
Geophysical Geodesy
Tuesday September 27, 2011

• Field trip logistics, head count
• Kreemer and Hammond, 2007

• Class Thursday 9AM

• Continuum Tensor Strain Rate Maps
• Block Models

• New Reading: 
1) in preparation for field trip: Smith et al., 2004

2) Chapter 2 of Earthquake and Volcano Deformation
• Discussion leader for Smith et al., 2004

Friday, September 30, 2011



Great Circle
Small Circle

Kreemer and Hammond, 2007

    Gauss’ Divergence Theorem:
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Kreemer and Hammond, 2007

    Gauss’ Divergence Theorem:

                                                           

                                           

                                                          

Simple Examples: 
Two plate boundaries 

and a shear zone  
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Separate the tensor 
strain rate into 
dilatation and shear 
components
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PA-NA Dilatation
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PA-NA Dilatation

Least compressive stress trajectories and indicators from Humphreys and Coblentz, 2007
Based on World Stress Map data and modeling of forces on North American plate.
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Stress Directions

Humphreys and Coblentz, ‘07 Patton and Zandt, ‘91
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- Haines and Holt, 1993
-  Bi-cubic Bessel splines
- 0.15° grid cells aligned along 

PA-NA small circles
- Imposed PA and JdF b.c.
-  Use regions with variable a 

priori strain rate variances
-  Fit data in each region to χ2/

dof ≈ 1

2009 Model
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Extreme strain rate
across creeping SAF

- Haines and Holt, 1993
-  Bi-cubic Bessel splines
- 0.15° grid cells aligned along 

PA-NA small circles
- Imposed PA and JdF b.c.
-  Use regions with variable a 

priori strain rate variances
-  Fit data in each region to χ2/

dof ≈ 1

2009 Model
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Extreme strain rate
across creeping SAF

Single-station bi-lobe 
strain signal when

a) Overfitting the data
and/or

b) GPS velocity deviates from 
regional gradient

- Haines and Holt, 1993
-  Bi-cubic Bessel splines
- 0.15° grid cells aligned along 

PA-NA small circles
- Imposed PA and JdF b.c.
-  Use regions with variable a 

priori strain rate variances
-  Fit data in each region to χ2/

dof ≈ 1

2009 Model
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-  UNR analysis of CGPS (Red)
- UNR MAGNET (Blue)
- Published campaign velocities 

transformed into same NA-
reference frame (Green)
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0.25° Strain resolution from 
current data distribution

-  UNR analysis of CGPS (Red)
- UNR MAGNET (Blue)
- Published campaign velocities 

transformed into same NA-
reference frame (Green)
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Increase a priori strain 
rate variance at traces of 
known Quaternary faults 
to localize strain in low-
straining sparse data 

regions

NEXT STEPS

Friday, September 30, 2011



Increase a priori strain 
rate variance at traces of 
known Quaternary faults 
to localize strain in low-
straining sparse data 

regions

For off-fault a priori strain 
rate variance use other 
indicators: earthquake 

populations, crustal 
thickness, heat flow.

NEXT STEPS

Friday, September 30, 2011



Increase a priori strain 
rate variance at traces of 
known Quaternary faults 
to localize strain in low-
straining sparse data 

regions

Creeping SAF

Balance between fitting step and 
“overshooting” low off-trace 

gradient

For off-fault a priori strain 
rate variance use other 
indicators: earthquake 

populations, crustal 
thickness, heat flow.

NEXT STEPS
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Global Strain Rate Map 
Kreemer et al. 2000 (see reading list) also see 
http://gsrm.unavco.org/
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Kostrov Formula: Relating seismic or geologic moment release 
(rate) to geodetic strain accumulation (rate)

(from Ward, 1998)

From FaultsFrom Earthquakes
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Block Models
• What are they: A way to interpret geologic and geodetic 

data in terms of crustal deformation and seismic hazard
• Interseismic vs. coseismic vs. postseismic: Time
• What do block models assume?

–Velocity data are representative of interseismic motion
–Enforces kinematic self-consistency in modeling
–Faults are locked at surface and slipping at depth
–Block geometries must be right, i.e. interiors are rigid 

over ‘long-term’ and deformation on faults occurs 
during earthquakes

• The Goal: 
–Slip rates on block-bounding faults over a geologically 

significant period of time.  How long is that?
• Transients

13
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“Long	  Term”	  Velocity	  =	  
Interseismic	  +	  Coseismic	  Velocity
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Block	  Modeling	  Theory
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Constraint:	  Block	  moAons	  consistent	  with	  slip	  rates

Solve	  for	  Block	  rotaAons:	  ωj	  ,	  and	  slip	  rates	  ak,	  bk

Damping   

€ 

 
ω j = c

€ 

ak = c
bk = c
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Northern	  Walker	  Lane	  Velocity	  Field	  
from	  MAGNET/PBO/BARGEN

(North	  America	  Frame)
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•	  199	  velociAes
•	  20	  km	  spacing	  or	  less
•	  Up	  to	  5	  years	  of	  
MAGNET	  +	  PBO
•	  Great	  Basin	  scale	  
region	  filtering
•	  UncertainAes	  with	  
CATS
•	  Velocity	  field	  not	  
oversampled	  
•	  SNGV	  rigid
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Northern	  Walker	  Lane	  Velocity	  Field	  
from	  MAGNET/PBO/BARGEN

(Sierra	  Nevada	  Frame)
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•	  199	  velociAes
•	  20	  km	  spacing	  or	  less
•	  Up	  to	  5	  years	  of	  
MAGNET	  +	  PBO
•	  Great	  Basin	  scale	  
region	  filtering
•	  UncertainAes	  with	  
CATS
•	  Velocity	  field	  not	  
oversampled	  
•	  SNGV	  rigid
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Block	  Model:	  
Displacement	  and	  RotaAons

•	  Complementary	  views
•	  Constraints:	  data,	  slip	  rate	  damping,	  verAcal	  
axis	  rotaAon	  damping,	  slip	  rate/block	  moAon	  
consistency
•	  RMS	  velocity	  misfit	  ~0.6	  mm/yr
•	  Intriguing	  rotaAon	  of	  Carson	  Domain
•	  Postseismic	  correcAon	  applied	  –	  See	  Poster

CCWCW
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Northern	  Walker	  Lane	  
Strain	  vs.	  Blocks	  vs.
Hybrid	  Models

Strain	  rate	  from	  interpola=on
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Northern	  Walker	  Lane	  
Strain	  vs.	  Blocks	  vs.
Hybrid	  Models

Strain	  rate	  from	  interpola=on

Strain	  rate	  from	  veloci=es	  at	  GPS	  sites	  
predicted	  from	  block	  model
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Northern	  Walker	  Lane	  
Strain	  vs.	  Blocks	  vs.
Hybrid	  Models

Strain	  rate	  from	  interpola=on

Strain	  rate	  from	  veloci=es	  at	  GPS	  sites	  
predicted	  from	  block	  model

Strain	  rate	  from	  veloci=es	  at	  0.1°	  grid	  
predicted	  from	  block	  model
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Meade	  and	  Hagar,	  2005

Southern	  California
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McCaffrey	  et	  al.,	  2007

Pacific	  Northwest
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23(from Hammond et al., 2011)

Geologic	  vs.	  GeodeAc	  slip	  rates	  
tend	  to	  agree	  (but	  not	  always)	  
and	  someAmes	  uncertainAes	  are	  
large....
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24
Thatcher,	  2009
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Thatcher,	  2009

Friday, September 30, 2011



26

Friday, September 30, 2011



27
Thatcher,	  2007
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Thatcher,	  2007
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A	  Thin	  Viscous	  Sheet?
(England	  et	  al.,	  1985,	  1996)
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ConAnuum	  or	  Blocky?
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ConAnuum	  
or	  Blocky?
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ConAnuum	  or	  Blocky?
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