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Negative Induced Polarization Effects for Two-Dimensional

Structures

Hee Joon Kim*

Abstract : Negative induced polarization (IP) responses are examined for two-dimensional
structures using a modeling technique with finite difference method. Percent frequency effect
is used for IP parameter because it can be efficiently computed by a perturbation method.
Thin conductive, polarizable overburden causes obvious negative IP responses on IP
pseudosection. This fact means that IP responses from resistive, polarizable body below the
overburden can be masked solely as a function of the resistivity distribution. Resistive,
non-polarizable body below the overburden, however, can be detected by the negative IP

responses.

INTRODUCTION

Since induced polarization (IP) effects in
rocks are defined as positive values, remarkable
negative IP responses in field data are fre-
quently regarded as a failure of measurement.
However, Bartin (1968) reported that in
time-domain IP measurements the anomalous
negative IP exists in a layered earth. Roy and
Elliot (1980) showed that the negative IP is
found in a zone with saline water layer.

Based on Seigels’ theory (Seigel, 1959),
Nabighian and Elliot (1976) revealed that
negative IP effects can occur whenever the
geoelectric section is of type K or Q. Kim
(1978) calculated IP responses for a layered
earth model by means of a digital linear filter
developed by Anderson (1979) in order to ex-
amine the negative IP phenomena. As a result,
it is found that the negative IP appears when
the first layer is polarizable in the section of
type K or Q, and the polarizabilities of the
other layers depress the negative IP.

Dipole-dipole IP field data are usually repre-
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sented by a pseudosection. In this case, a care-
ful interpretation of IP date is required because
the polarizability of the first layer produces
negative IP responses in deeper plotting point
as shown by kim(1987). In this paper, negative
IP responses are examined for two-dimensional
(2D) geoelectric structures, and a problem
associated with the pseudosectional representa-
tion of data is pointed out. The IP responses
for 2D structures are obtained from 2D model-
ing technique using finite difference method
with 69X 13meshes (Kim, 1986). All of the IP
effects used in this paper are represented by
percent frequency effect, and an efficient proce-
dure of computation is also introduced here.

COMPUTATION OF IP RESPONSE

IP response is computed either as percent
frequency effect (PFE or F. E.) or phase(e).
For PFE, apparent resistivity for a model is
computed twice:in the second calculation an
intrinsic resistivity of polarizable body is lo-
wered (or raised) by small amount correspond-
ing to its intrinsic PFE. Then the observed
PFE (PFE,)at a receiver is given by

PFE=Ap, /p,X100(%), (1)
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where Ap, is the change in apparent resistivity
due to IP. To compute IP using phase, resistiv-
ity of inhomogeneity is specified to a complex
value, and the phase of potential difference
between receiver electrodes is computed
(Hohmann, 1975 ; Snyder, 1976). Both methods
yield the same results, and either can be used
to compute chargeability (m) which is a time-
domain IP parameter.

Regardless of the IP parameter, the potential
in or on the earth should be evaluated. In this
paper, finite difference method (FDM) is em-
ployed to compute the potential (Kim, 1986).
By using the FDM, a generalized Poisson’s
equation with appropriate boundary condition is
reduced to a matrix form

(C] [@]=Is], (2)

where [C]is the bounded matrix of which terms
depend on the conductivity structure, [®]is the
vector of unknown potentials, and [S]is the vec-
tor of source currents. Then the apparent resis-
tivity is given by

Pa=GAD /], (3)

where G is the geometric factor associated with
the array used, A® is the potential difference
between two electrodes, and J is the source
current.

It is not really necessary to calculate appa-
rent resistivity twice or to double the matrix
size by making it complex in order to evaluate
IP. Since IP can be modeled by slightly chang-
ing the resistivity of IP-responsive medium, a
perturbation method can be used to avoid the
second matrix inversion. If the resistivity of
polarizable medium is perturbed, then the mat-
rix equation (2) becomes

[C+AC] [®+A®]=[S], (4)

where AC and A® are small changes in the
coefficient matrix and the solution vector, re-
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spectively. Expanding (4) and neglecting the
second order term [AC] [A®] yields

[C] [@]+[C] [a@]+[AC] [@]=IS],
(5)

Substituting (2) into (5) produces

[C] [a®l=—[aC] [®]. (6)

Since (6) is exactly analogous to (2), the
same procedure used to solve [®] in (2) is
available to solve[A®] in (6). This means
that one can easily obtain a first order solution
of the perturbed problem only by backward
substitutions which take practically little com-
puter time.

NUMERICAL RESULTS

Based on the analysis for one-dimensional
(1D) layerad earth model (Nabighian and
Elliot, 1976 ; Kim, 1987), a 2D earth model as
shown in Fig. 1 is examined in this paper. In
the 2D model, the resistivity and thickness of
the conductive top layer are assigned to p=1
and t,=0.1, respectively, and the resistivity and
polarizability of the bottom medium are fixed to
ps=1 and PFE;3=0, respectibely. The polariza-
bility of the top layer (PFE,), and the resistiv-
ity (pz), polarizability (PFE,), thickness (t2)
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?
P2 PFE, ts
fe——— W —»
P3 =1 PFE3=0

Fig. 1. 2D model examined in this study
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and width (W) of the resistive body imbedded
in the bottom medium are variables. Here,
dipole length is assumed to 1. If W=o0, then
the 2D model is reduced to the 1D layered
model of type K.

In the geoelectric section of type K, the
_polarizability of the first layer yields negative
IP responses (Kim, 1987). Fig. 2 shows appa-
rent PFE (PFE,) for three thicknesses of the
second layer: t,=0.2,0.5 and 0.9. Here, PFE,;=
10, PFE;=0, p,=10, and W=c0. When the
thickness of the second layer is increased,
negative IP appears in deeper plotting points,
ie., larger dipole separations (n). Thickening
of the second layer produces not only greater
positive maximum but also greater negative
maximum of IP responses.

Fig. 2. PFE, calculated for t,=0.2, 0.5 and 0.9.

IP responses for variable resistivities of the
second layer (p,=5, 10 and 20)are shown in
Fig. 3. The constant values used in Fig. 3 are
PFE;=10, PFE;=0, t,=0.2, and W=o0. An
increase of the resistivity of the second layer
yields not only greater positive maximum but
also greater negative maximum of IP re-
spponses. The positive maxima of PFE, always
appear in n’s whereas the negative maxima

occur in larger n. The n,s associated with the
negative maxima depend on the values of @,
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Fig. 3. PFE, calculated for p,=5, 10 and 20.

Fig. 4 shows IP responses for variable width
of the resistive body (W=2, 4 and 8). The
constant values used in Fig. 4 are PFE,=10,
PFE;=0, p,=10, and t,=0.2. An increases of
the width of body produces wider region with
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Fig. 4. IP pseudosections calculated for W=2 4
and 8
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negative IP responses in the pseudosection,
whereas the values of negative maximum vary
little with the change of W. The horizontal
length of —1.0% contour almost corresponds
with the body width.

IP pattern in pseudosection varies signifi-
cantly with the polarizability of each medium
as shown in Fig. 5. The constant values used
in Fig. 5 are p,=10, t,=0.2, and W=4. The
upper pseudosection is computed by assigning
the polarizability only to the resistive body,
1.e., PFE;=0 and PFE;=10. The middle
pseudosection is computed for PFE;=10 and
PFE,=0, and the lower one is made for both
PFE;=10 and PFE;=10. Obvious negative IP
responses occur only for the cases of polariz-
able top layer. From the upper pseudosection,
the resistive, polarizable body may be detected
by large positive IP responses. When the con-
ductive overburden is polarizable, the resistive,
non-polarizable body may also be recognized by
obvious negative IP response as shown in the
middle figure. The region with positive anoma-
lies in the lower figure is smaller than that in
the upper one because of the negative IP

0.5 1.1 ,-0.3-—0.7—0.8—-0.3
0.0 0.8 ,-0.5 -2.77=2.6"=2.7 -0.5
4 7
0.7 ,-0.3 -0.9 2.5 -2.57-0.9 -0.3\ 0.7

7 N, o
0.6 0.2 -0.5 -0.7 -1.97 -0.7 -0.5 -0.
-0.2 -0.4 -0.3 -0.9 -0.9 -0.3 -0.4 -0.2

(10, 10]
0.4 1.1\3.4 7.9 7.9 _3.4- 1.1 0.3
3 I
-0.1 0.7 0>1.3\.4.94/0.6 0.7 -0.1
0.6 0.4 0.2 02-0.3 0.2 0.4 0.6

0.5 0.3 0.2 0.37-1.6 Y0.3 0.2 0.3 0.5
0.2 01 0.4/-0.9 -0.9 \o.a 0.1 0.2

Fig. 5. IP pseudosections calculated for PFE, =0
and PFE,=10(upper), PFE,=10 and
PFE,=0(middle), and both PFE,=10
and PFE,=10(lower). Contour interval is

1%.
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effects due to the polarizable overburden.

Fig. 6 shows IP responses calculated by
simply adding the corresponding values in the
upper and middle pseudosections in Fig. 5. In
other words, Fig. 6 is an approximate solution
made by ignoring an interaction between media
1 and 2. The approximate solution has great
resemblance to the lower figure in Fig. 5.

DISCUSSION AND CONCLUSIONS

Since the polarizable top layer (overburden)
can produce negative IP responses in deeper
plotting points, a serious problem may occur in
the native interpretation using a pseudosection-
al representation of IP data alone. Fig. 4 shows
that the negative IP responses are caused by
the thin polarizable top layer, and Fig. 5 shows
that the positive IP responses of the polarizable
body are reformed by the negative IP. Note
that the thickness of the polarizable overburden
is only 110 of dipole length.

Obvious negative IP responses observed in
fields are frequently regarded as a failure of
measurement or a kind of noise, because IP
effects in rocks are defined as positive phe-
nomena. From this study, however, it is found
that obvious negative IP responses are not
noise but signal in a certain situation with p;<
pz and PFE;#0. This situation may be found in
an area with overburden of clay minerals. In
such case, the resistivity sequence of layering
is of utmost importance and should be known
before planning an IP survey or attempting a
quantitative interpretation of IP data.

In 1D layered model, apparent IP response
(PFE,) is obtained by a weighted sum of in-
trinsic IP responses (PFE;) of each layer
(seigal, 1959) :

PFE,= 3 B,PFE, (7)

where B: are the weighting functions. There-
fore, the difference between the approximate
solution (Fig. 6) and the exact one (the lower
figure in Fig. 5) is due to 2D effect of the
resistive body (W=4#o0). If W=o0, from (7),
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then the approximate solution is equivalent to
the exact solution. Considering that the earth is
usually more complex than the simple 2D mod-
el, and that data always have some noise, the
approximate solution for W>>t, is close
enough to the exact solution for geoelectric
purposes.
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Fig. 6. IP pseudosection obtained from the super-
position of the upper and middle

pseudosection in Fig. 5. Contour interval
is 2%.

In the numerical modeling, PFE is very use-
ful for IP parameter, because PFE can be com-
puted more efficiently than other IP parameters.
The procedure to compute PFE introduced in
this paper used to solve a kind of perturbation
problem, and gives a first order solution to the
perturbed problem. The first order solution is
accurate enough for geoelectric purposes.
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