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Starting point

L Je]

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,

—V-(2uV*u)+Vp=pg, inQ,

V-u=0, in Q, (1)

u-n=0, on 91,

txn=0, on 99.
Additionally,

@ Implements reduced basis;

@ solves the inverse problem using Metropolis-Hastings (MCMC).
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Starting point
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What can be done differently?

Density and viscosity parameters are calculated according to,

1025

p(z. T) = po(l—a(T = To) + B(p(2) = Po)).

[J( _,_) ) ( Hmax; )
z, I')=min —1/n £(1/n)—1 E+p(z)V
Ap E,(, ) eXP( nRT )

102

s]

n[Pa

1022

1021

1020

@ where strain rate £, is considered constant,
@ pressure variates linearly with depth p(z)=p 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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Bibliography
°

What is it done in the bibliography regarding the thermal field?

@ Divide the domain:

o lithosphere, mainly diffusion heat;
o upper mantle, convection heat (approximately adiabatic gradient);
e 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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Hypothesis
°

How do we obtain the thermal field results?

Hypothesis:
@ steady-state,
e material properties discontinuity (coefficients K;, K4, 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
VT =~ 0.3—0.5 K/km [AFRT08],

@ heat flux direction: from the mantle to the surface.
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Results
®000

lll-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.
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—kVT:-n =& on Mpottom, ~ 300
—kVT-n=0, on Mwalls, 200 1700 ————1700——1760—|
Tiag =1523 K, on 'l 5. 100
—1800— .
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Note in the following slides we started using T, ,, = 1500 K.
Regardless of the value this is just a code input and can therefore be
changed easily.
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Results
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Pure diffusion

Problem in Q;: 100 ¢ M
200 ———16
-V (KLVTL) =5, in QL, g
=300
TL = Tsurfacer on rsurfacel ‘%_
—k, VT -n=0, on lNyalls, & 400
| e
TL=Tias, on lLAB. 500
3 S
) 600 %002, S8
Problem in Qa

o 0.0(5): ﬂ
V. (KAV TA) =5, in Qp, ©.0.05

—kAVTA-n=g*,  on Mottoms 0 200 y [kr:]oo 600
—kp VTA ‘n=0, on lMNyalls, ;;; ']
Ta= TiaB, on [,AB. 0213

or_,,"
Flux minimization: 02l*
g* = arg. min. ||k VT -ng + K. VTa (g)- nall?,

. . 100 200 300 400 500 600
& = Bmean + P, fluxa(mean) associated with gmean Points in T

8mean = KA 0.5 K/km « (flux flux,) & flux,
° quxL v -quxA(mean) 7/ 10



Convection-diffusion without restrictions

Results
ocoeo

Problem in Q;:

—V'(KLVTL)+pC u VT, =5s;, in Qy,

TL = Tsurfaces on lMsurface,
—ke VT -n=0, on Myalls,
Ty = Tias, on lN,AB.

Problem in Qa

—V - (KaVTa)+pcua-VTa=sa in Qa,

_kAv TA ‘h= g* ’ on rbottor
—kaVTa-n=0, on lMNyals,
Ta= TrLas, on lLAB.

Flux minimization:

g* = arg. Inin.g”KLVTL ‘n +K VTy (g) . nA||2,
& = Bmean + P, fluxa(mean) associated with gmean
8mean = KA 0.5 K/km.

-0.5
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Results
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Convection-diffusion with minimization restrictions

Problem in Q;:

—V'(KLVTL)+pC u VT, =5s;, in Qy,

TL = Tsurfaces on lNgurface,
_kL VTL ‘n=0, on Nyals,
TL = Tias, onl.

Problem in Qa

—V - (KaVTa)+pcua-VTa=sa in Qa,

_kAv TA ‘h= g* ’ on rbottor
—kaVTa-n=0, on lMNyals,
Ta= TrLas, on lLAB.

Flux minimization:

g* = arg. Inin.gllKLVTL'nL+KLVTA (g)-nA||2,

Depth [km]

& = Bmean + P, fluxa(mean) associated with gmean -

Bmean = KA 0.5 K/km.
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