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Welcome to Cascadia!



LOTS of Contextual Data Exist (just a few examples)
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LOTS of Contextual Data Exist (just a few examples)

https://geonarrative.usgs.gov/cascadia_
database_storymap/



Cabled Arrays 
(MANY sensor types & ready to GROW!)

Few earthquakes, but 
LOTS of tremor!
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Integrated subduction zone science rules!



https://cascadiacopeshub.org/

Team 1 - Geohazard Sources & Integrated Probabilistic 
                 Modeling
Team 2 - Inundation and Coastal Change Hazards
Team 3 - Community Adaptive Capacity
Team 4 - Broadened and Inclusive STEAM Education
Team 5 - Community Co-Production of Hazards 
                 Knowledge    

MANY Complementary Projects Underway



Measured & Interseismic 
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Velocities 



Another Potential 
Complementary 

Project 
(no data collection!)

SCIENCE
WORKFORCE

COMMUNITY
COLLABORATION



CLIMATE 
VARIABILITY

TRIGGERING 
& CASCADING 
HAZARDS

FLUIDS & FLUID MIGRATION

RHEOLOGY 
& STRESS

MASS & 
ENERGY 

BALANCE

FORECASTING & PREDICTION

onshore arraysmodelling 
collaboratory

human deployments

lab & sample consortia

collective impacts

partnerships



Mount Rainier Lahar Hazards

• ~40 eruptions in last 10,000 years

• 8 lahars associated with eruptions, most recent one 
was not (landslide)

• 9 large lahars in last 5,600 years have reached 
now-densely populated areas (most recent ~1500 
AD)

• >90,000 people live in Rainier lahar hazard zones

Photo by Seth Moran, USGS

A collective response by Pierce County,  Affiliated Tribes, 
Federal Agencies (USGS, NPS, NOAA, USFWS),  WA State: 
DNR, EMD, Historic Preservation Office, Univ. of WA



Debris Flows

Lahars

Lava & 
Pyroclastic 
Flows



Mount Rainier – Lahar Detection System

Current: 23 seismometers, 7 GPS, 1 
            tilt, 14 infrasound, 2 webcams
Planned
Proposed
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offshore turbidite 
& sediment 

record

onshore tsunami 
& coastal 

uplift/subsidence 
record

Paleoseismic onshore and offshore records differ significantly (i.e., more 
frequent earthquakes in the south increases hazard there by ~40%)!

Goldfinger et al., 2012

Witter, 2012

Earthquake Forecasts Rely on Recurrence Estimates



Microfossil derived land-level change, 
tsunami inundation, and 

turbidite evidence 
suggest ~17 M>8 earthquakes in the 

last 6700 yrs, at highly variable 
intervals – but LARGE uncertainties 

remain!
 

‘State-of-the-art’ paleoseismic 
observations have uncertainties that 

cannot distinguish single full- to 
multiple partial-margin ruptures.

Nelson et al., 2021



New lidar-derived landslide inventories, failure 
modeling, high-res age dating (dendrochronology) 

address balance of climatic & tectonic drivers. 

Failure modeling of ‘strong’ coastal 
marine terrace landslides constrain 
minimum shaking intensities 

Dendrochronology ages of 10s of 
landslide-dammed lakes; none are 1700, most 
during extraordinarily wet period in late 
1800s. 

Grant, Lahusen, 2022
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Observed and modeled FGF breaking motions at 
shaking periods of 0.2 and 3.0 s.
        McPhillips and Scharer (2021) & Frankel et al. (2018)

Fragile geologic features (FGF) provide new constraints on maximum 
shaking, on 1-10,000 yr timescales.



Extensive mass wasting occurs along steep lower slopes, over 800 km, and likely source of 
abyssal plain turbidites,  suggesting rethinking of the role of channel sediment transport & 
earthquake recurrence models.

Hill et al., 2022

New bathymetric-derived landslide inventories & ground motion 
modeling address sediment transport initiation and flow paths. 



Observation-informed models constrain forecasted rupture scenarios. 

1700 earthquake Japanese 
tsunami inundation, 

Cascadia paleoseismic 
subsidence estimates, 

and geodetically constrained 
locking models 

limit consistent modeled 
rupture scenarios, but 

sequences remain plausible.

Wirth et al., 2020

Melgar, JGR, 2021
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Sediment transport monitoring from the coast to deep sea measures 
fluxes to constrain storm and seismic drivers.

Storms cause small sediment flows (NOT earthquakes), even in mild 
spring/summer times.  New expanded deployments are underway, with coring.  

ASTORIA CANYON

Ogston et al., 2019, 2022



Offshore resolution approaches that onshore, pinpointing potentially 
tsunami-generating faults, submarine landslides, and testing source 

inferences based of turbidite correlations. 

AUV bathymetry

Offshore high-res 
bathymetry,  subsurface 

CHIRP imagery, 
and ROV-coring 

Hill et al., 2021, 2022
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Schmalzle, 2014; Bartlow, 2020;Wech, 2021; DeSanto, 2022
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2021 R/V 
Langseth 
active & 
passive 
seismic 
imaging

755 nodal 
seismometers



”THE VALUE OF 
COMPLEMENTARY 
SITES
…The most effective 
strategy is to form a set of 
comparison sites that 
differ in only a few, 
scientifically interesting 
ways… This subductology 
approach has yielded 
insights into past reviews 
of extant data but has not 
been utilized extensively 
as a deployment strategy.”

Is Cascadia’ silence really special? 
One ‘subductology’ test…
(Toda & Stein, 2022)



YOUR TASK NOW: Answer “How can we design the observational, experimental, 
numerical components to enable translation of results, resources, and training from one 
site and one community to another (e.g., lessons learned from Chile to Cascadia) and 
to subduction zones globally?”




