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We determined the slip 
distribution along normal 
faults on Mars, using Digital 
Elevation Models (DEM) and 
corresponding orthoimages 
derived from High Resolution 
Stereo Camera (HRSC) data. 
The fault scaling values (i.e. 
Dmax/L; Fig. 1) of unlinked 
fault segments display a large 
scatter and follow a relation-
ship of Dmax ≈ 0.008 ∙ L. If 
fault segment linkage is 

considered, the Dmax/L ratio 
slightly decreases (Dmax ≈ 
0.006 ∙ L). Our results are 
consistent with results for 
terrestrial faults, but show a 
slightly higher Dmax/L ratio 
than previous studies of 
planetary faults. We ascribe 
this to our use of high-
resolution topographic data, 
because the location of Dmax 
may be underestimated when 
using lower-resolution data. 

Geometric fault properties 
can provide insights into the 
mechanical and temporal 
evolution of fault systems 
[2,3] and the past and future 
potential for seismic energy 
release [4]. In planetary 
science, where a lack of 
seismometers is unfortunately 
the rule rather than the 
exception, the analysis of 
faults with remote sensing 
data typically provides the 
only direct observational 
evidence to constrain the 
tectonic history of a planet 
[5]. Since the seismic moment 
released during the growth of 
a fault is strongly connected 
to the fault geometry, the 
study of fault populations can 
also help to estimate the 
current seismicity level [6,7]. 

Until today, however, only 
few data on the relationships 
between fault displacement 
and length have been 
collected for extraterrestrial 
bodies [8], partly due to the 
limited number of reliable 
topographic datasets. Here we 
use DEM and orthoimages 
from HRSC [9] to obtain 
information on the 
displacement distribution 
along fault traces. This also 
enabled determining the 
maximum displacement. We 
compare our results to 
previous measurements of 
faults on Mars, Earth, and 
other planets. Based on these 
analyses, we discuss the 
implications of fault 
segmentation and linkage for 
further interpretation. 

Figure 1.  Schematic view of normal fault 
geometry, corresponding displacement profile, and 
terminology used in this study (from [1]).  

Background and Motivation 
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Summary 

All topographic measure-
ments in this study are based 
on HRSC DEM. They have a 
higher spatial resolution than 
MOLA DEM and can resolve 
structural details (e.g., at relay 
ramps, see yellow circle in 
Fig. 2) that are important for 
interpretation (e.g., are fault 
segments linked or not?). 
Individual DEM have typical 
grid sizes of 50 to 100 m, 
corresponding orthoimages 
have resolutions of 12.5 to 
25 m px-1. For detailed 

structural interpretation of 
key locations (e.g., relay 
ramps), additional HRSC 
orthoimages as well as CTX 
and MOC images (where 
available) have been 
inspected. Fault length was 
digitized along the fault line, 
and multiple topographic 
cross-sections normal to fault 
trend were drawn with a 
spacing of ~1 km. Fault throw 
(a proxy for true displace-
ment) was visually deter-
mined in the cross-sections. 

Data and Methods 

The locations of study areas were 
determined by the availability of 
HRSC DEM with high accuracy 
(Alba Mons (E flank), Tempe 
Terra, Ophir Planum, and Claritas 
and Tantalus Fossae). The most 
challenging aspect was the 
identification of individual faults or 
fault segments with little evidence 
for degradation and cross-cutting 
relationships with other faults. 
Fault growth by segment linkage 
clearly appears to be an important 
process in the evolution of Martian 
fault populations (Fig. 2), and 

faults were considered to be linked 
when relay ramps were observed 
(Fig. 2 and 4); We applied the 
linkage criterion of ref. [10]. The 
length range of faults for which the 
displacement could be determined 
spans about 1.5 orders of 
magnitude (Fig. 3). So far, no faults 
shorter than a few km could be 
reliably measured. The D/L ratio is 
in the order of 10-2 (0.006; Figs. 3 
and 4), consistent with values 
determined for terrestrial faults 
(Fig. 5) [11]. 

Figure 3.  Dmax vs. L for 
unlinked normal faults 
measured in this study (red 
symbols). Dmax /L values for 
other planetary faults are 
plotted for comparison (NF-
normal faults, TF-thrust faults). 

Results 

Our preliminary results show 
that the displacement profiles 
of normal faults on Mars bear 
information on fault evolution 
by segment linkage (see also 
[12]). The Dmax/L ratio is 
roughly centered at a value of 
10-2, which is also observed 
for terrestrial faults, but 
slightly higher than some 
previous estimates for 
planetary Dmax/L ratios 
(Fig. 3). This may result from 
improved Dmax determination 
in highly resolved DEM. Our 

data display a large scatter, 
and we found it difficult to 
measure faults shorter than 
~5 km. This may attributed to 
the fact that Martian faults are 
rarely observed in bedrock 
and, therefore, small faults 
would appear “blurred” in 
regolith. Extension of our 
approach to bedrock (e.g., 
layered deposits in Valles 
Marineris) might mitigate this 
problem and extend the length 
range of analyzed faults, 
using also CTX and HiRISE. 

Conclusions 

Figure 2 (cont‘d). (middle left) structural map of segmented fault system 
(marked by arrows in top panels). (bottom left) Displacement profiles of mapped 
faults (colors correspond to colors used in structural map). (bottom right) 
Cumulated displacement profile after segment linkage. Note that the shape that 
corresponds to that of a single fault, confirming that linkage indeed occurred. 

Figure 2. Measurement approach. (top 
left) MOLA hillshade (top right) HRSC 
hillshade. Note the interpolation arti-
facts that can affect the interpretation 
of details such as relay ramps (yellow 
circle). Detail from Tempe Terra region 

Figure 5.  D/L values on Earth (left) and a comparison of Earth and Mars (right).  
Dmax /L values for Mars in the right panel (red symbols; same as in right part of Fig. 4) are 
for linked fault. Published values for terrestrial faults (light blue symbols in the right panel) 
are from refs. [12,13] and other sources).  

(left) Dmax vs. L for unlin-
ked normal faults (same as 
in Fig. 3; grey symbols for 
other planetary faults).  
(right) Dmax vs. L for 
normal faults after segment 
linkage. Note that segment 
linkage appears to slightly 
decrease Dmax, and also 
decreases the scatter of the 
data (i.e. the point cloud 
becomes more “linear”).  

Red line represents 
best linear fit to the 

data (γ = 0.006). 

Figure 4. Effect of fault linkage on Dmax /L ratio. 
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