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CHALLENGES The SZ4D Initiative

AND OPPORTUNITIES - -
Understanding the Processes that Underlie
FOR RESEARCH IN Subduction Zone Hazards in 4D

Huntington & Klepeis,2018 TECTO N | CS McGuire, J.J., T. Plank, et al. 2017.

1. Understanding Planetary Evolution in 4D 1. When and Where Do Large Earthquakes Happen?

2. Understanding Variations in Rheology in Lithosphere 2. How is Mantle Magma Production Connected
through the Crust to Volcanoes?

3. Understanding Fault Zones from Surface to Lithosphere
3. How do Spatial Variations in Subduction Inputs

[4. Understanding the Dynamic Interactions Among Earth-] Affect Seismicity and Magmatism?

Surface Processes and Tectonics

[4. How do Surface Processes Link to Subduction?]
5. Synergies between Societal Needs and Advancing Tectonics
Research




CHALLENGES

AND OPPORTUNITIES The SZ4D Initiative
FOR RESEARCH IN Understanding the Processes that Underlie
TECTONICS Subduction Zone Hazards in 4D

Linking models over short (earthquake/hazards) & long [mountain building] timescales
from deep to surface

Interdisciplinary centers / open-source community resources / organizations

Collaborative sharing of: data / equipment / technology / labs / training next gen users
of frontier techniques

Identifying, tackling, strategizing research problems together, from the start
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Megathrust Earthquakes in Cascadia \

Cascadia Subuction Zone has a history of M9 Earthquakes
-Coastal subsidence
-Tsunami records
-Offshore turbidites
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Megathrust Earthquakes in Cascadia \

r 4

Cascadia Subuction Zone has a history of M9 Earthquakes
-Coastal subsidence
-Tsunami records
-Offshore turbidites

Last Cascadia Earthquake in 1700 AD
-Estimated M ~ 8.7 — 9.2 [Satake et al., 2003]

10-14% chance of another M9 earthquake
in the next 50 years [Petersen et al., 2002]



M9 Project

M9 Cascadia
Subduction Zone Simulation
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M9 Project

M9 Cascadia
Subduction Zone Simulation
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M9 Project

M9 Cascadia
Subduction Zone Simulation

L

Tsunami

o VS | | ZENAN

Buildings &
Infrastructure Liquefaction Landslides

——F -

el sl el

N 75 WSDOT

Community Planning

/_ A &Enhand Ilence

Early Warning Seattle
oo @ Public [ gt
IS aps eqe, O ransportation
: Utilities

Community

Engagement " WASHINGTON STATE DEPARTMENT OF ‘
‘ &’A Natural Resources y Degen kOI b
A .

Slide c/o Nasser Marafi — UW CEE



M9 Project
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50+ M9 Earthquake Scenarios \

Frankel et al., in revision, BSSA Wirth et al., in revision, BSSA =

* What is the range of possible ground shaking from an M9?

* What are the critical rupture parameters?
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M9 Earthquake Ground Motions
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M9 Coseismic Landslides

|Location | Lat. | lon. | PGARange | PGA |
KIS 47.95 -12438  0.26-1.26 0.66
Coos Bay, OR 43.36 -124.22 0.25-1.34 0.65
Aberdeen, WA 46.97 -123.82 0.20-1.10 0.57
Tillamook, OR 45.45 -123.84 0.26 - 1.06 0.53
Olympia, WA 47.03 -122.88 0.12-0.71 0.32
GO GEC EERN AW 48.12  -123.43 0.12-0.63 0.31
Longview, WA 46.14 -122.94 0.12-0.44 0.26
Grants Pass, OR 42,94 -123.33 0.14-0.43 0.24
Salem, OR 4494 -123.04 0.10-0.65 0.22
Portland, OR 4552 -122.67 0.12-0.47 0.21

Eugene, OR 44.05 -123.08 0.11-0.32 0.19
Bellingham, WA 48.75 -122.48 0.07-0.36 0.17
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Alex Grant

PhD UW )
now Usgs Seattle’s unstable slopes

—40°N

Landslide Date

@]

e ©¢ ¢ ¢ @ 0 O O

pre 1930
1930 -
1940 -
1950 -
1960 -
1970 -
1980 -
1990 -
2000 -

1940
1950
1960
1970
1980
1990
2000
2010




M9 Coseismic Landslides

Newmark Analysis
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M9 Coseismic Landslides \

Shallow (translational) slides
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where:

k, is the yield acceleration
B is local hillslope gradient




515% INCrease in areas of >5% predicted probability

M9 Coseismic Landslides
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- 48°N

M9 Coseismic Landslides

4795 -124.38 0.26-1.26 0.66
Coos Bay, OR 43.36 -124.22 0.25-1.34 0.65
Aberdeen, WA 46.97 -123.82 0.20-1.10 0.57
Tillamook, OR 4545 -123.84 0.26 -1.06 0.53
Olympia, WA 47.03 -122.88 0.12-0.71 0.32
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Longview, WA 46.14 -122.94 0.12-0.44 0.26
Grants Pass, OR 42,94 -123.33 0.14-0.43 0.24
Salem, OR 4494 -123.04 0.10 - 0.65 0.22 44N
Portland, OR 4552 -122.67 0.12-0.47 0.21

Eugene, OR 44.05 -123.08 0.11-0.32 0.19
Bellingham, WA 48.75 -122.48 0.07-0.36 0.17
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Where are the M9 Coseismic Landslides ?
And how do we date them? \

Sean LaHusen — PhD student UW
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Adam Booth Dave Montgomery
Portland State University  University of Washington




North Fork Stillaguamish River 2014

Google Earth






How old are fhese
landslides?
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Landslide deposits smooth over time

McCalpin, 1984



Landslide deposits smooth over time

Hillslope
transport
coefficient

Soil flux slope

Roering et al. (1999)
Non-linear hillslope
sediment flux
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Dating large landslide inventories

Roughness-Age Curve

Absolute Age

Surface Roughness

Calibrated surface roughness-age curve



Recurrence frequency:

1 Iandsllde/140 years

“ (P Remnant River Terrace
Estimated Landslide Age
|I| < 500 years
500 - 2000 years
2000 - 5000 years

[CA7] >5000 years
500 1000

LaHusen, et al. (2016)
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Adam Booth
Portland State
University

>200 mapped slides in North Fork
Stillaguamish River Valley
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Characterizing structural and lithologic controls on deep-seated
landsliding: Implications for topographic relief and landscape evolution in

g I s the Oregon Coast Range, USA
0 5 10 20 30 40 Sean LaHuUseNn; Kyle Lowery; valerie Brignt

I e maaasassms s Kilometers GSA Bulletin; May/June 2005; V. 117; Roering et al. (2005)
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OCR Roughness-Age Plot
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Next steps: Modeling coseismic landslides (& cascading
geomorphic effects)

How will this affect landscape evolution over long timescales?

How rivers react to large earthquakes:

Pre-earthquake channel bed

\

Flow.direction

.

Yanites et al., 2010



Next steps: Modeling coseismic landslides (& cascading
geomorphic effects)

How will this affect landscape evolution over long timescales?

Predicting regional shallow landslide
probability using Landlab

a) SSURGO-SD b) M-SD M-SDLT (a) ® Stochastic landsliding
y ) No landsliding
x Steady landsliding

BOOTH ET AL.: A GENERAL DEEP-SEATED LANDSLIDE MODEL

o ol
« 4® wooa’e
s Ll

x %e ..

0.8 A

06

0.4
10° 107 10"

Strauch et al. (2017)

Booth, Roering, Rempel (2013)



Next steps: coupling tectonics and surface processes in
subduction zones over short & long time scales

Modeling the Dynamics
of Subducting Slabs

S y of Types of Subd Models
Model type Model design Output p Observations
Instantaneous Density and viscosity structure; Instantaneous velocity Dynamic topography, geoid,
model size; side, top, and bottom and pressure field strain rate, stress orientations
boundary conditions
Time-depend
Fully dynamic Initial density, viscous, or Time-dependent velocity, | Same as instantaneous, plate rates
visco-plastic flow law; model pressure, temperature, and directions, uplift rates,
size; side, top, and bottom composition, and density time-dependent slab shape,
boundary conditions anomalies owing to correlation of slab geometry
phase changes with other parameters
Dynamic with Same as dynamic, prescribed plate | Same as dynamic Same as dynamic, except no uplift
kinematic BC motions at surface rates or dynamic topography
Coupled Slab geometry, subduction rate, Steady-state velocity, Heat flow, dynamic topography
kinematic-dynamic thermal and viscosity structure of | pressure, and (upper plate), strain rates,
dynamic region, model size, temperature accumulated strain
boundary conditions

DT IR

Billen, 2008

SubductiBon Initiation
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summary

Acceleration [g]

M9 Project

M9 Cascadia
Subduction Zone Simulation
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Thank You, Questions? Discussion!

Supercomputer Resources: Stampede (U. Texas), Constance (PNNL), Hyak (U. Washington)
Funding: NSF Hazards SEES (EAR-1331412); Dept. of Earth & Space Sciences, U. of Washington
Visit M9: http://m9.uw.edu

a USGS

science for a changing world
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3D Earthquake Simulations: \
Broadband Synthetic Ground Motions (O — 20 Hz)

< 1 Hz (Deterministic)

- 3-D finite difference
[Liu & Archuleta, 2002]

- Uses 3-D velocity model for
Cascadia [Stephenson et al., 2017]

Cascadia 3-D Model

> 1 Hz (Stochastic)

- Sum point source synthetics
[SMSIM; D.M. Boore]

- Subevents generate energy
> 1Hz

Slide c/o Erin Wirth



Earthquake Source Model \\

Slip on the fault consists of... )

Background High Stress-Drop
Slip Subevents
(ruptures slowly) (ruptures quickly)
E‘ High
Frequencies

Strong Ground
Motions

Slide c/o Erin Wirth




50+ M9 Earthquake Scenarios

* 20+ Simulations Manually Adjusting Parameters
(i.e., sensitivity tests)  Wirth etal., in revision, BSSA

* 30 M9 Simulations from “Logic Tree” Frankel etal., in revision, BSSA

Hypocenter L Myietrilag gt Subevent
Slip Distribut
Rupture Depth E Location j [lp Istribu '0”9 [ oy ]
Shallow
- (e
Middle Central Random Along-Strike
2 Hypocenter Seeds Arrangement
(o)
Den Southern
P Hypocenter
R

Northern
Hypocenter

Full Cascadia
Subduction Zone

Rupture (M9)

Slide c/o Erin Wirth



Standard Dev. Slope

. N . Rough : 23 degrees

- Smooth : 0 degrees

Fourier Transform
Wavelet Based Curvature
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4000+
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~—Relict NFS River terrace
(3-5m above present-day
valley bottom)

Headache Creek
Landslide

Observed Roughness-Age Curve

@ Landslide of known age

; Valley bottom terrace age

Best fit regression
(Y = 3519500*e1-3976°X)

——— 95% confidence band
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LaHusen, et al. (2016)
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Simplified Geology

Fill

I Landslide deposits

[ Alluvium

[ Beach deposits

[ Blakeley Formation

[ Olympia Beds - Lawton Clay
[0 Pre-Olympia glacial till

[ Pre-Fraser deposits

[0 Tukwila Formation

[ Vashon advance outwash
[ Vashon recessional outwash
[ Vashon till
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