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IFast representation
of dipole-dipole geoelectrical data
with pseudosections for regional surveys
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Abstract

I propose a fast method for constructing pseudosections of apparent resistivity from geoelectrical data collected
for deep studies with continuous polar dipole-dipole arrays. Once a vertical section is fixed, each value of apparent
resistivity is assigned to a point on the section and finally pseudosections are obtained by interpolation. This
allows the geophysicist to represent a large amount of data in a fast and simple way. to perform a qualitative
interpretation and to facilitate the quantitative interpretation.
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1. Introduction and description of the method

The objective of this paper is to evaluate if
and how the techniques of geoelectrical data
representation used for shallow prospecting
(Reynolds, 1997) can be adapted to the charac-
teristics of geoelectrical data acquisition for
large-scale deep studies. The goal is (o represent
all the collected data in a pseudosection of ap-
parent resistivity (p, ), with a fast process, in a
format which is easily intelligible even by an
inexpert final user.

The acquisition of dipole-dipole data for
geoelectrical deep surveys usually consists of
some vertical electrical soundings with Contin-

Muailing address: Prof. Mauro Giudici, Universita degli
Studi di Milano, Dipartimento di Scienze della Terra,
Sezione di Geofisica, Via L. Cicognara 7, 20129 Milano,
ltaly; e-mail: Maoro.Giudici @ unimi.it

243

uous Polar Dipole-Dipole (CPDD for short) ar-
rays (Alfano, 1974, 1980). The simple formulas
to obtain pseudosections of p, from data ac-
quired with multi-electrode systemns for shallow
exploration cannot be applied in a straightfor-
ward way to data acquired with CPDD arrays.
In fact, the basic differences are the different
length of the current and potentiometric dipoles
and the asymmetry of the array. Moreover, since
deep soundings are often performed in areas
with complex topography, field conditions pre-
vent from maintaining a polar disposition of the
electrodes and the soundings are not perfectly
aligned along a profile.

The first attempls at the construction of pseu-
dosections used backprojection (echniques,
based on the function that describes the elemen-
tary contribution to the clectrical signal (Roy
and Apparao, 1971; Barker, 1981) and corre-
sponds to the so called Frechet’s derivative or
sensitivity coefficient in the literature on inverse
problems (see, e.g., McGillivray and Oldenburg,
1990). These techniques have not led to satis-
factory results and require further work, for in-
stance, following the suggestions of Cosentino
et al. (1998),
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An alternative approach is to determine a
point in space where each value of p_ 1s as-
signed and then to interpolate the three-dimen-
sional data set. Since software packages for two-
dimensional interpolation are very common and
the data acquisition for deep studies is usually
performed along profiles, which are approxi-
mately lincar, I propose the following simpli-
fied procedure. Fix a vertical section and for
each value of p,, determine the point of the
section to which this value is assigned and then
interpolate the two-dimensional data set.

Conventional methods of constructing pseu-
dosections of p_ for shallow targets use data
located on a regular and dense grid, whereas
data collected for regional studies are sparse
and often scarce. Moreover assigning a value of
.., o a single point is not correct, because this
operation does not take into account the contri-
bution to the signal from different regions. As a
consequernce of these two facts the interpolation
of the data can introduce some artefacts.

1.1. Determination of the point where the
value of apparent resistivity is assigned

Let us consider an array, as represented in
fig. 1; fix a Cartesian co-ordinate system and
denote the position vectors of the electrodes
of the current (AB) and potentiometric (MN)
dipoles with A, B, Mand V. -

We consider a weighted average, €, of these
vectors given by

B+N
+ 2
|BN|"

1| A+M B+M A+N
5 +

2\ |aM[ M| |AN

C= 2 2

(1.1)

. [ 2 + ] 3 + l 2 + ] 2
|Am|" |BM|"  |AN[ |BN|

If the four electrodes lie at the surface of an
horizontal terrain and if the array is symmetric,
which is the case, e.g., for Schlumberger or
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Fig. 1. Plane view of an array for measuring
electrical resistivity.

Wenner array, then C corresponds to the centre
of the array. On the other hand with asymmetric
arrays the weight given by the inverse of the
squared distance between the electrodes has the
effect of moving C near electrodes that are close
to each other.

The value of p,  obtained with a given array
is assigned at a point, whose position vector
P has the same horizontal components as C,
and the vertical component given by

P=C-d (1.2)

where
4, =cl(AM]" + [BM[" +[AN] 4BV 141
(1.3)

The values of the constant coefficients ¢ and &
have been assigned by comparing the values of
d_given by (1.3) with those of «cfTective depth»
obtained for several arrays by Edwards (1977).
In particular for ¢ = 0.26 and & = -1 a good
match is found with the values of «effective
depth» computed by Edwards (1977) for di-
pole-dipole arrays. Finally, the point P is locat-
ed on the prescribed vertical section with a sim-
ple orthogonal projection.

1 developed an original computer program
using the FORTRAN 90 programming language
and defining a module that includes all the stand-
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ard operations on three-dimensional vectors so
that the algorithm is implemented in the main
procedure in a few lines and with a syntax sim-
ilar to the analytical one.

2. Application to synthetic and real data sets

2.1. Application to synthetic data

The procedure described in the previous sec-
tion is applied to plot the pseudosections for
two data sets, which correspond to two syn-
thetic simple geoelectrical structures, drawn in
fig. 2a,b. Case A (fig. 2a) consists of a layer with
average thickness equal to 200 m and resistivity
equal to 1 £2-m, scparated by a dipping discon-
tinuity from a deep bedrock with resistivity cqual
to 100 €2-m; case B (fig. 2b) presents a vertical
discontinuity between two half spaces with re-
sistivities equal to 1 and 100 €2 m respectively.
The hypothesised acquisition scheme is com-
mon to both cases, is similar to the typical ac-

quisition scheme used in real field works and is
represented in fig. 2c. It consists of nine vertical
electrical soundings with maximum length of
the array equal to 2 km, but for two soundings
with maximum length of the array equal to
10 km.

For each case I have computed p,,,, for CPDD
arrays with numerical models and I have as-
signed the values to points at different depths,
according to the procedure described in Section
[.1. The interpolation was performed with krig-
ing (Davis, 1973). Several attempts were made
with different analytical forms of the variogram.
Here 1 show the results obtained with linear
variograms with an anisotropy ratio equal to
four. This choice means that the correlation
length along the horizontal direction is four times
greater than that along the vertical direction and
induces a prominent horizontal correlation in
the interpolated field of p, .

Figure 3a,b shows the pseudosections of p,,
for both cases; the values of p, are represented
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Fig. 2a-c. Vertical sections of the geoelectrical models (a) for case A and (b) for case B; light grey = 1 £-m;
dark grey = 100 Q-m. ¢) Scheme of data acquisition; thick horizontal line = ground surface; vertical lines =
position of the centres of the potentiometric dipoles; horizontal arrows = direction and maximum length of the
vertical electrical soundings; dets = position of current electrodes.

7
\Z
bt T —" s g P T Oy ¢
i"o Dano 2000 2o a = VO n P | %o [+]
| o > | [+]
-1000} | -1000{
m | o o | | o
-mmt i % o | 2008
; . = ) | b e O
0 1000 2000 300D 4000 5000 6000 7000 G0DO  00CO  100CO o 1000 2000 3000 4000 500D 600D 7000 80CO 400D 10000
m m
0.8 | 140 Q-m

Fig. 3a,b. Pseudosections of apparent resistivity (a) for case A and (b) for case B. Circles show positions of the
points where ficld data of apparent resistivity are assigned.
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with grey levels corresponding to a logarithmic
scale and the positions where field data are
assigned are plotted with open circles. The re-
sults for case A (fig. 3a) show both a general
increase inp,_ with depth and a lateral variation
which is related to the dip of the discontinuity
surface. The results for case B (fig. 3b) show a
clear lateral variation. The use of an anisotropic
variogram enhances the appearance of layered
structures; nevertheless fig. 3b, which corre-
sponds to a vertical discontinuity, is satisfacto-
ry, because it shows the signature of lateral
heterogeneity. This fact depends upon the sensi-
tivity of dipole-dipole arrays to lateral varia-
tions which is still apparent in the final data
representation.

2.2. Application to field data from the
Secchia river valley

In fig. 4 I show the pseudosection of p,
obtained from a real data set which consists of
five vertical electrical soundings performed with
CPDD arrays along the valley of the Secchia
river, south of Sassuolo (MO - Italy). From fig. 4,
we observe that the average value of o, is less
than 10 Q-m, with some helerogeneous arcas
both at surface, with alternating high and low
values, and at greater depth with some localised
conductive features. These remarks were con-
firmed by the geophysical interpretation, which
was integrated with the results of data from
some soundings approximalely perpendicular
to the profile of fig. 4.

140 Q-m

Fig. 4. Pseudosection of apparent resistivity for a
field survey in the Secchia river valley (Italy). Circles
show positions of the points where field data of
apparent resistivity are assigned.
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3. Conclusions and future perspectives

The pseudosections of p, obtained with syn-
thetic and real data show that the proposed
method permits to map all the collected data
together in a fast a simple way. I stress that
pseudosections of p,, are preliminary data rep-
resentations only and quantitative interpretation
is needed for obtaining the real image of resis-
tivity distribution in the subsurface.

The application of geostatistical techniques
for the interpolation is very promising and is
still worthy of research efforts. In particular
geoelectrical data performs a kind of regulari-
sation of the subsurface heterogencous struc-
ture, in the sense that the p,,, obtained with a
given array depends upon the true resistivity
distribution over a volume of the Earth. There-
fore the p,,, field filters the resistivity distribu-
tion in the subsurface; as a conclusion it is
worth evaluating the dependence of the data
correlation structure, quantified by the vario-
gram, on the data acquisition scheme and on
the true heterogencity structure of the subsur-
face.

Moreover in this paper geostatistical inter-
polation techniques have been applied in a
straightforward way and they have not been
used to estimate the error on the interpolated
values; such an estimate could be very useful
both to plan new data acquisition and to allow
the inexpert user to distinguish confident fea-
tures from artefacts of the interpolation proce-
dures in the pseudosections.
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