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We present a new tomographic procedure for the analysis of natural source electromagnetic (EM) induction
field data collected over any complex 2D buried structure beneath a flat air-earth boundary. The tomography is
developed in a pure physical context and the primary goal is the depiction of the space distribution of two
occurrence probability functions for the induced electrical charge accumulations on resistivity discontinuities
and current channelling inside conductive bodies, respectively. The procedure to obtain tomographic images
consists of a scanning operation governed analytically by a set of multiple interference cross-correlations
between the observed EM components and the corresponding synthetic components of a pair of elementary
charge and dipole. To show the potentiality of the proposed physical tomography. we discuss the results from

three 2D synthetic examples.
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1. Introduction

The interpretation of natural source electro-
magnetic (EM) induction field data over com-
plex earth’s structures is one of the most diffi-
cult problems in applied geophysics. Forward
and inverse modelling are still common ap-
proaches. but tomographic imaging is the meth-
od that is increasingly gaining interest in cur-
rent researches.

EM Tomography (EMT) started following
the principles of acoustic imaging that is a high-
resolution method requiring a high density of
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acquisition sites. Acoustic tomography was
largely stimulated for its ability to provide a
detailed signature of any complex structure. EMT
is however still limited to 2D structures. Signif-
icant results about EMT can be found in Lee
etal (1987, 1989), Eaton (1989), Susaki (1989),
Poulton er al. (1992), Zhou et al. (1993), Sasaki
et al. (1994) and Zhdanov er al. (1996).

In this paper we propose a new 2D EMT
method, which is completely different from pre-
vious methods both conceptually and practical-
ly. We do not require any a priori knowledge of
the geometry rank of the anomaly sources Lo
start with the new imaging algorithm. The new
EMT method is indeed related only to the pure
physical aspects of the diffusion of EM waves
underground and to the way the reflected waves
are detected by the sensors located on the earth’s
surface. We deal with the EMT problem from a
probabilistic point of view, as the search for a
deterministic description of the buried struc-
tures is, in principle, an ill-posed problem and
hence a rather limited approach.
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In the development of the new EMT method,
we follow the basic principles of the physical
tomography recently proposed to analyse Self-
Potential (SP) data (Patella, 1997).

2. The EM induction field

A Cartesian coordinate reference system
X, ¥, z is taken with the .x, y-plane representing
the air-earth boundary and the z-axis positive
downward into the earth. The rock parameters
are assumed to be isotropic and the displace-
ment currents are neglected. No impressed time-
varying current sources are assumed to exist in
the subsoil. Further, the magnetic permeability
of rocks is assumed equal to that of free space,
1, Accordingly, Maxwell’s equations are writ-

ten as
Vxhir,r)= jr,n, (2.1)
E oh(r, 1)
Vxe(rn =—H, 3 , (2.2)
V- jr,n=0, (2.3)
V-h(r,t)=0, (2.4)

where j(r, 1), e(r, t) and h(r, r) are the current
density, the electric and the magnetic field vec-
tors at point r and time ¢, respectively.

The null divergence condition for the current
density in an inhomogenous medium, where
e(r, 1) and j(r, 1) are linearly related through the
resistivity parameter p by Ohm’s law, leads to

e(r,1) Vp
P

Voe(r. = (2.5)

Due to the properties (2.2) and (2.4), a vector and
scalar potential, a,(r, 1) and ¢ (r, 1), respectively,
can be introduced such that

h(r,n)=Vxa,rr. (2.6)

(2.7)

e(r.1) ==V, (r.1) — pt, % :
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Since the EM field vectors must be invariant to
any gauge transformation of the vector and sca-
lar potential functions, any new pair (&, ¢) relat-
ed to (@, ¢,) by the gauge transformation

a(r,i)=a,(r,1) —M. (2.8)

4]

dA(r, 1) (2.9

pr.n) =, (r o +—"-

where A(r, 1) is an arbitrary scalar function, de-
scribes exactly the same EM field, i.e.

e(r,n)=—Veoir.H—u, Gl . (2.10)

h(r, 1) = Vxa(r, 1). (2.11)

Among all choices of a,r, 1) and A(r, 1), we
assume that satistying the condition
VA =u,V-a,(r,n, (2,12

which shifts the EM problem to the so-called
Coulomb gauge, in which it is
Vea(r.n)=0. 2.13)

It is easy to prove that a(r, 1) and @(r, ¢) satisfy
Poisson’s differential equation, i.e.

Via(r,t)=—jr,1), (2.14)
V(ry=-0Y2 (a5
which have solutions of the form
J(-’
air.r) = ﬁf (2.16)
p(r.1) = e(if—)Vp dv. (217
4.7I r-r
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In egs. (2.16) and (2.17), V is the total volume
where induced electric charges and currents gen-
erating the observed EM field exist, and " gives
the position of a generic point of V,

The sources of the vector potential are locat-
ed in all regions where there is a non-vanishing
current density, while those of the scalar poten-
tial are found in all places where there is a non-
vanishing component of the resistivity gradient
along the direction of the electric field. In the
case of sharp resistivity contrasts, such places
are the discontinuity surfaces,

Introducing the volume electrical dipole
moment p(r’, 1) and the surface electric charge
intensity y(r’, 1), the vector and scalar potentials
at a generic observation point r can be approx-
imated by a superposition of elementary contri-
butions. In expanding the vector potential a(r, 1),
the volume Vis subdivided into M contiguous vol-
ume elements, covering the whole finite space
of influence of the electrical dipole moment
distribution over the observation point. In each
mth volume element, we consider the average
dipole moment, which is assigned to the point
Fos ACCOIC[]HE]y, the resistivity discontinuity to-
tal surface § is divided into NV surface elements.
In each nth surface element, we consider the
average charge intensity, which is supposed to
be located in the point r,. Hence, the vector and
scalar potentials are upproxima[ed as

M P,,, (I)
! S ..
AR ,,,Z,‘a"' (mi)= 47 It mz‘rfr,,,I
(2.18)
< I 7.0
pr)= ) ¢ (rifj=——» —"-
,,z,: e, 1o |r ‘
(2.19)

Using eqs. (2.10) and (2.11), we readily write
the electric and magnetic field vectors as fol-

lows N
e(r,t) = —1 }/,,( ) =T,
dme, 15
, 2.20)
i 9 x50
Fi% 4 af : m=l [r—f'”J

a M
h =—_—3YV
v 4sr Ot ,; X|r

P,

m I

From now onward, we formulate the theory in
the frequency-domain, assuming that the EM
lield has a ¢ time behaviour, with w the angu-
lar frequency. Capital letters will be used to
indicate the spectral amplitudes.

In the frequency-domain eqs. (2.20) and
(2.21) become

(2.21)

E(r)= ! iﬁ_l} (r—r )+
dme, o l —r 3 !
(2.22)
J’"![)w2 S Ijm
45 =l Ji Hfl
i o P,
H(’)— - ZVX_&’,-_,.M'T (223)

=]

from which we obtain the components of the

EM field on the ground surface (z = 0) as
l < rn ('¥ B ']'-u ) ‘
E (x,y)= > :
47{8() =1 |i' _‘I‘” - '
=0
(2.24)
uf, Ch i ”»
7T " ] rm | -0
I = T i
E,(x.y)= O, )
; 4.71’6‘0 n=1 ‘I‘_f', [ “:“
(2.25)
4 lu()wv 4 yom .
R ‘r—rm Y
iw o P ,
H(x.y)=— ) Vx—= . (2.26)
dx ,,Z,‘ ‘1‘ -r, .
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i & P
H (x,y)=—) Vx.—= 2.27
4‘75 ﬂ; Ir _rll! 0 ( )
iw '2" |
H(xy=s—% Y—" 2:28)
TT 4= |r7rm| s=0) (

From now onward, we will deliberately not con-
sider the induction term in eq. (2.22). This nei-
ther means that we arbitrarily assume that this
term is always negligible, which is of course not
true, nor that we want to restrict the analysis
within the low-frequency approximation. The
rationale of the tomographic approach, already
established by Patella (1997), permits us, in prin-
ciple, to decide beforehand which contribution
of a given field is to be scanned and thence to
analyse only the response due to that contribu-
tion, In particular, for reasons that will be clar-
ified later, in the study of each of the electric
components given in eqs. (2.24) and (2.25), we
shall be concerned only with the [irst contribu-
tion that relates to the charge distribution over
the resistivity discontinuity surfaces. This re-
striction simply follows from the impossibility
to deal with the induction term in the frame of
the tomography imaging algorithm we are go-
ing to present. Nevertheless. this will be shown
to be not a shortage of this new method, since
the information that will be derived is coherent
with the basic physics of the EM induction phe-
nomenology.

3. The 2D analysis

We consider a generic 2D structure striking
paralle] to the y-axis and analyse the EM field
along a profile perpendicular to the strike, i.¢.
parallel to the x-axis. For reasons that will clar-
itied later, we deal only with the secondary EM
ficld associated with the 2D structure. In prac-
tice, a secondary lield can always be calculated
by subtracting from the observed total field a
primary field due to a background relerence
structure.

Assuming now that N and M represent a set
of elementary strips and parallelepipeds both
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clongated in the y-direction, respectively, the
first term in eqgs. (2.24) and (2.25) of the clectri-
cal field components can be rewritten as

E (x)=— J‘A” flx—a,. Y 2,)dy =
' dme, 1o
(3.1)
- ] i An("’._ ‘u)
27{8{] n=| (-\"_x”}i & %

I N T
E (xv)y=—— A (x=x,. v, z,)dv' =0,
dme, 2‘ j )
(3.2)
where
'!' It (,\‘ _'\‘ti ¥ -\‘ - -\‘u 14y = (”_7””1) =
r—r,|
(3.3)
(te—un,)
= =X\

5

l("- —X, ): ¥ =¥ )271’ ;_.,: JV‘

15 2

and A, is the electric charge linear density.

As concerns the magnetic field, performing
the integration of eqs. (2.26), (2.27) and (2.28)
along the y-axis and introducing the dipole

moments per unit length @ (v = x, v, 2). we
obtain
W - Z
H (x)=- 5 z + (3.4)
230 n=l (’\. _‘\nw )" + ‘:LTA
- M 4 .
i Q .z +0_  (r-x.) B
H(x)=—3»)—r*= % " (35
ZH m=1 (—\‘ - xm ) + :,_”,
. e "
iw o (X —X,)
H (x)=-— —" . (3.6)
2"'_[ m=1 (‘\, MX,,, )7 i r;l
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4. Probability tomography
4.1. The source occurrence probability
Sfunctions

Egs. (3.1) and (3.4) through (3.6) definitely
allow us to realise the EM tomography similar
to that proposed by Patella (1997) for the SP
method. The goal is the evaluation of the distri-
bution, along any x-z cross-section, of the oc-
currence probabilities of electric surface charg-
es and current volume dipoles induced by the
primary incident EM field, knowing their ef-
fects on the ground surface.

4.2. Analysis of the electric field

We first study the x-component of the elec-
tric field, which corresponds to the polarisation
E-perpendicular to strike or TM mode. We in-

troduce its spectral power density along any
selected x-profile as
J- E\2 (x)dx =
] & e X =
= > B | B W) s
ime, o L (x—x,)" +2z;
4.1

+ terms depending on dipole moments.

The nature of the secondary EM field, as previ-

ously outlined, always warrants convergence of

the integral at the left-hand side of eq. (4.1).

To infer the electrical charge distribution di-
rectly from the measured electric field in the
most objective way, we proceed as follows (Pa-
tella, 1997). We take any of the integrals of the
sum at the right-hand side of eq. (4.1) and apply
the cross-correlation bounding inequality (Ben-
dat and Piersol, 1986)

<

J.E (O3 (x -

X,.2,)dx
(4.2)

< JF (A)d&ff) (x, 2, )elx.

—o
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We define as space domain electric tomographic
scanner the function

(x—x,)
Jplr—mpg)=——Z""—s 143
(= ) =27
It can be easily demonstrated that
- Pt 1
J.E Wdx [ 3} (v,z,)dx=——, z, >0,
- Cl_ ZH
(4.4)
where
&, =
(4.5)

We now define the 2D Electric Charge Occur-
rence Probability (ECOP) function as

wilmr ) =€ Jn, J.E ()3, (x—x,.z,)dx,
(4.6)
for z, >0,
which obviously satisfies the condition
-1<pfx,,z,) <l .7

The ECOP function allows us to have a detailed
delineation of the charge dislocations under-
ground. Positive values of #/(x, ) are the re-
sult of a major influence from positive charge
accumulations, while negative values from neg-
ative charge clouds.

4.3. Analysis of the magnetic field

We study now the magnetic field and sup-
pose again to work with the spectral amplitude
evaluated along a profile on a flat ground sur-
face at a fixed angular frequency w.
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The y-component of the magnetic field cor-
responds to the TM mode and is only due to the
primary ficld. For this reason we consider only
H (x) and H (x), i.e. the magnetic components in
the polarisation H-perpendicular to strike or TE
mode. Moreover, due to the polarisation of the
electric field, the only non-vanishing dipole
moment per unit length is @ . As for the elec-
tric field, we write the bounding inequality as

-

[H. R, (x-x,,2,)dx | <

(4.8)
< J‘Hf (x)dx- Jg{‘l (x,z,)dx, v=uxz,

where, according to egs. (3.4) and (3.6), the
space domain magnetic tomographic scanning
function is given as

-4, .z, -0 (x—x,)
gt 5 (J\: 7"7,” , Z'” ) e V.x m Vv,o 2 m ;

(.\"—x )h & Zm

m

(4.9)

V=2X14

where d, is the Kronecker symbol which is equal
to one if i = j and zero elsewhere.

Similarly to the procedure used for the elec-
tric field, in this case we define an Electric
Dipole Occurrence Probability (EDOP) func-
tion as

77\H ("‘:m ? Zm ) =

(4.10)

=g Ju, ijr BR, (x—x, .2, ),

v=x,z, z, >0

where

V2

€ = V=X, L

| JTTHf (x)dx ’

4.4. The tomographic procedure

Following Patella (1997), the tomographic
approach consists in a scanning procedure oper-
ated over the true field data functions by the
space domain scanning functions, given in eq.
(4.3) for the electric field and eq. (4.9) for the
magnetic field.

We use an elementary positive source (elec-
tric charge or dipole) with unit strength to scan
the whole subsoil to search where the induced
sources are located. The result of the calculation
of the cross-correlations 40 and 44 relative to a
point P gives the probability that a positive (> ()
or negative (< 0) source (for the electric dipole
the sign will identify the dipole direction) is lo-
cated at P and is responsible for the observed
EM field. We repeat the procedure for a set of grid
points inside the investigated volume where the
presence of induced EM sources is likely to exist.

Moreover, we realise a tomography for a set
of values of @ for which the EM field compo-
nents have non-vanishing amplitudes. These fre-
quencies can be virtually selected in relation to
the expected depths of the targets one wants to
study, observing that for a fixed w, the contribu-
tion coming from depths greater than the skin-
depth is rapidly fading.

5. Synthetic examples
5.1. First example

The first 2D example regards an elongated
prismatic body with rectangular cross-section
of 7 km of width and 1.5 km of height, and with
the top surface buried at 1.5 km of depth. The
resistivity of the 2D body is 10 £ - m and that of
the hosting half space is 100 Q-m.

Figure 1 shows the complete set of tomogra-
phies for the casc of electric field perpendicular
to strike (pictures e, through e ,), compared with
the classical pseudosection {picture ¢,). The
positive direction of the electric fields is from
left to right. For this as for all the other exam-
ples, the fourteen tomographies have been com-
puted at the following frequencies in Hz: 160,
63, 25, 10, 4, 1.6, 0.63, 0.25, 0.1, 0.04, 0.016,
0.0063, 0.0023, 0.001,
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Fig. 1. Electromagnetic physical tomographies (pictures e, through e ,) compared with the classical pseudosection
(picture e,) for the synthetic case of an elongated prismatic body with rectangular cross-section of 7 km of width
and 1.5 km of height, and with the top surface buried at 1.5 km of depth. The resistivity of the 2D body is 10 Q-m
and that of the hosting half-space is 100 ©-m. The figure refers to the case of clectric field perpendicular to strike.
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Fig. 2. Elcctromagnetic physical tomographies (pictures h, through h,,} compared with the classical pseudosection
(picture h,) for the synthetic case of an elongated prismatic body with rectangular cross-section of 7 km of width
and 1.5 km of height, and with the top surface buried at 1.5 km of depth. The resistivity of the 2D body is 10 Q- m
and that of the hosting half-space is 100 - m. The figure refers to the case of magnetic tield perpendicular to strike.

350



We do not observe any significant anomaly
in the pseudosection starting from the top fre-
quency of 160 Hz down to a frequency of about
30 Hz. For this reason, pictures ¢, and e,, which
represent the ECOP tomographies for frequen-
cy values of 160 Hz and 63 Hz, respectively. do
not show any neat source conliguration.

In the frequency range 30-10 Hz a maximum
of apparent resistivity is evident in the pseudo-
section. Physically speaking, this effect is due
to charge accumulation on the resistivity dis-
continuities, mainly the vertical ones because of
the polarisation direction, which determines an
increase of the secondary electric field above
the conductive prism. Pictures e, and e,, relative
to the frequency values of 25 Hz and 10 Hz,
respectively, show an ECOP distribution with
maximum values in correspondence of the ver-
tical boundaries of the prism.

As frequency decreases, the EM wave pene-
trates the conductor and a new charge distribu-
tion develops on the lateral boundaries. This
leads to a distortion of the electric field behav-
iour with a consequent apparent resistivity min-
imum in correspondence of the prism, which
persists down to an arbitrary low frequency
(Wannamaker ef al., 1984). Pictures e,, ¢, and ¢,
show a transient situation in which a new bipo-
lar ECOP distribution is establishing. The sign
reversal with respect to the two previous tomo-
graphic pictures is due to the birth of a new
reversed charge accumulation, which generates
the low electric field within the prism. As soon
as the EM wave fully penetrates the prism, the
electric charge set-up becomes asymptotically
stable down to any low frequency limit, as pic-
tures e, through ¢, clearly show.

Accordingly, fig. 2 shows the complete set of
tomographies for the case of magnetic field per-
pendicular to strike (pictures h, through h,,),
compared again with the classical pseudosec-
tion (picture h,).

As in the previous polarisation, we again
observe in the pseudosection an apparent resis-
tivity maximum above the frequency range in
which the effect of the conductive prism be-
comes well evident. This eftect is due to the
crowding of current lines from regions overly-
ing the prism as [ar as the frequency of the EM
wave is not sulficiently low to fully penetrate

e
wh
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the conductive body. This is represented in the
tomographic pictures h, through h,, where maxi-
ma of the EDOP distribution are well evident in
the neighbourhood of the body and interest a
wider and wider region as frequency decreases.

A narrow transition frequency band exists in
which the magnetic effect due to the prism com-
pletely vanishes. This situation of complete trans-
parency is well evident in the tomography of pic-
ture h_ corresponding to the frequency of about4 Hz.

Then, the EM wave begins to penetrate the
prism. In particular, pictures h, and h,. which
refer to the frequencies ot 0.63 Hz and (.25 Hz,
respectively, both related to the apparent resis-
tivity minimum of picture h,, show a maximum
of the EDOP parameter exactly in correspond-
ence with the body axis. A slight, nearly stable
deepening of this maximum appears in all sub-
sequent tomographic pictures. This can be ex-
plained as due to a combined effect of the cur-
rent density inside and closely underlying the
prism, since the frequency is now low enough to
get the EM wave down, well beyond the body.

Figures 3 and 4 refer to the same prismatic
model, but with reversed resistivity contrast, i.e.
the 2D body is given a resistivity of 100 £-m
and the hosting half-space 10 €. m. Essentially
the same considerations as above can be stll
drawn about the significance of the most rele-
vant probability contours, apart from an obvi-
ous sign reversal of the geomelry tracing charge
and dipole occurrence probability nuclei.

5.2, Second example

The second example regards a horst-like
structure. It is an extension of the first example
to the case in which the bottom level of the 2D
prismatic body extends infinitely down. Again
it is of 7 km of width and the top level stands at
1.5 km of depth. The resistivity of the 2D body
is 10 €-m and that of the hosting half space is
100 Q-m.

Figure 5 shows the complete set of tomogra-
phies (pictures e, through e ,) for the TM mode
(electric field perpendicular to strike), compared
as before with the standard pseudosection (pic-
ture e,). The positive direction of the electric
field is again from lelt to right. The frequencies
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Fig. 3. Electromagnetic physical tomographies (pictures e, through e, ,) compared with the classical pseudosection
(picture e,) for the synthetic case of an elongated prismatic body with rectangular cross-section of 7 km of width
and 1.5 km of height, and with the top surface buried at 1.5 km of depth. The resistivity of the 2D body is 100 Q-m
and that of the hosting half-space is [0 £-m. The figure refers to the case of electric field perpendicular to strike.
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Fig. 4. Electromagnetic physical tomographies (pictures h, through h
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1) compared with the classical pseudosection

(picture h,) for the synthetic case of an elongated prismatic body with rectangular cross-section of 7 km of width
and 1.5 km of height, and with the top surface buried at 1.5 km of depth. The resistivity of the 2D body is 100 £-m
and that of the hosting half-space is 10 €2-m. The figure refers to the case of magnetic field perpendicular to strike.
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Fig. 5. Electromagnetic physical tomographies (pictures e, through e,,) compared with the classical pseudosection
(picture ¢ ) for the synthetic case of an clongated horst-like prismatic body with 7 km of width and with the top
surface buried at 1.5 km of depth. The resistivity of the 2D body is 10 £ m and that of the hosting half-space is
100 £2- m. The tigure refers to the case of electric field perpendicular to strike.
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at which the tomographies have been computed
are the same as before.

Significant ECOP tomographies are this time
seen even starting from the top frequency of 160
Hz until the lowest frequency. Again, sign re-
versals of the ECOP function are observed in
the high frequency transition band, passing from
picture ¢, to e, the first time and from picture e,
to e, the second time, indicating as before re-
versed sign charge accumulations. In any case,
in each picture the highest absolute values of
the ECOP function are observed around the top
Jateral edges of the prismatic horst-like body,
exactly at the depth of the top surface of the
prism. The lateral spacing between the two re-
versed sign nucleuses always closely corresponds
to the width of the body. The asymptotic stabil-
ity is now reached very soon, practically from
picture e, down to any low frequency limit,
because this time there is not the influence of
the bottom surface in modifying the tomogra-
phies.

Accordingly, fig. 6 shows the complete set of
tomographies {pictures h, through h,) for the
TE mode (magnetic field perpendicular to strike)
compared as usual with the standard pseudosec-
tion (picture h,).

A transition frequency band again exists in
which the EDOP imaging is far from having
reached stability (see pictures h, through h),
although clear signs of the presence of the pris-
matic body are this time well evident even in
pictures h, and h,. Once the EM waves begin to
fully penetrate the prism, a maximum of the
EDOP parameter appears exactly in correspond-
ence with the body axis. Morcover, the EDOP
maximum migrates downwards as frequency
lowers, starting from picture h, until the last
one, and the size of the EDOP nucleus also
regularly spreads over a larger and larger para-
bolic surface. Both aspects can be explained as
due to the infinite extension of the prism in
depth.

5.3, Third example
The third example regards a fault model. The

overlying resistivity is 100 Q- m and the under-
lying 10 £ m. The depths of the two plateaux
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are I km and 2.5 km, respectively. Similar con-
siderations as in the previous example can be
again made.

Figure 7 refers to the case of electric field per-
pendicular to strike. In particular, picture e,
shows the standard pseudosection and pictures
e, through ¢, the corresponding tomographies.
Omitting the details concerning the first seven
tomographies, which correspond to a transition
frequency band from 160 Hz down to 0.63 Hz,
we then observe a neat ECOP maximum ap-
pearing in pictures e, through e , in close corre-
spondence with the fault throw.

Very interesting features appear in the tom-
ographies corresponding to the case of magnet-
ic field perpendicular to strike, drawn in pic-
tures h, through h,,, following the classical pseu-
dosection of picture h, (fig. 8). The strongest
anomalies in the pseudosection are evident in
the frequency range from 4 Hz down to 0.63 Hz.
The tomographies related to these frequencies
are shown in pictures h,, h, and h, respectively
at 4, 1.6 and 0.63 Hz. A maximum EDOP value
appears in the conductive side of the fault, close
to the confining resistive side, which demon-
strates a dense secondary current circulation.
Vice versa, in the resistive side, the decrease of
total current circulation is seen as a negalive
EDOP nucleus, which corresponds to an equal-
ly dense secondary current circulation in the
opposite direction.

As frequency lowers, the EDOP maximum
at the right-hand side of the sections tends to
stabilise at a much greater depth with a much
larger extension.

6. Conclusions

We have described a new tomographic ap-
proach for physical pattern recognition of 2D
anomaly sources in the study of EM induction
fields underground. The proposed method has
the advantage that in principle no strict refer-
ence to the geometry of the anomaly sources is
necessary as an ¢ priori constraint to start with
the imaging algorithm. It only relates to the true
physical aspects of the EM wavetield diffusion
process that emerge from the data collected above
the air-carth interface.
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Fig. 6.
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Electromagnetic physical tomographies (pictures h, through h,,} compared with the classical pseudosection
(picture h) for the synthetic case of an elongated horst-like prismatic body with 7 km of width and with the top
surface buried at 1.5 km of depth. The resistivity of the 2D body is 10 €-m and that of the hosting half-space is
100 €2-m. The figure refers to the case of magnetic field perpendicular to strike.
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Fig. 7. Electromagnetic physical tomographies (pictures e, through e,,) compared with the classical pseudosection
(picture e ) for the synthetic case of a faulted geometry. The overlying resistivity is 100 £-m and the underlying
10 - m. The depths of the two plateaux are 1 km and 2.5 km, respectively. The figure refers to the case of
electric field perpendicular to strike.
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Fig. 8. Electromagnetic physical tomographies (pictures b, through h, ) compared with the classical pseudosection
(picture h) for the synthetic case of a faulted geometry. The overlying resistivity is 100 £-m and the underlying
10 €2-m. The depths of the two plateaux are 1 km and 2.5 km, respectively. The tigure refers to the case of
magnetic field perpendicular to strike.
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The rationale underlying the new EMT meth-
od is the simultaneous computation of the oc-
currence probabilities of both electric charges
and current dipoles underground. The ECOP
and EDOP tomographies together constitute a
complete physical and geometrical pattern rec-
ognition approach across vertical sections. Phys-
ically speaking, polarised electric charges are
surface effects, that for down travelling waves
are essentially distributed around the uppermost
edges of any 2D anomalous body, while polar-
ised current dipoles are volume effects concen-
trated inside conductive structures. Among these
structures we must of course include also those
disturbing bodies that generate unwanted static
shift effects. Polarized electric charge and cur-
rent dipoles associated with these bodies cannot
in principle be distinguished, unless the static
shift effects are eliminated beforehand using
any standard correction method,

The use of probability parameters for EM
pattern recognition is thought to be unavoidau-
ble. Indeed, due to intrinsic equivalence and
noise contamination from cultural and/or natu-
ral external sources, the search for a determinis-
tic solution of the true physical and geometrical
configuration of the buried perturbative struc-
tures has basically much less common-sense
than is believed.
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