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Extend previous work

Ortega-Gelabert et al. [OGZAD20] finds LAB location by solving a
multi-observable inverse problem. Each forward problem is a Stokes
problem given by,















−∇ · (2μ∇su) + ∇p = ρg, in Ω,

∇ · u = 0, in Ω,

u · n = 0, on ∂Ω,

t× n = 0, on ∂Ω.

(1)

Additionally,
Implements reduced basis;
solves the inverse problem using Metropolis-Hastings (MCMC).
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What can be done differently?

Density and viscosity parameters are calculated according to,











ρ(z ,T ) = ρ0(1− α(T − T0) + β(p(z)− p0)),

μ(z ,T ) = min

�

μmax;

A
−1/n
D ϵ̇(1/n)−1

II
exp
�

E+p(z)V

nRT

�

�

.
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where strain rate ϵ̇II is considered constant,
pressure variates linearly with depth p(z) = ρ g z ,

and temperature is approximated, column by column, with a
bi-linear distribution (where the discontinuity is at the LAB
position).

We choose to improve the thermal description.
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What is it done in the bibliography regarding the thermal field?

Divide the domain:
lithosphere, mainly diffusion heat;
upper mantle, convection heat (approximately adiabatic gradient);
transition region, smear out differences.

this strategy is not consistent and do not solves any PDE;
can we get the T results as the solution of an energy
balance equation without smearing out the results?
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How do we obtain the thermal field results?

Hypothesis:
steady-state,
material properties discontinuity (coefficients κL, κA, etc.),
if convection is considered: constant gravity, linear variation of
pressure with depth, and density and viscosity according to the
eq. in slide 3.

How do we expect our results to be?
we want the LAB isotherm to match the LAB position,
we expect the upper mantle gradient to be in the range
∇T ≈ 0.3− 0.5 K/km [AFR+08],
heat flux direction: from the mantle to the surface.
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Ill-posed problem: Over-constrained problem

This is an old case, that we abandon quickly. This is just an example
to show how these results look like.























−∇ · (k ∇T ) = s, in Ω,

T = Tsurface, on Γsurface,

−k ∇T · n = g , on Γbottom,

−k ∇T · n = 0, on Γwalls,

TLAB = 1523 K, on ΓLAB .
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Note in the following slides we started using TLAB = 1500 K.
Regardless of the value this is just a code input and can therefore be
changed easily.
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Pure diffusion

Problem in ΩL:















−∇ · (κL∇TL) = sL, in ΩL,

TL = Tsurface, on Γsurface,

−kL ∇TL · n = 0, on Γwalls,

TL = TLAB , on ΓLAB.

Problem in ΩA















−∇ · (κA∇TA) = sA, in ΩA,

−kA∇TA · n = g∗, on Γbottom,

−kA ∇TA · n = 0, on Γwalls,

TA = TLAB , on ΓLAB.

Flux minimization:

g∗ = arg. min.g ||κL∇TL · nL + κL∇TA (g) · nA||2,
g = gmean + p, fluxA(mean) associated with gmean
gmean = κA 0.5 K/km.
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Convection-diffusion without restrictions

Problem in ΩL:















−∇ · (κL∇TL) + ρc uL · ∇TL = sL, in ΩL,

TL = Tsurface, on Γsurface,

−kL ∇TL · n = 0, on Γwalls,

TL = TLAB , on ΓLAB.

Problem in ΩA















−∇ · (κA∇TA) + ρc uA · ∇TA = sA, in ΩA,

−kA∇TA · n = g∗, on Γbottom,

−kA ∇TA · n = 0, on Γwalls,

TA = TLAB , on ΓLAB.

Flux minimization:

g∗ = arg. min.g ||κL∇TL · nL + κL∇TA (g) · nA||2,
g = gmean + p, fluxA(mean) associated with gmean
gmean = κA 0.5 K/km.
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Convection-diffusion with minimization restrictions

Problem in ΩL:















−∇ · (κL∇TL) + ρc uL · ∇TL = sL, in ΩL,

TL = Tsurface, on Γsurface,

−kL ∇TL · n = 0, on Γwalls,

TL = TLAB , on Γ.

Problem in ΩA















−∇ · (κA∇TA) + ρc uA · ∇TA = sA, in ΩA,

−kA∇TA · n = g∗, on Γbottom,

−kA ∇TA · n = 0, on Γwalls,

TA = TLAB , on ΓLAB.

Flux minimization:

g∗ = arg. min.g ||κL∇TL · nL + κL∇TA (g) · nA||2,
g = gmean + p, fluxA(mean) associated with gmean
gmean = κA 0.5 K/km.
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