CAUSES OF
INTRAPLATE

EARTHQUAKES

Time- and space- variable
deformation can’t only reflect
platewide tectonic stresses, Marshak and
which change slowly in space [
and over millions of years

Earthquakes reflect localized stress
sources & fault interactions
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Although New Madrid earthquakes probably occur by
reactivation of faults associated with Paleozoic rifting,

stress

must have recently
triggerred these particular faults.




NMSZ NOT HOT,
WEAK, OR SPECIAL

No strength reason for
platewide stresses to
concentrate in NMSZ rather
than other faults
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McKenna, Stein
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P O S SI B L E ST R E S S EARTH’'S RECOVERY FROM THE:ICE AGE
SOURCE FOR SEISMICITY: |
GIA - GLACIAL ISOSTATIC

Glacial ice

ADJUSTMENT

.ﬁt\ May explain seismicity along old ice

A sheet margin in Eastern Canada &
elsewhere (Stein et al., 1979; 1989;
Mazzotti et al., 2005)

GPS shows nothing unusual at New
Madrid

Sella et . _
No evidence for such weakening




POSSIBLE LOCAL STRESS SOURCE FOR SEISMICITY:
POSTGLACIAL EROSION IN MISSISSIPPI EMBAYMENT
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NUMERICAL
MODEL

FOR INTRAPLATE
EARTHQUAKES

Li, Liu & Stein,
2008

Strength Perturbation (MPa)

U

In a few hundred years, earthquakes appear to be clusters scattered in the region.
In few thousand years, clusters connect and form belts. In tens of thousands of

years, earthquakes are scattered in the whole region.
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“A game of chance against
nature of which we still don't
know all the rules”
(Lomnitz, 1989)

Need to assume:

Where and when large
earthquakes will occur

How large they will be

Ground motion they will
produce

so hazard estimates have
considerable uncertainties
and it will be a long time
before we know how good
they were




EFFECTIVE SEISMIC HAZARD ESTIMATION IN
CONTINENTS REQUIRES RECOGNIZING
SPACE-TIME VARIABILITY

Locations of small earthquakes in short historical record often
don’t reflect continuing deformation that will cause future large
earthquakes

Need geodetic & seismological data to identify where strain
accumulates, geologic data to define history, & models of the
migration process to understand what observations mean




2008 Wenchuan earthquake (Mw 7.9) was
not expected: map showed low hazard

Seismic Hazard
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Seismic hazard is expressed as peak
ground acceleration (PGA) on firm
rock. in meters/sec?, expected to be
exceeded in a 50-yr period with a
probability of 10 percent.

Peak Ground Acceleration in m/sec**2

[ — USGS




Hazard map ignhored variability - assumed steady
state - relied on lack of recent seismicity
Didn’t use GPS data

{ @ m>=s0

®@ M=6.0-7.9

96° 98°
Earthquakes prior to the 2008 Wenchuan event

Aftershocks of the Wenchuan event delineating the rupture zone



Neglecting variability is like ‘Whack-a-mole’ -
you walit for the mole to come up where it
went down, but it’s likely to pop up
somewhere else.




Long record needed to see real hazard

Simulated earthquake history M > 7 Swafford & Stein, 2007
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NEW MADRID SAID TO BE AS HAZARDOUS
AS CALIFORNIA

Peak Acceleralion (%g) wilth 2% Probability o1 Exceedance in 50 Years
sile: HEHRP B-C boundary
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) n, il

—Frankel et al., 1996




- J. Tomasello

w
s

$100M retrofit of Memphis VA hosp
floors, bringing it to California standard

Such measures would cost $billions over 100s of years
& likely yield little or no benefit during buildings’ life

Is this a wise use of resources compared to alternatives
that could do more good?




Mid-America Earthquake Center
Report 08-02

Impact of Earthquakes
on the Central USA

Scenario assumes 1811-12 style events recur

High precision (# of digits)
Need to consider accuracy (how real)




Measured speed of light (km/sec)

299850}

299800t

299750t

299700t

299650}

29960

Figure 4.1. Experimental measurements of the speed of light between 1875 and 1960. Vertical bars
show reported uncertainty as standard error. Horizontal dashed line represents currently accepted
value. Less than 50% of the error bars enclose the accepted value, instead of the expected 70%.
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Number of human
chromosome pairs

1921-1955: 24 Now: 23



HAZARD OVERESTIMATED: Y2K

Estimated $300
billion spent on

oreparations Few major problems occurred, even among

businesses and countries who made little or
no preparation




HIGH MODELED NMSZ HAZARD RESULTS FROM
HIGH-END ASSUMPTIONS

Systematic

- Future earthquakes will be like Doesn’t consider
past ones in location & timing space-time variability

- Redefined from maximum _ _
acceleration predicted at Arbitrary choice on
10% probability in 50 yr policy grounds; no

to 2% in 50 yr (1/500 yr to 1/2500 yr) benefit/cost analysis




Assume that an earthquake of a certain size will strike in a

certain time and cause shaking within a certain area.
150 Years 500 Years 2500 Years

Strongly shaken areas MMI > VIl for M 6

Thus it increases for longer time windows / lower
probabilities




Hazard
redefined
with longer
window
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Peak Acceleralion (%g) with 2% Probability ol Exceedance in 50 Years
sile: HEHRP B-C boundary




Return Period, Pr (years)
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RELATIVE PREDICTED HAZARD DEPENDS
ON POSITION IN EARTHQUAKE CYCLE

Time
dependent
lower until Conditional probability of earthquake in next t years
~2/3 mean
recurrence

- = Time-dependent

— Time-independent

Years since last event

Hebden & Stein, 2008




NEW MADRID
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PREDICTED
HAZARD
DEPENDS ON

Newman et al., 2001
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Assume from GPS no M7 on the way

USGS, 2500 yr, GPS, 500 yr, assumes
assumes M 7 coming no M 7 coming

Need continuing GPS to assess possible hazard of M7 here &
on other faults

No evidence, but can’t exclude until we understand mechanics




Continental earthquakes: what to do
while waiting for rare large earthquakes




EPISODIC, CLUSTERED, AND MIGRATING

COMPLEXITY / .,f

CALLS FOR o

HUMILITY u

SEISMICITY MIGRATES BETWEEN ZONES
OF SIMILAR STRENGTH

one must reach for ‘lessons’ that might, with insight and
understanding, be learned in one system and applied to another




EPISODIC, CLUSTERED, AND MIGRATING

COMPLEXITY / .,{

CALLS FOR o

HUMILITY u

SEISMICITY MIGRATES BETWEEN ZONES
OF SIMILAR STRENGTH

one must reach for ‘lessons’ that might, with insight and
understanding, be learned in one system and applied to another
Maybe physics studies will become more like geophysics.”




OVERESTIMATED
HAZARD

1976 SWINE FLU
“APORKALPSE”

40 million vaccinated at cost of
millions of dollars before program
suspended due to reactions to
vaccine

&  About 500 people had serious
™| cactions and 25 died, compared to
one person who died from swine flu




