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Great Subduction Earthquakes
Along the West Coast of North America:
Past, Present, and Future

1. Great Cascadia earthquakes in the past
2. Monitoring the Cascadia megathrust fault at present

3. New scientific challenges for the future
« Episodic Tremor and Slip
* Tsunami hazard

* \What controls earthquake size
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Great Cascadia Earthquake of Jan. 26, 1700, Recorded in Japan

/

N ey A i a o /
PO - RRTE L ¥AT
S e N
Lt RN RRA TR W E
¥ Ay % X - <

S e s A G
N AP 17 i A
= 4 | s

< \ " o ey D
W«ph!.fug InH"Mt-\r/ é T e tan o BUCHE S

S g R S ENUS B

=~

1700 ORPHAN

(Atwater et al., 2005)




Great Cascadia Earthquake of Jan. 26, 1700, Recorded in Japan
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(Satake, Wang, Atwater. 2003 JGR)




Better definition of 1700 rupture using microfossils
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Great Earthquakes Recorded in Seafloor Sand Deposits
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(Goldfinger et al., 2005)




Great Cascadia Earthquakes Recorded in Turbidite Deposits
~ 42 earthquakes over the last 10,000 years

s Kilomet
¢ ¢

M 8.8-9.2 M 8.5-8.8 M 8.3-8.5
~ 500 years ~ 430 years ~ 320 years ~ 240 years

(Goldfinger et al., 2012)




Monitoringihe Cascadia -
Viegaminist Fault




Between Earthquakes
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Using GPS to Position Yourself

Positioning accuracy:
A few metres to 10’s of metres
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Using GPS to Determine Distance and Crustal Motion

Precise Orbits
(accuracy <10 cm)

lonospheric
Delay

Measurement accuracy:
Error < 1 mm for 100 km distance
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Continuous GPS ¢
Stations in 1994:

Western Canada
Deformation Array
(WVDA) in operation
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Stations in 2008:

U.S. Plate Boundary
Observatory (PBO)
and Western Canada
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What has GPS told us so far?

1. The megathrust fault is fully locked and is accumulating
energy for the next great earthquake

2. Pacific Northwest is deforming also for other reasons
(leading to other types of earthquakes)

3. Parts of the megathrust fault downdip of the locked zone
slips silently and episodically
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GPS Observations
(1991-2004)

Station velocities
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Secular motion of
coastal region

(Model of Wells et al.,
1998, based on
Earth’s magnetic field
recorded in rocks and
other geological data).
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What do the GPS
velocities tell us
about energy
accumulation in the
present megathrust
earthquake cycle?
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Rigid-body + Deformation

GPS velocity =—
|y translation (strain rate)
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Interseismic Deformation

Shortenlng

..,--b. .

..-
-
"-.---~--I.--

Earthquake  Subsidence

Extension

-
y -
T~ .~.“‘-

Coastling v==eea-

10 mmhir

100 x 10°/yr | ere, Two pomts 100 km apart are closer to
~+ tensor — 1 each other by 1 cm every year

== shear = .
oM (5 metres in 500 years)
W 124°W 122°W T26°W T8N 122°W T26°W T24°W
a) Strain Rates b) GPS Velocities c) Corrected Velocities




a. Sumatra
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Wang, Hu, He (Nature, 2012)
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England and France
began to fight in
eastern North
America (Queen
Anne’s War).

Cascadia since the 1700 earthquake

A\H.YHUPHKOB
Alacka State Library PCA 20-211

Captain Chirikov
(Russia) landed on
northwest coast of
North America
(Prince of Wales
Island).

Captain Cook sailed Dr. Wang lectures at
along west coast of ICTP Workshop on
North America and Megathrust

traded with native earthquakes and
people at Nootka Tsunamis

Sound.

Model by Hu, 2011, PhD thesis



What has GPS told us so far?

1. The megathrust fault is fully locked and is accumulating
energy for the next great earthquake

2. Pacific Northwest is deforming also for other reasons
(leading to other types of earthquakes)



What has GPS told us so far?

3. Parts of the megathrust fault downdip of the locked zone
slips silently and episodically






Daily positions of UCLU and CHWK with

respect to DRAO (Penticton) for 1999-2001
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Changes in EW Components wrt DRAO for Aug. 1999 Slip

Green bar marks
Aug.28, 1999, when
the motion started
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Tremor source area

Rogers and Dragert
(Science 2003)




Episodic Tremor and Slip (ETS) on Vancouver Island

Victoria East
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Northern Cascadia ETS event of May 2008
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Northern Cascadia ETS event of May 2008

Dragert and Wang (2011)
With tremor locations from H. Kao and A. Wech
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Time = 00:00:00
Min, Max = <187, 219 cm

Tsunami wave propagation on the medium grid
(Cherniawsky et al., 2007)
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Correlation of large earthquakes with smooth subducting seafloor

1964
M50 M 9.2

A~ \/\ 011 1700
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- Qiant earthquakes of M > 9
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Lack of correlation with rough subducting seafloor

sediment rich
sediment poor
extremely rough seafloor 7

- Qlant earthquakes of M = 9
o other M = 8.2 subduction events
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\ {.} ;_ 1. They are all associated
S " with smooth subducting
seaﬂoor

' S share in common?
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M=38
M=9

very rough
seafloor

Wang and Bilek (2014, Tectonophysics)
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& Whatdo glantearthquakes \" k.
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)l share in common? A 1;

20942%*- 2. They all have the
=2 Weakest megathrust faults
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very rough
seafloor

Subduction zones with adequate heat flow data to constrain frictional heating



creeping seismogenic
< >

6. Kamchatka 1952

7. Cascadia 1700

8. Tohoku 2011

9. Sumatra 2004
10. Chile 1960
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Great Subduction Earthquakes
Along the West Coast of North America:
Past, Present, and Future

1. Great Cascadia earthquakes in the past
2. Monitoring the Cascadia megathrust fault at present

3. New scientific challenges for the future
e Episodic Tremor and Slip
e [sunami hazard
* \What controls earthquake size
 And many more ... ...



Sumatra M=9.2 earthquake and tsunami, 2004
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