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Introduction:  Poisson’s ratio is a fundamental 

mechanical property of rocks, and is thus an important 
input in modeling geological processes. Conventional-
ly there are two methods to determine this parameter. 
The first is a uniaxial loading test to compute the ratio 
of radial to axial strain which is defined as the static 
Poisson ratio of the rock; the second is to measure 
compressional and shear velocities from seismic data 
or sonic well logs and then to calculate the dynamic 
Poisson ratio.  Earth studies have shown that values of 
~0.25 is the appropriate value for time-scales of order 
seconds, and conventionally it or similar values have 
been used in modeling geological processes on larger 
scales. The alternatively used value of 0.5 represents 
incompressible elastic or viscous response.  

In this work, we investigate the constraint on the 
long-term Poisson’s ratio for Martian rocks from com-
paring forward models of lithospheric stress with style 
of faulting observed on the surface. 

Methods & Results:  For both 2D and 3D models, 
we use the method of [1] to solve the force balance 
equations. This method does not make the thinsheet or 
the flexure assumptions used in previous modeling [2, 
3]. We use the topography of [4] and the crustal thick-
ness model of [5] as shown in Figure 1.  

 
Figure 1 Great circle profile (red line) overlaying a) sur-
face topography b) crustal thickness and c) the Moho. 
Parallel black lines show areas over which three extents 
of smoothing have been applied to the topography and 
crustal thickness. 

The 2D profile, shown in red, passes through 
Olympus Mons, Pavonis Mons in the Tharsis province, 
and the thinnest crust on Mars at Isidis Planita. We 
have investigated the effect of topography and crustal 
thickness smoothing of 3°, 6° and 9° as shown in the 
black lines. We have performed models for Poisson’s 
ratio values ranging from 0.25 to 0.5.  

We compare the resultant stresses with the faults 
from [6] shown in Figure 2. Here faults in red are 
planetary graben, i.e., extensional faults and faults in 
black are wrinkle ridges, i.e. compressional faults. In 
the western hemisphere, the Tharsis region is charac-
terized by circumferential extension, while the sur-
rounding region shows radial compression. In the 
western hemisphere, compressional faulting dominates 
while extensional faulting is sparse and possibly asso-
ciated with the dichotomy boundary. For our 2D circle 
this means that Olympus and Pavonis Mons are in the 
extension, while the rest is predominantly in compres-
sion.

 
Figure 2. Normal (in red) and reverse (in black) faults 
from [6]. 

Figure 3 shows the results for the 2D case for the 
three smoothings (3° on the bottom, 6° in the middle 
and 9° on the top). Distances are scaled so that the av-
erage radius of Mars is 1. The horizontal axis is angle 
along the great circle with Olympus Mons centered at 
60°, Pavonis Pons at 90° and Isidis at -64°. The largest 
vertical displacements are of order 10 km, downwards 
at Olympus Mons.  

Panel A shows the horizontal stress around the 
great circle with the pressure term removed for a Pois-
son’s ratio of 0.5, while panel B shows the same 
stresses for Poisson’s value of 0.25. Positive values are 
extension and negative values are compression. The 
pattern of stress for Poisson’s ratio of 0.5 is that of 
extension over Olympus Mons and the Tharsis prov-
ince with compression in the rest, i.e., consistent with 
the pattern predicted by the faults. On the other hand, 
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the pattern of stress for Poisson’s ratio of 0.25 is that 
of compression over Olympus Mons and the Tharsis 
province with extension in the rest, i.e., opposite to the 
pattern shown by the faults. 

 

 
Figure 3. Horizontal stress with pressure term removed 
for the great circle profile for Poisson's ratio of a) 0.5 and 
b) 0.25 for the three smoothing options (3° on bottom, 6° 
in the middle, 9° on top). Positive values represent 
extension while negative values are compression. The 
horizontal axis is angle in degrees along the great circle 
with Olympus mons at 60° and Isidis at -64°. 

For the 3D case, the average of the two horizontal 
stresses is shown in Figure 4. Again the pressure term 
is removed, and positive values are extension while 
negative values are contraction.  

For Poisson’s ratio of 0.5, the Tharsis province is in 
extension, while the surrounding area and the northern 
hemisphere are in compression, consistent with the 
faulting there. For Poisson’s ratio of 0.25 the Tharsis 
province is in compression, while the surrounding area 
and the northern hemisphere are in extension, i.e., op-
posite to the faulting there. 

The reason for the difference between Poisson’s ra-
tio of 0.5 and 0.25 is that with Poisson’s ratio of 0.25 
there is more contraction in the vertical direction due 
to the weight of the overburden, which increases with 

depth. The flip in the stress sign is relatively abrupt at 
Poisson’s ratio 0.434. 

 
Figure 4. Average Horizontal stress with pressure term 
removed for Poisson's ratio of a) 0.5 and b) 0.25. 

This indicates that on geological time-scales the 
compressibility of the crust becomes immaterial to 
how the crust behaves elastically, with vertical con-
traction replaced by permanent shearing and compac-
tion. The strain values, of order 10-3-10-2, are such that 
the rock will have been deformed permanently on a 
micro-scale, as well as in the faulting. 

Implications for Elastic Thickness Estimates:  
Poisson’s ratio 0.25 is commonly assumed in flexure 
modeling, whereas 0.5 seems to be the appropriate one 
for long-term behavior on Mars. For the same elastic 
thickness the flexural rigidity for 0.25 is 2/3 that for 
0.5. Since the flexural rigidity is proportional to elastic 
thickness cubed, to give the same flexural rigidity the 
elastic thickness for Poisson’s ratio 0.25 has to 1.15 
times the elastic thickness for Poisson’s ratio 0.5. This 
suggests elastic thickness estimates obtained assuming 
0.25 have to be divided by 1.15 to convert them into 
values for Poisson’s ratio 0.5. 
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