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Abstract

Geochemical observations of mantle-derived rocks favor a nearly homogeneous

upper mantle, the source of mid-ocean ridge basalts (MORB), and heteroge-

neous lower mantle regions. Plumes that generate ocean island basalts are

thought to sample the lower mantle regions and exhibit more heterogeneity than

MORB. These regions have been associated with lower mantle structures known

as large low shear velocity provinces (LLSVPS) below Africa and the South Pa-

cific. The isolation of these regions is attributed to compositional differences

and density stratification that, consequently, have been the subject of compu-

tational and laboratory modeling designed to determine the parameter regime

in which layering is stable and understanding how layering evolves. Mathemat-

ical models of persistent compositional interfaces in the Earth’s mantle may be

inherently unstable, at least in some regions of the parameter space relevant to

the mantle. Computing approximations to solutions of such problems presents

severe challenges, even to state-of-the-art numerical methods. Some numerical

algorithms for modeling the interface between distinct compositions smear the

interface at the boundary between compositions, such as methods that add nu-

merical diffusion or ‘artificial viscosity’ in order to stabilize the algorithm. We
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