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Outline	  

•  A	  very	  simple	  earthquake	  cycle	  model	  
•  Some	  complica$ons	  we	  think	  we	  understand	  
(sort	  of)	  

•  A	  complica$on	  we	  don’t	  understand	  
•  Summary	  of	  ques$ons	  



A	  Simple	  “Earthquake	  Cycle”	  Model	  
•  Based	  on	  the	  1D	  spring-‐slider	  analogue	  model	  
•  Two	  “modes”:	  interseismic	  and	  coseismic	  
•  Between	  earthquakes	  (interseismic):	  

–  Shallow	  fault	  is	  locked	  
–  Deeper	  fault	  is	  creeping	  at	  long-‐term	  slip	  rate	  
–  Stress	  builds	  up:	  elas$c	  strain	  energy	  stored	  in	  crust	  

•  During	  earthquake,	  shallow	  fault	  slips	  
–  Stress	  on	  fault	  reduced	  

•  Cycle	  repeats	  forever	  



Deforma$on	  At	  Subduc$on	  Zone	  

Horizontal	  

Ver-cal	  

Trench-‐normal	  distance	  (km)	  

Ver-cal	  

Backslip	  model	  (Savage,	  1983)	  
–  Shallow	  part	  of	  fault	  slips	  
only	  in	  earthquakes	  

–  Deeper	  part	  slips	  steadily	  at	  
long-‐term	  rate	  

–  Superposi$on	  of	  steady	  slip	  
on	  en$re	  interface	  and	  
backslip	  (slip	  deficit)	  

–  Earth	  deforms	  as	  elas$c	  body	  
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Some	  Complica$ons	  We	  Think	  We	  
Understand	  (sort	  of)	  

•  Postseismic	  deforma$on	  
– A\erslip	  (on	  the	  plate	  interface)	  
– Viscoelas$c	  relaxa$on	  (in	  mantle	  wedge)	  

•  Along-‐strike	  varia$ons	  
– Extent	  of	  slip	  deficit	  varies	  along	  strike:	  why?	  

•  Slow	  slip	  events	  
– The	  locked	  to	  creeping	  transi$on	  is	  dynamic	  

•  Common	  theme:	  slip	  along	  interface	  varies	  
with	  $me	  –	  not	  just	  interseismic	  +	  coseismic.	  
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Q–	  Why	  are	  the	  amounts	  of	  a4erslip	  
and	  viscoelas9c	  relaxa9on	  so	  variable?	  
Earthquake	   A:erslip	   Viscoelas-c	  Relaxa-on	  

1960	  Chile	  (M9.5)	   ??	   Large,	  lasted	  for	  decades	  

1964	  Alaska	  (M9.3)	   ~6	  meters	  (25-‐30%	  of	  
coseismic),	  decades	  

Large,	  lasted	  for	  decades	  

2004	  Sumatra-‐Andaman	  
(M9.2)	  

Large,	  las$ng	  >	  several	  
years	  

Large,	  las$ng	  >	  several	  
years	  

2005	  Sumatra	  (M8.7)	  
	  

Large,	  both	  updip	  and	  
downdip	  

Clearly	  present	  in	  far-‐field	  
data	  

1995	  Antofagasta	  (M8.1)	   Small,	  gone	  within	  ~3	  years	   None?	  

2007	  Kurils	  (M	  8.1)	   Ended	  within	  0.5	  year	   Large,	  will	  last	  ~	  decade	  

1994	  Sanriku	  (M	  7.7)	   Equal	  to	  coseismic	   minimal	  

We	  have	  not	  been	  successful	  in	  making	  advance	  predic?ons	  
of	  postseismic	  deforma?on	  following	  large	  or	  great	  
earthquakes.	  



Along-‐Strike	  Varia$ons	  are	  Nearly	  Ubiquitous	  
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Along-‐Strike	  Varia$ons	  are	  Nearly	  Ubiquitous	  

Freymueller	  et	  al.	  (2008)	  

Q–	  What	  controls	  along-‐strike	  
varia9ons	  in	  the	  extent	  of	  slip	  deficit?	  



Slow	  Slip	  and	  Downdip	  Transi$on	  

•  The	  downdip	  end	  of	  the	  seismogenic	  zone	  is	  
par$cularly	  dynamic.	  

•  Slow	  slip	  events	  of	  various	  sizes	  observed	  in	  
Cascadia,	  Alaska,	  Mexico,	  Japan,	  Costa	  Rica,	  ….	  
– Dura$ons	  of	  weeks	  to	  a	  few	  years	  

•  Q–	  What	  is	  the	  rela9onship	  of	  slow	  slip	  to	  the	  
genera9on	  of	  tremor?	  

•  Q–	  How	  do	  varia9ons	  in	  the	  slip	  rate	  affect	  
overall	  slip	  budget?	  	  
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Interpreta$ons/Specula$ons	  
•  A	  sizable	  patch	  on	  the	  plate	  interface	  that	  had	  
been	  creeping	  abruptly	  locked?	  
– A	  long-‐lived	  (9+	  year)	  slow	  slip	  event	  came	  to	  an	  
end?	  

•  Pa/ern	  of	  postseismic	  deforma$on	  abruptly	  
changed?	  

•  Any	  of	  these	  explana-ons	  require	  some	  kind	  
of	  “mode	  switching”	  behavior	  
– Could	  the	  Denali	  earthquake	  stress	  change	  +	  ~2	  
years	  of	  postseismic	  deforma$on	  been	  the	  trigger?	  



Accumulated	  Ques$ons	  
•  How	  does	  deforma$on	  across	  the	  subduc$on	  plate	  
boundary	  evolve	  in	  space	  and	  $me?	  

•  Why	  are	  the	  amounts	  of	  a\erslip	  and	  viscoelas$c	  
relaxa$on	  so	  variable?	  

•  What	  controls	  along-‐strike	  varia$ons	  in	  the	  extent	  of	  
slip	  deficit?	  

•  What	  is	  the	  rela$onship	  of	  slow	  slip	  to	  the	  genera$on	  
of	  tremor?	  
–  And	  how	  to	  explain	  subduc$on	  zones	  with	  slip	  but	  no	  
tremor?	  

•  How	  do	  varia$ons	  in	  the	  slip	  rate	  affect	  overall	  slip	  
budget?	  	  

•  What	  further	  dynamics	  will	  be	  observed	  at	  the	  locked	  
to	  creeping	  transi$ons	  at	  subduc$on	  zones?	  


