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Outline 
• Introduction 
• “Seeing” at the appropriate 
scale 
• Reconstructing slip history 
• Understanding geomorphic 
response to uplift 
• Rapid data gathering: Structure 
from Motion 

Background: 0.5 m Digital Elevation Model 
along the south-central San Andreas Fault 

Tectonic	  geomorphology,	  structural	  geology,	  and	  paleoseismology	  of	  
fault	  zones	  from	  high	  resolu7on	  topography	  



Landscape development in areas of active deformation 
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Surface processes act to change elevation through erosion and deposition 
while tectonic processes depress or elevate the surface directly. 
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Airborne Laser Swath Mapping (ALSM) 
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-Phillips, UNAVCO 
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Answer science question 

Gridded products Geodesy and signal 
processing 

Point Cloud 
xn, yn, zn, in 

ALSM workflow: 

Survey->Process->Classify->Interpolate/Grid->Analyze 



Northern San Andreas Fault, California 



Northern San Andreas Fault, California 



Facilitate community access to high-resolution, Earth science-
oriented, topography data, and related tools and resources.  

http://www.opentopography.org 



EarthScope (+) LiDAR: 
 

Scan (at dm scale) 
topography along active 

faults to measure 102-105 yr 
time scale deformation and 

EXPLORE 
 

See 
www.opentopography.org 
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San	  Andreas	  Fault	  shear	  zone	  
Carrizo	  Plain,	  CA	  

Measure fault slip at the appropriate scale 
USGS NED 10 m per pixel DEM 



Mean	  ~4	  shots/sq.	  m	  

Measure fault slip at the appropriate scale 
B4 LiDAR topography 0.25 m DEM 



Measure landscape characteristics at 
the appropriate scale 
 
Drainage network-hillslope transition at 10 m2 
drainage area 

USGS NED 10 m per pixel DEM 

Meter scale features 

B4 LiDAR 
topography 1 m DEM 
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3-D Trenching 

Fault-normal Trenching Geomorphology 



Go	  Bi	  Ling	  6	  m	  offset	  aOributed	  to	  most	  recent	  earthquake	  



Go	  Bi	  Ling	  6-‐7.5	  m	  offsets	  aOributed	  to	  most	  recent	  earthquake	  
Total	  sta7on	  survey	  

LiDAR	  is	  nice	  but	  we	  may	  lose	  some	  meaning?	  



LiDAR Measurements 



N=125 
R2 = 0.9 

Validation of offset 
measurements from field and 
LiDAR data: San Jacinto 
Fault Clark section 

Salisbury et al., 2012 
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Understanding geomorphic response to uplift 

Uplift rate 

Total rock uplift 

Material moves along fault though relatively stationary uplift zone:  
How does landscape respond?  
What will the landscape tell us about the geometry of the uplift? 

-G. E. Hilley 



Dragon’s	  Back	  Pressure	  Ridge,	  Carrizo	  Plain	  California	  

1	  km	  

Arrowsmith,	  1995;	  Hilley,	  2001;	  Hilley	  and	  Arrowsmith,	  2008	  



Uplift rate 

Total rock uplift 

Topographic metric: residual relief (ridge elevations – drainage elevation) 

Hilley	  and	  Arrowsmith,	  2008	  



Duvall, Kirby, and Burbank, 2004, JGR-ES 

θ = m/n	


ks 

S = ksA-θ	


--K. X Whipple 

Concavity (θ) 
invariant with U 

Steepness  (Ks) 
varies with U 

U = Rock Uplift Rate 



Rock	  upli[	  and	  topographic	  
metrics	  

Hilley	  and	  
Arrowsmith,	  
2008	  Subs7tu7on	  of	  space	  for	  7me	  

Hilley	  and	  
Arrowsmith,	  
2008	  
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Structure from Motion: another way to 
gather high resolution topographic data 

Nissen, et al. in prep. 



130 m 

5 cm/pixel orthophoto 5 cm/pixel DEM 

1 m/pixel B4 DEM 

Structure from Motion: another way to 
gather high resolution topographic data 

Nissen, et al. in prep. 



Summary	  
•  LiDAR provides dm to cm global accurate measure of the 

earth’s surface 
•  Meter scale is critical for structural and geomorphic processes 
•  Main applications in faulting-related investigations can be 

separated into fault zone mapping, reconstructing offsets, 
investigating geomorphic responses to active deformation, 
and differencing of repeat surveys 

Looking	  ahead	  
•  Lots more data and problems out there! 
•  4 dimensions: directly measuring the displacements 
•  Processing and filtering enhancements: looking for the signal 

in all the data (e.g., Hilley, et al., 2010; Delong, et al., 2010) 
•  Bring these data and their depiction of the earth’s geomorphic 

and tectonic processes to geoscience education 


