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Abstract

In the paper problems of IP mining exploration are analyzed and sslgtiesentedl' he dipole-dipole
array configuration is considered as a symmetrical array in terms dipeocity principle. This
paper demonstrates that the IP/Resistivity anomaly configurationsdlepearray geometry. The
IP/Resistivity anomaly configuration observed with &££-P,P, array is not the same as the one
observed with a #2,-C,C; (reversed) array.

The inversion of IP pseudo-section of a dipole-dipole array suiveyvaluated by resolution capability
and stability of inversion solutions. The analysis preseintéide paper, which is based on new data from
mathematical and scale modeling of IP anomaly effect, dsawdield survey results, presents also the
necessity to taking into account aspects of non-linear IP phenomenon.

The analysis includes results of 2D and 3D mathematical arelrecaleling performed in the Institute of
Informatics and Applied Mathematics, and in the "Ligor Luborijaboratory of Geophysics at the
Faculty of Geology and Mining, Polytechnic University of Taaand at the Geophysical Department,
Albanian Geological Survey (Alikaj P. 1981, Frashéri A. et al. 1984, 1994, 1995, 2000).

Key words: Dipole-Dipole array, Reciprocity Principle, IP anomaly, Apparenidiegy
Anomaly, Inversion.

1. Introduction

In the practice of electrical prospecting surveys variotsyaconfigurations are employed. The
location of the current and potential electrodes is defined by thegjeall tasks to be solved.
The dipole — dipole array is one of the most common arrays in ahiegploration. This is
considered a symmetrical array in terms of the principle aprecity, so when the current
electrodes are respectively switched to potential electrdliessame responses in IP and
resistivity values would be observed. However, our recent mathemaic scale models



indicate discrepancies in this regard in several casesca@higead to inaccurate target location
and negative drilling results. To avoid such situations, the eleabraglgation in the survey line
has to be considered in the interpretation.

2. Presentation of the problem

The well-known reciprocity principle stands on the basis of mamgyaconfigurations in

electrical prospecting like pole - pole, dipole - dipole, Schlumbgkyenner, etc. (Keller and
Frischknecht 1966, Zabarovsky 1963, Frashéri et al. 1985). “According thhaébeem of the

reciprocity, no changes will be observed in the measured voltabe glacements of potential
and current electrodes are interchanged. The reciprocity canyreadibnfirmed for an electrode
array over a homogeneous earth” (Keller and Frischknecht 1966). Réyignaaciple has been

discussed also by Parasnis D.S. (1988).

The heterogeneous medium presents a more complicated problem. Zap&t68688 shows that
if a body A has received an electrical charge &body M will have a potential\WJrelated with
the charge according to following the equation:

Uy =@ Qa

where a ,,, is a coefficient dependant on the shape of bodies A and M, dogaracal position

and the boundaries of heterogeneity. If the reversed operation woal@ltale, i.e. the body M
to receive electrical charges of;Ghen the potential Mof the body A would be:

Up=aya >QM

In the electrostatic phenomena science it is proveddhat=a,,, . If this equality is true, then

Qv=Qa and as a consequencglUa. Translating this result into language of electrodynamics,
one may say that the potential of electrode M created by finet ef electrode A would be equal
to the potential of the electrode A, if the currents would be amitt¢he ground by the electrode
M, with the condition that the produ¢t* r remains the same. On this basis Zabarovsky (1963)

concluded that the principle of reciprocity is valid for heterogaeemedia as well. In

homogeneous or horizontally stratified media the principle of reciprocityasdr any surveying

array. In a heterogeneous environment this principle is absolutety for four electrode

Schlumberger, Wenner and pole-pole (half-Wenner) arrays. The dipole-dipale presents a
complex behaviour: for vertical targets of thickness a (a stands for dipole spacing) the
principle of reciprocity is met while fod comparable and thinner thay the asymmetry is

noticed in intensity and shape of the twin responses (Keller archknischt 1966, Frasheri et al
1985). In IP method the principle of reciprocity is more complicated.

In several field surveys asymmetrical IP/Resistivitypoeses are observed with dipole — dipole
array for opposite orientations of the potential and current elestrodéhe survey line. To
further investigate this phenomenon some mathematical models aveszl ®ut with a program
of finite element method (Frasheri A. and Frasheri N. 2000).

In routine practice of electrical prospecting using dipole-dipatgydittle attention is paid to the
evaluation of anomaly configuration regarding to position of targettivel to current and
receiving electrodes. In many publications with the results e¥aia modeling and inversion,
the position of electrodes in the survey line is not shown (Dey,md. Morrison, H. F., 1979,



Tsourlos, P.1., et al., 1998, Tsourlos, P. I. and Ogilvy, R. D. 1999). Inrcedaditions, this fact
affects the results of target interpretation.

The mathematical computation of the IP effect is based on the Bleil 1953 ged 1989
formulae:

Up=cCX NUXi xdv (1)
v R
Where:, is the IP potential;
R is the distance vector from the integration point to the receiving point;
NU is the potential gradient of the primary electrical field, calculatesbbsing
the finite element model.

To perform the mathematical modeling and the inversion of IP dathaweused the Komarov’s
(1972) approach:

C.(Uo+Uip)» C.Uo (2)
where: Uo is the potential of the primary electrical field,

Uip is the potential of the secondary electrical (IP) field,
C is the IP susceptibility.

Based on mathematical modeling of the IP anomalous field, therdomsmal similarity of the
polarizable medium and the increase of electrical specifistirgty of this medium as proposed
by Komarov (1972) and used by many other authors (Avdeevic and Fokin 199 rFi£89,
Frashéri et al 1994, Frashéri, and Frashéri 2000, Hmelevskoj and hiBh&994, Tsourlos ,
Szymanski and Tsokas, 1998, Tsourlos and Ogilvy, 1999):

_1
glt- m)’
where:g*, r * are fictive electrical conductivity and resistivity, considering folarizability as

well,
9 is electrical conductivity

m is IP chargeability

9*=g(1-m) or r*= 3)

For 3D modeling of IP effect from targets with massive textaraomogeneous medium we
have transformed the Bleil formulae, using Green’s formulaesiiéra N. 1983, Frashéri A.,
Frashéri N. 2000):

Up=cx 1 Xd—U xds (4)
s R dn

Where:R is the distance vector from the integration point to the measurement point
dU/dn is the gradient of the primary electrical potential on the boundary S of tée targ

Fig.1 indicates the results of a mathematical IP model thrbogé element method, compared
to a similar field situation. With the same method of finiemeents, simultaneously with the IP
effect, the apparent resistivity is calculated as well.



In Fig.2 are given the IP profiles obtained theoretically, caledlawith our program and
observed in scale model. In both figures it is noticed that theaxcof mathematical model is
good.

2. Numerical results for different models

Figs. 3 and 4 present the mathematical model results of IReaistivity responses with dipole—
dipole profiling. Two anomalies are observed on both parametersid€ong the reference
plotting point in between the potential electrodesid B, one of the anomalies is obtained over
the prism while the second one at a distang®,Q between the centers of the current and
potential dipoles. This presentation is conditioned on the distributioneofriebl field of the
dipole - dipole array. Because a mirror image is missing ircéiméer of the profiles, especially
for IP, it means that {C,P,P, array responses are not equivalent witP,€;C,, or in
mathematical terms, the principle of reciprocity is notc8yrimet. Keller (1966) presents the
same phenomenon for the apparent resistivity.
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Fig. 1. A finite element section of an IP irregular body over a relief.

% %an
3.0
25
2.0
1.5
1.0/
0.5

0
-0.5
-1.0

R ) e 3

Fig. 2. IP profiling over a prism: Theoretical, calculated and physical imgdel
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Fig. 3. IP and Resistivity mathematical modeling. Dipole-dipole profilta§.-P.P,=1 DX,
n=16 Dx.
Model: 2D horizontal prism at depth 5 Dx, dimensions of the prism section 2 x 2 Dx.
Resistivity of the prism 1 Ohmm, IP Chargeability 500 mV/V, iResty of the
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V.



400.00 —
IP CHARGEABILITY APPARENT RESISTIVITY
2000.00 —
200.00 —|
| | [
i L e |
= | S |
| | |(I_) 1600.00 —| |
M 00 =
5 I ﬁ |
8 [ 14 i ||
z 1 Il E Il
T
&) [ E |l
020000 —| (I g 120000 |1
[ % |
i [ 4 |1
[ ) } |
| 101 - Reference point ' 01 - Reference point
-400.00 i IS e — 800.00 o N
20,00 10.00 109 10.00 20,00 DX -20.00 1000 0.0 10.00 2000DX
| I
I [
] 2000.00 — I
400.00 — | |
i (I i (!
I S I
E 200.00 —| ] B [
5‘ I E 1600.00 —| I
5 b I 4 (!
V] | = (!
14 - zZ il
% 0.00 | &J I
o | I ) g [
o | % 1200.00 —| ]
200.00 — [
I ] IVl
I
| i ||
0000 o | ‘ 0- Refe‘rence pointI 40000 J ‘ L O- Refe‘rence‘ Pomf
-20.00 -10.00 b.od 10.00 2000 Dy -20.00 -10.00 b.od 10.00 2000 Dy
o1
cic2  Pip2 || cic2 Piﬂ*z -
el S — g ° —
0 ~0
K N N

Fig. 4. IP and Resistivity mathematical modeling. Dipole-dipole profiltig,-P1P2=2 Dx,
n=1-10 Dx.
Model: 2D vertical prism at depth 1 Dx, dimensions of the prismicge@& x 9 Dx.
Resistivity of the prism 20,000 Ohmm, IP Chargeability 500 mV/V, Resistivitlyeof t
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V.



In pseudosection presentation, where the plotting point is located attéingection of lines
coming at 45° from midpoints between@ and RP,, these anomalies are located in both sides
of the prism (Figs. 5, 6, 7, 8). For the resistivity parameterddbation is almost symmetrical in
shape and amplitude, for the vertical target (Fig. 5). The symnseprerfect in cases when the
thickness of the prism is equal or greater than the dipole spaain@grid becomes poor for
thinner prisms (Fig. 8).

Alternatively, the IP anomalies are asymmetrical even sesa&f vertical prisms (Fig. 3, 5 and
8). In such cases, the epicentre of the most intensive anomalylecd on the side of current
dipole GC,. For shallow inclined prisms, the epicentres of both IP and resisinomalies are
displaced on the opposite side of the dip.

The configuration of the IP/Resistivity anomaly is also dependerthe dip angle amplitude,
relative to the current electrodes location.

The substantial difference between the electric field distabstin both cases clearly expresses
the changes in IP anomaly configurations for gradient and dipole-dapgs. Fig. 9 depicts
such variations. The amplitude and the asymmetry of IP anomaly depéhd orientation of the
polarizing vector of the primary electric field in connection to phism location. In fig. 10 is
presented the electric polarizing field distribution for the gradient ameydipole-dipole array.

The response becomes more complicated when several targéisateel under the surveying
line. For a situation with two parallel polarisable inclined pridikes that in fig. 11, both ¢C,-
PP, and BP;-C,C; dipole-dipole arrays obtain a single IP anomaly in the cemitlepaesent
some differences in contours shape. A formal interpretation or evEversion on these results
cannot outline the presence of two distinct targets. Our mathamatiodel with IP “Real
Section” array (Alikaj 1981, Langore Alikaj and Gjovreku 1989, Lubonjasiiéri and Alikaj
1994) over the same targets, however, provides a different picturawatdistinct anomalies
(Fig. 12).

In parallel with mathematical modelling, the asymmetrical igométion of the IP and resistivity
anomalies depending on location of current and potential dipoles ilomelatpolarisable target
is also supported by the scale modeling (Fig. 13).

Asymmetrical IP and resistivity anomalies, depending on thdidwcaf current and potential
dipoles in relation to target is not always without problems in mlaruaversion interpretations
of the IP/Resistivity data surveyed with a dipole—dipole array.
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Fig. 5. IP and Resistivity Pseudosection with dipole-dipole arrg,-2,P,=1 Dx, n=1-11 Dx.
Mathematical model: 2D vertical prism at depth 2 Dx, dimensions of the prisionsect
1 x 2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300V Resistivity of the
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V.
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Fig. 6. IP and Resistivity Pseudosection with dipole-dipole arrg@,s-£,P,=1 Dx, n=1-11 Dx.
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section
1 x 2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300V Resistivity of the
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V.



IP Chargeability (mV/V)

IP PSEUDOSECTION
360
1500 1000 gz 500 piP2 000 5.00 10.00 1500 Dx Iazo

/<\. %,

0.00

-5.00

10.00 15.00

-15.00 -10.00

RESISTIVITY PSEUDOSECTION Resistvty (Ohmm)

15.00 -1000c1 2 -500 P1P2  0.00 5.00 10.00 15.00 £ 10600
e > o ® : 0 h
oo oo

g

102.00

DEPTH (Dx)
,

o
1=}
=]

-15.00 -10.00

Fig. 7. IP and Resistivity Pseudosection with dipole-dipole arrd; ®C,-1 Dx, n=1-11 Dx.
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section
1 x 2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300V Resistivity of the
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V.
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Fig. 8. IP and Resistivity Pseudosection with dipole-dipole arrgys-2,P,=1 Dx, n=1-11 Dx.
Mathematical model: 2D vertical prism at depth 1 Dx, dimensions of the prisimnsect
4 x 50 Dx. Resistivity of the prism 3 Ohmm, IP Chargeability 50WVh)\Resistivity of the
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V.
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Fig. 9. IP anomaly configuration dependence on location of the target.
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Fig. 10. Distribution of the primary electric field potential (Uo) of a transmgitdipole:
(a) Gradient array ABax= 30 Dx

(b) Dipole-dipole array €C, = 1 Dx.

Mathematical model: Vertical prism. Dimensions of the prism3® x 20 Dx, Resistivity
of the prism 20,000 Ohmm, Resistivity of the environment 1,000 Ohmm.
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Fig. 11. IP Pseudosection with dipole-dipole array¢P:P,=1 Dx, n=1-39.
Mathematical Model: Two parallel inclined prisms (dip378at depth 5 Dx, dimensions
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 &sistiity of prisms
2000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmif
Chargeability 0.01 mV/V.
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Fig. 12. IP “Real Section” with multiple gradient arrays. IP contourvate mV/V.
Mathematical Model: Two parallel inclined prisms (dip97at depth 5 Dx, dimensions
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Resistivityragpris
2,000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm, IP
Chargeability 1 mV/V.
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3. Some considerations on IP data inversion

The inversion of IP data became a necessity to better defeattitude of a target in complex
configuration of IP anomaly in section due to migration and array geometry.

In this part of the paper aspects of IP data inversion theergamsidered, as well as resolution
capability and stability of inversion solutions. This analysis isetlaalso on new data from
mathematical and physical modeling of abnormal IP effect, takilmgaccount aspects of non-
linear IP phenomenon.

The calculation of IP effect is based on the formula of Bleil. &suation of Komarov is used

for both modeling and inversion of IP data, supposing a formal sityilafi environment
polarization with the increasing of its specific electriagistivity. In all calculations, the effect

of IP is supposed to be a linear phenomenon. Such modelling and inversioid of |
pseudosections, carried out by many authors, have been stepsiftowie interpretation of IP
survey data and for the evaluation of IP method. But new facts orothinear nature of IP
phenomenon, together with results of mathematical and physical npaéliast ten years rise
new problems in IP modeling and inversion. If these problems will iremasolved, the
effectiveness of IP method will make no progress.

It is known that IP is considered as a linear phenomenon in all matical calculations,
including inversion which creates several characteristics in dbefiguration of the
mathematically calculated IP anomalies (Fig.5, 6, 7):

1. The upper part of anomaly corresponds with the upper edge of the polarized target.
2. Anomalies remain open towards the depth, even below the bottom edge of the targets.

Continuation of IP anomalies below bottom edge of targets makasteneretation difficult and
target extension determination at depth as unsure. The presentatmmaiii@s is more complex
in pseudosections, for dipole-dipole survey configuration (Fig.5, 6, 7, 8, 10, 11atidigof
anomalies in pseudosections depends on dip angle of the targets avsitiom f transmitting
and receiving dipoles relative to target (there are leftyar@C,-PP, and right-arrays #%.-
C,C,). The reason of such configuration of IP anomalies is due to agsaroptlinear behaviour
of IP phenomenon in mathematical calculations, namely the priamarysecondary voltages are
linear in a broad band

Due to the different polarizing situations, IP phenomenon is characterized by:

1. Near surface targets, due to surface polarization (massive dejipieiach the nonlinearity
regime of the secondary (IP) voltage very easily, becausga paat of current density is
attracted by them. As a result, the secondary voltage wendiaster than the primary voltage
and consequently, their ratio (chargeability) reflects higher values.

2. Increasing the current dipole spacing in order to increase thén ddpinvestigation,
significant decrease of the primary (polarizing) voltagk take place at depth (Fig.10). Due
to decreased current density, the secondary (IP) voltage will dteigs linear behaviour
(proportional to primary voltage) and as a result a smaller ehhiigy anomaly will be
obtained at depth. In Fig. 14 is presented an IP “Real Sectionhebta 2D scale model for
a limited copper model at depth. As can be noticed, the IP contours catktenger
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anomaly near the surface and they pinch out below the model bottom part. This imartlea
linear effect of the IP phenomenon obtained in physical modelsamaiot be replicated in
mathematical ones.

Voltage of the polarizing electric field at the depth 50 meters,
in the environment with resistivity 1,000 Ohmm.

Tab.1
Current Electrodes C1C2 Voltage of the polarizing
spacing, electric field,
[in meters] [in mV/m]
100 33.960
500 53
1000 13
2000 3
3000 1,4

3. The distributed IP effect is defined by survey arrays. Thigiloigion is symmetric for
gradient array, but asymmetric for dipole-dipole and pole-d ipolggsaffég. 10), making a
necessity the inversion of IP data.

In contrast, the resistivity anomalies indicate closed contours beloargss.t

The stability and uniqueness of IP inversion solutions depeaisio on application of a linear
model for the IP phenomenon, but that is not quite true fdretwhole variation of applied
polarizing voltage As a result, the lower part of polarized targets is instablP inversions. It
becomes more instable when several targets are situatedackeseh other or in cases of targets
near contacts between environments of different chargeability smtividy. The increase of
depth of targets causes the increase in inversion solution instability ahdioescapability.

4. |P/Resistivity” Real Section” - a solution

Due to different polarizing situations, IP phenomenon is markeamtigitioned by the significant decrease
of the polarizing voltage at depth. Increasing the investigatipthddifferent parts of the same target, as
well as targets located at different depths, are fourdiff@rent polarizing conditions. This fact is clearly
expressed in a contradiction between observed geoelectritiminseand numerical linear IP models for
mathematical inversions at any polarizing voltages. As atrabd lower part of polarized target is
instable in IP inversions. It becomes more instable whenraeaegets are situated near to each other or
in cases of targets near contacts between environments oéuliffeolarization and resistivity (Fig. 11).
The increase of target’s depth is accompanied by increasthg aiversion stability and decreasing of its
solution’s capability. At present level of the inversion, only thgedf target is relatively well - determined
in inverted section. The bottom edge of model remains uncertain as a-priortte £alit be determined as
regard to deep angle in a qualitative way. In inversion sectionbeambtained some qualitative
information on shape of the polarisable body as well.

IP “Real Section” performed with multiple gradient arrays dfertical Electrical Soundings is actually
the most appropriate scientific technique in presentation afomalous chargeability distribution at
section(Figs.14-20) (Alikaj 1981, Alikaj and Gordon 1999, Langore, Alikaj and GjayriE389, Lubonja,
Frasheri and Alikaj 1994). In difference to pseudo-section tisaene lateral migration on top of target IP
anomaly. Here are excluded the cases of lateral influgihatiher polarisable objects (Fig. 12). The “Real
Section” presentation being very close to reality providlss very accurate results in “Real Section”
inversion which leads to accurate verifications in mining warkslrillings over IP anomalies Fig. 15,
16a, 16b, 17, 18, 19The IP “Real Section” technique (Langore, Alikaj & Gjovreku, 19896l
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surveys as well as physical models (Alikaj 1981) indicate erefi@ncy in some cases with
mathematical models (Frashéri A. and Frashéri N 2000). These caseg isichllow locations of
massive sulphide ore bodies or models (Fig. 18) and as explained a&b®wannected to non-
linear behaviour of IP phenomenon.

To achieve the level of today’s requirements in certaintgusfeys with IP method it is an imperative
duty to be well studied the nonlinear nature of IP phenomenon. Thisllawil & be built an appropriate
mathematical apparatus with real situation on this natural presram Only in that case, the inversion
can be more accurate, in levels that allow its instability and non-uniqueritsssdlution.
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Fig. 14. Gradient “Real Section”, 2D IP scale model. Array (MN=20 mm)
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Fig. 15. IP “Real Section” and its Inversion Section.
2D Mathematical Model: Target: Prismatic Body, depth 10 m,hh&l§ m, width 20m,
chargeability 200 mV/V.
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Fig. 16. IP “Real Section” and its Inverted Section.
2D Mathematical Model: Target: Prismatic Body, depth 10 m,hh&d§ m, width 20m,
dip angle 66, dip azimuth 9 chargeability 200 mV/V.
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Fig. 17. IP “Real Section” and its Inverted Section.
2D Mathematical Model: Target: Horizontal Prismatic Body, dejf@ m, height 10 m,
width 60m, chargeability 200 mV/V.

Fig. 18. IP “Real Section” and its Inverted Section. 2D Mathemlatiodel: Target: Horizontal
Prismatic Body, depth 10 m, height 10 m, width 20m, chargeability 200 mV/V.
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Fig. 19. Resistivity and IP “Real Sections” over San Nicolas polymeta#iceposit, Mexico

Conclusions

1. The anomaly configuration in an IP/Resistivity survey with a dipojesidi array is

3.

4,

dependent on the location of the current and potential electrodes inctonrte target. In
this regard, logistical information about the survey should includerthg arientation (left-
array or right-array). The position of the array must be showplats and pseudo-sections.
During the survey, it is necessary to keep the same orientatieonr@nt and receiving
dipoles.

Physical modeling of IP shows the proof that there are diffeszbetween field survey cases and
mathematical models. In sections compiled with data from physiodels the anomalies are closed
under the lower edge of the near surface target. In sectiomatbematical linear models, the IP
anomalies remain open at depth, contrary to those of apparetivitgsithis is due to the fact that in
mathematical formulas the IP chargeability is consideredliaga phenomenon in the whole range
of variation of polarizing voltage.

The use of mathematical formulas for inversion based on the liRgzhenomenon implies errors in
compilation of sections based on approximation of inverted data. Tirese may be comparable to
instability of the inversion itself.

To achieve the levels of actual requirements for the tyualfi IP surveys, it is necessary to well
evaluate the non-linear character of IP phenomenon. It would perrbigttar conception of
mathematical basis of IP, as well as a better match with the teggtian of the phenomenon in nature.
Used with the IP inversion, these new mathematical non-liegaations would permit more exact
results as compared to the instability and non-uniqueness of inversionrsaluti
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5. An accurate interpretation of IP/Resistivity data with dipole-dipaotay should consider the
information on electrode orientation on the survey line. The sansenreendation is valid
for the process of inversion interpretation.

6. The IP/Resistivity “Real Section” survey with multiple gradi@rrays or series of Vertical
Electrical Soundings provides a good corroboration between thedgcaleparameters and
geological environment in section. The inversion of IP/ResistidRgdl Section” survey
provides accurate results because the initial model provided by SReon” presentation is
very close to reality.
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Fig. 1. A finite element section of an IP irregular body over a relief.

Fig. 2. IP profiling over a prism: Theoretical, calculated and physical mgdel

Fig. 3. IP and Resistivity mathematical modeling. Dipole-dipole profilti§.-P.P,=1 Dx,
n=16 Dx.
Model: 2D horizontal prism at depth 5 Dx, dimensions of the prism section 2 x 2 Dx.
Resistivity of the prism 1 Ohmm, IP Chargeability 500 mV/V, iResty of the
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V.

Fig. 4. IP and Resistivity mathematical modeling. Dipole-dipole profiltiG,-P1P2=2 Dx,
n=1-10 Dx.
Model: 2D vertical prism at depth 1 Dx, dimensions of the prismicge@& x 9 Dx.
Resistivity of the prism 20,000 Ohmm, IP Chargeability 500 mV/V, Resistivitlyeof t
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V.

Fig. 5. IP and Resistivity Pseudosection with dipole-dipole arrgy»-2,P,=1 Dx, n=1-11 Dx.
Mathematical model: 2D vertical prism at depth 2 Dx, dimensions of the prisionsect
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Fig.

Fig.

Fig.

Fig.

1 x 2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300V Resistivity of the
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V.

6. IP and Resistivity Pseudosection with dipole-dipole arrg;-2,P,=1 Dx, n=1-11 Dx.
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section
1 x 2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300V Resistivity of the
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V.

7. IP and Resistivity Pseudosection with dipole-dipole arrds; @ C,-1 Dx, n=1-11 Dx.
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section
1 x 2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300V Resistivity of the
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V.

8. IP and Resistivity Pseudosection with dipole-dipole arrgu-2,P,=1 Dx, n=1-11 Dx.
Mathematical model: 2D vertical prism at depth 1 Dx, dimensions of the prisionsect
4 x 50 Dx. Resistivity of the prism 3 Ohmm, IP Chargeability 50Wh)\Resistivity of the
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V.

9. Distribution of the primary electric field potential (Uo) of a trarisng dipole:
(c) Gradient array ABRax= 30 Dx
(d) Dipole-dipole array ¢C, = 1 Dx.
Mathematical model: Vertical prism. Dimensions of the prism3® x 20 Dx, Resistivity
of the prism 20,000 Ohmm, Resistivity of the environment 1,000 Ohmm.

10. IP anomaly configuration dependence on location of the target.
Mathematical model: Vertical prism.

11. IP Pseudosection with dipole-dipole array;£P,P,=1 Dx, n=1-39.
Mathematical Model: Two parallel inclined prisms (dip97at depth 5 Dx, dimensions
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 &sistivity of prisms
2000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmifa
Chargeability 0.01 mV/V.

12. IP “Real Section” with multiple gradient arrays.
IP contour interval 2 mV/V. Mathematical Model: Two paralfelined prisms (dip=7)
at depth 5 Dx, dimensions of the prisms 1 x 20 x 20 Dx. Distance &etive prisms 10
Dx, Resistivity of prisms 2000 Ohmm, IP Chargeability 500 mV/V, Emment
Resistivity 500 Ohmm, IP  Chargeability 1 mV/V.

13. IP Pseudosection with dipole-dipole arrgip,®#C,C,=1 Dx, n=1-24.
2D Scale Model: Target: Copper vertical prism at depth 1 Dx,

Section of the prism 0.5 x 2.5 Dx
Surrounding medium: fresh water

14. 2D IP Chargeability scale model. Gradient “Real Section” AM&N=0 mm)

15. IP Real Section and its Inverted Section.
2D Mathematical Model: Target: Prismatic Body, depth 10 m,hhe€l§ m, width 20m,
chargeability 200 mV/V.

16. IP “Real Section” and its Inverted Section.
2D Mathematical Model: Target: Prismatic Body, depth 10 m,hh&l§ m, width 20m,
dip angle 66, chargeability 200 mV/V.

17. IP “Real Section” and its Inverted Section.
2D Mathematical Model: Target: Prismatic Body, depth 10 m, hdi§hin, width 60m,
chargeability 200 mV/V.

18. IP “Real Section” and its Inverted Section.
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2D Scale Model: Target: Prismatic Body, depth 10 m, height 1Qwiath 20m,
chargeability 200 mV/V.
Fig. 19. IP/Resistivity “Real Section” over San Nicolas polymetallic oposie Mexico.
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