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How 3D inverse problem is commonly solved
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Pq(m)
ps(m)

p(m, A) = pg(m) + Aps(m) — min (1)
data misfit
Tikhonov-type stabilizer

regularization parameter

vector of model parameters (conductivities)

palm) = 2 [ — F(m) (2)
is a forward problem mapping
1
po(m) = = [W(m —m")|* (3)

vector of model parameters, for some reference model,
which usually include some a priori information.
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Optimization method
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a search direction vector p{/)

a step length o) using an inexact line search along p(")
the next, improved model given by mU+1) = m() 4 o(p()

Optimization

Method The difference is in how a specific method finds the search direction
and in what price is paid for this.

NLCG p®) = —g) 4 ~NpU=1) where v() = %

Newton, GN Hp() = —g(
QN {m®D, g :j=1, .1} - p"
LMQN {m(')’g(’) =] = nCp7 - /} — p(/)

H = g (m), & = 5 (m)

- E)m,-amj
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A Avdeey m Calculation of gradients requires 2 forward modellings at

M. J each frequency

m Important: Straightforward calculation of the gradients
would require N + 1 forward modellings, i.e. in = N/2

Calculation of .

the Gradients times more

Example: number of model parameters = 3000

Single forward modelling requires =~ 4 min on PC

= Straightforward calculation of the single gradient requires 8 days
Usually ~ 200 iterations(gradients) is needed

= Total inversion time is ~ 4 years.




3D data misfit
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f<3Di J va(o) = ,ZZBU tr[ i

i=1 j=1

A;j(0)] (4)

o = (01,...,0n)" the vector of the electrical conductivities of
the cells, N number of cells
the Gradents Ns number of MT sites r; = (x;,y;,z = 0)
N7 number of frequencies w;
Aj=12Z;—Dj 2x2 matrices
Zj; complex-valued predicted Z(r;,w;) impedance
Dj; complex-valued observed D(r;,w;) impedance

Bij some positive weights

—_ T —_ —_ —_ —_
tr [A A} = A11A11 + A12A12 + A21A21 + A Az



Gradients: Adjoint approach
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Nr 2
Gos =Rt 33 [ (WES e v ()
k -
Jj=1 p:lvk

Maxwell's equation

Calculation of V xV x Ej(p) _ \/jlelug(r)EJ(_p) — \/jle'uJJ('P) (6)

the Gradients

Adjoint Maxwell's equation

V x Vxu? — V= lwjpo(nul? = v=lwp (j<.P> +V x hj.P’) (7)

J

jj(.p) and hj(-P) - horizontal electric and magnetic dipoles at the MT sites

p = 1,2 - polarization

The forward modelling is performed with X3D by (Avdeev et al.,
2002).



Grid and MT sites
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Inversion domain = Modeling domain

N= 20 x 20 x 9 cells
20 dx =dy =4 km
Ns= 80 MT sites
N1=3 periods:

100, 300, 1000 s

20 noise - 1%

initial guess model:
50 Qm halfspace

y (km)

Parametrization

E =~ T
1 10 100
Resistivity (Cm)

X (km)
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convergence
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without additional regularization
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m—Iogwc
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Regularization
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Tikhonov-type stabilizers:

m Laplace
Pm  Pm 82m]2
s = dxd + + dz 8
14 yazﬂ; [6x2 dy? = 0z% ] 4, K ®)
esdierztion m Gradient
om\? om\? om\?
Ps = dxdyz [<&<> + (ay) + <82> dz’)’ (9)
afy aBy



Gradient vs Laplace: inversion results
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: 7-10km z: 25-32km

z: 14-19km

y (km)

Laplace

y (km)

Regularization

Gradient

€
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Gradient vs Laplace: inversion results
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Laplace

Gradient

Regularization

True model
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Resistivity (@m)



Gradient vs Laplace: convergence curves
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x3Di Laplace regul. [14
— Gradient regul. || 3
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3D Model of a salt wall
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urfder profile B
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1995 MT sites
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N= 129 x 69 x 13 cells
dx = dy = 0.25 km
Ns=1995 MT sites
N+=5 frequencies:
103 - 10! Hz

noise - 5%

initial guess model:
Berectabiiey a 11 Qm halfspace

E 2 T

10" 10° 10" 0
Resistivity (Qm)



- Inversion result for model 2 with overhang.
1995 MT sites. Horizontal slices

Introduction Inversion result

to 3D MT Z:0.002-0.05km  0.05-0275km  0.95-1.2 km 1.7-2.2km 2.7-3.7 km
inversion code - - - -
x3Di ~10
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- Inversion result: model 1 vs model 2.
1995 MT sites. Vertical slices
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105 MT sites along three profiles
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Salt Overhang
Detectability

N= 129 x 69 x 13 cells
dx = dy = 0.25 km
Ns=105 MT sites
Nt=5 frequencies:
1073 - 10! Hz

noise - 5%

initial guess model:

11 Qm halfspace

[
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Resistivity (m)




- Inversion result for model 2 with overhang.
105 MT sites. Horizontal slices
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Inversion result
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Salt Overhang

Detectability

Inversion result: model 1 vs model 2.
105 MT sites. Vertical slices

Model 1: without overhang Model 2: with overhang
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m Logarithmic parametrization is beneficial in terms of
inversion result and computational time

m Regularization based on Gradient suppresses spatial
resistivity gradients

m The x3D/ code produces encouraging results for salt dome
overhang detectability

Conclusions
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