
















Muddy forecast  
How will history repeat itself at Cascadia?

泥から森へ

THE EARTHQUAKE TIMELINE applies to Grays Harbor, Willapa Bay, and the 
Columbia River estuary (location map, p. 96).  The gray bars span 95-percent 
confidence intervals from radiocarbon dating reported by Atwater and others 
(2004).  The pictured outcrop adjoins site JR-1 of Shennan and others (1996).  

ASIAN SCRIPTS in accounts of the 1700 tsunami evolved through at least five of 

the intervals between great Cascadia earthquakes.  Writings from China’s
dynasty—inscribed into cattle scapulas and turtle shells—date to 1200-1050 B.C. 
(Keightley, 1978, p. 228).  Early examples of Chinese characters written in Japan 
date to the 5th century A.D. (Seeley, 2000, p. 4-6, 16-25).  Japanese phonetic 
symbols became commonplace by early in the 11th century (Seeley, 2000, p. 76).
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THE NEXT GREAT CASCADIA EARTHQUAKE is 
inevitable.  The Cascadia plate boundary has repeatedly 
broken in great earthquakes during past millenia (summary 
graphs, below).  Since 1700 the fault has been accumulating 
strain that future earthquakes will release (p. 99).  

That next earthquake may have already happened by the 
time you read this, or it may come lifetimes later.  Cascadia 
makes earthquakes on an irregular schedule.  

In the example of irregularity at left, a low-tide outcrop 
in Washington displays buried soils from each of five great 
earthquakes of the past 3,000 years.  Another buried soil lies 
below low tide, and still another is too poorly preserved to 
form a visible ledge.  

The full sequence tells of seven earthquakes from the 
past 3,500 years.  The six intervals between them average 
about 500 years but range from a few centuries to a 
millennium.  The two longest intervals are marked by 

extensive remains of forests.  Trees from the more recent of 
these long intervals enabled demanding tests of correlation 
with the January 1700 tsunami in Japan (p. 96-97).    

During Cascadia’s next great earthquake, will the plate 
boundary rupture along its full length, as in 1700, or will it 
break one piece at a time?  Either behavior would be 
consistent with geologic records of great Cascadia 
earthquakes.  Piecemeal rupture can’t be ruled out (p. 24-25), 
especially if Cascadia behaves like subduction zones where 
successive earthquakes differ in size (box, below).

For now it is prudent to assume, simplistically, that the 
next great Cascadia earthquake has a one-in-ten chance of 
occurring in the next 50 years, and that it may attain 
magnitude 9 (p. 102-105).   The one-in-ten odds follow from 
an average interval of 500 years if the fault lacks memory of 
when it last broke.  The magnitude-9 assumption leaves a 
margin of safety in case of lesser events.
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Versatile faults
A SUBDUCTION ZONE that breaks in a long rupture 
may also rupture in shorter pieces.  At Japan’s Nankai 
Trough, the rupture area of a single earthquake in 1707 
slipped next in a pair of lesser earthquakes in 1854 and 
again in two parts in the 1940s (map, p. 85).  Similarly in 
South America and South Asia, single earthquake ruptures 
have spanned the areas of multiple, smaller breaks.  
Variable rupture can be expected at Cascadia as well. 
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 AVERAGE INTERVALS BETWEEN GREAT CASCADIA EARTHQUAKES

 Number  Age range  Average recurrence interval

 DURATION, IN 
CALENDAR  YEARS

 AGE, IN CALENDAR YEARS 
BEFORE A.D. 2000

Clague and Bobrowsky (1994)

SOURCE OF ESTIMATES

Atwater and others (2004)

Adams (1990)

Darienzo and Peterson (1995)

Witter and others (2003)

Kelsey and others (2005)

Kelsey and others (2002)

Clarke and Carver (1992)

Petersen and others (2002) and 
Mazzotti and Adams (2004) derive 
conditional probabilities of great 
Cascadia earthquakes.
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Between earthquakes, land rises from tidal 
deposition and gradual tectonic uplift.

As land rises, forest 
replaces marsh.

During earthquake, 
land subsides.
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