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SUMMARY 
 

This project is part of our ongoing effort to make a complete map of uplift along the 
Cascadia margin to constrain the depth of locking along the Cascadia subduction zone.  
In this report we present preliminary results for the Washington portion of the Cascadia 
margin, summarize some new interpretations from our previously completed Oregon 
work, and report on our discovery of uplift (and subsidence) associated with slow slip 
earthquakes on the Cascadia interface recorded in tidal records.  The recognition of these 
transient events in tidal records will not only help us better understand these events by 
more precisely constraining their vertical deformation signal, but also may provide a 
much longer history of these events and their relationship to the depth of locking and the 
location and magnitude of both permanent and transient uplift along the Cascadia margin. 
 

Report: 
Our goal has been to use high order leveling and sea level records at tide gauges to 

identify a network of stable benchmarks with known uplift rates like our network on the 
Oregon coast (Figure 1, Burgette et al., 2009).  We compare these point measurements of 
uplift with other deformation markers (e.g. GPS, strain meters, and geologic features, like 
marine terraces) and analyze them for the interseismic strain accumulation related to the 
Cascadia subduction zone.  Transients and residuals that cannot be explained by inter-
seismic strain (which dominates the signal) are also seen and are interpreted to be caused 
by slow slip earthquakes and permanent deformation, respectively. 

As shown in Figures 1-3, we have complete finished this work in Oregon and have 
gained significant insights that are helping us progress in Washington.  As discussed in 
the captions of these figures, we have made a map of interseismic locking that is 
consistent with both our leveling and tide gauge based uplift and horizontal GPS data, 
compared the locked zone to the region experiencing slow slip earthquakes, and have 
shown that the residual uplift that cannot be explained by strain associated with 
interseismic locking may be long term residual uplift due to the slow slip earthquake 
cycle.  This latter speculative is supported by observations in Washing discussed in 
Figures 10 and 11 below. 

In Washington we have reanalyzed all of the available leveling and tide gauge data 
(see Figures 4-7) and collected new water levels at temporary gauges deployed at 
Olympia, Point Grenville and Cape Disappointment.  Because there are seasonal controls 
on the water levels we continued to collect data through the end of 2009 and are still 
analyzing the results.  Once this analysis is completed we will combine the water levels 
and reanalyzed leveling results as we did in Oregon.  While analyzing the water level 
data in Washington we discovered transient signals associated with slow slip earthquakes 
(Figures 8-11).  This discovery may let us extend the slow slip event record >70 yrs and 
allows us to better distinguish interseismic, long term, and transient strain in Cascadia. 

mailto:ray@uoregon.edu


Figure 1 

 
Figure 2 

 



 
 

Figure 3 – a) Left side: Residual uplift produced by subtracting modeled uplift (Figure 2) 
from observed uplift (Figure 1).  The uplift near the coast is almost completely described 
by our locking model on the subduction interface.  However, there is persistent uplift 
inland that occurs where slow slip earthquakes are located.  b) Right side:  Cumulative 
slip associated with all (left side) and individual (right side) slow slip earthquakes.  
Spatial extend of individual earthquakes are shown as bars corresponding to their position 
along the Cascadia margin. 
 

Figure 4 

 



Figure 5 

 
 
Figure 6 

 



Figure 7 

 
 
Figure 8 
 

 
 



 
Figure 9– a) Left side: Daily average water level changes at Port Angeles relative to Pt. 
Townsend; upper has been smoothed to remove long period noise due to the seasonal 
cycle longer variations such as El Ninos; lower has same smooth but the smoothing 
function is allowed to step across the time of the slow slip earthquake (like smoothing 
GPS series across a hardware change such as replacing an antennae).  b) Right side: 
Uplift pattern associated with the Sept 2005 event, predicted from horizontal GPS 
observations.  Relative uplift of ~7.5 mm is identical to the ~7.7 mm observed in the 
water levels (a-lower). 
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