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Introduction: Mercury is the most unusual of the 

terrestrial planets, possessing an internal magnetic field 
and the largest uncompressed density of any planet. As 
a result, Mercury has the largest fraction of metals and 
thinnest silicate shell of the terrestrial planets. Here I 
present calculations of convection in a 3D spherical-
shell geometry with temperature-dependent rheology 
and a cooling-core boundary condition. A persistent 
feature of the planform convection in the thin shell is 
regularly-spaced, linear upwellings, taking the from of 
linear rolls in the low latitude region, with a 
wavelength approximately two to three times the 
thickness of the shell.  Near the poles the linear roll 
planform breaks down into a nearly hexagonal pattern, 
with a wavelength nearly equal to the thickness of the 
shell.  This planform of thin-shell mantle convection is 
broadly consistent with the pattern of compressive 
features observed on Mercury suggesting that the 
compressive features represent an ancient pattern of 
mantle convection. 

Method: To investigate the planform of convection 
in a thin silicate shell, applicable to Mercury, I use the 
finite element code CitcomS [1,2] to solve the 
equations for 3D spherical, incompressible, convection 
with an olivine-based temperature-dependent rheology 
[3] and a core-mantle boundary radius 0.75 times the 
planetary radius, giving a silicate mantle thickness of 
approximately 600 km. The calculations run for 
several billion years of model time starting from a hot, 
nearly-isothermal initial condition and include a core-
cooling boundary condition [4] consistent with thermal 
history models [5]. For the Mercurian mantle the 
Rayleigh number is small-perhaps no more than 100 
times the critical value for the onset of convection. The 
results of more than ten 3D calculations with various 
random initial conditions are summarized. 

Results: While mantle convection on Venus [6], 
Earth [7] and Mars [8] takes the form of cylindrical 
upwellings, the upwellings on Mercury take the form 
of long, linear sheets (Figure 1).  This is a direct 
consiquence of the thin silicate shell and the 
corresponding low Rayleigh number applicable for 
convection in Mercury’s mantle. In planets with 
thicker mantles, near the bottom thermal boundary 
layer instabilities begin as linear, 2D features that 
quickly break into distinct cylindrical plumes, with the 
plumes often occurring at the intersection of two linear 
sheets.   As the shell becomes thinner, the instabilities 
no longer have sufficient height break up into the 

cylindrical, plume structures and the result is linear 
upwellings. 

 
 

Figure 1.  The isosurface of temperature field from a 
3D spherical convection calculation for Mercury.   The 
orange surface represents a dimensionless temperature 
of 0.9 and illustrates the long, linear upwellings in the 
convective planform. 

 
The connection to lobate scarps.  Lobate scarps are 

unique to Mercury and they have been interpreted to be 
the surface expression of high-angle reverse faults.  
The most generally accepted explanation for the origin 
of lobate scarps is global contraction.  Watters et al. [9] 
analyzed the mapped compressive features on Mercury 
pointing out that these features are not spatially 
random, as would be expected for global contraction 
resulting from the cooling of a uniform-property 
lithosphere.  In addition, Watters et al. [9] suggest that 
lobate scarps are younger than the youngest units on 
the planet, raising the question of why these features 
appear to have developed only after the formation of  
Caloris basin. They speculate that the lobate scarps 
may be the result of mantle convection.   

I compare the results of the convection calculations 
with the pattern of compressive features analyzed by 
Watters and speculate that these features may represent 
the pattern of mantle convection.  While there is 
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significant scatter in the orientations of the scarps, 
Watters et al. [9] find a clustering of the segment 
orientations within +/-50 degrees of N12OE that they 
show is statistically significantly distinct from a 
random pattern. Below 50OS, there is a weak 
correlation with a concentric pattern about the sub-
polar point.  While the pattern of the convective 
planform in the convection calculations depends on the 
initial condition, there are a group calculations with 
convective planforms with nearly linear upwellings 
and downwellings in the low-latitude regions of the 
spherical shell and a cylindrical upwelling (or 
downwelling) at the pole with a corresponding ring of 
downwelling (or upwelling) two to three times the 
depth of the mantle from the pole.  The pattern of 
stresses from these calculations is broadly consistent 
with the orientation of the lobate scarps. 
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