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Introduction:  Olympus Mons (Figure 1) is the 

tallest volcano in the solar system, extending up to a 
23km height above its’ base, and is nearly 600km in 
diameter. The volcanic edifice is located in the north-
west portion of the Tharsis Rise on Mars, and is par-
tially bounded by an escarpment of up to 10km height, 
known as the Olympus Mons basal scarp. Extending 
hundreds of kilometers out from much of the basal 
scarp are the aureole deposits. While the origin of the 
aureole lobes that surround Olympus Mons are still 
controversial, it is generally acknowledged that the 
basal scarp and the aureole lobes are related to one 
another. Explanations for these features range from 
gravitational spreading and thrust sheets [1,2,3], wave 
cut action and submarine processes [4,5], volcanic 
spreading [6,7], and mass wasting [5,8,9,10,11].  Pre-
vious works identified a set of parallel trending faults 
along the Eastern Olympus Mons basal scarp 
(EOMBS) [6,12] (e.g. Figure 2) that cut young surfac-
es, constraining deformation to be  < 40 Myr [12].   

In this work, we evaluate the potential for slope 
failure along the EOMBS and establish several suc-
cessful scenarios for creating the southern portion of 
the parallel Olympus Mons east flank extensional and 
compressional fault systems (wrinkle ridges) via a sin-
gle failure surface. 

Method:  We use Digital Terrain Model (DTM) 
data product 1089_0000 [13] that was derived [14] 
from the High Resolution Stereo Camera (HRSC) 
[15,16]. The data product has 75m/px grid spacing and 
10m vertical resolution. We run slope profiles along 
the basal scarp, perpendicular to the fault traces (Fig-
ure 2) and analyze the stability of the slope through 
Janbu’s method [16], a 2D limit equilibrium Factor of 
Safety (FS) calculation (Figure 3). The FS is the ratio 
of the static resisting to driving forces along a circular 
slip surface (Figure 3). Generally, a FS > 1 is stable, a 
FS < 1 is unstable and in failure, and a FS ~1 is criti-
cal. Several edifice stratigraphies are considered in the 
model setup: a homogeneous rock mass and a weak 
1km thick sediment (phyllosilicate) layer [18] of vary-
ing depths (within the volcanic edifice, and at 1, 3, and 
5km depths below the reference datum). Each modeled 
stratigraphy is run for dry, water saturated, and for  
layers at 3 and 5km depth, overpressured, conditions. 

Results:  Best fit stratigraphies indicate that pore 
fluid pressure is required and the subsequent detach-
ment depth decreases northward along the Southern 

transects R1—R2 (Figure 2a) from 1 – 3km, and re-
sults in a slip surface that is marginally above the criti-
cal state, i.e. relatively stable (FS ~ 1.2), along the 
southern most transect R1, but in failure along the 
transect R2 (FS <=1). Along the Northern most tran-
sects (R4—R5), an overpressured weak stratigraphic 
layer at 3km depth results in a slip surface on the verge 
of failure, and broadly matches observed fault loca-
tions. These overpressured conditions however invoke 
unrealistically high pore fluid pressures. 

Discussion:  The FS analysis indicates that the 
EOMBS is relatively insensitive to changes in dry stra-
tigraphic layer properties. In order to obtain fail-
ure/near failure conditions, a prescribed weakness, 
such as the existence of a phyllosilicate sedimentary 
layer [18] that is pore fluid saturated, may be required 
and acts as a mechanism that allows the volcanic edi-
fice to spread laterally [7,10,19]. Additionally, this 
layer may create a weak detachment that places the 
EOMBS into a conditionally unstable state, that allows 
for the failure of the edifice to form the aureole lobes. 
Slope destabilization and possible collapse could fur-
ther be triggered by such events as volcanic activity, 
impacts, or portions of the EOMBS failing. Circular 
and 2D failure geometries are non-ideal to examine the 
edifice, and quasi-circular to non-circular geometries 
should be allowed in order to examine such 3D struc-
tures as the slope breaking extensional fault trace and 
undulating wrinkle ridges in Figure 2.    

The formation mechanism of martian wrinkle 
ridges is controversial, with both thin-skinned [20] and 
thick-skinned [21,22] deformation proposed. Our re-
sults indicate that the wrinkle ridges at the base of the 
EOMBS are shallow structures, i.e., consistent with 
thin-skinned deformation. 

Conclusions:  In the homogeneous state our FS 
analysis shows the EOMBS is a stable slope, suggest-
ing an internal weakness is required to achieve failure. 
The FS of the slope traces are insensitive to changes in 
dry stratigraphic layer properties, suggesting that for 
failure of the southern EOMBS to be reached, it may 
need to have a weak, pore fluid saturated layer dipping 
northward from 1— 3km depth. The northern portions 
are indicated to require an overpressured (> lithostatic) 
weak layer at 3km depth. This unrealistic requirement, 
with the undulating expression of surface faulting, 
suggests the need for future investigations to explore 
the EOMBS stability in three dimensions. It would be 
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difficult for the formation of the current regions of 
faulting of the EOMBS (Figure 2) to have occurred via 
a landslide process in the presence of free standing 
water (i.e. ocean) as the edifice would be in failure for 
most of the transects in Figure 2a, and the observed 
faulting locations would be inconsistent with forma-
tion under such conditions. In order to produce large 
volume failures, a weak layer with high pore fluid 
pressure (overpressured for larger volumes and consis-
tent fault locations) are suggested. Potential failure 
volumes range from 3200km3 – 8000km3, or 18% – 
45% of the estimated volume of the “East” Olympus 
Mons aureole lobe (Figure 1 blue box) [23].  
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Figure 1: Themis daytime IR image of the Olym-

pus Mons region. The study area in is highlighted in 
red box. Eastern Olympus Mons aureole lobe indicated 
by the blue box.  

 
Figure 2: A) HRSC 3D DTM image of the Eastern 

Olympus Mons basal scarp (red box from Figure 1). 
White arrows indicate the extensional fault trace, and 
black arrows indicate the contractional fault (wrinkle 
ridges) trace. B) Structural map of eastern basal scarp.  

 
Figure 3: Calculating the Factor of Safety (FS) 

from driving and resisting forces using Janbu’s simple 
method (force balance approach) and circular failure 
surfaces. Where, W = slice weight, T= resisting force 
acting on a slice, alpha = angle from horizontal to fail-
ure surface, P = normal force acting on a slice, l = 
length of slice along the failure surface, μ = pore fluid 
pressure, c = cohesion, and φ = angle of internal fric-
tion. 

 
Figure 4: Schematic structural interpretation of the 

Southern EOMBS. 
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