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This paper deals with the problem of determining regional strike from
a magnetotelluric impedance tensor in the presence of galvanic distortion.
For a more in-depth discussion on the sources of and proposed solutions to
near surface and galvanic distortion the reader is referred to Jiracek (1990),
Groom and Bailey (1989,1991) and Groom and Bahr (1992).

Bahr (1988,1991) discussed galvanic distortion and presented a classifica-
tion of distortion types. He introduced the superimposition model in which
the Earth is viewed as having a 2D regional structure but with local or near
surface galvanic distortion. Using a real frequency-independent distortion
matrix to represent the galvanic distortion, the measured impedance tensor
takes the form

Z = R(9)C Z,RT (9) (1)
~ [ cos® sinf |, . :
RO) = | _ sind cosd |1 the rotation matrix
0 [Cu Gl | |
C = R ] is the distortion matrix <
| Ce Cyy
- [0 Z.,. ]. . . .
Zy = 7 0 ™ | is the impedance of the regional Earth
L TV ’

In a coordinate system with z north, y east, z down, and rotation defined
as above, the strike of Z in Equation 1 is — east of north.

In the coordinate system of the regional structure (i.e. with § = 0) Z has
the form

Zz[cu CWH 0 ny,]z [ ~CoZz, Cocloy, | (o)
Cyw ny "Zywr 0 _nyzyzr wawyr
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The key feature of Z in Equation 2 is that the phases of the elements in
the left-hand column are the same, as are the phases of the elements in the
right-hand column.

To allow for cases where there is no strike angle at which the phases in
each column are equal, Bahr (1991) extends the superimposition model to
allow for a given phase difference 6, between the elements of each column.
Here Z takes the form

g = —CryZyz, €xp1dy G5y, BT(p 3
7 = R(8) _CpZom Ol cxpeity | (6) (3)

Bahr (1991, Eqn. 30) presents an approximate expression (aso) for this
strike which I found to be inaccurate and occasionally undefined. A good
example of this is shown in Figure 1.

I have extended Bahr’s analysis to allow for the case where the magnitudes
of the phase differences are the same, but their signs may differ and have
determined a more accurate expression for the strike angle. In this analysis,
7 takes the form ,

7 = R(O)CAZLET(0) )

= e 0
A= [ 0 e*es ]

We wish to find the angle ag for which the following is true

Flaw) 2T (ax) = CAZ,

where

. or explicitly

Ty
ZoE ZgE —CyyZyz, CyzZuy, exp 164

yT Yy

There may be several such values of ag in which case I choose that for which
|64] has the smallest value.
The phase of a complex number is given by

T

and the phase difference between two complex numbers is

w(ar) — p(e2) = per/c2) = p(ercy)

We wish to find the angle ag at which the magnitude of the phase difference
between Z2F and ZpP is equal to the magnitude of the phase difference

ap ap
between Z7F and ZZF.

P(ZeE 2y E") = o ZpF Z2F)

YT yy “zy
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Considering the two signs separately we have

o(Z8E Z0E* 708 Z88*) = 0

Ty TYY

or
o (ZeE Z0p" Z08* 708 = (

Ty “yy

Using the condition

ple) = = Si(c)=0 (assuming R(c) > 0)

we have
S(ZeEZoE22EZ2E") =0 (5)
or
S(ZoEZyE"Z2E"Z0F) =0 (6)

These equations can be expressed as two polynomials in ¢ = tan(ag).
The coefficients of the polynomial derived from Equation 5 are

t° 0 S(P4Qa)
4 S(PaQs + PsQ4)
t° : S(PaQ2+ P3Qs + PaQ4)
t° S(PsQr + PsQ2 + P2Qs + PiQ4)
£ S(PsQov + P3Q1 + P,Q2 + PiQs + PyQ4)
6} S(PsQo + PQ1 + PiQ2 + Fy(Q3)
t? S(PQo + AQ1 + PoQ2)
t! S(P Qo + PoQ1)
' 1 S(PuQu)
where
P, = A+B Qs = —A+B A = S5;D,—-D;5%
Py = 2(C-D) Qs = 2(-C-D) B = D;D) - 575
P, = 2(A-2F) Q. = 2(—A+2E) C = DiD,— 555,
P = 2(-C-D) @1 = 2(C-D) D = DiS + D3S,
P, = A-B Qo = —A-B E = DS + 55
and

Sl = Zgz + Zyy D, = Lz — Zyy 52 == Z:z:y .2 Zyz: D2 = Z:cy = Zyx

To obtain the coefficients of the polynomial derived from Equation 6
replace (Q; with Q7 above.
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The solution to Equation 5 is the tan of that angle ag at which the phase
difference between the elements of the two columns of the impedance tensor
is 5. The solution to Equation 6 is that angle at which the phase differences
are equal in magnitude but differ in sign.

I use Laguerre’s numerical method (Press et el., 1986, p263) for solving
the two polynomials. Each polynomial has eight roots, some of which may
be complex. The real roots are the tangents of several possible strike angles.
The angle of interest is that for which |64] in Equation 4 has the smallest
value.

If a(Z) denotes the strike of tensor Z then, the following should be true
for any value of 6

a(R(0)ZRT(9)) = a(Z) — 6 (7)

To determineif this is true for ag or aay, I constructed a rotated, distorted
impedance tensor Z

7 = R(a)CAZLET ()
with
Coxr =08 Cpy=-005 Cpe=0.1 C, =09
Ly, = 10400 + 4600z Zyz, = 6300 + 5800z

6, =5  a= —45°
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Figure 1: A test of the accuracy of two phase-dependent strike angles, ag (o)
and agp (x) for a synthetic impedance tensor. The strike angles were calculated
for rotations of 0°, 5°, 10°...Wherever a X is absent this indicates that aszg is
undefined.

Figure 1 shows tkle~ values of ag and agzy for several values of 6 for the
rotated tensor R(6)ZRT (). It is obvious that ag fulfills the condition in
Equation 7 and that a3y can be inaccurate by as much as 15°.

112




This work was funded jointly by GIKSS (Germany) and EOLAS (Ire-
land). I would like to acknowledge the assistance given to me by the Applied
Geophysics Unit UCG and the Institute for Geophysics at the University
of Frankfurt, in particular to Colin Brown, Volker Haak, IKarsten Bahr and
Marcus Eisel.

References

Bahr K (1988). Interpretation of the magnetotelluric impedance tensor:
regional induction and local telluric distortion. Journal of Geophysics,
62:119-127.

Bahr K (1991). Geological noise in magnetotelluric data: a classification of
distortion types. Physics of the Earth and Planetary Interiors, 66:24-38.

Groom R W and Bahr K (1992). Corrections for near surface effects: decom-
position of the magnetotelluric impedance tensor and scaling corrections
for regional resistivities: a tutorial. Surveys in Geophysics, 13:341-379.

Groom R W and Bailey R C (1989). Decomposition of the magnetotel-
luric impedance tensor in the presence of local three-dimensional galvanic
distortion. Journal of Geophysical Research, 94(B2):1913-1925.

Groom R W and Bailey R C (1991). Analytic investigation of the effects of
near surface 3D galvanic scatterers on MT tensor decompositions. Geo-
physics, 56:496-518.

Jiracek G (1990). Near surface and topographic distortion in electromagnetic
induction. Surveys in Geophysics, 11:163-203.

Press W H, Flannery B P, Teukolsky S A, and Vetterling W T (1986). Nu-
merical Recipes, The Art of Scientific Computing. Cambridge University
Press, Cambridge, UK.

113





