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Introduction: Tharsis is the largest volcanic region
on Mars and has four distinct volcanic edifices: Olympus
Mons, Ascraeus Mons, Arsia Mons, and Pavonis Mons.
Each one has extensional features indicative of litho-
spheric loading from volcanics exerting pressure upon
the lithosphere. One parameter that controls how the
lithosphere reacts in response to a load, i.e. a volcano,
is the effective elastic thickness, Te. This is the portion
of the lithosphere that elastically responds to any loading
forced exerted upon it. Figure 1 shows a diagram of the
top-down loading process.

Figure 1: a) shows the lithosphere before a load is em-
placed with crustal density ρc, mantle density ρm, and
effective elastic thickness Te. b) shows a volcano being
emplaced with density ρl and initial topography hi. c)
shows how the lithosphere flexes in response to the vol-
cano with observed topography ht and displacement w.
Tensile stresses are shown in red.

The elastic thickness has been constrained using
gravity and spatiospectral localization for all the Montes
except for Pavonis [1,2,4,5]. For two recent studies the
full range of spherical harmonic degrees of the gravity
data resulted in a poorly fit model. Only when the spec-
trum was split into a lower and higher range did reason-
able model fits emerge. [2] found a value of 62 km (+48,-
42) for the degree range between 33 and 48 and a value of
<10 km for the degree range between 48 and 82. [1] em-
ployed a Bayesian methodology and found values of<15
km for the degree range from 47 and 65, but couldn’t
find a satisfactory model fit between degrees 31 to 35.

Our plan is to robustly model the flexure of the litho-
sphere under the load of Pavonis and attempt to resolve
the difference between the results of the two portions of
the spherical harmonic spectrum.

Procedure: Using the different values of Te found
in previous studies, we calculated the lithospheric flexure
due to Pavonis and compared the expected extension to
observed surface expressions around the volcano. We
used the methodology put forth by [3] to calculate the
expected flexure of the lithosphere from a simulated load
using equation 1.

w =
−ρlg

∆ρg + εl
H (1)

Where ρl is the density of the load, H is the height of
the load, the∆ρ is the difference between ρl and the den-
sity of the mantle, and εl is the elastic term. The parame-
ters used to calculate the flexure and elastic term were an
E of 1011Pa, a Poisson’s Ratio of 0.25, a load density of
3300kg/m3, a varying Te and a ∆ρ of 200kg/m3. Us-
ing these parameters we calculated an elastic term. Next
we used the observed height of Pavonis and the elastic
term to create an initial topography of the load. The to-
pography is modeled as linearly decreasing by 1km every
degree of latitude as it moves radially outwards from the
initial height of the volcano in the center to 0km at the
edge. An empty grid of the planet was created in spher-
ical harmonics then rotated so the center of the volcano
was on the north pole. The initial topography was then
placed at the north pole and rotated back to its original
position, mirroring the position of Pavonis. After rotat-
ing back to its original position the flexure from the to-
pography was calculated.

Figure 2: A global lithospheric flexure map created for
a simulated load the size of Pavonis with a Te of 62km.
This value of Te is from [2].

Results: We tested values of Te from [1], [2], [4],
and [5] and interpreted what each Te would mean for
the volcanic history of both Pavonis Mons and Tharsis.
We only used values that had a good wellness-of-fit from
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these studies. Shown in figure 2 is an example of our re-
sult for a Te of 62km taken from the results of [2]. The
color bar of the plot has been normalized from 0 to the
max value of the matrix, thus no negative deflections are
plotted, although they would occur in the dark blue re-
gions. We expect to see the highest amount of uplift and
extensional stress in the yellow regions of this plot. Here
is where we would expect to see the highest concentra-
tion or largest magnitude of extensional features, such as
normal faults and graben.

Figure 3: Subfigure a shows the deflection of the litho-
sphere after the first stage of growth and the instanta-
neous loading of a secondary growth stage with crustal
density ρc, mantle density ρm, and a larger effective elas-
tic thickness Te. The load density ρl of each growth stage
is likely similar to one another. Subfigure b shows the
secondary displacement caused by the second stage of
volcanic growth. Tensile stresses are shown in red and
note the placement difference in comparison to figure 1.

Discussion: Te is the control on the location of max-
imum upward flexure i.e. extension. The larger Te is the
further out from the center of the load upward flexure
will occur. Any changes in load density or height will
only affect the magnitude of the extension. This means
that as Te gets smaller the uplift and extension are lo-
cated closer to the center of the load, this is because the
lithosphere is more weak and is not compensated as well
at longer wavelengths. Thus, by varying Te to differ-
ent values found in the literature we can begin to look
at where the extension matches up with any surficial tec-
tonic features. In both [1] and [2] the spherical harmonic
spectrum is split into a higher and lower range. Inter-
estingly, for both studies in the lower range they found
smaller values of Te than the high range. This hints at
a possible 2 stage loading model, where the first growth
stage occurred earlier in the history of Mars when the

planet was warmer and had a thinner Te followed by a
second stage later in its history with a thicker Te. Figure
3 shows this secondary growth event. Pavonis Fossae is
an area of extension directly northeast of Pavonis Mons.
In the past it had been interpreted as a graben set, but
higher resolution data has shown it is actually a chain of
collapse pits, likely formed by volatiles outgassing from
a dike. If it is a dike then the area experienced higher
tensile stress, allowing the dike to intrude into the area.

Figure 4: A THEMIS image of Pavonis Mons and
Pavonis Fossae. Data acquired from http://jmars.
mars.asu.edu/maps/.

If we interpret this area to have high tensile stresses
then we can alter values of Te until we match the fos-
sae with the area of upward flexure i.e. where we expect
tensile stresses to exist. We found a Te of about 5km
that matches the location of the faults with the upward
flexure, meaning that the stresses imparted into the litho-
sphere are fairly old to have such a small Te.

Future Work: Our next steps are to use THEMIS
images to identify more extensional features caused by
Pavonis and compare them to these flexure estimates. We
will also more robustly model the load Pavonis repre-
sents (mainly non-perfectly circular shape and surround-
ing topography contributing such as the other volcanoes)
and model the ”two stage model” proposed by [4] which
could explain the discrepancy in the two portions of the
harmonic spectrum. We can also take the two stage
model a step further and model N stages of volcanic
growth and see how many would explain the multiple
sets of grabens seen on the flanks of the volcano. Lastly
we should also consider a model that incorporates bot-
tom loads as Pavonis in reality isn’t purely a top load.
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