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Introduction: An understanding of the spatial and 
azimuthal distribution of lobate scarps on Mercury is 
important in constraining thermal history models and 
models for the origin of tectonic stresses [see 1].  
Existing models involve either global (radial) 
contraction due to secular cooling of the interior, tidal 
despinning, or a combination of the two [1, 2, 3, 4, 5].  
A comprehensive database of tectonic features on the 
hemisphere of Mercury imaged by Mariner 10 is being 
compiled to rigorously test these models.    

Map of Tectonic Features: We have digitized the 
locations of over 90 lobate scarps and high-relief ridges 
(Fig. 1).  Lobate scarps and high-relief ridges are 
interpreted to be the surface expression of thrust faults 
and high-angle reverse faults [1, 2, 3, 6, 7, 8].  The 
structures were digitized from Mariner 10 image 
mosaics with improved geometric rectification [9].  
Topographic data derived from Mariner 10 stereo 
coverage was also used where available [6, 7, 8].  The 
tectonic features were divided into segments with 
roughly uniform orientations generally greater than 5 km 
in length.  Thus far, the locations of over 450 segments 
have been digitized and coded according to the structure-
type and the geologic unit in which it occurs.  The 
majority of the lobate scarps and high relief ridges 
identified occur in intercrater plains, with only a few of 
these structures found in smooth plains units.  Wrinkle 
ridges, which occur in Calorian smooth plains units, were 
not included in this study.   

Analysis: The spatial distribution of the tectonic 
features was analyzed by plotting their cumulative length 
in 20° latitude bins, normalized by the area of the bins 
(Fig. 2).  This clearly demonstrates that the distribution of 
lobate scarps and high-relief ridges is not uniform.  The 
greatest cumulative length of these tectonic features 
occurs in the southern hemisphere.  Over ~52% of the 
total cumulative length is between 30°S to 90°S (Fig. 2).  
The most dramatic result is the relatively large number of 
tectonic features near the region of the south pole.  The 
greatest area normalized cumulative length of tectonic 
features is found between 70°S to 90°S (Fig. 2).  In the 
northern hemisphere, there is a gradual decrease in the 
area normalized cumulative length from the equator 
toward the pole.  However, the largest area normalized 
cumulative length of tectonic features in the northern 
hemisphere is in the north polar region (70°N to 90°N).   

The azimuthal distribution is also not uniform.  A plot 
of length-weighted azimuths of the digitized segments 
indicates that there is a strong preferred orientation (Fig. 

3).   The majority of the segments have orientations that 
fall between ±50° of north, with the most frequently 
occurring orientations between N30°W and N40°W and 
the mean vector at ~N7°W.  

Implications:  The two most commonly cited models 
for the origin of the compressional stresses on Mercury 
(global contraction and tidal despinning) predict 
orientations that are testable with the new database.  
Tidal despinning induces stress into the lithosphere 
from the relaxation of the equatorial bulge and would 
result in the predominance of E-W compression and 
thus N-S trending thrust faults in the equatorial zone 
[1, 4, 5].  However, these models also predict a system 
of normal faults at Mercury’s poles that have not been 
observed [see 1, 10, 11].  The most popular model for 
the origin of the lobate scarp thrust faults is global 
contraction [2, 3, 6, 7, 12].  Cooling of the interior 
subjects the lithosphere to significant thermal stresses 
[10, 13].  These stresses are compressional and 
horizontally isotropic and would result in uniformly 
distributed thrust faults in random patterns with no 
preferred orientation [see 14].  A combination of tidal 
despinning and global contraction that occurred at 
different rates has also been proposed [5].   

The results presented here clearly do not support 
these models and suggest that other sources of stress 
must be sought.  The large number of lobate scarps and 
high-relief ridges in the southern hemisphere, 
particularly near the south pole, may indicate that a 
regional- or hemispheric- scale tectonic event 
dominated over a global-scale event.  The key to 
understanding this event may lie in the other half of the 
southern hemisphere, not imaged by Mariner 10.  Thus, 
data return by MESSENGER will be vital in 
unraveling the tectonic history of Mercury.  
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Figure 1.  Global plot of 83 lobate scarps (red) and 8 high-relief ridges (magenta) in the hemisphere imaged by Mariner 
10.  The plot is centered at 0°N, 90°W.   
 
 

 
Figure 2. Spatial distribution of lobate scarps and 
high-relief ridges on Mercury shown in Fig. 1.  The 
area normalized cumulative length of segments is 
plotted as a function of latitude. 
 

 

 
Figure 3. Rose diagram showing the distribution of 
orientations of lobate scarps and high-relief ridges.  
Orientations are length weighted by dividing segments 
of constant orientation into 1 km intervals. The mean 
vector is shown by the black arrow.  The horizontal 
axis is in units of kilometers. 

Lunar and Planetary Science XXXIV (2003) 1927.pdf


