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though	
  bad	
  enough,	
  
future	
  earthquakes	
  will	
  be	
  	
  
larger	
  and	
  stronger	
  

Historic	
  Deep	
  
Earthquakes:	
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  boundary	
  



The	
  Big	
  Picture	
  

The western U.S, including 
PNW, is deforming over a broad 
area. 	


	


Crustal blocks along continental 
margin are being dragged 
northward by the relative motion 
of the Pacific plate at about 2 in/
yr with respect to N. America.	


	


Underthrusting of Juan de Fuca 
plate is oblique, contributing to 
northward motion of coastal 
regions.	



Seattle 



Block	
  tectonic	
  model	
  
for	
  PNW	
  

Oregon coastal block 
rotates clockwise at 12 
mm/yr, putting the 
squeeze on western 
Washington	





Oregon’s northward motion squeezes Puget lowland 



The	
  buck	
  stops	
  here…	
  



Soil	
  Liquefac7on	
  

Olympia	
   Olympia	
  

Near	
  Port	
  of	
  Sea$le	
  

Steve Kramer, UW, slide 

Nisqually	
  Earthquake	
  
	
  

§ 	
  LiquefacHon	
  observed	
  in	
  Sea$le,	
  Olympia,	
  other	
  areas	
  
§ 	
  LiquefacHon	
  not	
  observed	
  in	
  Puyallup,	
  Kent	
  valley	
  



Soil	
  Amplifica7on	
  

Depends	
  on:	
  
Soil	
  type	
  
Soil	
  sHffness	
  
Soil	
  thickness	
  
Soil	
  geometry	
  

0.10g	
   Diameter	
  	
  of	
  circle	
  
proporHonal	
  to	
  
PGA	
  

MoHons	
  in	
  filled	
  areas	
  (pink)	
  stronger	
  
than	
  in	
  hilly	
  areas	
  (beige)	
  

Steve Kramer, UW, slide 

Shear	
  wave	
  velociHes	
  
High	
  in	
  hilly	
  areas	
  
Low	
  in	
  Sodo,	
  Duwamish	
  areas	
  





Unreinforced Masonry Building 
locations in Seattle plotted on 
USGS urban seismic hazard map 
showing spectral accelerations with 
2% probability of exceedance in 50 
years. 

Map from City of Seattle 
Unreinforced Masonry Building 
Seismic Hazards Study, 2007 

Urban seismic hazard maps 
useful for identifying areas with 
strongest expected shaking;  
useful for identifying vulnerable links in 
Infrastructure and emergency response 



Shaking	
  levels	
  on	
  the	
  least	
  conservaHve	
  
map	
  far	
  exceed	
  safe	
  levels	
  of	
  shaking	
  
For	
  URMs.	
  



NaHonal	
  Seismic	
  Hazard	
  Mapping	
  Project	
  
Pacific	
  Northwest	
  Workshop	
  

March	
  21-­‐22,	
  University	
  of	
  Washington	
  

Day	
  one	
  agenda:	
  
1. 	
  Recurrence	
  models	
  and	
  rupture	
  geometries	
  for	
  great	
  

	
  earthquakes	
  on	
  the	
  Cascadia	
  subducHon	
  zone	
  	
  
2. 	
  New	
  informaHon	
  on	
  crustal	
  faults	
  in	
  Washington	
  and	
  

	
  Oregon	
  from	
  geologic	
  mapping,	
  paleoseismology,	
  and	
  
	
  geophysics	
  	
  

3.	
   	
  Crustal	
  deformaHon	
  models	
  using	
  GPS	
  	
  
4.	
   	
  New	
  informaHon	
  about	
  deep	
  intraslab	
  earthquakes	
  

	
  	
  
Day	
  two	
  focus:	
  
5. 	
  Ground-­‐moHon	
  predicHon	
  equaHons	
  for	
  great	
  

	
  subducHon	
  zone	
  earthquakes,	
  intraslab	
  earthquakes,	
  
	
  and	
  crustal	
  earthquakes	
  	
  


