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Numerical calculations of fully three-dimensional convection in a 
spherical shell have been carried out to simulate possible convective 
planforms in the Martian mantle. The shell is heated both internally and 
from below to account for radiogenic heating and heat flow from the core. 
The lower boundary of the shell is assumed isothermal and stress-free, as 
appropriate to the interface between the mantle and a liquid outer core. 
The upper boundary of the shell is rigid and isothermal, as appropriate 
to the base of a thick immobile lithosphere. The ratio of the inner 
radius of the shell to its outer radius is 0.55, in accordance with 
possible core radii in Mars (1). Different relative proportions of 
internal and bottom heating are investigated, ranging from nearly 
complete heating from within to almost all heating from below. The 
Rayleigh numbers of all the cases are approximately one hundred times the 
critical Rayleigh numbers that characterize the onset of convection in 
the constant viscosity spherical shells. The numerical approach is 
described in detail in Glatzmaier (2) and Bercovici et al. ( 3 , 4 ) .  

The prominent form of upwelling in Mars' mantle is the cylindrical 
plume. Plumes carry the heat flow from the core and arise from 
instability of the lower thermal boundary layer at the core-mantle 
interface (5-7). There are fewer, stronger plumes as the proportion of 
bottom heating increases. Thus, if the crustal dichotomy on Mars is 
caused by a first-order convective system (8-10) with upwelling under the 
northern hemisphere, strong bottom heating is required to drive the 
single plume-dominant convective pattern. Such strong heating 
concentrated deep within Mars can arise from the heating pulse 
accompanying core formation or from the flow of heat from a hot core. In 
addition, a first-order convective pattern is characteristic of 
convection in a very thick shell (ll), i.e, a shell with an inner to 
outer radius ratio nearly equal to zero, which also corresponds to mantle 
convection during the early stages of core formation. Since the Martian 
core formed contemporaneously with accretion or within a few hundred 
million years of the end of accretion (12), the required deep heat source 
exists even if the crustal dichotomy occurred very early in Mars' 
evolution. 

The origin of Tharsis is also likely associated with a single mantle 
plume or a grouping of several plumes. The plume(s) could have survived 
from the first-order convection system that disrupted and resurfaced the 
northern plains hemisphere or it could have evolved after the E-1 
convective pattern had decayed. The focussing of plume activity beneath 
Tharsis could be the consequence of the relative ease of heat transfer 
across the lithosphere in the Tharsis region due to fracturing or 
thinning of the lithosphere. The dynamic uplift from a plume in Mars' 
mantle is only of the order of a kilometer, too small to explain the tens 
of kilometers of topography associated with Tharsis. Much of the 
topography of Tharsis must be of volcanic construction. 
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