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Pacific Northwest Seismograph Network
 & EarthScope

Fade through earthquake seismogram and volcano eruption picture in background



Earthscope - Comparison to a
regional seismic network  (the PNSN)

Earthscope PNSN
New effort - last 5 years > 40 years old

New modern equipment Much is old analog equipment

Well funded from one source Only recently well funded, many sources

USArray - temporary Permanent

Primarily for science Many, sometimes conflicting, goals

Professional, full-time management
and staff

Professorial, part-time management
staff includes students



PNSN Mission:
Public Service, Research, Education

The PNSN is responsible for



• Seismic monitoring of Washington & Oregon as 
part of the USGS “Advanced National Seismic 
System” (ANSS)

• Supporting and engaging in research into 
earthquake and volcanic hazards

• Educating the geo-scientists of tomorrow

PNSN Mission:
Public Service, Research, Education

The PNSN is responsible for



PNSN Clients / Stakeholders

•Scientists - UW and others

•Engineers - structural, civil

•Emergency response officials - local & state

•Students  - university and secondary Schools

•Press - local and national

•Public - phone, web, e-mail and in person



PNSN   Organization

•UW - Recording Processing Center

•USGS CVO  - share volcano monitoring

• Batelle Northwest Labs - service eastern Washington

• University of Oregon - service southern Oregon



PNSN funding / support
 Operational funding

• U.S. Geological Survey

• State of Washington

• University of Washington

• U.S. Department of Energy

 In-kind support

• Bonneville Power Administration

• IRIS  DMC

• Puget Sound Energy

• Oregon DOT

• 34 School Districts

• 9 Municipalities

• 8 Private or public institutions Capital Expansion

• U.S. Geological Survey

• Murdock Charitable Trust

• National Science Foundation - USArray

• Oregon DOGAMI

•State of Washington - WDOT, EMD

 Science research

• U.S. Geological Survey

• National Science Foundation

• State of Washington



Elements of a Seismic Network



Elements of a Seismic Network

• Seismometer - (sensor)
• Electronics (amplifier, digitizer/VCO)
• Telemetry (radio, telephone, internet)
• Receiver (discriminator, digitizer)
• Recording computer
• Detection software
• Display and analysis software
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Processing and Analysis



Camp Muir

earthquake

daily calibration

ranger jumping?

glacier noise



Manual analysis



Manual analysis



Manual analysis



Recent Earthquake 
Activity



Recent Earthquake 
Activity

1990 - 2004

Mag > 0.5

• 27,900 events located

• 437 reported felt

•  >2,000,000 at Mount
St. Helens in 4 years



Mount Rainier Seismicity



The PNSN using EarthScope 
facilities is involved in many 
different scientific Studies
Just a few are highlighted here:



The PNSN using EarthScope 
facilities is involved in many 
different scientific Studies

• Volcanic eruptions & Hazards

• Tectonics and earthquake hazards 

• Episodic Tremor and Slip  (ETS)

• Early Warning 

Just a few are highlighted here:



Volcano Research



Volcano Research

•All Cascade Volcanoes are monitored

• Primary research efforts have been at 
Mount St. Helens

•Addition of PBO borehole seismometers 
is exciting new data source



Comparing Cascade Volcanoes



Comparing Cascade Volcanoes

Most Dangerous



Mount St. Helens -  1979



Mount St. Helens -  1979

FMW (Mt. Fremont, Rainier)

It all started with a Magnitude 4.1 earthquake on March 20, 1980
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Helicorder records of the 
next several days from St. 
Helens West seismograph
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High level of seismicity was interpreted........







Volcano Research continues

• Stay tuned    .....       for the next presentation



Rapid Notification research
The Earthquake has just taken place.

accurate information can help.



Rapid Notification research

•Mobilize rescue efforts to the right place

The Earthquake has just taken place.
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Rapid Notification research
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• Direct inspection crews efficiently

The Earthquake has just taken place.
accurate information can help.



Rapid Notification research

•Mobilize rescue efforts to the right place

• Direct inspection crews efficiently

• Estimate losses (costs) quickly

The Earthquake has just taken place.
accurate information can help.



Our Vulnerability
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B

A

C

The Pacific Northwest is vulnerable to a number of different geologic hazards.



Our Vulnerability
• Seismic hazards

– A.  Benioff zone (earthquakes deeper than 40km)
– B. Cascadia mega-thrust (along 1000 km of coast)
– C. Crustal faults (most of region)
– Shaking amplification from deep basins with shallow, soft soils
– Many vulnerable structures (bridges, buildings dams)
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Our Vulnerability
• Seismic hazards

– A.  Benioff zone (earthquakes deeper than 40km)
– B. Cascadia mega-thrust (along 1000 km of coast)
– C. Crustal faults (most of region)
– Shaking amplification from deep basins with shallow, soft soils
– Many vulnerable structures (bridges, buildings dams)

• Volcanic hazards
• Tsunami Hazards

West East

B

A

C

The Pacific Northwest is vulnerable to a number of different geologic hazards.
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for
2001 Nisqually

Earthquake

ShakeMap

Shows distribution of shaking 
based on earthquake source, 
geology and measured values 

at specific sites 











Episodic Tremor & Slip

Recently discovered

Both geodetic and seismic evidence

Significance still not understood
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60 
sec

Seismic background signals....



Deep non-volcanic tremor

60 
sec



What about the Episodic Slip



What about the Episodic Slip

It can be measured with GPS 
receivers



Episodic Slip



Episodic Slip

4 cm/yr

Gradual compression to NE

Oceanic plate
motion

But, every 14 months....



a subset moves back slightly 
and you have ..... 



Episodic Slip
a subset moves back slightly 
and you have ..... 

This can be modeled as slip on 
a patch



Episodic Slip

This can be modeled as slip on 
a patch on the plate interface





Deep tremor is located 
above slip zone

Episodic slip is between locked 
and fully slipping zones



Deep tremor is located 
above slip zone

Episodic slip is between locked 
and fully slipping zones

But, very recent research ........



S-P depth control

Earthscope transportable
 array experiment

La Rocca et.al.
submitted to
Nature
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S-P depth control
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S-P depth control

La Rocca et.al.
submitted to
Nature



Dragert & Rogers, 2003

Slip and tremor occur at the same 
time in a regular pattern



Dragert & Rogers, 2003

July, 2004, Sep, 2005, Jand 2007  predicted
 and did occur on schedule
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AND, 
last month tremor was detected



http://www.pnsn.org/WEBICORDERS/DEEPTREM/winter2008.html

http://www.pnsn.org/WEBICORDERS/DEEPTREM/fall2006.html
http://www.pnsn.org/WEBICORDERS/DEEPTREM/fall2006.html
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Early Warning research



Early Warning research

•Explosive eruption has started - Warn aircraft 
away from expanding ash cloud
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warn coastal populations of tsunami



Early Warning research

•Explosive eruption has started - Warn aircraft 
away from expanding ash cloud

•Large subduction earthquake has occurred - 
warn coastal populations of tsunami

•Large earthquake has started - warn 
population at  distance of strong ground 
motion coming



Locked section of Cascadia subduction zone 
starts breaking allows warning of strong 

shaking at large distances



~ 200 km

Seattle

Locked section of Cascadia subduction zone 
starts breaking allows warning of strong 

shaking at large distances



Portland

Victoria

Vancouver



Portland

Victoria

Vancouver

also watch the time line here for shaking levels in Seattle

The light blue & green dots on the map are seismic 
stations.  They could be used to detect and provide 

warnings of the arrival of strong shaking in the Puget 
Sound region.  This shows the rupture of the Cascadia 
fault in real-time and the spreading of P-waves (yellow) 

and S-waves (red) 







END

http://www.pnsn.org          click on NEWS

http://www.pnsn.org/WEBICORDERS/DEEPTREM/fall2006.html
http://www.pnsn.org/WEBICORDERS/DEEPTREM/fall2006.html



