Magnitude 9!
How We Learned That the Largest Earthquakes on Earth
Happen in the Pacific Northwest
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The mysterious innate intuition of some animals

John J. Clague
SFU Centre for Natural Hazard Research




What is an earthquake?
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How did we learn that giant
earthquakes occur in the Pacific
Northwest?

A 50-year odyssey marked by

advances in scientific knowledge and
technology



Early 1960s — The revolution in earth sciences

September 7, 1963 NATURE

MAGNETIC ANOMALIES OVER OCEANIC RIDGES
By F. J. VINE and Ds. D. H. MATTHEWS

Department of Geodesy and Geophysics, University of Cambridge

d to mountains on

1963 - Drummond Mathewes and his PhD student Frederick Vine document
magnetic striping on the seafloor



Earth’s lithospheric plates
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1970s — Recognition that there is a subduction zone off
the coast of the Pacific Northwest ...

Transform /8 N,
plate ‘ )\
boundary / ' i

transform
fault

Convergent
plate :
boundary [

" spreading
ridge ¢

Divergent .
piate f{——————"" 4

boundary '




But is there continuo‘u_s' slip or stick-slip at the

?

y between the two plates

-
M
[®)
c
o
o
O



1984 — Heaton and Kanamori ‘rock the boat’

Bulletin of the Seismological Society of America, Vol 74, No. 3, pp. 933-941, June 1984

SEISMIC POTENTIAL ASSOCIATED WITH SUBDUCTION IN THE
NORTHWESTERN UNITED STATES

By THoMAS H. HEATON AND HIROO KANAMORI

ABSTRACT

Despite good evidence of present-day convergence of the Juan de Fuca and
North American plates, there has been remarkably little historical seismic activity
along the shallow part of the Juan de Fuca subduction zone. Although we cannot
completely rule out the possibility that the plate motion is being accommodated
by aseismic creep, we find that the Juan de Fuca subduction zone shares many
features with other subduction zones that have experienced great earthquakes.
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1987 - The “aha” moment - S
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2. Great earthquake; land 3. Within an hour 4. Dead forest
1. Coastal forest sinks, flooding forest tsunami rushes ashore in a tidal flat 5. "Ghost" forest
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Recurrence
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Great Pyramids
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Great earthquakes
in the Pacific
Northwest
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1990s - Support from the geophysicists
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1990s to present —
Documenting the expected secondary effects
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Chronologies

Twenty great earthquakes in the past 10,000 years




The orphan tsunami
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Turbidite mass (scalsd
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They occur in clusters
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Are we In a cluster or in the interval between two
clusters?
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The future —

« Refined map of the locked zone

« Further refinements in the earthquake
chronology

« Tackling the issue of segmentation

e Search for precursor signals



The future —

« Refined map of the locked zone

« Further refinements in the earthquake
chronology

« Tackling the issue of segmentation

« Search for precursor signals
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Cummulative displacement m——

Clague et al., 2006
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