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Abstract: New ways of processing of area and profile measurements by the
1P method in the time and frequency domains by mweans of modified vatues of apparen
polarizability are suggesied. The configuration of modified polarizability anomalies
in maps and sections beiter corresponds to the actual distribution of anomalous
polarizability, thus making it possible to obtain a more reliable geocelectric model
of the investigated region. In a similar manner it is possible to process also simultaneous
resistivity measurements. The interpretation of both resistivity and polarizability data
arranged into the suggested schemes is less ambiguous, simpler and more illustrative
than that based on resistivity and polarizability pseudoschemes constructed in
“classical” ways as psendosections.
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Introduction

This paper is dedicated to the possibility of determining the position and exten-
sion of anomalously polarized geological bodies. This problem is the one most
frequently solved by the IP method. However, unambiguous procedures have not
yet been developed for interpretations of buried anomalous bodies. In majority
of cases we have been satisfied with the qualitative interpretation when on the
basis of our experience in interpreting and uvsing a liited set of theoretical model
curves some geometrical parameters (shape and position of anomalous body)
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have been estimated directly from a particular graphical presentation of apparent
polarizability data or other parameters derived from the IP measurements. As it
will be shown in the paper, the classical graphical preseniation of the measured
parameters has not always been suitable, for the extremes (maxima} of the apparent
polarizability do not appear directly above the anomalous object. The shift of the
maximum depends on the electrode configuration used, on the shape, dimensions
and depth of the anomalous object as well as on other factors. An anomalous
object is frequently manifested by numerous local extremes which could be mis-
interpreted as caused by other objects. The possibilities of constructing more
illostrative schemes — maps and vertical sections — will be shown, which better
correspond to the actual distribution of polarizability than the “classical” ones,
so that dimensions and the space distribution of investigated anomalously polarized
bodies can be directly interpreted from them. The ways suggested in this article
for processing the data obtained by the IP method can analogically be used also
for processing the resistivity measurements taken simultaneously with the
IP measurements.

1. Apparent polarizability
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Profile curves and polarizability maps

Maps of isclines of measured or simply transformed data represent, to various
(mostly small) extent, the actual distribution of polarizability. They have usually
been constructed from values obtained from measurements along parallel profiles
the distance of which is defined by the scale of a particular survey to cover the

2. Apparent polarizability
curves above
a pblarizable sphere
for the combined
profiling of various
lengths L = 4B/2
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study area. Using different electrode configuration above the same anomalous
object, different profile curves are obtained. Above one object, profile curves
exhibit, in majority of cases, several extremes corresponding to the passage of
individual electrodes or dipoles over the object at depth.
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3, Apparent polarizability corves above a polarizable sphere for the dipole-dipole profiling
of various lengths L = 00’
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4. Modified
polarizability %
and mean
polarizability 4
curves above
a polarizable sphere
for the combined
profiling
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In order to map polarized bodies it is more suitable to use an electrode configura-
tion with fixed grounding of current electrodes for which extremes are to be formed
only when the moved potential dipole passes over an anomalous body. Among
these configurations the most frequently applied is the one called the gradient
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5. Modified polarizability #,, and mean polarizability 5, curves above a polarizable sphere
for the dipole-dipole profiling
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array (GA) andfor the so called combined gradient array (CGA} represented by
two pole-dipole arrays in which the third current electrode is situated at a relatively
long distance. Considering the justification of using particular arrays to explore
anomalous objects and taking into account the depth of their investigation it is
most suitable to analyze the profile curves above a locally limited object, preferably
of an isometric form (e.g. a sphere). Using the GA modification apparent polarizabi-~
lity curves #, exhibit maximum directly above the object of increased polarizability,
similarly as in the CGA modification for the current electrode A grounded at
a relatively long distance from the object (upper part of Figure 1). The anomalous
object being close to one of the groundings in the GA modification the maximum
is shifted similarly as in the CGA modification because the influence of the second
grounding is negligible (Figure 1). If the grounding is very close to the epicentre
of the object or even directly above the objeci, two maxima of apparent polarizabi-
lity appear on both sides of the grounding (lower part of Figure 1). The magnitude
of the shift of the extreme is proportional to-the depth of the object h.

In the case of symmetrical configuration with moving current electrodes {i.c. the
Schiumberger and Wenner profilings) the anomalous curve above the sphere
chows three maxima. The central (the largest) one corresponds to the position
of the polarized sphere. Asymmetric electrode configurations (i.e. dipole-dipole
and combined two pole-dipole arrays) yield two curves of apparent polarizability
1, and 7,, each of them exhibiting two maxima (figures 2 and 3). In the case of
objects at greater depths both maxima can merge into a broader one. Then, in
such a case, there is a problem to comstruct maps of isolings. It is usual to plot
the mean values of polarizability 7, (figures 4 and 5 — broken line):

i
g = —2"('11 + 12} (1)

Particularly in the case of dipole-dipole profiling the curves of mean polarizability n,,
exhibit expressive false maxima on both sides of the object at distances that equat
the length L, i.e. the electrode separation. In the map of isolines, the aumber
and positions of anomalous objects can be incorrectly interpreted.

In the case of asymmetric electrode configuration out of the two maxima of both
curves, however, only one is located above the object. It is therefore suitable to
substitute the mean values of polarizability with the simplest correlation, i.e. with
the product of values of both polarizabilities divided by normal value of polarizabi-
lity 7, typical of the nonanomalous parts of the region investigated. Let the value
obtained in this way be called a modified polarizability #,,:

= MiXfdz (2)
o

m

Curves of modified polarizability do not show such expressive false maxima away
from the anomalous object (figures 4 and 5 — left-hand part, solid line).
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Vertical sections of polarizability

It has been said that for the mapping of polarizable objects the GA modification
is most suitable as the maximum of the curve is located directly above the object.
A disadvantage of the GA is in its low ability to differentiate the sources of anomaly
at depth. For more detailed investigations of depth relations of polarizable objects
it is necessary to apply an electrode configuration with controlled extent of the
depth of investigation, e.g. by a change of length L of the electrode configuration
(for the Schlumberger and combined profilings L = AB/2, in the case of the dipole-
dipole profiling L is the distance 00’ between the centres of the potential and
current dipoles). In the case of these configurations vertical pseudosections of the
apparent polarizability have been constructed, so that the measured values of
apparent polarizability have been plotied at points P in the vertical section beneath
the investigated profile. Positions of points P are given by the centre of the electrode
configuration used and the length L/2 (Figure 6). The values at points P have then
been interpolated. In this way a2 map of isolines of apparent polarizability has been
obtained. Thus the construction has been quite simple. The value of this construc-
tion is, despite its simplicity, considerably reduced because the courses of iso-
lines in the section do not correspond to the shape of the anomalous body
(Figure 6). For example, above the studied objects of isometric form false

“shadows™ occur in the section, extending downward from the position of the
object under the angle of 45°. At the crossing of two false “shadows” due to two
different objects an intensive unreal anomaly develops which could be errone-
ously interpreted as caused by another object. “Classical” pseudosections can
thus be interpreted correctly only with the use of a large set of model pseu-
dosections.

By using the different shifts of two curves of asymmetric electrode configuration
measurements it is possible to construct vertical pseudosections from the IP profil-
ing with only one electrode spacing. It is necessary, however, to carry out bilateral
measurements by iwo asymmetric configurations, i.e. measurements at the position
of current pole or dipole on both sides of the measuring dipole. It has been dis-
covered (Komarov 1980) that in the CGA modification the maxima of apparent
polarizability are located at points M which are equally distant from the current
grounding A as is the centre S of the polarizable sphere from the grounding A4,
i.e. AM = AS. This has also been proved theoretically (Karous 1983). In order
to determine the position of the sphere and its depth two measurements should
be performed for two different positions of current groundings 4, and 4,. The
- centre of the sphere is directly at the intersection of two arcs plotted through points
M, and M, corresponding with the maxima of polarizability 1 omax @04 3 ey
with centres at groundings 4, and 4,.

The interpretation method of Komarov has been generalized and extended for
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construction of vertical pseudosections from two measurements with fixed current
groundings (Karous 1983, 1985). The method of construction is very simple.
To each intersection P;; of two arcs with centres at 4, and 4, which pass through
the points of measurements x; and x; the value of modified polarizability can be
assessed according to the expression:

”m(Pij) = M ’ (3)
o

which can then be used for construction of isolines. In this way the so called modi-
fied pseudosection will be obtained. It is obvious that the modified polarizability
reaches its maximum if the point P;; lies at the intersection of arcs passing through
the maxima 1, ., 20d 15 ey . Thus the extreme values of ,, in the section correspond
to the position of polarizable objects.

Examples of sections constructed in this way from the model curves above the
polarizable sphere are shown in Figure 7. Contrary to “classical” pseudosections
the modified pseudosections exhibit extreme values without false “shadows” and
in the position of the anomalous object only. As it has been verified for models
of other shapes (i.e. sheetlike, eilipsoidal etc.), also in these cases the form of
isolines in modified sections corresponds to the shape of the polarizable
object.

Analogically, vertical pseudosections can be constructed also from measure-
ments taken using asymmetric configurations with current electrodes moving
in one spacing only. From the model and theoretical curves obtained above the
sphere using dipole-dipole and combined profilings, the relation has been studied
between the centre of isometric body position and the position of maximum of
measured apparent polarizabilities. Beneath the maximum the position of the
centre can lie on the curve (the so called depth curve) which is plotted in Figure 8
for the combined (CF) and dipole-dipole (DP) profilings. The search for a sphere
to depths smaller than the length of separation L is justified only because spheres
at greater depths manifest themselves by very weak anomalies. The position of an
isometric object at the intersection of two depth curves corresponds to both
positions of the current pole or dipole.

Two depth curves can be drawn through each point of measurements (cor-
responding to the left and right current source). These depth curves form a network
of intersecting points P;; to which values of the modified polarizability are posi-
tioned according to relation (3). By interpolating the resulting isolines the modified
pseudosections are obtained for the combined or dipole-dipole profilings. Examples
of such pseudosections for the polarized sphere are shown in figures 9 and 10.
Positions of points P;; need not be determined graphically. In order to enable the
automatic data processing it is advantageous to make tables of coordinates X
and h;; of points P;; in the section. For the coordinates the following relation
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Table 1
Depth coefficients of* for constructing vertical modified pseudosection from combined

and dipole-dipole profilings :
Combined profiling Dipole profiling
n n
mn m
3 4 5 6 7 -3 4 5 6 7
0 000 | 000 | 060 | 0.00 | 0.060 ¢ 0.00 | G.00 | 0.00 | 0.00 | 0.00
i 0.54 | 047 | 042 | 0.39 | 0.36 1 038 | 032 | 0.28 | ©.25 | 0.23
2 077 { 0.66 | 0.60 | 0.54 | 0.50 2 054 ) 046 1 042 | 0.38 | 0.34
3 099 | 0.82 | 0.73 | 0.66 { 0.62 3 092 1 058 | 059 | 046 | 042
4 1.24 1 099 | 0.85 | 0.77 | 0.72 4 091 | 0.62 | 0.54 | 042
5 1.18 1 099 | 0.88 | 0.80 5 091 | 0.66 | 0.56
6 142 § 1.15 | 099 | 0.89 6 092 | 0.68
7 i34 | 1.1 | 0.99 7 0.91
8 1.24 | 1.10
9 143 | 1.22
10 1.35
[
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8. Depih curves for a polarizable sphere
(i.e. the curves on which the centre /
of sphere is located for the given ,’
position of the apparent polarizability ¢
mazximum) for the dipole-dipole (DP) 4
and combined (CP) profilings 2 -
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is valid:
1 oy
x;j=i(x;+ xj) =-I-—2—J—Ax, (4)

hg=km=L.a'|’,~_jl=L.tz;',,, (5)

where n = L/Ax is the ratio of the length of separation L to the measurement
interval Ax, x; = i. Ax and x; = j. Ax are points of measurements, m = Vi -7l
is the relative distance of points of measurements. It is equal to m = | x; — x; |/Ax.
The depth coefficients «, derived from the depth curves for isometric inhomogenei-
ties for various m and » are presented in Table 1. Despite the fact that in Table 1
the depth coefficients ¢, are larger than 1.0, it is justified to construct the sections
only to depths smaller than the length L.

11. An example of the
modified vertical
resistivity
pseudosection derived
from the field
measurements using
the combined profiling
method at the locality
Rejviz in the Jeseniky
Mts.

a — resistivity profiling
curves, b — vertical
modified resistivity

agslo pseudosection,
¢ — interpreted
6000 . N
geological section;
1 — conductors in the
4000 . .
o isochm section,
2 — nonconductors
2000 . . .
¢ in the isoohm section,

3 — interpreted
conductive zones
(graphitized rocks),

4 — interpreted
non-conductive zones
(quartzite rocks), 5 —
solid

products of

! weathering

of graphitized rocks
in the eluvium,

800 ! y
w ST TT
1 2 3 4@ S 6 t:o;(sscrees of quartzite
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The verification of the vertical modified pseudosections obtained above models
of bodies of other shapes, including irregular ones, proves a relatively higher
effectiveness of the suggested construction method. In a similar manner the
resistivity data can also be displayed. An example of a resistivity section and the
resulting interpretation of resistivity measurements obtained by the combined
profiling is shown in Figure 11.

K tisku doporuéil J. Hanzlik
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Ipeacrasienne peayanTaToR moiesbix mimepenmii BII
HA KapTaxX @ paszpesax

(PeztoMe aBTHEECKOro TEKCTA)
Milo§ Karous

iipeacrarneso 12-ro arons 1987r.

B 270#i craTee mpesnoXeH HOBLIM CHOCOG MPE3CHTAIAM PE3YALTATOB HONEBBHIX
M3MEDPEHUH BeAUTUHEl Bh3BaHHON noaspusanuy (BII) B Buge 1. Has. Mogudummpo-
B2HHBIX XKAPT H30JHHENA 1 BEPTAKATLHAEIX PAa3PE30B, HO3RONAIONHX GHICTDPO U 06BeK-
THBHO UMHTEPHPETAPOBATL MONOXEHHAE, GOPMY A Pa3sMEDPHl aHOMANLHO HONAPHU3YE-
MBIX TEONIOIAIECKAX 06BEKTOB B BU/IEC FOPH3OHTANBHOM ILIOCKOCTA B BEPTHRANBHOM
paspese oA m3MepAeMbIM mpoduneM. CoBpeMEHHOE COCTOsNHME pa3paboOTKH aBTO-
MATHYeCKOH HHTEPUPETANHA Ha BHUUCIUTENLBHIX MAliMHAX TOKR HE MO3BOMNSET
3(heKTHBHO HCTIONL30BaThL 06paboTKy HanHLIX mpoduied Ha DBM B 06bIKHOREHHBIX
pabounx ycnopmax reodusMyecKux uCCIeAOBAHMIl, IOITOMY HPELIOKEHHEIH CIocoh
MOXET HOMOJAMTL mpobell B MATEPHPETANMOHHALIX OPHEMAX METOHA BHI3BAHMHON
TONAPH3aLAH.

Ho cux nop pesynnTathl Metona BIl npeAcTaBAAIOTCS B BAKE KPHBHIX KaXymieics
aonspusyeMocTH (pucC. 1 —3). MakcuMyMbl KPABBIX KaxyDielics mOIApH3ycMOCTH,
OJHAKO, 92CTO HE COBHaZai0T ¢ PACHOJIOXKEHAEM AaHOMANRHO HOAAPH3YEMBIX TN,
B CBA3M C 7€M KapTHl A30JHHEN HE MOTYT AaTh MOJHOE HPEACTABNICHAE O PaCHONo-
KCHAH aHOMaibHLIX 30H. [losToMy Oblim BBeAieHBI T.Ha3. MomubANMpPOBAHHKIE
Rapubie DosApE3yeMocTr (Gopmyani 2 u 3), KpHEBBIE KOTOPBIX UMEIOT KCTPEMYMBI
Haj DonspusyemuivMm Tenamu (puc. 4 7 5).

PesyasTatst npodmiupopanns MeTofoM BII, ECHOMB3YIONIETO HECKONBLKO pas-
AUIERR P2CCTAHOBOK MATAIONIMX 3NMERTPONOB, H300PaKaIOTCS 9aCTO B BEIE ,,Kilac-
CHYCCKER'‘ TCEBAOPA3PE30B, HO XapaKTep HIOJNHEHAN B HAX HE OTBEY2eT HCTHHHOMN
thopme anoManbBEOTO TeNA (pHC. 6). Tlo3TOMy B 5TOH CTaThe MPEAAATAETCS CTPOUTD
MOAAGQUORPOBAHKBIE Pa3pPe3hl ¢ WCHONBIOBAHMEM MOAMDHIAPOBAHHLIX NAHHBIX
NoASpU3yeMOCTH. OTH AaHHBIC BOHMCHIBAIOTCS B Da3pe3ax B TOAKE HepeceveHnd
EPHBHIX, B KOTODHIX HA PaznuYHBIX rAyOEEax sexat ceprl CO COBNaAAOUIAME
MaKCUMyMaMH KaXyuleics nonspasyeMocts (pac. 8). ®opma nsonurnil B Mogudu-
OUPOBAHABIX paspesax OTBCYaeT mprbIM3ATENsHO GOpME BEPTHKAJBLHOTO paspesa
2HOMAJIbHO MOJISPH3YEMOIO IeoJoTHIecKoro Tenma (puc. 7, 9 u 10).

Cxoano ¢ TeM CTPOATCS BEPTHKAILHBIC MOAGUIMPOBARHEIE PA3PE3L] IO JAAHHBIM
MOAMGUBAPOBAHABIX COMPOTHBIICHUH, H3MEPAEMBIX IPH NpuMeHCHEN MeToda BII
BMECTE C KaXyluMucs noaspusyeMoctsmve (puc. 11).
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