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Volcano morphology

Alba Patera is an ancient 
(~3.7 Ma) Pyroclastic volca-
no, having a broad radial 
extent of ~1200 km, a topo-
graphic relief of only ~7 km, 
and a small slope of ~0.5°. 
This low topography and flat 
profile are characteristic of 
most patera, which can be 
classified as flat edifices.

Olympus Mons is the larg-
est volcano in the solar 
system. This shield volcano 
has a radial extent of ~600 
km a high topographic 
relief of ~22 km, and a 
moderate slope of ~5°. This 
moderate slope and high 
elevation are characteristic 
of domical edifices.

Elysium Mons has 
a moderate radial 
extent of ~240 km, 
and a topographic 
relief of ~14 km. 
The edifice has a 
steep slope of~10°.

This steep slope and moderately high topographic 
relief are characteristic of conical edifices.

Background
An overlying load (i.e. mountain, glacier, volcano) causes displacement on the underly-
ing lithopshere, which must flex and deform to compensate for the mass of the load. A 
stress field is generated from the flexure, and on local scales, the lithosphere can be re-
garded as a thin elastic shell. 
In this project, I will model the growth of a volcano by placing incremental loads atop 
plates of varying thickneses. Flexure induced stress fields will be studied, magma 
ascent criteria will be applied, and resultant edifice morphology will be observed. 

After McGovern et al. (2013), I predict that conical volcanoes will be pro-
duced on thick elastic plates, flat volcanoes on thin elastic plates, and dom-
ical volcanoes on intermediate thicknesses. Terrestrial lithospheres are 
thought to consecutively cool and thicken over time. Implications for Mar-
tian thermal evolution can be drawn from the rate of cooling and the vol-
canic diversity across the planet.
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Flexure induced stress field
Symmetric nine-component stress tensor

Numerical Implications Relative error between numerical 
and analytical solutions is in the range of
10-4 (1/10000) for the sigma_xx 
and sigma_yy stress gradients. 
Sigma_xy is in the range of 10-12.
The bottom left plot shows the source
function; W=X2*Y2 in the range of 
-5<X<5 and -5<Y<5.

Magma Propagation
Perpindicular to least principal stress

 Magma flows along 

Greatest principal stress

yftop of plate
Blue area experiences least
amount of tension.
Predicts next magma emplacement
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yfbottom of plate

MATLAB ‘eig’ function
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Governing stress equations

 and  are known as Lamé parameters that parameterize elastic modulii of homogenous isotropic solids
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Flexure of a thin elastic shellAxisymetric solution 
for point load

Kei: Imaginary part of modified
 Bessel function of the 2nd kind.

w=w0 at x=0 and w=0 at x=±∞ 

Uplift at x=± πα
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Hypothesis
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