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Great Earthquakes

Study largest earthquakes we
have on record (“Great
Earthquakes”). Rare events
(84 with M = 8, 5 with M = 9)

Events are global, cause
strong shaking and tsunamis.
Don’t know much about their
occurrence due to little data.




Global Occurrence of Earthquakes, 1900-Present
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Global Occurrence of Earthquakes, 1900-Present
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Global Occurrence of Earthquakes, 1900-Present
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Magnitude

Global Occurrence of Earthquakes, 1900-Present

What do we make of this?

Do events cluster? Coincidence?
Artifact of short record?

In other words: what is the chance
of observing the earthquake record
if events are random (i.e. event
times completely uncorrelated)?

Implications for physics?
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Magnitude

Part 1: Testing for clustering
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Part 1: Testing for clustering
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Is this spike unexpected?
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Choose magnitude threshold M
Divide catalog into bin size T

Count up number of events in
each bin, and compare with
expected distribution for a
Poisson process.

Example shown for M=8.5, T =
10 years

Cumulative probability of
observing n events
=

—o— M =8.5T=10years
—— Random distribution
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PAGER Catalog Analysis
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Alternative statistical tests?
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Recurrence Statistics

Calculate V for 106 random synthetic catalogs for comparison with data:
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Probabilities

Calculate probability catalog produces V larger than in data. See clustering!
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What if we don’t trust early data?

a Full Catalog b Aftershocks Removed
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Removing early data makes clustering more likely!

Have established clustering, implications for physics?
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Part 2: Physics of triggering
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Why only at M = 8.4-8.57

Why do we see triggering at
high magnitudes, but not lower
magnitudes?

May give us clues to the
physics of earthquake triggering
(maybe nonlinear elasticity?)
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Physics of Triggering

“Critical
T Elastic state”
Shear loading How are earthquakes
: triggered?
stress R"_‘]p'd Elastic
failure loading
Time
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Physics of Triggering

How are earthquakes triggered?
“Critical state”

Perturbed
shear
modulus

No perturbation

Shear
stress

Clock advance <

Time

|ldea: perturb shear modulus
while in a critical state, and
failure time advances



Physics of Triggering

Clock advance grows nonlinearly with duration of critical state. Long critical
state, much more dramatic triggering effect!
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Why only at M = 8.4-8.57

Mw 9.1
102 Ll I I l I I I I I I 1 I | | I I I I I I I I I I I I| I I I l II
S N |
: 00—
— 10" & | M) |
32 E ! | =~ M | | |
o - | U |
100 Japan 2011
= | M I
C Region A ! ~ I
10—1 | | - I | 1 1 | L1 1 | I | L1 1 I I I I | I | - 1 | | | - | I Il
1980 1985 1990 1995 2000 2005 2010
Time (year)
Mw 7.5
2k R TSR T ] Tidal triggering
T i B s 114 studies suggest
Z"‘Wﬁﬂl : | o@—71" ' 1 great earthquakes
SRS N > I 4 may have longer
a : }“ Qz;\ I ; periods at a critical
: o— | ! state before failure
100 | F&%*I Tonga 1982
: | f b Tanaka et al. 2002
0 0 500 1000 1500 2000 Tanaka 2012

-2000 -1500 =-1000 -5

o F

Time (day)



