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& Subduction geometry
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& Subduction geometry

® (Correlations
® Not much use

® Possible run-aways
® Aseismic slip

® Fluid

& Possible symptoms
® Accelerating moment releas

® Acc. correlation with tides
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Figure from Steve Malone

Subduction cross-section
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The locked plate interface
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Many facets of ETS in Japan
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Central Japan subduction structure
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Central Japan subduction structure
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Tiny earthquakes
trigeered by slow slir

Cross-section through 48°N+0.25°
| | o

§3o
=
Q.
@
a

S
o

(62}
o

D
o

| |
=123.15 =123.5 —123.25 =122.13 =122.9 —122.25
Longitude

Vidale et al., 2011

Tuesday, July 26, 2011



A § I2000 counts, Tremor o /
? et
| P — e
B

T 20mm, GPs

I1oo counts, VLFE

2009 2010

Slow slip
event on

2001 2002 2003 2004 2005 2006 2007 2008
R e 3% T YN TR ‘ .
B ap ST P : -f-..;:"’t"y;i-"' ffhjm‘?}{ o »._Lﬁ','.) ik / ; d f
¢ N ¢ SERIAY e + B L, i
- - Sy il B ¥ asperity
s ‘ \)/ . B ST ;
\T“\'_‘I( p 3 6\(\'%0\57&--"(;_ _‘.'"Ayf(\" / N
Ak e t. /,;K’ /l\ 946 Nankal
e L 3 ol / / N \ arthquake Fig. 1 (A) Time series of the
| * /J /0 of cumulative number of shallow VLFEs
X h} (pink line) to the south, off Cape
r;’Kyushu o %ape Ash»zu?r\ Ashizuri [pink circles in (B)],
/&- ¢Bungo Channel \ cumulative number of tremor sources
| - in the downdip (blue line) and updip
7 A (red line) regions in the Bungo
RS ‘ J ot channel [blue and red dots in (B)], and
) - : (black dots) detrended GPS
},)‘-} g ’:__ b2 o
ISR , displacement record (east component)
e /; R Yoglo 4% at Ohtsuki [green square in (B)] with
m:/ F respect to Kamitsushima [red square
¥ Ay in (B) inset].
< P !\. ‘l Pacific
oA 9k W Plate
8 /\i 5 l,.s‘L -
/o g - Ph|.|p,,‘r.e"
/) \ v 7,‘ ‘Sea P:;ate | V-

132°E

134 E

H Hirose et al. Science 2010;330:1502-1502

Tuesday, July 26, 2011



Tuesday, July 26, 2011

Sumatra as an example of four proposed

more definitive precursors

N LA A TV 7T L A A LA S A A A A B A | B A A A A A : Y T T 20 ] l j
107 |- HM% { || ' PRE _  p=3.6%
' O 1 } O lv £ [ m N=56
| —=O=04— 9 N
i‘; 10" l l % 10 '-// =
Q | % %
: S. Tanak
10° b Sum’:MAndaman , ﬂ ¢ ana a/
.............................
1980 1985 1990 1995

0
4180 90 0 90 180 ( :RL 2010
Time (year) Phase Angle (degree) J

Figure 2. (a) Temporal variation of p-value in the area of the Sumatra-Andaman earthquake. A time window of 3000 days,

which is represented by honizontal bar, is shifted by 500 days. (b) Frequency distribution of tide;l phase angles in the 3000 days
prior to the Sumatra-Andaman earthquake. Solid curve represents a sinusoidal function fitted to the distribution




Sumatra as an example of four proposed
more defmltlve precursors
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Figure 2. (a) Temporal variation of p-value in the area of the Sumatra-Andaman earthquake. A time window of 3000 days,

which is represented by horizontal bar, is shifted by 500 days. (b) Frequency distribution of tidal phase angles in the 3000 days
prior to the Sumatra-Andaman earthquake. Solid curve represents a sinusoidal function fitted to the distribution.

* 1. (Above) Increased correlation of earthquakes with tidal
stress (Tanaka, 4 papers)
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Figure 2. (a) Temporal variation of p-value in the area of the Sumatra-Andaman earthquake. A time window of 3000 days,
which is represented by horizontal bar, is shifted by 500 days. (b) Frequency distribution of tidal phase angles in the 3000 days
prior to the Sumatra-Andaman earthquake. Solid curve represents a sinusoidal function fitted to the distribution.

* 1. (Above) Increased correlation of earthquakes with tidal
stress (Tanaka, 4 papers)

* 2. Closer agreement of focal mechanism with megathrust
mechanism (Jiang and Wu, BSSA, 2005)
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Figure 2. (a) Temporal variation of p-value in the area of the Sumatra-Andaman earthquake. A time window of 3000 days

which is represented by horizontal bar, is shifted by 500 days. (b) Frequency distribution of tidal phase angles in the 3000 day;
prior to the Sumatra-Andaman earthquake. Solid curve represents a sinusoidal function fitted to the distribution.

* 1. (Above) Increased correlation of earthquakes with tidal
stress (Tanaka, 4 papers)

* 2. Closer agreement of focal mechanism with megathrust
mechanism (Jiang and Wu, BSSA, 2005)

* 3. Decrease in b-value (Nuannin, GRL, 2005)
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Figure 2. (a) Temporal variation of p-value in the area of the Sumatra-Andaman earthquake. A time window of 3000 days,
which is represented by horizontal bar, is shifted by 500 days. (b) Frequency distribution of tidal phase angles in the 3000 days
prior to the Sumatra-Andaman earthquake. Solid curve represents a sinusoidal function fitted to the distribution.

* 1. (Above) Increased correlation of earthquakes with tidal
stress (Tanaka, 4 papers)

* 2. Closer agreement of focal mechanism with megathrust
mechanism (Jiang and Wu, BSSA, 2005)

* 3. Decrease in b-value (Nuannin, GRL, 2005)
* 4. Accelerating moment release (Mignan, EPSL, 2006)
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Figure 2. (a) Temporal variation of p-value in the area of the Sumatra-Andaman earthquake. A time window of 3000 days

which is represented by horizontal bar, is shifted by 500 days. (b) Frequency distribution of tidal phase angles in the 3000 days
prior to the Sumatra-Andaman earthquake. Solid curve represents a sinusoidal function fitted to the distribution

* 1. (Above) Increased correlation of earthquakes with tidal
stress (Tanaka, 4 papers)

* 2. Closer agreement of focal mechanism with megathrust
mechanism (Jiang and Wu, BSSA, 2005)

* 3. Decrease in b-value (Nuannin, GRL, 2005)
* 4. Accelerating moment release (Mignan, EPSL, 2006)

* These could result from increased aseismic slip on the future
fault plane, or the nucleation part of the future fault plane.
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Focal mechanism evolution

Jiang and Wu, BSSA, 2005

c: 1990/01/01-1994/12/31

d: 1992/01/01-1996/12/31 e: 1994/01/01-1998/12/31 f. 1996/01/01-2000/12/31

g. 1998/01/01-2002/12/31 h: 5 years before the great I: mainshock
Indonesia earthquake
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AMR - Mignan, King, Bowman, et al.
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State of the Inquiry

Nothing has yet proven useful
& Several factors are a minor

influence

® Factors are perturbations

® Not run-aways

® Physics is complicated

® Can't rule out precursors

& My personal view:
- ® Seismicity is most sensitive
.::_-';\\l proxy for stressing and run-
= away processes, followed by
/' geodesy, and

| @ little evidence for precursors
16 now, and hope is fading.
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