

e T T, T




They reach the space




Measuring ionosphere with GPS

ionosphere \\

To remove ionosphere e
L3=f2/(f2-f,2) L1 - £,2/(f2-F,2) L2 \ \2

\/A‘:\A'
To isolate ionosphere %

L4=L1-L2

Differential delay




TEC change (TECU)

Coseisrpic dis’rurbar}ce ~10 min. after eq.
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ionospheric disturbances
(Heki, 2007)

Monochromatic oscillation



Coseismic vertical motion
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TEC Change (TECU)

1994 Hokkaido-Toho-Oki (Shikotan) Eq. Satellite 20
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1st and 2nd phases
Rayleigh surface wave and acoustic wave

2nd: Acoustic wave 1s": Acoustic wave
(from the source region) (Surface wave origin)

/N ~

What is the 39 phase ?
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Power spectrum of the 3rd phase
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2004 Sumatra-Andaman Earthquake

Choosakul, N., A. Saito, Iyemori, T, and M. Hashizume,

"The 26 December 2004 Sumatra-Andaman Eq. excited
quasi-periodic TEC variations detected by GPS
observations, AOGS@Bangkok, 2007.
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Solid Earth

21 min. 54 min. 44 min.

.

OSO 052

Atmosphere (standing acoustic wave)

OT2

loop (mesopause)

node (ground)

3.7 mHz (4.5 min.)
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Solid earth - atmospheric resonance in the
background free oscillation

~3.7 mHz ~4 4 mHz
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Nishida, K. et al., Resonant oscillation between the solid earth and the atmosphere, Science, 287, 2244, 2000.



3rd phase : Atmospheric standing wave

Mesopause

Acoustic

standing wave
(3.7 mHz)

Phase velocity : ~4 km/sec




2007 Jan. Outer rise earthquake
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Topic #3 summary:

1. Crust/Mantle
2. Core

3. Atmosphere/ionosphere

A talk in a similar topic later in this session




Recent contributions of space geodesy
to researches in earthquakes I
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Topic #1. GPS .
Topic #2. GRACE :
Topic #3. GPS-TEC :




Thank you

Hokkaido University
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