
LPSCXXIV 1119 

MJXING OF A CHEMICALLY BUOYANT LAYER AT THE TOP OF A THERMALLY 
CONVECTING nm: IMPLICATIONS FOR MANTLE DYNAMICS WITH APPLICATION 
TO VENUS. E.M. Parmentier and P.C. Hess, Department of Geological Sciences, Brown 
University, Providence, RI, 02906; C. Sotin, Laboratoire de Physique de la Terre et des Planktes, 
Bht. 509, Universitd de Paris-Sud, 91405, Orsay Cedex, FRANCE. 

Partial melting to generate the crust of a planet can create a buoyant residual layer at the top of 
the mantle which may have important implications for episodic planetary evolution (1). However, 
the rate of mixing of such a chemically buoyant layer with a thermally convecting mantle is an 
important unresolved question. Except for a few laboratory and numerical studies designed to 
address questions related to convection in the Earth's mantle (2,3), previous studies (c.f. 4) have 
generally treated only the mixing of passive tracers. The inhibiting role of chemical buoyancy on 
mixing is intuitively obvious but not fully understood quantitatively. In this study we examine the 
dynamics of an intrinsically buoyant fluid layer at the top of a deeper, thermally convecting, infiite 
Prandtl number fluid that is heated from below. 

Our two-dimensional numerical experiments are formulated using finite difference 
approximations for thermal convection (5) and a tracer particle method to treat the advection of 
intrinsic fluid properties (6). The usual finite difference approximations of advection introduces too 
much numerical diffusion to allow meaningful studies of non-diffusive mixing. Temperature and 
velocity fields were calculated with 65 and 129 grid points in the vertical and horizontal, 
respectively. Four tracer particles were used in each grid cell of the buoyant layer. Our numerical 
experiments consider a fluid in which the temperature initially increases linearly with depth. This 
fluid is confined to a region of aspect ratio two with periodic vertical boundaries and a prescribed 
temperature difference AT between top and bottom boundaries. An intrinsically buoyant layer with 
density contrast Ap relative to the underlying fluid and of initially uniform thickness is prescribed 
along the top boundary of the fluid as shown in Figure 1 for time-0. We consider buoyant layer 
thicknesses 0.1 and 0.05 of the convecting layer thickness, both free-slip and no-slip boundaries, 
and a range of values of the buoyancy parameter R=Ap/poaAT (3) where a is the coefficient of 
thermal expansion. Results for a thermal Rayleigh number (Ra) = 104 and free-slip boundaries for 
two values of R are shown in Figure 1. Here time is normalized by the usual conduction time 
scale. Mixing is indicated by the mean depth of the buoyant fluid as a function of the number of 
overturn times as shown in Figure 2. The overturn time is calculated as the time for fluid moving 
with mean vertical velocity to travel the perimeter of a convection cell. 

Mixing occurs in two stages. First, as shown in Figure 1, the buoyant layer accumulates at 
sites of horizontal convergence above thermal downwellings. The second stage is the entrainment 
of these accumulations into the downwellings. For R=-0.333, the accumulations are not 
sufficiently buoyant to resist rapid viscous entrainment, while for R=-1 they are only gradually 
eroded by viscous stresses. Thinner buoyant layers mix more rapidly because they result in 
smaller more easily entrained accumulations. With no-slip boundaries mixing occurs more slowly 
because with less horizontal flow more time is required to create accumulations. Entrainement 
occurs while the accumulations are still growing. As for free-slip boundaries and for Ra values as 
large as 105, mixing is slow for RI- 1. 

Further work is needed for realistic application to planetary mantles. The results reported here 
will generally overestimate mixing. The strong temperature dependence of creep results in high 
viscosity within the thermal boundary layer at the top of the mantle and low viscosity at the base of 
thermal boundary layer where the mantle is close to (or at) its melting temperature. Both factors 
will inhibit the accumulation and entrainment of buoyant mantle. Time dependent thermal 
convection at higher Ra may also inhibit mixing if flow directions in the convecting fluid do not 
persist long enough to accumulate and entrain the buoyant layer. 
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Figure 1. Numerical experiments with free slip 
boundaries and Ra=104 for values of the 
nondimensional density contrast R=- 1 (left) and 
R=-0.333 (right). Intrinsically buoyant fluid is 
shown shaded,..isotherms at equal fractions of the 
temperature difference across the layer are shown 
as solid lines, and the fluid velocity is shown by 
short solid lines. 
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