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Introduction  
I	  will	  present	  static	  slip	  models	  for	  a	  pair	  of	  recent	  continental	  
Mw	  7	  earthquakes	  (Yushu,	  China	  and	  Darfield,	  New	  Zealand)	  
constrained	  primarily	  by	  InSAR	  phase	  observations.	  
Other	  observations	  such	  as	  field	  measurements	  of	  surface	  slip,	  
SAR	  pixel	  offsets,	  remote	  imagery,	  DEMs	  and	  seismology	  were	  
used	  to	  inform	  our	  choice	  of	  fault	  geometry.	  
	  
Good	  constraints	  on	  fault	  geometry	  and	  slip	  distributions	  are	  
required	  for	  further	  work	  on	  	  

fault	  rupture	  and	  propagation,	  postseismic	  analysis,	  
accommodation	  of	  strain	  in	  the	  continental	  lithosphere,	  
characterising	  fault	  evolution	  and	  scaling,	  calculation	  of	  
stress	  changes	  and	  assessment	  of	  future	  seismic	  hazard.	  	  
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InSAR  Coseismic  Observations  

Over	  91	  Earthquakes	  studied	  with	  InSAR,	  in	  a	  twenty	  year	  period	  1992-‐2012	  
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2010 Yushu (China) 
Mw 6.8 Strike-Slip 

Earthquake 

 Li, Elliott et al. JGR (2011) 
doi:10.1029/2011JB008358 

 
Wanpeng Feng, James Jackson, 
Barry Parsons, Richard Walters  
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Asian	  Continental	  Earthquakes	  
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Yushu,	  China	  
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Earthquake	  Fatality	  Rates	  

Crowley	  &	  Elliott	  2012	  
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Eastern  Tibetan  Faulting  
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Yushu  Earthquake  
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Surface  Fault  Trace  
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Surface  Fault  Trace  
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Earthquake  Surface  Offsets  
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InSAR  Constrained  Models  
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Sub  Surface  Slip  Distributions  
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Seismological  Observations  
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Summary	  
Nearly	  pure	  left-‐lateral	  slip	  has	  occurred	  on	  three	  segments	  of	  the	  
Yushu	  fault	  over	  a	  distance	  of	  nearly	  80	  km,	  with	  maximum	  slip	  of	  
1.5	  m	  on	  the	  30	  km	  long	  southeastern	  segment	  
The	  slip	  on	  the	  northwestern	  segment	  is	  probably	  due	  to	  the	  Mw	  
6.1	  aftershock	  that	  occurred	  just	  under	  2	  hours	  after	  the	  main	  shock	  
Almost	  eighty	  per	  cent	  of	  the	  moment	  release	  occurred	  for	  depths	  
less	  than	  10	  km.	  The	  mean	  slip	  over	  the	  combined	  50	  km	  length	  of	  
the	  central	  and	  south-‐eastern	  segments	  is	  1.1	  m	  
The	  considerable	  building	  damage	  can	  be	  accounted	  for	  by	  the	  fact	  
that	  the	  rupture	  in	  the	  main	  shock	  propagated	  at	  a	  speed	  of	  ~3	  
km/s	  toward	  the	  town	  of	  Yushu	  located	  at	  the	  end	  of	  the	  south-‐
eastern	  segment	  of	  the	  fault.	  Strain	  accumulation	  since	  the	  last	  
earthquake	  on	  the	  continuation	  of	  the	  fault	  beyond	  Yushu	  has	  the	  
potential	  to	  produce	  an	  Mw	  6.5	  event.	  

Li,  Elliott  et  al.  JGR  (2011)  
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Slip in the 2010-2011  
Canterbury Earthquakes,  

New Zealand 
  

 Elliott et al. JGR (2012) 
 doi:10.1029/2011JB008868 

Ed Nissen, Philip England  
James Jackson,  Simon Lamb,  

Zhenhong Li, Mike Oehlers,  
Barry Parsons  
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Introduction  
A	  large	  Mw	  7	  strike-‐slip	  faulting	  earthquake	  struck	  in	  the	  Canterbury	  
plains,	  with	  the	  epicentre	  40	  km	  west	  of	  Christchurch	  (pop.	  330,000)	  
in	  September	  2010	  with	  no	  fatalities	  
	  
Less	  than	  6	  months	  later	  a	  Mw	  6.3	  thrust	  earthquake	  occurred	  right	  
beneath	  the	  city	  of	  Christchurch,	  killing	  almost	  200.	  
	  
We	  combine	  Earth	  Observations	  from	  InSAR	  and	  optical	  satellite	  
imagery	  with	  aerial	  photographs,	  a	  LiDAR	  DEM,	  field	  observations	  
and	  seismology	  to	  characterise	  the	  faulting	  in	  this	  event.	  
	  
Fault	  models	  reveal	  a	  complex	  pattern	  of	  faulting	  and	  a	  gap	  in	  the	  
slip	  distribution	  that	  potentially	  poses	  a	  risk	  to	  the	  SW	  of	  the	  city.	  

Introduction   Darfield   Christchurch   Discussion 
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Introduction  

Beavan	  et	  al,	  1999	  
Introduction   Darfield   Christchurch   Discussion 
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Field  Observations  
Simon	  Lamb	  made	  
field	  
measurements	  in	  
the	  days	  after	  the	  
earthquake	  
Over	  four	  metres	  
of	  displacement	  
was	  measured	  at	  
several	  localities	  
Rupture	  and	  slip	  
vectors	  were	  
mapped	  for	  20	  km	  

Introduction   Darfield   Christchurch   Discussion 
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4.1m 

Satellite  Imagery  

Introduction   Darfield   Christchurch   Discussion 
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Fault  Trace  Offsets  

LiDAR DEM courtesy of Environment Canterbury 

Introduction   Darfield   Christchurch   Discussion 
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LiDAR  DEM  

Introduction   Darfield   Christchurch   Discussion 
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LiDAR  DEM  

Introduction   Darfield   Christchurch   Discussion 
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Ground  Deformation  

Introduction   Darfield   Christchurch   Discussion 
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Complex  Fault  Segmentation  

Aftershocks from GNS GeoNet 

Introduction   Darfield   Christchurch   Discussion 



Click to edit Master title style 

27 of 43 Synthetic Aperture Radar: A Global Solution for Monitoring Geological Disasters, ICTP, Trieste, September 2013 

Fault  Modelling  
DATA MODEL 

RESIDUAL 

Introduction   Darfield   Christchurch   Discussion 
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Fault  Perpendicular  Profiles  

Introduction  Darfield Christchurch Discussion 
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Distributed  Slip  Model  

Introduction  Darfield Christchurch Discussion 
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Comparison  with  Surface  Observations  

Introduction  Darfield Christchurch Discussion 
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2011, Christchurch, New Zealand 
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Christchurch  Earthquake  

Introduction   Darfield   Christchurch   Discussion 
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Fault  Modelling  

Introduction   Darfield   Christchurch   Discussion 
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Moment  Tensor  Summation  

Introduction   Darfield   Christchurch   Discussion 
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Moment  Tensor  Summation  

Introduction   Darfield   Christchurch   Discussion 
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Darfield-‐Christchurch  Fault  Segmentation  

Introduction   Darfield   Christchurch   Discussion 
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Distributed  Slip  Model  

Introduction   Darfield   Christchurch   Discussion 
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Coulomb  Stress  Model  

Coulomb  3.0  

Introduction   Darfield   Christchurch   Discussion 
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New  Zealand  Earthquakes  
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Regional  Strain  Field  
The Darfield and 
Christchurch 
Earthquakes occurred 
within a region which was 
previously modelled as a 
block and where the 
earthquakes where only 
expected to occur around 
the edges.  
 
However, significant 
strain is accumulating in 
this block. 

Wallace et al. (2007) 
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Regional  Strain  Field  

The	  slip	  vector	  is	  significantly	  different	  from	  that	  expected	  from	  the	  plate	  boundary	  and	  
there	  is	  significant	  shortening	  parallel	  to	  the	  mountain	  range.	  
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Conclusions  
The	  Darfield	  earthquake	  involved	  a	  complex	  series	  of	  ruptures,	  that	  
would	  not	  have	  been	  revealed	  with	  field	  mapping	  alone.	  	  
	  
How	  complex	  a	  fault	  model	  is	  useful	  and	  justifiable	  when	  presented	  
with	  high	  resolution	  LiDAR	  and	  InSAR	  measurements	  of	  the	  near	  
fault	  surface	  deformation?	  -‐	  datasets	  that	  are	  increasingly	  available	  
for	  present	  earthquakes.	  
	  
Both	  earthquakes	  initiated	  on	  reverse	  faults	  before	  proceeding	  onto	  
a	  strike-‐slip	  segment,	  resulting	  in	  significant	  dextral	  slip	  only	  in	  the	  
Darfield	  event.	  
	  
The	  gap	  between	  faulting	  SW	  of	  Christchurch	  in	  an	  area	  with	  
delineated	  aftershocks	  is	  a	  potential	  concern	  regarding	  future	  
seismic	  hazard.	  

Introduction   Darfield   Christchurch   Discussion 
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Conclusions	  
  Continental	  earthquakes	  exhibit	  a	  distributed	  pattern	  
of	  faulting	   	  plate	  tectonics	  does	  not	  work	  here.	  
	  

Locations	  of	  future	  earthquakes	  are	  not	  always	  on	  the	  
obvious	  faults.	  
Corollary:	  historical	  earthquakes	  are	  probably	  mis-‐
attributed	  to	  the	  known	  largest	  faults	  in	  the	  region.	  
	  

Small	  Strains	  Matter	   	  mapping	  on	  the	  continental	  
scale	  with	  satellite	  geodesy	  is	  becoming	  possible.	  
	  

Combine	  historical	  seismicity,	  strain	  accumulation	  &	  
fault	  geomorphology	  to	  better	  characterise	  hazard.	  
	  




