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Biogenic transport—slope 
dependent 

zqs ∇Κ−=~
(slope) 

tree throw 

burrowing 

http://wdfw.wa.gov/wlm/living/gophers.htm Modified from DiBiase, 2006 

Assume qs(x) = -k∆h/∆x 

Presenter
Presentation Notes
For the areas being studied, the dominant method of soil transport is due to mantle creep and biogenic disturbance in the form of tree throw and burrowing by pocket gophers.Both methods of transport can be thought of as ‘diffusive,’ in that the sediment flux qs is slope dependent as shown in the equation above.Some things to think about…The equation above implies that sediment is always being moved downslope (the negative z direction) and that sediment flux will be greater when the topographic gradient is steeper. Similar conditions and equations define the diffusion of heat, among other things.How might the development of soil mantles be different in the absence of life?



Slope dependent transport law 

Thus,  qs(x) = k∆h/∆x 
Assume k constant in time and 
space 

∆h/∆x (slope) 

qs(x) 
Sediment flux  k 

Soil creep 
Biogenic processes 
(burrowing, other 
animal induced 
disturbances) 
Rainsplash, etc. 



Combine continuity and transport 
rule 



Simple scarp diffusion:  Vertical initial form 

B = “fan” slope     a = half-offset 

“analytic solution” 



Simple scarp diffusion:  finite slope initial form 

θ = initial scarp slope  

“analytic solution” 



Spreadsheet to explore diffusion modeling 

Numerical solution 



Morphologic dating:  Try to 
date the landform by finding 
the best fitting model profile 
Best fit is in terms of kt, so if 
you know k, you can divide 
through by it and get t. 

Arrowsmith, et al., 1998 



Slope-offset analysis:  a good 
place to start 

Hanks, 2000 

Slope change 
at x = 0 

Straight lines = vertical initial slope 

Curves = finite initial slope 



Slope-offset 
example 

Bonneville: 14 ka 
Lahontan: 12-14 ka 
Choose kt = 16m2 

So k = 1.1m2/kyr 
Hanks, 2000 



Netherlands 
Bree fault scarp  <14-19   2-10       1          Camelbeeck, et al. 2001 

Hanks, 
2002 



Profile modeling: example 1 

Pre-1983 Borah Peak (ID) Fault scarp.  
Scarp offset (a = 1, 1.2, 1.4). κt = 9m2. 
Using k = 1.1 m2/kyr, t = 8.2 ka. 
Confirmed with trenching nearby. 

Hanks, 2000 



Profile modeling: example 2 
Hurricane Fault, NW 
Arizona 

Amoroso, 2001 

See also Avouac, 
1993 for evaulation 
of errors in 
morphologic dating. 







Right click and Export Data 

Export .txt; don’t include 
Point labels and header 

Save the .txt file 
into the 
SCARPDATER folder 



Double click on  
Scarpdater_gui and then click run 



File->Import->Text X-Z format 



Edit->Offset Data 

Interactiv
ely flip, 
center, 
and 
determin
e a and b 



Zoom in with the magnifying glass 



Calculate->Finite Scarp RMS 



Direct dating of fault scarps 

• Mitchell, et al., 2001 
– Cosmogenic dating of progressive fault scarp 

exposure 
• Also: 

– Benedetti, et al., Zreda and Noller, and Phillips, 
et al. 

• Promising, but be cautious and its expensive 



Mitchell, et al., 2001 



Mitchell, et al., 2001 



Mitchell, et al., 2001 



Fault scarp erosion monitoring 

December 1998 Kite Aerial Photograph 
Landers Earthquake scarp (formed in June 1992) 

U 

D 







Evidence for nonlinear, diffusive sediment 
transport on hillslopes and implications for 
landscape morphology 

Joshua J. Roering, James W. Kirchner, and 
William E. Dietrich 

WATER RESOURCES RESEARCH, v. 35,  p. 
853–870, 1999 

Mattson and Bruhn, 
2001: 

Calibrated K0 = 1.2 
m2/kyr and and Sc = 
0.9 for Lake 
Bonneville 
shoreline scarp. 

Nonlinear approach 
improves model fits 
by removing most 
dependence of K0 
on scarp height. 

0 



Distributed deformation 

• Block faulting versus distributed 
deformation 

• Simple 2D dislocation models as sources of 
deformation 

• Activation of secondary fractures in the 
near surface 







Hilley, et al., 2001 

Slip along main normal fault activates shallow fractures, 
modifying the deformation at the surface 



• Simple models of fault scarp development 
can be extended by accounting for regolith 
production and thus the availability of 
transportable material. 

Transport vs. Production limited? 







MATLAB 
modeling tools 

 

Hilley, 2001; 

Hilley and 
Arrowsmith, 
2001, 2002 







Production- 



Ba =  
8x10-5  
m/kyr 

Ba =  
8x10-4  
m/kyr 



Adding another spatial dimension and more processes 

-Hilley and Arrowsmith unpublished 



Prospects and cautions 
• Tectonic geomorphology studies provide important information 

about the timing and distribution of past earthquakes when used 
as a part of integrated studies.  

• The theoretical basis for these studies continues to develop; 
however, morphological modeling is useful for better 
interpreting the processes responsible for observed fault scarps.   

• True morphologic dating remains challenging because of the 
difficulty in calibrating geomorphic transport rate constants.   

• When considering the plan-view development of scarps, two 
dimensional studies may be useful; however, realistic models 
require the inclusion of fluvial processes whose rates must be 
calibrated for each site if a meaningful morphologic age is to be 
calculated.  
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