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Figure 1 (right). Study 
area of the Cascadia 
subduction zone, and 
tectonic setting 
(insets). Earthquake 
sources in Washington 
(inset cross section).  
Discovery Bay tsunami 
deposit study site 
(green box) and 
nearby shallow faults 
in the North America 
plate shown on air 
photo. 
Figure 2 (left). Tsuna-
mi deposits at Discov-
ery Bay.  Pictured, 
from top down: 
Bed 1, AD 1700 Cas-
cadia; 
Bed 2 , 630-560 cal yr 
BP;
Bed 3, 1010-670 cal yr 
BP;
Bed 4, 1120-750 cal yr 
BP.  

Additiona tsunami 
deposits below (not 
pictured):
Bed 5, 1290-1205 cal 
yr BP;
Bed 6, 1630-1275 cal 
yr BP;
Bed 7, 1710-1330 cal 
yr BP; 
Bed 8, 2100-1400 cal 
yr BP; 
Bed 9, 2750-2150 cal 
yr BP
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Figure 4 (left). Comparison of grouped radiocar-
bon ages for earthquakes from Puget Lowland 
crustal faults (top), slope failures (center), and 
evidence for Cascadia earthquakes, including 
coseismic subsidence and tsunamis (bottom). 
Colored dots on map correspond to colored dots 
next to place names on age plot. Symbols under 
“Evidence type” indicate type of evidence on age 
plot. Vertical shading shows the age of the Seattle 
fault Restoration Point earthquake (green); SW 
Washington estuaries Cascadia earthquakes Y, W, 
and U (light blue); and Discovery Bay bed 2 (dark 
blue). Age range bars are shaded to reflect the 
number of samples used to determine the range, 
and are bracketed as minimum or maximum ages 
where known. For locations of abbreviated crustal 
fault names, refer to Figure 1. Citations as follows: 
SFZ (Atwater and Moore, 1992; Bucknam et al., 
1992; Atwater, 1999; Nelson et al., 2014); TFZ 
(Sherrod, 2001; Sherrod et al., 2004; Nelson et 
al., 2014); SMF (Witter et al., 2008; Blakely et al., 
2009; Barnett et al., 2015); UPF (Johnson et al., 
2004); Effingham Inlet (Enkin et al., 2013); Saan-
ich Inlet (Blais-Stevens et al., 2011); Snohomish 
River delta (Bourgeois and Johnson, 2001); Puget 
Sound (Smith, 2012); Lake Washington (Karlin et 
al., 2004); Lake Crescent (Pollen, 2016); Discov-
ery Bay (Garrison-Laney and Miller, 2017; Lynch 
Cove Garrison-Laney, 2017; Bucknam et al., 
1992; Sherrod, 2001; Hemphill-Haley, 1996; 
Jovanelly and Moore, 2009; Martin and Bour-
geois, 2012); Tofino (Clague and Bobrowsky, 
1994); Port Alberni (Clague et al., 1994; Clague 
and Bobrowsky, 1994a; Clague and Bobrowsky, 
1994b); Salt Creek (Hutchinson et al., 2013); SW 
Washington sites (Atwater and Hemphill-Haley, 
1997; Atwater et al., 2003; Atwater and Griggs, 
2012); Juan de Fuca Channel turbidites shown 
with reported maximum and adjusted age ranges 
(Goldfinger et al., 2012); historical tsunami flood-
ing (Seattle Daily Times, 1964; Port Townsend 
Leader, 1964).
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Figure 3.  Discovery Bay study area from Figure 1.  Historical map from 1869-1870 (left), and modern 2017 air photo (right), showing marsh area 
essntially unchanged over time.  The modern marsh is an effective recorder of tsunami deposits, with an abundant sediment source, and a vegetated 
tidal marsh that traps tsunami sediemnts.  Location of Pit site (Figure 2), and Bowman residence (Figure 8) shown on right.

Figure 9.  A collaboration with Anawat Suppasri using a tsunami sediment transport model developed at Tohoku University 
will model different tsunami sources using tsunami deposit characteristics. The deposit seen above at Discovery Bay may 
be from the 1964 Great Alaska tsunami, which caused flooding (Figure 8).  This collaboration will help identify distant 
source tsunamis that have left deposits at Disccovery Bay, in addition to local sources, both Cascadia and crustal faults.  
White bar on the right is 10 cm.  
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Figure 8. The Bowman residence at Discovery 
Bay (above in 2017) that flooded in 1964 by the 
Great Alaska tsunami. The historical account of 
flooding (Port Townsend newspaper account, 
right) describes two waves flooding the home. 
The first at about 2:30 a.m., the second at about 
4:00 a.m.
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Abstract
Washington State, on the Pacific coast of the United States, has many tsunami sources, includ-
ing the Cascadia subduction zone, shallow faults that cross waterways, submarine and subaer-
ial landslides, and distant source trans-Pacific tsunamis. However, Washington has had very 
few tsunamis in the last 150 years, and of those, only landslide and distant source tsunamis 
have been observed. Because of this, accurate assessments of future tsunami size and fre-
quency must rely on the study of paleotsunami deposits and the modeling of tsunami flow and 
sediment transport. A tidal marsh at Discovery Bay, along the Strait of Juan de Fuca, is an ideal 
setting to study the history of tsunamis from various sources. There are at least nine distinct 
tsunami deposits spanning the last 2,500 years in the marsh deposits at Discovery Bay; and 
several thinner, less distinct deposits that may represent distant source tsunamis, such as the 
1964 Great Alaska Earthquake tsunami, which flooded the site. The marsh contains a deposit 
inferred to be from the 1700 A.D. Cascadia earthquake, and some of the older deposits are 
likely from earlier Cascadia tsunamis. Tsunami deposits can be used to provide estimates of 
tsunami inundation extent, flow depths, and current velocities, which can be compared to 
output from tsunami inundation models. Tsunami deposits can also be used to study tsunami 
sources. A collaboration with Tohoku University modeling tsunami sediment transport using the 
characteristics of tsunami deposits will test various sources. There are a greater number of 
tsunami deposits at Discovery Bay than known tsunamis or earthquakes in the same timespan, 
so further study must be done to accurately assess the tsunami hazard in Discovery Bay and 
the Strait of Juan de Fuca.  
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