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What is an earthquake?  First you need a fault…

1. Attempted 
deformation

2. “Elastic” 
deformation

3. “Brittle” 
deformation or 
breaking →
earthquake!

Faulting is a 
type of 
deformation 
or shape 
change by 
breaking 
rocks

“Reverse”

“Strike-slip”

An earthquake 
happens when…
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What makes faults in Washington?

Haugerud, 2004



What makes faults in Washington?

New Yorker:
The Really 
Big One

This image and 
article is just
a wee bit 
exaggerated!

Atwater et al., 2005

A very long fault can make a very large magnitude earthquake.



The big fault will be a disruption to all of Washington, but 
there are other faults that should concern us too… 



The big fault will be a disruption to all of Washington, but 
there are other faults that should concern us too… 

This image 
doesn’t show 
much of eastern 
Washington.  That 
doesn’t mean we 
don’t have 
earthquakes 
there…



There are many active “crustal” faults in Washington
Washington Geological Survey Information Portal



There are many active “crustal” faults in Washington
Washington Geological Survey Information Portal

Why are so many out here?



Why *are* there faults in the crust of Washington?

Wells et al. (1998)McCaffrey et al. (2016)

OR/WA 
rotation
documented 
by GPS…

High precision 
GPS can track 
movement of 
Earth’s crust

…results in N-S 
compression in 
southern and 
central
Washington



Why *are* there faults in the crust of Washington?

Strike-slip

Reverse

Brocher et al. (2017)



Why are these crustal faults important to us?
Ground shaking from dissipation of energy

Most simply, wave energy 
(shaking) is proportional to 
earthquake size and your 
distance from the 
earthquake.



Mercalli Scale: A measure of intensity



Earthquake Scenarios: the highest potential strength of shaking

What is a 
“scenario”?
Fault length 
(magnitude) + 
distance = 
predicted 
shaking

USGS https://earthquake.usgs.gov/scenarios/catalog/



Earthquake Scenarios: the highest potential strength of shaking

What is a 
“scenario”?
Fault length 
(magnitude) + 
distance = 
predicted 
shaking

USGS

Wallula Fault

Seattle fault

Lake Creek fault

???



Earthquake Scenarios: the highest potential strength of shaking

What is a 
“scenario”?
Fault length 
(magnitude) + 
distance = 
predicted 
shaking

USGS

Seattle fault



Seattle Fault Earthquake Scenario

M 7.2: very strong 
to violent shaking in 
Seattle

A very similar earthquake happened on this 
fault ~1000 years ago



Earthquake Scenarios: the highest potential strength of shaking

What is a 
“scenario”?
Fault length 
(magnitude) + 
distance = 
predicted 
shaking

USGS

Lake Creek fault



Lake Creek-Boundary Creek fault on Lidar

Lidar: Light 
Detection and 

Ranging



Lake Creek-Boundary Creek fault on Lidar

Lidar: Light 
Detection and 

Ranging



Lake Creek-Boundary Creek Earthquake Scenario

M 6.8: very strong 
to severe shaking in 
Port Angeles

Current research from Western Washington 
U. suggests the fault is longer than shown 
here



Earthquake Scenarios: the highest potential strength of shaking

What is a 
“scenario”?
Fault length 
(magnitude) + 
distance = 
predicted 
shaking

USGS

Wallula Fault



Wallula Fault on Lidar

Courtesy S. Angster, USGS



Wallula Fault Earthquake Scenario

M 7.4: very strong 
to violent shaking in 
Richland/Kennewick

…but 1936 ~ M 5.9: 
Moderate to strong 
shaking 



This is what was 
happening last 
year and again 
this summer

Photos courtesy of Steve 
Angster, USGS

LiDAR: high resolution 
topography

How often should we expect earthquakes?
Example: Work being done on the Wallula fault

Eventually 
they will map 

out and 
interpret the 

walls…



Earthquake Scenarios: the highest potential strength of shaking

What is a 
“scenario”?
Fault length 
(magnitude) + 
distance = 
predicted 
shaking

USGS

???



We also don’t know where all the faults are or if they are active

Are there no active 
faults here?



The Doty fault

Chehalis

Pe Ell

Doty Fault Zone

Centralia

Where, exactly do 
these faults go?

How long are they?

Are these the only 
faults?

How big an 
earthquake is 
possible?



The Doty fault



The Doty fault

Doty fault system:
M6.7-7.2 possible
No scenario yet



There’s still a lot of work to do before we fully 
understand earthquake hazard in WA



But you can find relevant information now https://www.dnr.wa.gov/geology

https://www.dnr.wa.gov/geology


Find scenarios, fault locations and other hazards information
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…zoom in to see exact 
locations in a specific 
region

Find scenarios, fault locations and other hazards information
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EMERGENCY MANAGEMENT DIVISION
“A disaster-ready and resilient Washington State”

What to expect when you’re expecting an earthquake

Brian Terbush

Earthquake/Volcano Program Coordinator
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EMERGENCY MANAGEMENT DIVISION
“A disaster-ready and resilient Washington State”

Animated version at:
Youtube.com/EMDprepare/videos



EMERGENCY MANAGEMENT DIVISION
“A disaster-ready and resilient Washington State”

What to Expect 

• Earthquakes strike suddenly, sometimes with a roar

• Everything will begin to shake

• Lights will flicker or go out

• Sprinklers and fire alarms may activate

• Windows may shatter

• Objects will fly off shelves and walls, furniture will move

• People may be screaming

• Trees and telephone poles will rock side to side, some may fall over

• “Paint can was stirring itself!”



EMERGENCY MANAGEMENT DIVISION
“A disaster-ready and resilient Washington State”

Do not try to run!

Most injuries are caused by:

•Falling while moving during shaking

•Being struck by falling objects



EMERGENCY MANAGEMENT DIVISION
“A disaster-ready and resilient Washington State”

Example – Chelan Fault, M7.2
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Unreinforced Masonry Buildings – WA DES project

https://www.commerce.wa.gov/about-us/research-services/unreinforced-masonry-building-inventory/



EMERGENCY MANAGEMENT DIVISION
“A disaster-ready and resilient Washington State”

Unreinforced Masonry School Buildings – WA DES project

https://www.commerce.wa.gov/about-us/research-services/unreinforced-masonry-building-inventory/



EMERGENCY MANAGEMENT DIVISION
“A disaster-ready and resilient Washington State”

55
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Effects - Shaking

http://sciblogs.co.nz/shaken-not-stirred/files/2013/11/13_04-China-1-e1366612055743.png
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Effects - Liquefaction
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Effects - Fire
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Aftershocks - Christchurch, New Zealand 2010-2011
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Legend
• Complete = Totally Destroyed

• Severe = Severely Damaged – Not Useable

•Moderate = Moderately Damaged – 50% Capacity 

• Slight = Slightly Damaged – Useable

•None = Not Damaged

Interpretation of HITRAC symbols associated with CSZ effects to Critical Infrastructure and Key Resources (CIKR), 
as interpreted by WA NG Joint Planning Team.

The HITRAC study is designed and intended to be 
REPRESENTATIVE not PREDICTIVE.
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Communication Facilities

All of these slides represent facilities in the 
affected area at the time of the FEMA 
analysis.

Approximately 
53 AM Broadcast Stations
42 FM Broadcast Stations
15 TV Broadcast Stations
1 Internet Exchange Point
171 Cellular Towers

Communications infrastructure suffers 
damage commensurate with the MMI index. 
Systems are also dependent upon electrical 
power.

These factors will greatly affect mass 
communications ability. Does not account for 
the cellular control facilities and/or 
switchboards. 
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Utilities

The amount of damage decreases from 
West to East. 

There are approximately 440 major 
electrical facilities and a vast network of 
electrical power lines, both above and 
underground throughout the region. 

There are 68 major Natural Gas facilities and 
12 counties contain 22 major sections of NG 
pipe network. 

There are 54 petroleum processing facilities, 
and 9 counties contain 16 major sections of 
petroleum pipeline.

There are 35 known Potable Water Facilities.
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Transportation - Sea, Air, Rail
Most facilities west of the I-5 corridor 
suffer complete to severe damage

Most facilities along the I-5 corridor suffer
severe to moderate damage

Most facilities east of the I-5 corridor 
suffer slight to no damage

Many of these facilities are located in
liquefaction zones
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Other facilities/impacts to consider:

- Schools
- Hospitals
- Long Term Care Facilities
- Police, fire, Emergency Medical Services
- Supply Chains
- Commuter routes
- Etc.



An Earthquake Early Warning 

System for the West Coast of 

the United States



What if there was a way to tell you 

an earthquake has occurred …

BEFORE the shaking started?



P-waves

S-waves
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How will people use it?

- Drop, Cover, and Hold on
- Move away from hazardous areas
- Secure Delicate Procedures
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Elevators

Elevators Return to 

Closest Floor and 

open doors

Avoids getting stuck in 

elevators

How can automatic systems use it?
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Transit

Automatic Braking 

Systems Speed Reduced

Industrial Sites

Avoid a Disaster within a 

Disaster
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Public Alerting

• Cell apps (2WeeksReady), push 
notifications
• Scalability & speed unknown

(Tests by City of L.A. and others, 
2WeeksReady)

• Someone must provide the service

• Cell-broadcast, IPAWS/WEA
• Speed uncertain (test soon)

• No EEW-specific sound

Coming Soon – Spring 2021



Now What?



What is “preparedness”?

Actions 
you take 

to reduce 
the impact of 

disasters





Make a plan

Build kits

Know your hazards



What is your risk?

dnr.wa.gov/geologyportal







What are the local hazards?

Wildfire

Terrorist activity and civil action

Infrastructure failure

Pandemic

Climate change
Drought
Flood
Severe weather

Earthquake
Landslide
Volcanic Ash



What to expect after an earthquake



What to do during an earthquake



Using a cane



Using a walker



Using a wheelchair



What to do after an earthquake







School/Work Plans





Out-of-Area Contact



Home 
Hazard 
Hunt



Retrofit your home



Preparing at Home



Know how and when to control utilities



Sign-up for emergency alerts





Stay Informed

washEMD @waEMD



Build kits







Pets too!



Water tips & storage



The Preparedness Continuum



mil.wa.gov/preparedness







1,500,000
participants

The Great Washington ShakeOut 2019:

Register at shakeout.org/washington



Questions?



Resources
Free Downloads:
www.mil.wa.gov/preparedness

Webinar Recording:
https://www.youtube.com/user/EMDprepare

https://www.youtube.com/user/EMDprepare


mil.wa.gov/preparedness


