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INTRODUCTION 
 

Various types of aerial imagery have long been recognized for their value in fault trace 
mapping.  Most recently, the value of LiDAR imagery to “see through” vegetation has been 
recognized for forested areas.  In this study we compared the effectiveness of shaded relief 
imagery derived from high-resolution LiDAR digital elevation models to standard aerial 
photography and to digital multi-spectral imagery for identifying and mapping active faults in 
moderate to sparsely vegetated terrain in southern California.  The digital imagery included 
recently acquired stereo imagery.  We also compared LiDAR-derived imagery to several 
combinations of draped or fused digital imagery.  Additionally, we looked at the use of 
accurately georeferenced digital imagery for the registration of interpreted data from older, non-
registered aerial photography.  The study areas spanned varying terrain and geology. 
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 A detailed discussion of the original mapping, imagery preparation and processing, image 
visualization and analysis, and results of this study can be found in the USGS Final Technical 
Report (Treiman and others, 2010).* 
 
 
PURPOSE 

 
This study was intended to compare the utility of various imagery types in the 

identification of active surface faults.  We have done comparative mapping of recently active 
surface traces of the San Andreas Fault in southern California using conventional aerial 
photography, digital elevation models (DEMs) from LiDAR (Light Detection and Ranging, also 
known as Airborne Laser Swath Mapping), recently acquired digital imagery (stereo and ortho-
images), and satellite multi-spectral imagery.   

Current methods of fault interpretation from aerial imagery, individually, have certain 
strengths and weaknesses.  Vintage aerial photos provide stereo viewing and show the landform 
prior to extensive human modification, but commonly lack color and have limitations in 
accuracy of location due to lack of georeferencing and the inherent distortions in the medium.  
LiDAR terrain data have high spatial resolution and accuracy that can reveal subtle geomorphic 
features, can be viewed as detailed shaded-relief images illuminated from any direction, and 
have the capability of removing vegetation (in a virtual sense).  But this type of imagery is 
limited to the modern landscape, does not easily differentiate vegetation and cultural features 
from geologic features, and is relatively costly to acquire for new (not previously flown) areas.  
High resolution digital stereo imagery often can differentiate lithology, soil moisture content, and 
vegetation that can be useful for mapping the surface trace of active faults; however, as with 
traditional aerial photos, the ground surface can be obscured by vegetation.  Multi-spectral 
imagery from several sources at varying resolutions makes advantageous use of single and 
multiple wavelengths of the electromagnetic spectrum but is also limited to the current landscape 
and requires considerable processing.    

The value of LiDAR in areas with a tall, obscuring vegetation canopy has already been 
well demonstrated (e.g. Prentice and others, 2004; Whitehill, Prentice, and Mynatt, 2009).  This 
study evaluates the relative value of LIDAR data in somewhat less densely vegetated terrain 
relative to several other types of imagery (photographic and digital).  One objective of this study 
is to use the geographic precision of the digital imagery, especially LiDAR, to more accurately 
locate fault traces interpreted from vintage aerial photography and other imagery (typically 
plotted on 7.5-minute topographic base maps).  A second objective is to merge the high-
resolution LiDAR shaded relief with multi-spectral imagery, adding detailed topographic 
information to the unique surface information contained in spectral reflectance.  By using several 
different types of imagery we will judge which are more suitable for various field conditions. 
 
 
 
                                                             
*  Research supported by the U.S. Geological Survey (USGS), Department of the Interior, under 
USGS award number 08HQGR0096. The views and conclusions contained in this document are 
those of the authors and should not be interpreted as necessarily representing the official 
policies, either expressed or implied, of the U.S. Government. 
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SETTING AND METHODOLOGY 
 
 Two test areas, of contrasting terrain and vegetation conditions were selected for this 
study.  These two areas, shown on figure 1, are along the San Andreas Fault near the cities of 
Indio and Yucaipa, in southern California.  The Indio area has very little vegetation, and so the 
surface morphology and character are visible in most imagery types.  Strands of the fault lie 
partly along the abrupt southwest front of the Indio Hills, and project southward beyond the hill 
front into more subdued desert terrain.  Some of this area has been significantly modified by 
human activity.  Secondary fault strands lay within the uplifted terrain of the Indio Hills.  
Geologic variation within the area is limited, with the main contrast corresponding to the 
topographic front.  The Yucaipa area differs from the Indio area in several aspects, most evident 
of which is the amount of vegetation growing on the slopes and associated thicker soil, which 
masks many of the finer fault features.  Also, the faults in the Yucaipa area lie largely within 
uplifted terrain, with greater local relief than the Indio area.  The underlying earth materials vary 
considerably, from bedrock to landslide to alluvium. 
 

 
 
Figure 1. Index map of San Andreas fault and the two study areas in southern California. 
 
 Several types of imagery were acquired and interpreted.  These included standard black 
and white aerial photography, modern digital color imagery, and LiDAR-derived DEMs.  Stereo 
viewing of the study areas was possible with standard aerial photography as well as with ADS40 
(Aerial Digital Sensor) Stereo imagery.  A three-dimensional (3D) view was effected with the 
LiDAR DEM (shaded relief) imagery.  Each image type, alone and in selected combinations, 
was independently interpreted by a geologist for lineaments and other geomorphic features that 
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could be associated with faulting.  Interpretation was performed at a variety of scales to detect 
both large and small-scale features.  

 The features interpreted from these types of imagery were compiled on separate map 
layers.  A composite map was then prepared in order to consolidate into a best-fit location those 
features that were evidently the same.  Faults interpreted from vintage aerial photos were not 
included in the composite map, but were used to evaluate the completeness and accuracy of the 
composite fault map, and served as a guide for subsequent field reconnaissance.  Many 
“features” were plotted that did not correspond to any known faults.  Features that were 
consistently observed across the various imagery types suggested the location of previously 
unmapped faults, or corroborated and helped to relocate other faults.   

Limited field reconnaissance and mapping helped to further refine the baseline fault map, 
confirming or refuting some interpreted faults.  In some field locations, additional geomorphic 
evidence of faulting was recorded that had not been observed in any of the imagery. 

Two baselines of data are needed to compare the utility of the various imagery types.  
First is a baseline of the faults as previously mapped and presented in the published literature 
(figures 2A and 2B).  Improvements in fault mapping are judged against this base.  Second is a 
map of revised fault locations.  These maps were derived from the previous mapping, as revised 
to correspond with the more definitive evidence from this study (including both image 
interpretation and field reconnaissance).  This second baseline fault map is used to judge the 
efficacy of each of the individual imagery types. 
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Figure 2A.  Indio study area showing previously mapped fault traces.  “SAF” refers to the San Andreas 
Fault; see Treiman and others (2010) for explanation of other identified fault traces. 
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Figure 2B. Yucaipa study area showing previously mapped fault traces.  “SAF” refers to the San Andreas 
Fault; see Treiman and others (2010) for explanation of other identified fault traces. 
 
 

Assuming that the final revised fault locations are the best approximation of the actual 
fault pattern, we then measured how many linear meters of the fault traces had been identified 
using each imagery type.  Conclusions were drawn from comparison of the relative utility of 
each imagery type for interpreting faults in a variety of terrain and vegetation conditions. 
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REMOTE SENSING IMAGERY 
 
 Six different types of imagery were acquired for this study:  standard black and white 
aerial photographs, LiDAR digital elevation models, ADS40/NAIP color ortho-image, 
ADS40/ISTAR color-infrared ortho-image, ADS40 Stereo imagery, and ASTER imagery. These 
imagery types as well as their properties and characteristics are summarized in Table 1. 
 
Table 1. Summaryof properties and characteristics of the acquired imagery. 
 

 
 
 
 In order to undertake a comparative analysis of the suitability of the different imagery for 
fault trace mapping, it is imperative that they are in a format that can be displayed, overlaid, 
analyzed, and digitized in a Geographic Information System (GIS) environment.  It is essential 
therefore that the various imagery have the same areal extent or have some overlap, are 
georeferenced and co-registered, and have compatible file formats.  Since the imagery acquired 
for this study was in a variety of file formats, pixel sizes, areal coverages, and coordinate 
systems, considerable preparation and processing had to be undertaken.  Additionally, derivative 
imagery was extracted from the acquired imagery, and combination imagery was also generated 
by data fusion.  Data fusion requires resampling, contrast stretching, and reprojection (Carter, 
1998).   
 The processed/derived imagery used in the actual fault interpretation and evaluation are 
summarized in Table 2. 
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Table 2. Summary of the various image processing techniques used to generate the processed/derived 
imagery. 
 

 
 
 
 
RESULTS 
 
 Figures 3A and 3B present a consolidated plot of all of the geomorphic features 
interpreted for each study area.  These features were used, along with previous mapping and field 
reconnaissance, to refine the previous fault trace locations and, in some instances, infer newly-
mapped traces.  Many of the features were observed in more than one image, in which case a 
judgment was made as to the best representation for the consolidated plot.   
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Figure 3A. Consolidated plot of fault-related geomorphic features interpreted in the Indio study area 
(upper figure is NW Half, lower figure is SE Half). 
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Figure 3B. Consolidated plot of fault-related geomorphic features interpreted in the Yucaipa study area. 
 
 
 Figures 4A and 4B show the reinterpreted faults used in this study, for the comparison of 
the different imagery types.  Tables 3A and 3B-D show the raw numbers indicating the percent 
of the presumed fault trace lengths interpreted using each imagery type, for each of the two study 
areas.  The totals for each area show that black and white stereo aerial photographs were most 
effective for mapping faults in either area, identifying 54% (Indio) to 50% (Yucaipa) of the 
accepted faults.  In the sparsely vegetated Indio area, ADS40 Stereo imagery was nearly as 
effective (53%) whereas in the chaparral-covered Yucaipa area LiDAR was the next most 
effective imagery (40%).  However, these are gross comparisons and more can be learned by 
focusing on sections of faulting that share common characteristics.  The discussion below is 
confined to the most useful imagery.  The results from the other imagery are compiled in the 
tables. 
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Figure 4A. Interpreted fault traces in the Indio area. 
 

 
Figure 4B. Interpreted fault traces in the Yucaipa area. 
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Table 3A. Interpreted faults in the Indio study area showing the proportion of fault traces identified in 
each imagery type. 

 
 
 
Tables 3B-D. Interpreted faults in the Yucaipa study area showing the proportion of fault traces identified 
in each imagery type. 

 
 
 While the numbers in the tables provide some simplistic comparisons, they do not 
highlight whether the different imagery types were revealing more or less of the same traces or 
whether each had their own strengths, detecting fault segments not seen in other imagery.  A 
more careful assessment of the results, considering area characteristics (geology, topography, 
and vegetation) and looking at each mapped fault trace revealed some trends, but no 
overwhelmingly stark contrasts.  Imagery types are ranked (based on percent of fault detected) 
for each fault segment, in Tables 4A-D.  For most areas, true stereo imagery (photographic or 
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digital) detected the most fault traces.  The character of the underlying geology does not appear 
to have a systematic impact that was detectable in this limited study. 
 
 
CONCLUSIONS 
 
 Although there are no overwhelming trends, this study demonstrated that true stereo 
(ADS40 Stereo and vintage stereo photographs) was often the best imagery for identifying faults 
in terrain with topographic relief, whereas the LiDAR DEM offered advantages in terrain with 
moderate to heavy vegetation.  If you take away the clear advantage that vintage aerial 
photography has in areas that were subsequently modified, ADS40 Stereo seemed to be the 
superior imagery for observing faults in areas of light vegetation.  This advantage over vintage 
aerial photography is probably a result of the higher resolution of the digital imagery, with some 
additional benefit due to variable vertical exaggeration and adjustable brightness and contrast.  In 
areas of heavier vegetation, LiDAR and vintage aerial photography were the more useful 
imagery.   
 There were always exceptions, and most other imagery or combinations certainly added 
fault elements not seen in the three principal platforms.  However, these exceptions were often 
not clearly attributable to conditions of vegetation, relief, or geology, although the ability to see 
vegetation lineaments (using ISTAR and NAIP) proved advantageous in otherwise low-relief 
areas.  Digital imagery (LiDAR or ADS40) with high resolution (1 m pixel or less) provides the 
best accuracy for fault location and is very useful for improving fault locations identified from 
either published mapping or aerial photo interpretation.  Image types other than LiDAR had an 
advantage of sensing tonal differences, which very often helps to define, connect, extend, or 
reinforce geomorphic lineaments.  The low resolution of the ASTER data, even when fused with 
the LiDAR DEM shaded relief, seriously hampered its usefulness to a mapping effort at the scale 
made possible by the other imagery. 
  Ultimately, we believe that it was the use of multiple image types that allowed greater 
completeness of fault trace mapping in the areas studied, with an increase in accuracy of location 
dependent on the type of digital imagery available.  Observation of a trace using several image 
types provided reinforcing evidence for fault interpretation.  Even small fault elements, uniquely 
identified in one image type, when viewed in aggregate with other imagery provided necessary 
continuity to lineament interpretation.  Draped or fused imagery added value for some faults, but 
the additional processing involved in the fusion process may not be justified by the minimal 
improvements seen in this study.  The identification of some strong lineaments that probably are 
not fault related also reinforced the need for ground truth in any geologic studies. 
 LiDAR data is freely available, but only along specific narrow swaths where data have 
already been collected (http://www.opentopography.org).  This can be frustrating where 
unanticipated splay faults and local complications extend beyond the LiDAR coverage.  ADS40 
Stereo imagery currently exists for the entire state of California; wider availability is being 
considered.  The results of this study show that investment in making these data more readily 
available and usable will have significant benefits for many mapping interests, including fault 
mapping. 
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Tables 4A-D. Imagery types with rankings of effectiveness for mapping each fault trace.  Effectiveness is 
based on the percentage of lineal fault length identified in each imagery type. 
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