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Getting Lidar into 
introductory textbooks! 



Outline 
•Introduction and LiDAR 
•“Seeing” at the appropriate scale 
1. Fault trace mapping 
2. Reconstructing slip history 
3. Understanding geomorphic response to uplift 
4. Topographic differencing 
•Rapid data gathering: Structure from Motion Background: 0.5 m Digital Elevation Model 

along the south-central San Andreas Fault 



Landscape development in areas of active deformation 

Current 
elevation 

Original 
elevation 

Tectonic 
displacement 

Geomorphic 
displacement 

Surface processes act to change elevation through erosion and deposition 
while tectonic processes depress or elevate the surface directly. 

= + + 



R. Haugerud, 
U.S.G.S 

D. Harding, 
NASA 

Answer science question 

Gridded products Geodesy and signal 
processing 

Point Cloud 
xn, yn, zn, in 

ALSM workflow: 

Survey->Process->Classify->Interpolate/Grid->Analyze 
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“Seeing” at the appropriate scale 
means measuring at the right scale 

http://en.wikipedia.org/wiki/How_Long_Is_the_Coast_of_Britain%3F_Statistical_Self-Similarity_and_Fractional_Dimension 

Surface processes act to 
change elevation through 
erosion and deposition while 
tectonic processes depress or 
elevate the surface directly—
their record is best 
characterized with the right fine 
scale. 
 
Applies in particular to statistical 
self similarity 

http://en.wikipedia.org/wiki/How_Long_Is_the_Coast_of_Britain?_Statistical_Self-Similarity_and_Fractional_Dimension


10 m 

0.25 m 

0.2 m 

Surface rupture 
threshold 

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 



Laser Scanner field operations 



•Earthquakes disrupt the earth’s surface at cm to m scales 
•Depositional and erosional response is typically on a similar scale 
•We need absolute measurement capability sufficient to characterize these 
changes in challenging geometric arrangements 
 

Terrestrial Laser 
Scanning 

Applications in 
Paleoseismology  

 
 

http://www.utdallas.edu/research/interface/resource_intro.html 
Haddad, et al., 2012 

http://www.utdallas.edu/research/interface/resource_intro.html
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Mapping active fault traces 
 

Classic, field, and virtual 
LiDAR views 

 
An example from the Cholame 

section of the San Andreas Fault 
Arrowsmith and Zielke, 2009 

Vedder and Wallace, 1970 and numerous others 





JGR, 2007 



GRL, 2010 
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Slip rate of 34 mm/yr localized across <10m 
since at least 13.5 ka 

     Long term offset: 320 km since 24 Ma along major fault within plate boundary fault array 

Steady strain accumulation by deep slip at 30-37 
mm/yr over decadal time scale from geodesy 

Steady strain accumulation and release along south-central San Andreas Fault 

Zielke, et al. (2010) 

Sieh and Jahns (1984) 

Noriega, et al., 2006 

Presenter
Presentation Notes
The south-central San Andreas Fault is the oldest portion of the modern saf with 320 km offset through this section since 24 Ma. It also shows well localized deformation at the millenial timescale that is well studied and shows 34 mm/yr. Additionally, steady strain accumulation by deep slip at 30-37 mm/yr is indicated over the decadal time scale by geodesy. So, it seems to be a special feature within this volume (?)



Opportunity to to update 
the central San Andreas 
fault slip rate at Phelan 
Creeks. How does it 
compare with the rate 
determinations from 
Wallace Creek? 



Salisbury, et al. 2013  

Phelan Creeks: 
Structure from Motion topography and image texture 



preliminary OSL age estimates of 5.6 +/- 0.3 and 6.0 +/- 0.4 ka  

Salisbury, et al. 2013  

Phelan Creeks 

SfM trench image 



Rockwell 

Historical Rupture 

D 

S 

Madden 

Dawson Rockwell 

Salisbury 

3-D Trenching 

Fault-normal Trenching Geomorphology 



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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Uplift rate 

Total rock uplift 






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 uplift and topographic 
metrics 

Hilley and 
Arrowsmith, 
2008 Substitution of space for time 

Hilley and 
Arrowsmith, 
2008 
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Download from www.opentopography.org 



Post earthquake laser scanning and repetition (B4, Hector Mine, Denali, El Mayor Cucupah) 

Denali 2002 earthquake rupture 



El Mayor Cucupah earthquake rupture laser scan 
 

100 m 

Oskin, et al., in review 



Photo by Tom Rockwell 



Oskin, et al., Complex surface rupture of the El 
Mayor-Cucapah earthquake imaged with airborne 
lidar: Science, 2012 
INEGI pre-event-NCALM post event 







TLS data and image from G. Bawden (USGS). AGU Bowie Lecture and Grand Challenges in Geodesy  

Repeat terrestrial laser scanning of the bridge at Parkfield: colors show 
relative motion across the slipping San Andreas Fault (cm) 
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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 
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