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Precariously Balanced Rocks: negative 
indicators of strong ground motion



Method of Haddad, D. E., Zielke, O., Arrowsmith, J 
R., Purvance, M. D., Haddad, A. M., Landgraf, A., 
Estimating two-dimensional static stabilities of 
precariously balanced rocks from unconstrained 
digital photographs, GeoSphere, 
doi:10.1130/GES00788.1, 2012

Dynamic 
overturning 
~1.3*tan(αmin)

Purvance, et al., 2008

Precariously Balanced Rocks: negative indicators of strong ground motion

Autonomous PBR Detection and Virtual Shake Robot (Chen, et al.)





%script to produce swath profile and narrow swath profile
%Needs Topotoolbox
addpath(genpath('C:\Program Files\MATLAB\topotoolbox-master'))
%JRA April 2019
clear all
close all
%~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
%set a few variables
dem_file_name='output.tin.tif'; %geotiff DEM
output_file_name='CareFreeTest'; %for output of narrow profile
swathwidth=100; %bigger swath width in meters
narrowswathwidth=1; %narrow swath width in meters
%~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

%Here is a basic TopoToolbox set of commands to get started:
DEM = GRIDobj(dem_file_name); %Topotoolbox command to build gridobject
info(DEM) % everything's seems alright print out

%show the DEM with the swath location
figure(1)
imageschs(DEM,DEM,'ticklabels','nice','colorbar',false);
hold on
%these are the vertices of the swath profile:
[x,y]=ginput;
plot(x,y,'k-')

%Extract the broader swath along the x y path
SW = SWATHobj(DEM,x,y, 'width',swathwidth) %swathwidth wide swath
plot(SW)
title('DEM with swath location')

figure(2)
plotdz(SW)
title('Profile along swath')

%Extract a very narrow swath for scarp models
SW = SWATHobj(DEM,x,y, 'width',narrowswathwidth) %now do the swath again but just 0.2 m wide

figure(3) %shows the detailed map of the narrow swath
imageschs(DEM,DEM,'ticklabels','nice','colorbar',false);
hold on
plot(SW.X,SW.Y,'k.')
axis([min(min(SW.X)) max(max(SW.X)) min(min(SW.Y)) max(max(SW.Y))])

figure(4) %profile along swath (takes the average of each of the points in the narrowswath
plot(SW.distx,mean(SW.Z)','k.')
title('Profile along swath')

%write out the information
%first output the vertices of the profile in case we need them again
fileID = fopen(join([output_file_name "vertices" "txt"],"."),'w');
A=[x y];
fprintf(fileID,'%f %f\n',A');
fclose(fileID);

%now output the profile
fileID = fopen(join([output_file_name "profile" "txt"],"."),'w');
A=[SW.distx mean(SW.Z)'];
fprintf(fileID,'%f %f\n',A');
fclose(fileID);



100 m wide swath from lidar derived DSM



1 m wide swath from lidar derived DSM



Carefree Fault assignment (Due November 18, 2022)
1) Review the USGS Quaternary Faults data for the Carefree Fault and estimate the FAULT LENGTH:
https://www.usgs.gov/programs/earthquake-hazards/faults Look for “Interactive Fault Map” link at the top
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=5a6038b3a1684561a9b0aadf88412fcf
What is that length and is it a maximum or minimum?
Using the Wells and Coppersmith, 1994 Empirical relation of Moment Magnitude and Surface Rupture Length (Figure 9), what
is the expected Magnitude? Short paragraph answer

2) Using the AZ OFR 97-02 and your own field mapping and assessment of the lidar and SfM data, please make a geologic map 
along the Carefree fault zone (extent of the SfM coverage). PDF of map with explanation and scale

3) Using Topotoolbox and the DEMs, explore and produce a swath profile across the Carefree fault. What is a good swath 
width to represent the topographic signal of the faulting? Figure and short paragraph answer

4) Draw a simple geologic cross section (~300 m long) across the fault in your mapping area. Include the fault, the surficial and 
bedrock geology. Figure and short paragraph explanation

5) Fault throw rate and earthquake recurrence interval: Figure, simple computations, short paragraph discussion
Use your cross section to estimate the fault throw. 
Looking at the geologic map and your mapping, what is the age of the surface that is offset? 
What is the throw rate?
Using your estimated earthquake magnitude (step 1 above), determine average displacement for event (Wells and 
Coppersmith, 1994 Figure 11).
Assume that throw is the same as average displacement. Given your slip rate, what is the possible earthquake recurrence rate.

https://www.usgs.gov/programs/earthquake-hazards/faults
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=5a6038b3a1684561a9b0aadf88412fcf


2 m throw





Throw rate (m/kyr) = throw (m)/age of surface (kyr) 
Throw per earthquake (m) = average displacement (m)
Recurrence interval (kyr) = average displacement (m)/ Throw rate (m/kyr) 
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