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Introduction: Volcanic systems extend into the 
subsurface and include magma reservoirs that 
rupture, feeding laterally or vertically propagating 
intrusions that remain trapped in the crust or breach 
the surface to feed an eruption. Magma reservoirs 
modeled as internally pressurized ellipsoidal cavities 
within elastic host rock rupture when inflation-
derived local tensile stresses on the reservoir 
boundary exceed the tensile strength of the 
surrounding host rock. A new gravitationally loaded 
half-space model [1,2] demonstrates that previous 
treatments of reservoir failure [e.g., 3-6] do not 
incorporate full gravitational loading properly in 
three dimensions. These errors result in incorrect 
predictions of the location and orientation of first 
failure of the reservoir walls, the pressure required to 
induce failure, and the amount of surface uplift that 
can be generated prior to initial failure. Efforts to 
interpret the evolution of magma reservoirs and 
associated volcanic features on other planets using 
earlier half-space model results may thus need re-
examination if they are to predict correctly where 
along the reservoir wall initial failure will occur 
under different conditions [e.g., 7]. 

While half-space models suffice to represent 
magma systems lacking surface topography (as 
occurs for instance at many locations on Venus), the 
growth of an edifice at the surface will alter the stress 
state within the underlying crust, and hence may alter 
where and when a reservoir fails. A recent study 
examines this phenomenon and argues that the 
presence of an overlying edifice has a complex effect 
on failure location that depends upon the edifice size 
and height [8]. This model, however, builds upon 
earlier half-space models with incorrect loading 
conditions. Here, using an elastic finite element 
model (FEM) and correct loading conditions, we test 
the predictions of [8] and, as necessary, begin to 
refine our understanding of how edifice loading 
affects magma reservoir failure characteristics. We 
then apply the results to volcanoes on Venus in [9]. 

Methods: COMSOL Multiphysics FEM software 
is used to generate an axisymmetric half-space model 
of a conical edifice overlying a subsurface spherical 
reservoir. The top boundary of the model is free to 
displace while displacements of the bottom and right 
sides are fixed in the z- and r-directions, respectively, 
to prevent geologically implausible deformation from 
occurring.  The host rock stress state is lithostatic, 
and the reservoir is loaded with a uniform internal 

pressure plus a depth-dependent pressure reflecting 
the weight of the magma, both applied normal to the 
reservoir wall. Pertinent material properties of the 
host rock, including Young’s Modulus and Poisson’s 
Ratio, duplicate the settings of [8]. As shown by [2] 
and verified by further testing with an edifice present, 
the non-zero value of gravity selected does not 
significantly affect the results, indicating that the 
model results can be used to interpret edifice loading 
effects on any planet [cf. 9]. 

Rupture location and orientation, plus the pressure 
at which failure first occurs, is recorded for magma 
reservoirs with radii of 200 m and 4000 m located at 
various depths (DtC), mimicking settings used in [8]. 
Rupture location is also recorded with the reservoirs 
set beneath a volcanic edifice of a specified height 
(He) and radius (Re) with fixed He/Re ratios ( ).  
These results are then compared to those presented in 
[8] to consider how correction of the gravitational 
loading configuration affects rupture characteristics. 

Once a model has been created, the uniform 
pressure component within the reservoir is increased 
until the wall rock ruptures. Rupture occurs when the 
stress tangential to the reservoir wall, either t or phi,
first surpasses the tensile strength limit (TSL) for the 
host rock. Tangential stress t lies within a vertical 
plane and always fails first; failure near the crest of 
the reservoir (  = 0o) promotes vertical dike intrusion, 
failure near the center of the reservoir (  = 90o)
promotes lateral sills, and failure in between favors 
emplacement of circumferential intrusions. The other 
stress, phi, lies within a horizontal plane; failure near 
the reservoir crest would promote vertical dikes while 
failure further from the crest favors lateral dike 
injection. 

Results and Discussion: The rupture location for 
a reservoir beneath an edifice ( r) can be compared to 
the rupture location when the edifice is absent ( m).  
The current model yields four unique relationships 
between r and m: r = 0, r = m, r < m, and r > 

m.  In the r = 0 case, the reservoir is deep enough 
beneath the surface (or is buried beneath a large 
enough edifice, i.e. one that acts in effect like a 
uniformly thick layer) that it feels no surface effect 
and ruptures at the top of the reservoir. In the r = m
case, the reservoir is shallow enough to feel the 
surface but the edifice is too small to affect the 
rupture location, so it occurs in the same location as 
in the half-space models.  For the r < m case, the 
reservoir feels the effect of the surface but the 
presence of the edifice causes rupture to occur closer 
to the crest of the reservoir than when the edifice is 
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absent.  In the case where r > m, rupture occurs 
closer to DtC of the reservoir when the edifice is 
present than when the edifice is absent. 

Figure 1 shows how relative rupture locations 
change as a function of edifice radius (Re) and depth 
of the reservoir’s center (R/DtC), demonstrating how 
these changes compare with the results from [8].  For 
a spherical reservoir of fixed radius the x-axis records 
variations in DtC, while the y-axis results from 
changing the radius of the edifice while maintaining a 
constant He/Re ( ); Re = 0 is the half-space case. 

Figures 1A and 1B show initial results for a 
magma reservoir of radius 200 m beneath edifices 
with  = 0.1 and  = 0.6, and figures 1C and 1D show 
the initial results for a reservoir of radius 4000 m 
beneath edifices of  = 0.1 and  = 0.6. It is clear that 
[8] overestimate the importance of the edifice loading 
effect—for both flat (with  = 0.1) and steep (  = 0.6) 
volcanoes, only reservoirs at shallow depth lying 
beneath a small edifice (i.e., one not resembling a 
uniformly thick surface layer) fail away from the 
crest, with the additional surface load driving failure 
toward the reservoir center but not toward the crest in 
the case of the steep volcano. One key difference 
between the two studies is that the current models 
produce a r = m case, one that is not found in [8].  
By omitting this case, [8] imply that reservoir failure 
location is always affected by an edifice regardless of 
the relative size of the edifice or reservoir depth.

When compared with [8] our initial results 
indicate that correct incorporation of gravitational 
loading conditions [cf. 2] affects where rupture 
occurs. At present we are running additional models 
to refine placement of the curves shown in Figure 1. 
We are also examining the effect of different 
reservoir geometries and exploring the implications 
for volcano growth and associated reservoir failure 
on different planetary surfaces [cf. 9]. 
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Figure 1:  Comparison between the current study 
(dashed lines and symbols) and [8] (solid lines and labels). 
Symbols represent relationship between r and m or the 
value of r if the symbol is 0. Dashed line positions are 
preliminary but failure locations in the current study are 
clearly different than those predicted by [8].
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