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Earthquake  
 
 
 
 
 
 
 
 
 

Risk Level 

¶ Frequency ς According to Washington State Department of Natural Resources, over 1,000 
earthquakes occur annually in the state. This is an average of approximately 3 per day though 
most go unfelt and do not cause damage.1  Larger magnitude earthquakes, which result in 
damage, occur less frequently in the state. 

¶ People ς The population affected in an earthquake depends on many variables like the 
magnitude of the earthquake, the population present in the areas of strongest shaking, the time 
of day, the age of buildings affected, soil at the location, and many other factors.  It is plausible 
that an earthquake in the state could injure or kill anywhere between 0 and 10,000 or more 
people. 

¶ Economy ς The economy affected by an earthquake depends on variables similar to above and if 
there is a large magnitude earthquake near the major Puget Sound ports in Olympia, Seattle, 
Tacoma, and Everett could cause significant damage to the statŜΩǎ ŜŎƻƴƻƳȅΦ 

¶ Environment ς The type of environmental impact or damage that occurs in the event of an 
earthquake does not meet the minimum threshold of ten percent or more loss of a single 
species or habitat. 

¶ Property ς Statewide annualized loss estimates from Hazus-MH 2.1 indicate total losses over 
$300,000 million. Property damage could be in excess of $20 billion dollars in the event of a 
catastrophic 
earthquake. 

 
Hazard Area Map 

Earthquake 

Frequency 50+ yrs 10-50 yrs 1-10 yrs Annually 
     

People <1,000 1,000-10,000 10,000-50,000 50,000+ 
     

Economy 1% GDP 1-2% GDP 2-3% GDP 3%+ GDP 
     

Environment <10% 10-15% 15%-20% 20%+ 
     

Property <$100M $100M-$500M $500M-$1B $1B+ 
  

Hazard scale < Low to High > 

Figure 5.4-1 Peak 
Acceleration (gravity % 
(g)) with 2% Probability 
of Exceedance in 50 
Years. 
 
The USGS map shows 
Ƙƻǿ ǘƘŜ {ǘŀǘŜΩǎ tŜŀƪ 
Ground Acceleration 
(PGA) is much higher in 
the heavily populated 
and highly urbanized 
Puget Sound region 
than in other parts of 
the state. 
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Summary  
 
The hazard ς An earthquake is the sudden release of stored energy that produces a rapid displacement 
on a fault and radiates seismic waves.  Although over a thousand earthquakes are recorded in 
Washington each year, only a few have shaking strong enough to be felt by people.  Infrequent large 
earthquakes such as the 2001 Nisqually event produce very strong ground shaking.  This strong shaking 
causes damage directly to structures and a variety of secondary effects such as ground failure, 
landslides, and liquefaction. Earthquakes also have a high potential for causalities given their sudden 
onset.  
 
Previous occurrences ς The Washington coast and the greater Puget Sound Basin are most at risk 
although damaging temblors have occurred east of the Cascades.  The Puget Sound basin had damaging 
earthquakes in 1909, 1939, 1946, 1949, 1965, and 2001.  Eastern Washington had a large earthquake in 
1872 near Lake Chelan and in 1936 near Walla Walla. 
 
Probability of future events - Because of its location near the collision boundary of two major tectonic 
plates, Washington State is particularly vulnerable to a variety of earthquakes.  FEMA has determined 
that Washington State ranks second (behind only California) among states most susceptible to damaging 
earthquakes in terms of economic loss. FEMA notes that a majority of the state is at risk to strong 
shaking (on a scale of minimal to strong) with shaking magnitude generally decreasing from west to 
east. 
 
Jurisdictions at greatest risk ς Communities in western Washington, particularly those in the Puget 
Sound Basin and along the Pacific coast, are most at risk from earthquakes.  Some counties in eastern 
Washington (Chelan, Douglas, Grant, Kittitas, Yakima, Benton, Franklin, Walla Walla, and Spokane) are 
also vulnerable. 
 
Table 5.4-1 below uses United States Geological Service data and Hazus-MH to model several scenarios 
completed throughout the state. 
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Table 5.4-1.  The Washington State Earthquake Hazards Scenario Catalog.   

  
Source: https://fortress.wa.gov/dnr/seismicscenarios/    

https://fortress.wa.gov/dnr/seismicscenarios/
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The Hazard 2,3,4 

 
An earthquake is the sudden release of stored energy that produces a rapid displacement on a fault and 
radiates seismic waves.  Earthquakes in Washington, and throughout the world, occur predominantly 
because of plate tectonics - the relative movement of plates of oceanic and continental rocks that make 
up the rocky surface of the earth.  Earthquakes can also occur because of volcanic activity and other 
geological processes.  With plate tectonics, accumulated stress is released as a result of the rupture of 
ǊƻŎƪǎ ŀƭƻƴƎ ƻǇǇƻǎƛƴƎ Ŧŀǳƭǘ ǇƭŀƴŜǎ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ƻǳǘŜǊ ŎǊǳǎǘΦ  ¢ƘŜǎŜ Ŧŀǳƭǘ ǇƭŀƴŜǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŦƻǳƴŘ ŀƭƻƴƎ 
borders of the Earth's 10 tectonic plates (including the Juan De Fuca Plate impacting the Northwestern 
United States.  Faults are arbitrary mapped and can be viewed in Figure 5.4-2 and Figure 5.4-3. The 
areas of greatest tectonic instability occur at the perimeters of the slowly moving plates, as these 
locations are subjected to the greatest strains from plates traveling in opposite directions and at 
different speeds.  Deformation along plate boundaries causes strain in the rock and the consequent 
buildup of stored energy.  When the built-up stress exceeds the rocks' strength, a rupture occurs.  The 
rock on both sides of the fracture is snapped, releasing the stored energy and producing seismic waves, 
generating an earthquake. 
 
Figure 5.4-2: Tectonic Plates of the World5 
 

 
 
 

 
 
 
 
 
 
 
Figure 5.4-3: Cascadia Subduction Zone6 
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Earthquakes are measured in terms of their magnitude and intensity.  Magnitude (M) is a measure of 
the total energy released by an earthquake, and intensity refers to the shaking an earthquake produces.  
¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ƳŀƎƴƛǘǳŘŜ ƳŜŀǎǳǊŜ ǳǎŜŘ ƛǎ ǘƘŜ άƳƻƳŜƴǘ ƳŀƎƴƛǘǳŘŜέ ǿƘƛŎƘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ 
seismologists from the amount of slip (movement) on the fault causing the earthquake and the area of 
the fault surface that ruptures during the earthquake.  Moment magnitudes are similar to the Richter 
magnitude, which was used for many decades but has now been replaced by the moment magnitude.  
Beginning in 2002, the USGS began using Moment Magnitude as the preferred measure of magnitude 
for all USGS earthquakes greater than magnitude 3.5. This was primarily due to the fact the Richter scale 
has an upper bound, so large earthquakes were difficult to measure. 
 
The magnitudes for the largest earthquakes recorded worldwide and in Washington are shown in Table 
5.4-2 below.   
 
Table 5.4-2 Largest Recorded Earthquakes in the World and Washington7, 8 

 

 
 

Worldwide Magnitude Washington Magnitude

1960 Chile 9.5 1872 Chelan 6.8a

1964 Prince William Sound, Alaska 9.2 1949 Olympia 6.8

2004 Sumatra, Indonesia 9.1 2001 Nisqually 6.8

2011 Japan 9.0 1965 Tacoma 6.7

1952 Kamchatka, Russia 9.0 1939 Bremerton 6.2

2010 Chile 8.8 1936 Walla Walla 6.1

1906 Ecuador 8.8 1909 Friday Harbor 6.0

a Estimated magnitude.
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In evaluating earthquakes, it is important to recognize that the earthquake moment magnitude scale is 
not linear, but rather logarithmic.  Each one step increase in magnitude, for example from M7 to M8, 
corresponds to an increase of about a factor of 30 in the amount of energy released by the earthquake, 
because of the mathematics of the magnitude scale. 
 
Thus, a M7 earthquake releases about 30 times more energy than a M6, while a M8 releases about 30 
times more energy than a M7 and so on.  Thus, a great M9 earthquake releases nearly 1,000 times more 
energy than a large earthquake of M7 and nearly 30,000 times more energy than a M6 earthquake. 
 
¢ƘŜ ǇǳōƭƛŎ ƻŦǘŜƴ ŀǎǎǳƳŜǎ ǘƘŀǘ ǘƘŜ ƭŀǊƎŜǊ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ŀƴ ŜŀǊǘƘǉǳŀƪŜΣ ǘƘŜ άǿƻǊǎŜέ ƛǘ ƛǎΦ  ¢Ƙŀǘ ƛǎΣ ǘƘŜ 
άōƛƎ ƻƴŜέ ƛǎ ǘƘŜ aф ŜŀǊǘƘǉǳŀƪŜ ŀƴŘ ǎƳŀƭƭŜǊ ŜŀǊǘƘǉǳŀƪŜǎ ǎǳŎƘ ŀǎ aс ƻǊ aт ŀǊŜ ƴƻǘ ǘƘŜ άōƛƎ ƻƴŜέΦ  
However, this is true only in very general terms.  Higher magnitude earthquakes do affect larger 
geographic areas, with much more widespread damage than smaller magnitude earthquakes. However, 
for a given site, the magnitude of an earthquake is not a good measure of the severity of the earthquake 
at that site.  Instead, severity can be measured by ground shaking, or the intensity of the earthquake.  
 
For any earthquake, the intensity of ground shaking at a given site depends on four main factors: 

¶ Earthquake magnitude, 

¶ 9ŀǊǘƘǉǳŀƪŜ ŜǇƛŎŜƴǘŜǊΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻƴ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŘƛǊŜŎǘƭȅ ŀōƻǾŜ ǘƘŜ Ǉƻƛƴǘ ƻŦ 
origin of an earthquake, 

¶ Earthquake depth, and 

¶ Soil or rock conditions at the site, which may amplify or deamplify earthquake ground motions 
 

An earthquake will generally produce the strongest ground motions near the epicenter (the point on the 
ground above where the earthquake initiated) with the intensity of ground motions diminishing with 
increasing distance from the epicenter.  The intensity of ground shaking at a given location depends on 
the four factors listed above.  Thus, for any given earthquake there will be contours of varying intensity 
of ground shaking vs. distance from the epicenter.  The intensity will generally decrease with distance 
from the epicenter, and often in an irregular pattern, not simply in concentric circles.  This irregularity is 
caused by soil conditions, the complexity of earthquake fault rupture patterns, and possible 
directionality in the dispersion of earthquake energy. 
 
The amount of earthquake damage and the size of the geographic area affected generally increase with 
earthquake magnitude: 

¶ Earthquakes below about M5 are not likely to cause significant damage, even locally very near 
the epicenter.   

¶ Earthquakes between about M5 and M6 are likely to cause moderate damage near the 
epicenter.   

¶ Earthquakes of about M6.5 or greater (e.g., the 2001 Nisqually earthquake in Washington) can 
cause major damage, with damage usually concentrated fairly near the epicenter.   

¶ Larger earthquakes of M7+ cause damage over increasingly wider geographic areas with the 
potential for very high levels of damage near the epicenter.   

¶ Great earthquakes with M8+ can cause major damage over wide geographic areas.   

¶ A mega-quake M9 earthquake on the Cascadia Subduction Zone could affect the entire Pacific 
Northwest from British Columbia, through Washington and Oregon, and as far south as 
Northern California, with the highest levels of damage nearest the coast. 
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There are many measures of the severity or intensity of earthquake ground motions.  The Modified 
Mercalli Intensity scale (MMI) was widely used beginning in the early 1900s.  MMI is a descriptive, 
qualitative scale that relates severity of ground motions to the types of damage experienced.  MMIs 
range from I to XII.  More accurate, quantitative measures of the intensity of ground shaking have 
largely replaced the MMI and these are used in this mitigation plan. 
 
Modern intensity scales use terms that can be physically measured with seismometers, such as the 
acceleration, velocity, or displacement (movement) of the ground.  The intensity of earthquake ground 
motions may also be measured in spectral terms, as a function of the frequency of earthquake waves 
propagating through the earth.  In the same sense that sound waves contain a mix of low-, moderate- 
and high-frequency sound waves, earthquake waves contain ground motions of various frequencies.  
The behavior of buildings and other structures depends substantially on the vibration frequencies of the 
building or structure vs. the spectral (frequency) content of earthquake waves.  Earthquake ground 
motions also include both horizontal and vertical components. 
 
A common physical measure of the intensity of earthquake ground shaking, and the one used in this 
mitigation plan, is Peak Ground Acceleration (PGA).  PGA is a measure of the intensity of shaking, 
relative to the acceleration of gravity (g).  For example, an acceleration of 1.0 g PGA is an extremely 
strong ground motion, which does occur near the epicenter of large earthquakes.  With a vertical 
acceleration of 1.0 g, objects are thrown into the air.  With a horizontal acceleration of 1.0 g, objects 
accelerate sideways at the same rate as if they had been dropped from the ceiling.  10% g PGA means 
that the ground acceleration is 10% that of gravity, and so on. 
 
Damage levels experienced in an earthquake vary with the intensity of ground shaking and with the 
seismic capacity of structures.  The following generalized observations provide qualitative statements 
about the likely extent of damages for earthquakes with various levels of ground shaking (PGA) at a 
given site: 

¶ Ground motions of only 1% g or 2% g are widely felt by people; hanging plants and lamps swing 
strongly, but damage levels, if any, are usually very low.   

¶ Ground motions below about 10% g usually cause only slight damage.  

¶ Ground motions between about 10% g and 30% g may cause minor to moderate damage in 
well-designed buildings, with higher levels of damage in more vulnerable buildings.  At this level 
of ground shaking, some poorly built buildings may be subject to collapse.   

¶ Ground motions above about 30% g may cause significant damage in well-designed buildings 
and very high levels of damage (including collapse) in poorly designed buildings.   

¶ Ground motions above about 50% g may cause significant damage in most buildings, even those 
designed to resist seismic forces. 

 
The maps on the following pages show contours of Peak Ground Acceleration (PGA) with 10% and 2% 
chances of occurring over the next 50 years.  Because the earthquake sources are not uniform, the 
earthquake threat in Washington is also not uniform.  These maps are created with data from the 
United States Geological Survey (USGS) to produce uniform probabilistic seismic hazard maps for the 
United States.  The ground shaking values on the maps are expressed as a percentage of g, the 
acceleration of gravity.  For example, the 10% in 50 year PGA value means that over the next 50 years 
there is a 10% probability of this level of ground shaking or higher.   
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In very qualitative terms, the 10% in 50 year ground motion represents a likely earthquake while the 2% 
in 50 year ground motion represents a level of ground shaking close to but not the absolute worst case 
scenario.   
 
A very important caveat for interpreting these maps is that the 2008 USGS seismic hazard maps show 
the level of ground motions for rock sites.  Ground motions on soil sites, especially soft soil sites will be 
significantly higher than for rock sites.  Thus, for earthquake hazard analysis at a given site it is essential 
ǘƻ ƛƴŎƭǳŘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎƛǘŜΩǎ ǎƻƛƭ ŎƻƴŘƛǘƛƻƴǎΦ 
  
Figure 5.4-4 on the following page, the statewide 2% in 50 year ground motion map, is the best 
statewide representation of the variation in the level of seismic hazard in Washington with location: 

¶ The dark red, pink and orange areas have the highest levels of seismic hazard. 

¶ The tan, yellow and blue areas have intermediate levels of seismic hazard. 

¶ The bright green and pale green areas have the lowest levels of seismic hazard. 
 
The highest hazard is along the Washington coastτthese areas are immediately above the Cascadia 
subduction zone (Figure 5.4-3).  Moving inland, the contours bend inland around the greater Puget 
Sound area from about the Columbia River; this bending is largely due to the hazard from deep 
earthquakes like the 2001 Nisqually earthquake.  Generally, the effect of crustal faults is muted because 
they are poorly defined; however, these earthquakes are the most damaging due to their proximity to 
ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊface.  Two notable exceptions are the bubble of higher hazard (red color) over the Seattle 
fault and the southern Whidbey Island fault in Puget Sound.  While most earthquakes occur in Western 
Washington, earthquake hazards are significant east of the Cascades to about the Columbia River.  The 
green area to the west of the Columbia shows acceleration values comparable to those seen over 
portions of western Washington in the Nisqually earthquake. 
 
The detailed geographical patterns in the maps reflect the varying contributions to seismic hazard from 
earthquakes on the Cascadia Subduction Zone and crustal earthquakes within the North American Plate.  
For example, the bands of dark red (high hazard) in the Puget Sound area shown in Figures 5.4-4 and 
5.4-5 reflect areas with a moderately high earthquake hazard from Cascadia Subduction Zone 
earthquakes combined with a high hazard from the most active crustal faults in the Puget Sound Area ς 
the Seattle Fault System and the Southern Whidbey Island Fault. 
 
The differences in geographic pattern between the 2% in 50 year maps and the 10% in 50 year maps 
reflect different contributions from Cascadia Subduction Zone earthquakes and crustal earthquakes. 
 
These maps are generated by including earthquakes from all known faults, taking into account the 
expected magnitudes and frequencies of earthquakes for each fault.  The maps also include 
contributions from unknown faults, which are statistically possible anywhere in Washington.  The 
contributions from unknown faults are ƛƴŎƭǳŘŜŘ Ǿƛŀ άŀǊŜŀέ ǎŜƛǎƳƛŎƛǘȅ ǿƘƛŎƘ ƛǎ ŘƛǎǘǊƛōǳǘŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 
state. 
 
The current scientific understanding of earthquakes is incapable of predicting exactly where and when 
the next earthquake will occur.  However, the long term probability of earthquakes is well enough 
understood to make useful estimates of the probability of various levels of earthquake ground motions 
at a given location. 
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The current consensus estimates for earthquake hazards in the United States are incorporated into the 
2008 USGS National Seismic Hazard Maps.  These maps are the basis of building code design 
requirements for new construction, per the International Building Code adopted in Washington.  The 
earthquake ground motions used for building design are set at 2/3rds of the 2% in 50 years level of 
ground motion.  
 
Figure 5.4-4  2008 USGS Seismic Hazard Map: Washington State PGA value (%g) with a 2% Chance of 
Exceedance in 50 years (source: http://earthquake.usgs.gov/earthquakes/states/washington/hazards.php) 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 5.4-5  2008 USGS Seismic Hazard Map: Washington State PGA value (%g) with a 10% Chance of 
Exceedance in 50 years 

http://earthquake.usgs.gov/earthquakes/states/washington/hazards.php
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The ground motions shown in the previous figures represent ground motions with the specified 
probabilities of occurrence.  At any given site, earthquakes may be experienced with ground motions 
over the entire range of levels of ground shaking from just detectible with sensitive seismometers to 
higher than the 2% in 50 year ground motion. 
 
The complete probabilistic picture of earthquake ground motions at a given site is shown in a seismic 
hazard curve, which shows the annual probability of ground motions covering the full range of ground 
motions (Figure 5.4-6).  For any site, the annual probability always decreases with increasing level of 
ground shaking (PGA).   
 
However, as illustrated in the preceding figures, the levels of ground shaking vary markedly with 
location in Washington. 
 
 
 
Figure 5.4-6  Seismic Hazard Curve Example 
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Although over one thousand earthquakes occur in Washington each year, most produce ground shaking 
that is too small to be felt.  Occasionally large earthquakes produce very strong ground shaking.  It is this 
strong shaking and its consequences ς ground failure, landslides, liquefaction ς that damages buildings 
and structures and upsets the regional economy. 
 
²ŀǎƘƛƴƎǘƻƴΩǎ ŜŀǊǘƘǉǳŀƪŜ ƘŀȊŀǊŘǎ ǊŜŦƭŜŎǘ ƛǘǎ ǘŜŎǘƻƴƛŎ ǎŜǘǘƛƴƎ.  The Pacific Northwest is at a convergent 
margin ōŜǘǿŜŜƴ ǘǿƻ ǘŜŎǘƻƴƛŎ ǇƭŀǘŜǎ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ.  The Cascadia Subduction Zone (CSZ) is the long 
fault boundary between the continental North America plate and the oceanic Juan de Fuca plate that 
lies offshore from northern California to southern British Columbia.  The two plates are converging at a 
rate of about 2 inches per year.  The interaction between these two plates creates a complicated system 
of three distinct earthquake source zones.  The earthquakes produced by each source zone are 
responsible for the earthquake hazards across Washington. 
 
The first source zone is the Cascadia Subduction Zone; the long fault boundary between the North 
American and Juan de Fuca plate (see Figure 5.4-3 and Figure 5.4-7).  This source zone produces great 
earthquakes, similar to the 2004 Indonesian earthquake, about every 500 years.  Most of the fault area 
is offshore, so most of the ground shaking effects is expected in western Washington. 
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As the Juan de Fuca plate subducts (slides) beneath North America, the plate begins to bend more 
steeply into the earth.  The area near this bend is the second source zone, usually called the deep 
(Benioff) zone.  This is the most frequent source of damaging earthquakes for Puget Sound and the 
source of the 2001 Nisqually earthquake (This fault can be seen in see Figure 5.4-3). 
 
¢ƘŜ ǘƘƛǊŘ ȊƻƴŜ ƛǎ ǘƘŜ ŜŀǊǘƘΩǎ ǎƘŀƭƭƻǿ ŎǊǳǎǘ ŀƴŘ ƛǎ ǘƘŜ Ƴƻǎǘ ǇƻƻǊƭȅ ǳƴŘŜǊǎǘƻƻŘ ƻŦ ǘƘŜ ǘƘǊŜŜ ǎƻǳǊŎŜ ȊƻƴŜǎΦ  
Since 2000, geologists have discovered over 12 active crustal faults in Puget Sound, but new geologic 
assessments east of the Cascade Range indicate that the earthquake hazard in central and northeast 
Washington maybe greater than previously thought. This is a topic of active research within the 
scientific community. (Crustal faults can be seen in Figure 5.4-7.) 
 
Figure 5.4-7.  Earthquake source zones for Washington with maximum earthquake magnitude and 
estimated recurrence time. 
 

 
Understanding local earthquake hazards requires understanding of how each of the three source zones 
will affect individual localities.  West of the Cascade Mountains, all three source zones combine to 
determine local hazards.  East of the Cascade Mountains will usually not be affected by ground shaking 
from deep earthquakes due to the manner in which seismic waves travel greater distances, and, 
therefore, most structures will likely show minimal effects from Cascadia ground shaking.  However, 
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certain large structures in eastern Washington, such as dams and bridges, may be vulnerable to very 
long period shaking expected from a Cascadia earthquake.  Crustal (shallow) faults, which are closer to 
the surface, are located throughout the entire state, and can produce intense, localized ground shaking. 
 
Although the probabilistic maps in Figure 5.4-4 and Figure 5.4-5 are the primary input to the 
International Building Code and the code governing highway construction, it is sometimes useful to 
consider the effects from an individual fault.  ¢Ƙƛǎ ǊŜǉǳƛǊŜǎ ŎŀƭŎǳƭŀǘƛƴƎ άŘŜǘŜǊƳƛƴƛǎǘƛŎέ ƎǊƻǳƴŘ Ƴƻǘƛƻƴ 
models.  For a deterministic model, seismologists calculate the expected ground shaking but do not 
consider how often the earthquake may occur.  They pick reasonable faulting parameters and generally 
use a known fault.  The USGS, Washington Department of Natural Resources, and Washington 
Emergency Management Division produced a series of 15 deterministic ground motion models (Table 
5.4-3) for selected shallow faults, deep earthquakes, and the Cascadia subduction zone.  Again, these 
deterministic models ignore the likelihood of an earthquake occurring, but focus on the shaking 
expected should such an event occur.  While many of these scenario models are centered on known 
faults, some events have been developed for research purposes.  Some of these ground motion models, 
called ShakeMaps, are available at http://earthquake.usgs.gov/eqcenter/shakemap/list.php?s=1&y=2009.1  
 

Table 5.4-3: Deterministic Ground Motion Models (USGS ShakeMaps) for Selected Sources 

Scenario Magnitude Basis Source zone 

Boulder Creek 6.8 Trenching Crustal 

Canyon River-Price Lake 7.4 Trenching Crustal 

Chelan 7.1 Scenario: Not on a known fault Crustal 

Cle Elum 6.8 Scenario: Not on a known fault Crustal 

Lake Creek fault 6.8 Trenching Crustal 

Mill Creek (Toppenish Ridge) 7.1 Scenario weakly based on 
trenching, known fault 

Crustal 

Saddle Mountains (eastern WA) 7.35 Trenching Crustal 

St. Helens Seismic zone 7.0 Seismicity Crustal 

Seattle fault 6.7 Trenching, uplift Crustal 

Southern Whidbey Island fault 7.4 Trenching, uplift Crustal 

Spokane 5.5 Seismicity, not on a known 
fault 

Crustal 

Tacoma  7.1 Trenching, uplift Crustal 

    

Cascadia 9.0 Paleoseismology Subduction 

    

Nisqually 7.2 Historical seismicity Deep 

Seattle-Tacoma 7.2 Historical seismicity Deep 

 
Generally, most of these ground motion models are considered well determined.  Faults with estimates 
based on trenching (and in some cases uplift of coastal features) have at least some known history of 
movement.  Likewise, the models for the two deep events are very well constrained, in part because of 
their familiar occurrence in Puget Sound.  The parameters used to model Cascadia are well constrained, 

                                                           
1
 Additional information on ShakeMaps and their usability can be found in the Earthquake Loss Avoidance Study 

(2013).  

http://earthquake.usgs.gov/eqcenter/shakemap/list.php?s=1&y=2009
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but certain characteristics of the ground motion (such as duration of strong shaking and the effect on 
long or tall structures) are not modeled.  In some cases, such as Chelan, the historical record documents 
a strong earthquake, but the actual fault and fault parameters are still not known.  The same is true for 
the Spokane models.  Finally, the Mill Creek and Saddle Mountain scenarios are based on limited 
trenching but the fault traces themselves are known. 
 
The Tacoma fault scenario (Figure 5.4-8) is an example of these new deterministic maps.  For this map, 
seismologists picked specific traces of the mapped fault to break during an earthquake.  With the fault 
trace and the magnitude of 7.1, seismologists then estimated the length of the fault, the depth of the 
fault, its orientation in the earth, how much the fault moves to calculate the ground motions.  The 
ground motions attenuate as they move away from the source and then are usually amplified by local 
ƎŜƻƭƻƎƛŎ ǎƛǘŜ ŎƻƴŘƛǘƛƻƴǎ ŀǎ ǘƘŜ ǎŜƛǎƳƛŎ ǿŀǾŜǎ ǊŜŀŎƘ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ. 
 
Figure 5.4-8: Tacoma fault scenario.  This is a deterministic model, as opposed to the probabilistic PGA 
seismic hazard maps in Figure 5.4-4 and 5.5-5.  This map is for a single fault and does not represent the 
entire earthquake hazard in nearby communities. 
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Deep or Benioff Zone Earthquakes9 
These earthquakes occur within the subducting Juan de Fuca plate at depths of 15 to 60 miles, although 
the largest events typically occur at depths of about 25 to 40 miles. They may produce events with 
magnitudes exceeding 9.0.  Until recently the Olympia quake in 1949 was thought to be the largest of 
these deep earthquakes.  The USGS recalculated this event, changing the magnitude from the original 
7.1 to 6.8, the same size as the 2001 Nisqually event.  Other significant Benioff zone events include the 
magnitude 6.5 Seattle-Tacoma quake in 1965, the magnitude 5.8 Satsop quake in 1999, and the 
magnitude 6.8 Nisqually quake of 2001.  Strong shaking during the 1949 Olympia earthquake lasted 
about 20 seconds; during the 2001 Nisqually earthquake, strong shaking lasted about 15 to 20 seconds. 
 
The probability of future occurrence for earthquakes similar to the 1965 magnitude 6.5 Seattle-Tacoma 
event and the 2001 magnitude 6.8 Nisqually event is about once every 35 years.  The USGS has 
estimated that there is an 84% chance of a magnitude 6.5 or greater deep earthquake over the next 50 
years.   
 
Subduction Zone (Interplate) Earthquakes10,11 
These earthquakes occur along the interface between tectonic plates.  Scientists have found evidence of 
great-magnitude earthquakes along the Cascadia Subduction Zone. These earthquakes are very 
powerful, with a magnitude of 8 to 9 or greater; they have occurred at intervals ranging from as few as 
about 100 years to as long as 1,100 years.  The last of these great earthquakes struck Washington in 
1700.  Scientists currently estimate that a magnitude 9 earthquake in the Cascadia Subduction Zone 
occurs about once every 500 years. 
 
Subduction zone earthquakes are particularly dangerous in that they produce strong ground motions 
and in nearly all cases, damaging tsunamis.  Along the Washington coast, the red colors in Figure 5.4-4 
indicate that very strong shaking is anticipated there.  A seismic wave loses energy as it propagates 
through the earth (attenuation).  Along the Puget Sound Basin, the ground shaking will be attenuated by 
the greater distance from the source zone, but significant damage will result.  Tall buildings and long 
bridges may be especially susceptible to long-period ground shaking produced on the subduction zone.  
Finally, the long-period motions of the seismic wave may affect the large dam structures in eastern 
Washington and can generate standing waves or seiches in susceptible water bodies like reservoirs. 
 
Shallow or crustal Earthquakes12 
These earthquakes occur ƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ŎǊǳǎǘ within the upper part of the North American plate (Figure 
5.4-7).  Crustal earthquakes are shallow earthquakes, typically within the upper 5 or 10 miles of the 
ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ǎƻƳŜ ǊǳǇǘǳǊŜǎ Ƴŀȅ ǊŜŀŎƘ ǘƘŜ ǎǳǊŦŀŎŜΦ  Although there are numerous examples of 
moderate magnitude shallow earthquakes occurring in Washington, most of these events cannot be 
directly related to an individual fault.  Recent examples in western Washington are earthquakes near 
Bremerton in 1997, Duvall in 1996, off Maury Island in 1995, near Deming in 1990, near North Bend in 
1945, just north of Portland in 1962, and at Elk Lake on the St. Helens seismic zone (a fault zone running 
north-northwest through Mount St. Helens) in 1981.  These earthquakes had a magnitude of 5 to 5.5. 
 
The 1872 earthquake near Lake Chelan was ǘƘŜ ǎǘŀǘŜΩǎ most widely felt shallow earthquake.  The 
magnitude for this event has been estimated at 7.4.  The 1936 magnitude 6.1 earthquake near Walla 
Walla was also a shallow event.  Because of their remote locations damage was light from these two 
quakes. 
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Of the three earthquake sources, the shallow zone is the least understood.  Until 2000, geologists had 
not located a fault trace, where deformation breaks to the surface, anywhere in the Puget lowlands.  
Without knowing the location of fault traces, geologists were unable to determine how often faults 
moved and how large their movements were. Therefore, they were unable to determine how often 
these events occurred.  This has changed dramatically with the development of Light Detection and 
Ranging (LiDAR), a technique that can generally penetrate forest canopy and vegetation to image the 
actual ground surface with an unprecedented accuracy of approximately one foot (30 cm).  Since 2000, 
geologists have documented at least 12 major faults with recent motion in the Puget Sound region.  A 
systematic assessment of earthquake hazards in eastern Washington started in 2008. 
 
The findings of ongoing research on surface faults (see below) may lead to an assessment of greater 
earthquake risk in parts of Washington. 
 
Puget Lowland13,14, 15, 16, 17 

Recent geologic studies ƘŀǾŜ ƎǊŜŀǘƭȅ ŜƴƘŀƴŎŜŘ ǎŎƛŜƴǘƛǎǘǎΩ ŀōƛƭƛǘȅ ǘƻ ƭƻŎŀǘŜ ŀƴŘ ǎǘǳdy active faults, 
particularly in the Puget Sound basin.  Using a combination of aeromagnetic surveys, high-resolution 
light detecting and ranging data (LiDAR), and geological field investigation, studies have documented 
about a dozen active faults or fault zones in the greater Puget Sound basin (Figure 5.4-9).  Field evidence 
shows magnitude 7 or greater earthquakes occurred on at least eight of these faults.  These faults 
include: the Seattle fault, Tacoma fault, Darrington-Devils Mountain fault, Utsalady Point fault, Southern 
Whidbey Island fault, Frigid Creek fault, Canyon River fault and the Lake Creek fault. 
 
While investigation continues on Puget Lowland faults in an effort to better define the recurrence and 
magnitude, scientists already have learned much about them.  For example, evidence points to a 
magnitude 7 or greater earthquake on the Seattle fault about 900 A.D.  Such evidence includes a 
tsunami deposit in Puget Sound, landslides in Lake Washington, rockslides on nearby mountains, and a 
seven-meter uplift of a marine terrace. 
 
An earthquake with such a magnitude today would cause tremendous damage and economic disruption 
throughout the central Puget Sound region.  Using estimates of damage and loss developed in the 
scenario for a magnitude 6.7 event on the Seattle fault showed such a quake would result in extensive 
or complete damage to more than 58,000 buildings with a loss of $36 billion, more than 55,000 
displaced households, and up to 2,400 deaths and 800 injuries requiring hospitalization.  Although losses 
would likely be less from similar earthquakes on other Puget Sound faults away from the core of the 
Seattle urban area, all of the newly defined active faults represent the possibility of very high damage, 
loss of life, and major economic impact. 
 
Scientists currently estimate the approximate recurrence rate of a magnitude 6.5 or greater earthquake 
on the Seattle Fault at about once every 1,000 years and for an earthquake of this magnitude anywhere 
on a fault in the Puget Sound basin to be once in about 350 years. Several known earthquake faults in 
the Pugent Sound areas area shown below in Figure 5.4-9 
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Figure 5.4-9.  Known earthquake crustal faults in the greater Puget Sound area.   
 
The map shows the location of faults under study by earth scientists.  Active faults as determined by 
documented evidence of Holocene surface deformation or surface rupture are abbreviated as:  
 

¶ BCF, Boulder Creek fault;  

¶ OIF, Outer Island 
fault,  

¶ DDMFX, Devils 
Mountain-
Darrington fault 
zone,  

¶ UPF, Utsalady Point 
fault;  

¶ LCF, Lake Creek 
fault,  

¶ SWIF, Southern 
Whidbey Island 
fault;  

¶ SFZ, Seattle fault 
zone;  

¶ TFZ, Tacoma fault 
zone;  

¶ SMFZ, Saddle 
Mountain fault 
zone;  

¶ CRF, Canyon River 
fault zone.   

 
Source: USGS and 
Washington DNR. 
 

 

 

 

 

 

 

Fault zones and seismogenic fold zones in Washington which are known to be active of suspected of being 
active by the Washington State Department of Natural Resources are shown in Figure 4.5-10. 


