
Artefacts of isotropic 
inversion applied to data from 

an anisotropic Earth

Marion Miensopust



Motivation

2D profile in NE Botswana
highly resistive dykes of 17 m average width -> 

anisotropic structure for MT scale
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Synthetic test model
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dip and slant angle zero

According to their physical relation to the anisotropy,
the angles aS ; aD; aL can be identified with the
anisotropy strike, dip, and slant, respectively (Fig. 1).
Considering the 1-D symmetry of the above MT

model, i.e., @=@x ¼ @=@y " 0; Maxwell’s equations in
each of the homogeneous layers of the model for a
frequency o reduce to

@Ex

@z
¼ iom0Hy;

@Hy

@z
¼ #sxxEx # sxyEy # sxzEz;

@Ey

@z
¼ #iom0Hx;

@Hx

@z
¼ syxEx þ syyEy þ syzEz: ð3Þ

The last pair of governing field equations degenerates to

Hz ¼ 0; szxEx þ szyEy þ szzEz ¼ 0 ð4Þ

expressing simply the absence of a vertical magnetic field
and of vertical electric currents anywhere in the
anisotropic layered medium.
Eliminating, e.g., the magnetic field components from

Eq. (3), we easily arrive at a system of coupled second-
order differential equations for the electric field

@2Ex

@z2
þ iom0ðAxxEx þ AxyEyÞ ¼ 0;

@2Ey

@z2
þ iom0ðAyxEx þ AyyEyÞ ¼ 0; ð5Þ

where

Axx ¼ sxx #
sxzszx
szz

; Axy ¼ sxy #
sxzszy
szz

; ð6aÞ

Ayx ¼ syx #
syzszx
szz

; Ayy ¼ syy #
syzszy
szz

ð6bÞ

with clearly Axy ¼ Ayx for a symmetric conductivity
tensor r:
From Eq. (3) and system (Eq. (5)) we can conclude

that the MT field in a layered anisotropic medium
depends on the elements of the conductivity tensor solely
through the aggregate conductivities Axx; Ayy; and Axy:
Whatever the particular form of the conductivity tensor
r; the electromagnetic field does not change if the
elements of the 2' 2 matrix A remain unchanged.
Consequently, without any additional information
available, the MT field of a plane wave does not allow
us to reconstruct the full conductivity tensor in a 1-D

medium. Only the elements of A can be resolved, which
thus represents an equivalent effective conductivity
tensor attributed to the individual layers of the model.
It can be easily shown that detA ¼ det r=szz > 0:

Consequently, A is a symmetric and positive definite 2'
2 matrix, which can be again factorized in terms of its
principal elements, say A1 and A2; and an elementary
rotation, by an effective strike angle bS ; around the z
coordinate axis,

Axx Axy

Ayx Ayy

 !

¼
cos bS # sin bS
sin bS cos bS

 !

A1 0

0 A2

 !

cos bS sin bS
# sin bS cos bS

 !

; ð7Þ

which gives

Axx ¼ A1 cos
2 bS þ A2 sin

2bS ;

Ayy ¼ A1 sin
2bS þ A2 cos

2 bS ;
Axy ¼ Ayx ¼ ðA1 # A2Þsin bS cos bS : ð8Þ

Summarizing the previous steps, we conclude that the
1-D MT problem for a generally anisotropic layered
medium can be always re-formulated as a simpler, but
equivalent problem for an azimuthally (horizontally)
anisotropic structure with the horizontal conductivity
tensor A defined above. Any changes in the full
conductivity tensor r that do not affect the elements
of A cannot be recognized by MT soundings with a
plane wave source field.

2.2. MT field in a 1-D anisotropic layered medium

System (Eq. (5)) has the form of coupled pendula
equations. Seeking the general solution to Eqs. (5) in the
form expð7kzÞ; we easily find that there are always two
solution modes in the anisotropic medium, correspond-
ing to two different wave numbers

k21;2 ¼ #
iom0
2

½Axx þ Ayy7
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðAxx # AyyÞ2 þ 4AxyAyx

q

):

ð9Þ

In terms of the principal effective conductivities, A1 and
A2; these wave numbers are expressed as

Fig. 1. Ilustration of basic anisotropy parameters: transformation of conductive dike into general position by successively applying
three elementary Euler’s rotations aS ; aD; and aL:
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Isotropic Inversion Results
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Isotropic Inversion Results
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Anisotropic Inversion Results
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Anisotropic Inversion Results

100 km

0 km

20 km

40 km

60 km

80 km

100 km

120 km

140 km

160 km

180 km

200 km

220 km

240 km

260 km

280 km

300 km

320 km

340 km

100 km 100 km 100 km 100 km 100 km

!s = 0° !s = 75°

10 000

2 154

464

100

21.5

4.6

1

" (Ωm)
xx xxyy yyzz zz

2D anisotropy inversion (Randy Mackie’s 
code) - anisotropy aligned with axes

zz poorly resolved - no Hz information

simple structure well recovered

anisotropi)*+!!

"## km

ZI
M

"#
*

ZI
M

"#
+

ZI
M

"#
,

ZI
M

"#
-

ZI
M

""
#

ZI
M

""
"

ZI
M

""
.

ZI
M

""
/

anisotropi)*+00

"## km

ZI
M

"#
*

ZI
M

"#
+

ZI
M

"#
,

ZI
M

"#
-

ZI
M

""
#

ZI
M

""
"

ZI
M

""
.

ZI
M

""
/

"# ###

. "*/

/+/

"##

.".*

/.+

"

+ -.m0# km

/# km

,# km

".# km

"+# km

.## km

./# km

.,# km

2.# km

real data more complicated, but 
resistive structure is crustal feature



3D Anisotropic World

How wrong are we in 3D?



3D Anisotropic World

How wrong are we in 3D?

Are 3D anisotropic approaches realistic? 
2D anisotropy is already too complex, so assumption are 

applied to simplify (e.g. only 3 resistivities, but fixed 3 angles).


