


Dynamics of the mantle and lithosphere Fluid mechanics

Q2 Mantle flow under the lithosphere

We will consider a plate-mantle flow system. Assume that a 100 km thick rigid lithosphere
moves horizontally with uniform 10 cm/yr (in the negative x direction) with respect to the
lower mantle. Within the upper mantle, between 100 km and 660 km depth a pressure-
driven return flow is established such that the total horizontal flux in the total upper mantle
(between 0 and 660 km depth) is zero. The situation is shown in Fig. 1. You can assume

Figure 1: Simplified flow under the lithosphere

that the pressure gradient ∂P
∂x between 100 km ≤ z ≤ 660 km is a constant given by α,

and the fluid viscosity within this region is a constant which we will denote by η.

(a) The horizontal velocity Vx as a function of depth z in the upper mantle below the plate
is a parabolic function of the form Vx(z) = Az2 + Bz + C. Derive this expression for
the velocity field. Clearly state and justify all assumptions made.

(b) Solve for the coefficients A, B, and C. The coefficients of the parabolic flow can be
found by assuming the following:

• Vx(z = 100 km) = −10 cm/yr

• Vx(z = 660 km) = 0 cm/yr

• The integrated value of Vx between the surface and 660 km depth should equal
zero, e.g.: ∫ z=660 km

z=0 km
Vx(z) dz = 0
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