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1. INTRODUCTION

At the request of Dr. David Jennings, Chief Geologist for
Cyprus—Anvil Mines Ltd., we have completed a brief Spectral IP Test Survey
over the Grum Deposit. The Grum Deposit is a known orebody om the company's
property at Faro, Yukon Territory. Spectrai IP measurements were made on
Line 108W using X = 500"; n = 1,2,3,4,5,6 and X = 1000'; n = 1,2,3,4,5,6.

As shown on the enclosed plan map, Line 108W crosses over the
west end of the Grum Deposit, At this location, the depth to the top of
the sulphide mineralization is almost three hundred meters. It is
necessary to use large electrode intervals and électrode separations to
detect a source at this depth. Inductive coupling effects can distort

the measurements, but the use of thﬁ Spectral IP Method permits coupling

effects to be removed.

2. PRESENTATION OF RESULTS

The apparent resistivity and the apparent phase IP results at 1.0 Hz
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are enclosed with this report. The field results have been plotted using
the pseuddsection format., A few of the complete spectral plots, with
computer inversions, are also enclosed with this report, in order to
clarify the interpretation.

All of the pseudosection plots that output from the computer
interpretation of the Spectral IP data, as well as all of the spectral plots

are included in Volume II of this report.

3. DISCUSSION OF RESULTS

For the measurements with both X = 500' and with X = 1000', the
most obvious feature on the apparent resistivity pseundosection is the
definite contact at about 25+00N. There is a high resistivity rock unit to
the south and a lower resistivity rock unit to the morth. The X = 1000'
measurements show that the southern edge of the high resistivity (non-porous
and dense) rock unit is at 50+00S.

The X = 500' measurements suggest that the lower resistivity
rocks are present, at depth beneath the high resistivity rock.unit, to the
south of 25+00N. The pseudosection for the X = 1000' measﬁrements confirm
that the lower resistivity rock unit is presemnt, at depth, at least as far
south as 0+00 to 10+00S. Tt is possible that the lower reslstivity rocks
extend completely beneath the 7500 meter surface extent of the high resistivity
rock unit.

The X = 500' measurements show that there is an increased background
IP effect in the lower resistivity rocks to the north of 25+00N. TIn addition,

there are slightly anomalous apparent IP effects for n = 5 and n = 6 in the

_region from 5+00N to 25+00N; these would correlate with the upper edge of

the Grum Deposit.
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As expected, the measurements with X = 1000 (305 meters) show
a more clearly defined anomaly at depth. For these deep measurements the
apparent IP effects within the anomaly at depfh are greater than the high
background TP effects to the north. In addition, there are é few, shallow,
above background IP effec;s at the south edge of the measured data

(50+00S to 60+00S).

No useful spectral interpretation can be made from the n = 5 or n = 6
measurements for either X = 500" or X = 1000'. As the enclosed examples
show, the voltage levels were low in magnitude and the electrical noise
levels were high in magnitude. The parameters for the IP dispersion for
the deep anomalous source can not be determiﬁed from the present data.

The hipgher background IP effects to the north and the slightly
anomalous IP effects at the south edge of the data (for X = 1000") were
both detected for n = 1 and n = 2. For these measurements, the measure-
ments were more reliable; the standard deviationms for the data were much
smaller,

For both of these anomalies (D1, N1; D1,N2) and (D10, N1; DIO, NZ%
the spectral IP data plots can be accurately inverted. The attached
data plots show the accuracy with which the data can be approximated by two
Cole-Cole Dispersions. ‘

For both anomalies, the time-constants (T1) for the IP dispersion
are in the range from ten seconds to one hundred seconds. Our field tests

elsewhere in the Faro Area indicates that these large time-constant dispersions

are due to large grain-sized sources, usually graphite.

4. CONCLUSIONS AND RECOMMENDATION%W

The Spectral TP Test Survey on Line 108W, over the Grum Deposit

has shown that-the deep source in the Faro Area can be detected if the
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proper electrode interval is used. However, the measurements are difficult
to make due to the low signal voltage levels and the high electrical noise
levels.

These spectral plots are too unreliable to permit accurate
inversions to be made to determine the electrical parameters of the IP
dispersion. This is one of the more useful features of the Spectral IP
Method and steps have been taken to assure better low frequency data. In
further work in the Faro Area, a high-power IP transmitter will be used
(ISKVA.to 30KVA). The higher current levels this power will permit will
give higher voltage levels and smaller standard deviations.

A further step that would aid with the interpretation of deep,
indistinct anomalies, would be to double the density of the data on the
pseudosection plotter. This can be gccomplished by, for instance, repeating
the X = 1000' measurements with the electrode positions shifted by 500°'.

With these extra steps, the deep anomalies expected from the deep

sources in the Faro Area should be more easily interpreted.
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RECENT AND FUTURE ADVANCES
IN' THE

INDUCED POLARIZATION METHOD
BY

Philip G. Hallof, Ph.D., and William H. Pelton, Ph.D.

INTRODUCTION

The induced polarization (IP} method was introduced into Canadian
exploration practice in the period from 1955 to 1960. Two measurement
techniques were widely used, the pulse-transient method (time domain) and
the variable frequency method {frequency domain). In the fifteen years
following 1960, striking improvements were made in both frequency domain
and time domain IP equipment, but only Timited progress was made in a
better understanding of the IP phenomenon, its source, and how to use it.

However, in the five year perjod since 1975, considerable progress
has been made in our understanding of the IP method. Beginning with an
understanding of the exact equivalence of the IP measurements in the
phase-domain, the frequency-domain and the time-domain (see Figure 1),
we have progressed to the study of the IP effect over the entire frequency
range of interest. These studies have led to a greatly advanced under-
standing of the IP method in at Teast three important areas:-

i) Our understanding of the IP phenomenon itself
has been vastly increased. A greater knowledge
of the source of the IP effect and its detailed
behavior has suggested additional uses for the
method, beyond the simple detection of anomalies.

i) A better idea of what we wanted to measure,
and modern solid-state electronics, have
resulted in greatly improved measurement
techniques and instrumentation.
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111) The advent of smaller, less expensive digital
computers has greatly helped with the interpre-
tation of IP field data. Rapid forward problem
solutions and the possibility of direct
inversion of IP field data have made it possible
for the geophysicists to give the exploration
geologist a much better picture of just what the
source of a particular IP anomaly might be.
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WHAT IS THE NATURE OF THE IP EFFECT

Spectral induced polarization measurements (the measurement of the
phase shifts over a wide frequency range) in open-pit mines, gave the
first information concerning the detailed nature of the IP phenomenon.
1t became clear that four parameters, not just two (resistivity and IP




effect) were necessary to completely describe the IP effect.

The equation shown on Figure 2 and Figure 3 is formally known as
the Cole-Cole Dispersion Equation; the four electrical parameters are:

Ro - the dc resistivity value

m - the IP effect (in non-dimensional form)
- the time constant of the IP effect

¢ - the exponent of the frequency (w)

Since the very beginning of our experience with spectral IP
measurements, we have found that these four parameters, and the Cole-Cole
equation will adequately describe any IP effect that has been measured.
The first measurements were made using one meter electrode intervals,
within open-pit mines. The circles on Figure 4 and Figure 5 show the data
points measured over massive graphite and massive sulphides at the Anvil
Mine. As the solid Tine curves on the drawings show, the measured data
points can be almost exactly replaced using a Cole-Cole Dispersion.

The four parameters obtained by the computer inversion of the
graphite data are typical of those that have been measured over all graphite
deposits. The IP effect is very large and the time constant {t} is much
greater than 1.0 seconds.

Large IP effects are also measured over massive sulphide sources.
However, invariably the time constant value for (1) is less than 1.0
seconds. The measurements shown on Figure 6 are for a massive sulphide
source at the Kidd Creek Mine; again there is a large IP effect, and a small
time constant.

The critical frequency (Fc) for a Cole-Cole Dispersion is defined
as that frequency for which the maximum phase-shift is measured. An
examination of the equation and curves in Figure 2 shows that as the time-
constant (7) is increased by a factor of ten, the critical frequency (Fc)
will decrease by a factor of ten. Therefore, we can expect that for the
spectral IP response of polarizable sources (Fc) will be inversely
proportional to (T).

An understanding of the physical parameters that affect the time-
constant (t) of a spectral IP response has come from two areas of research.
One is the study of the spectral IP response from artificial rocks; these
samples are prepared using metallic particles of known material and size
(see Figure 8 for example). The second line of attack has been to formulate
the mathematical expressions that might describe the macro-characteristics
of conduction in a mineralized rock, with certain simplifying assumptions.
Initially spherical particles were assumed for this work and an example of
the predicted spectral resuits is shown on Figure 7.

We have shown these two different sets of data, because they are
very similar in character. Further, they show the same result that all of
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our research has shown. The time-constant (1) of a spectral IP dispersion
curve is directly related to the physical size of the metallic particles

that_are the source of the IP effect. The critical (Fc) is therefore

inversely related to the grain-size. Thus, for all of the massive sulphide
deposits for which we have spectral measurements, the effective grain-size
of the polarizable particles is appreciably smaller than that for graphite
sources.

There is one additional test we have devised to confirm the validity
of the electrochemical model we have developed to describe the detailed
nature of the IP phenomenon. The spectral IP results for a single mineral
electrode {pyrite, chalcopyrite, bornite, galena, etc.) immersed in
distilled water can be measured, and then inverted using the computer. This
inversion determines the various electrical parameters that describe the
electrical transfer function for that particular mineral. These electrical
parameters, and the analytically determined concentrations of the metal
cation in the solution after steady-state current flow has been achieved,
can be used to calculate the reaction valence (total number of electrons
involved) of the chemical reaction at the interface. This measured vaiue
of the reaction valence can be compared to the various values that would
be possible from various chemical reactions.

In past research, these measured numbers have not agreed within an
order of magnitude with those predicted by the commoniy accepted dissolution
reaction equations for the various sulphide minerals. The results we have
achieved for galena (Figure 10) and chalcopyrite (Figure 9) are typical of
the work that has been done recently. The measured values of the reaction
valence give much closer agreement to the predicted valence than was
previously the case. For chalcopyrite, the predicted reaction varies with
the copper ion concentration, and the agreement is still quite acceptable.

With the success of the above described research, has come the impli-
cation that we may now understand the IP phenomenon well enough to use some
of our knowledge in a predictive way. The resistivity and phase-shift data
plotted in the pseudo-section format on Figure 11 are from the Kennedy
Property near Winnemucca, Nevada. The results suggest a broad, weak IP
anomaly that might be due to a "porphyry copper" type source containing a
small concentration of metallic mineralization. However, one notices
immediately that the phase-shifts measured at 9.0 Hz are the same magnitude
as those measured at 0.11 Hz (a factor of 3-* lower in frequency). This
is the same Spectral IP characteristic that was previously measured at the
Brenda Mine in British Columbia.

This unusual circumstance is confirmed by the spectral plots for
two typical dipole pairs, shown in Figure 12 and Figure 13. With the
inductive coupling effects removed by computer inversion, the phase-shift
vs. frequency curve is very flat over a frequency range of 3%Hz. This
requires a very Tlow (c,) value of 0.125 (see Figure 3); more importantly,
a_value of IP effect (m) in excess of 0.500 is necessary. Therefore,
although the measured phase-shifts are low in magnitude, the true IP effect
within the source material must be Targe. This should not be considered to
be a weak anomaly.
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We used these results in our first attempt to predict the nature
of the mineralization that is the source of the "weak" anomaly shown in
Figure 11. The mathematical formula used to predict the spectra shown
in Figure 7 has been expanded to include prolate and oblate spheroids,
as well as spheres, of metallic material. By a trial and error process,
the spectra shown in Figure 14 and Figure 15 were generated as being a
“good fit" to the measured data.

The chosen parameters for the sources are probably not unique:
however, some valid points can be drawn from the calculation presented.

i) the flat spectrum (smail ¢ value) cannot be
obtained from a single grain-size (time-constant)
population. There must be at least two different
grain-size populations present.

ii) Although the two grain-size distributions, with
mean vaiues of 20mm and 0.2mm, are probably not
exactly correct, a difference of at least two
orders of magnitude is necessary to produce the
value ¢ = 0.125.

ii1) Despite the Tow magnitude for the IP field anomaly,
the true IP effect within the source is large
(m, > 0.500) and this results in a fairly high
concentration of metallic mineralization predicted
for the source (10 - 12% total metallic minerali-
zation).

The first drill hole at the Kennedy Project is now nearing comple-
tion; it was collared at approximately station No. 5 along the 1ine of data
shown in Figure 11. There was metallic mineralization throughout the drill
hole, with an increase below about 75-80 meters of depth.

Throughout the entire length of the drill hole (in excess of 250
meters), there were two different types of mineralization present. There
were veinlets {large grain-size) that might, or might not, contain quartz.
Al1 of the veinlets contained chalcopyrite or molybdenite or chalcopyrite
with molybdenite; some pyrite was also present. There was also fine-grained
disseminated metallic magnetite throughout the hole (the small grain-sized
source). The wagnetite contains appreciable gold value; there is enough
gold present to give detectable assays throughout the Tength of the hole.

We do not have enough information to determine if the total concentra-
tion of metallic mineralization approaches 10 to 12 percent. However, in
other respects the source of the IP anomaly does seem to approximate that
predicted by the spectral IP analysis.

IMPROVED MEASUREMENT TECHNIQUES AND INSTRUMENTATION

The much publicized "explosion" in solid-state, semi-conductor
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electronic components has produced as many changes in the geophysical instru-
mentation industry as it has in other phases of modern 1ife. Beginning

with diodes and transistors and now .including complex microprocessor chips,
there has been a bewildering number of improvements in this industry. They
have resulted in a major reduction in the size of, and the power require-
ments of (smaller battery packs), geophysical field instruments; at the

same time the reliability, digital data storage capability and analysis
capability have been almost infinitely increased. :

The Phoenix IPVY-2, Prospecting Phase IP system is an example of one
of the least complicated units that can be engineered with modern electronics.
The types of features that can now be made available are: C :

i) Microprocessor-controlled signal stacking of each
measurement to give almost infinite noise rejection
through coherent detection.

ii)  Matched, heated cnyétaT clocks give phase stability
between current source and voltmeter without connecting
cable. _

iif) rDua]—channe]_e]ectronics permits two separate voltages
to be measured simultaneously. :

iv) Digital readout of maanitude and phase-shift of measured
voltage at either channel.

v} Five frequency capability (0.11, 0.33, 1.0, 3.0, 9.0 Hz)
permits Timited analysis of spectral character of any
anomaly. '

vi)l,}ﬁppreciab1e increase in survey speed over either
‘frequency-domain or time-domain IP systems.

By completing a reconnaissance survey with a single frequency
(typically 0.33 Hz or 1.0'Hz) it is possible to achieve the lowest cost
possible for IP field surveys.. However, once an anomaly is detected, the
IPV-2 can be used to make detailed measurements that give some feeling for

the character of the spectral respanse of -the source.

If detailed measurements are made “at.only two frequencies, it is
possible to make some statement about the critical frequency (Fc) of the
IP spectrum from the source. 0On Figure:17 ‘and: Figure 18 are shown the
detailed phase-IP measurements made usirig X = 100" and 0.33 Hz over two
anomalies previously located hy a reconnaissance IP survey using larger
electrode intervals. On both Line 18E and'Line 15E the anomalous pattern
indicates a relatively narrow source, with some depth to the top.

During the detailed survey with X = 100', several of the anomalous
values in each anomalous pattern were measured at both 0.33 Hz and 3.0 Hz.
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The results are shown on Figure 19 and Figure 20. On Line 18E, the apparent
phase values measured increase with frequency, indicating a value for Fc
above 3.0 Hz. On Line 15E the apparent phase values were decreasing with
frequency, indicating a value for Fc that is below 0.33 Hz.

The relationship we have established between the critical frequency
(Fc) - the time constant (T} - and the grain-size of the polarizable
particles, coupled with our experience over known zones suggests that the
grain-size of the source of the anomaly on Line 18E is appreciably smaller
than the grain-size of the source of the anomaly on Line 15E.

Our expectation that the large grain-size source is more likely to
be graphite is confirmed by the drilling of the two anomalies. The anomaly
on Line 18E was found to be due to massive sulphide mineralization; the
source of the anomaly located on Line 15E was a graphitic tuff zone, with
small concentrations of pyrite.

If field time is taken to make measurements at all five frequencies,
it is possible to make a more formal presentation of the spectral character-
istics of two anomalies. On Figure 21, is shown a computer-plotted pseudo-
section of a single line of phase IP data. The plot shows the apparent
resistivity value and the apparent phase value (1.0 Hz) measured for each
dipole pair. At the Tower part of the data plot is shown the short (five
frequency) spectrum (normalized to the value at 1.0 Hz) for each dipole pair.

In this case, the two anomalous zones had a considerable strike length,
in an area where the surface was largely covered. The electrical parameters.
of the two sources were much the same; however, as shown on Figure 21, the
source of Zone I is clearly different from the source of Zone II. From
drilling, it is known that Zone I is due to a broad, irregular zone of
pyrite and sphalerite (with appreciable silver) in a tuffaceous rock unit.
The source of Zone I1 is pyrrhotite in an adjoining andesite rock unit.

Another example of a difference in spectral character is shown in
Figure 22. In this location, the source of Zone A had been traced for a
considerable distance along strike. Zone B was detected only on two
adjacent lines. The difference in spectral character strongly suggests that
Zone B is not merely a greater width to the mineralized zone that is the
source of Zone A.

The Phoenix IPV-3, Spectral IP Receiver is the most advanced induced
polarization receiver ever put into field operation (Figure 23). It
completely replaces a truck-mounted system that was assembled largely from
off-the-shelf computers, voltmeters, oscilloscopes, etc. The entire system
is controlled by the Phoenix CP-1, geophysical computer, that was designed
especially for this function. Through an FM-modulated 1ink, the CP-1 also
controls the spectral IP current source. Some of the more important
features of the IPV-3 are:

i) Six simultaneous voltage channels plus current
monitor.
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i1}  Frequency range from 2% Hz (0.00006 Hz) to 218 Hz
(65,536 Hz) with automatic scanning programmable
through CP-1.

iii) Real time de-convolution and coherent filtering
via use of CP-1.

iv) Field Data available through digital read-out and
recorded on paper tape and tape cassette.

v) Field results directly transferrable from tape
cassette through CP-1 and interface to computer
for analysis and interpretation. (Figure 24).

By using the IPY-3 and the HP=85 computer in the field, the geophysicist
has at his disposal all of the interpretational power of the spectral IP
method. As shown on Figure 25 it is possible to remove the inductive
coupling effects from the broad-band spectral IP results. When this informa-
tion is removed, it is possible to invert the remaining, decoupled IP
spectra and determine the apparent values of Ro, m, T, c for that particular
dipole-pair measurement.

For the spectra shown in Figure 25, the values are m = 0.172;
¢ =0.376; T = 0.044 sec.; these parameters suggest a small grain-size, and
in fact thé source is a massive sulphide zone in New Brunswick. The para-
meter values obtained by inverting the spectral curve from all of the
anomalous dipole pairs were essentially the same; we have found this to be
universally true if the anomaly is due to a single, more-or-less uniform
source.

For the spectral curve shown in Figure 26, the parameter values of
the source are m = 0.509; ¢ = 0.180; t = 540 seconds. The large time-constant
confirms the large grain-size for the graphite zone that is the source of
the anomaly.

For IP measurements with large electrode intervals in areas of low
resistivity (high conductivity) inductive coupling effects will completely
distort IP field data. This can happen even for low frequency measurements
(in the variable freguency method) or long time delay measurements (in the
time domain technique). When the inductive coupling effects are removed
from the spectral curve for each dipole pair (as in Figure 12 and Figure 25)
the pseudo-section can be reconstructed using the decoupled data.

The data pseudo-section shown in Figure 27 is from the Elura Deposit
near Cobar, New South Wales. The resistivity results show a deep, variable
high conductivity surface layer. The phase IP measurements at 3.0 Hz with
X = 100 meters are completely dominated by inductive coupling effects that
essentially depend only upon the electrode separation (n). However, when
the inductive effects are removed from the data for each dipole pair, the
pseudo-section clearly shows the presence of the massive sulphide zone,
at depth, at approximately station 2500E.
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COMPUTER ASSISTED INTERPRETATION OF IP DATA

The increased size, storage capability and speed of the modern digital
computer has been a big boon to the exploration geophysicist. Forward
problem solutions for potential methods (gravity, magnetics, etc.) have
been available for some time. Recently, numerical modelling methods and
large, very fast computers have made similar forward problem solutions

available for applied field geophysics such as resistivity and induced
polarization.

The forward problem solution shown in Figure 28 is for a fairly normal,
dipping source. (The geometry is Two-Dimensional). The patterns of the
induced polarization and resistivity pseudo-sections are similar to those
we have previously seen from field data over dipping sources.
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Recently however, we had occasion to try to interpret a field anomaly
that was very similar to that shown in Figure 29. The presence of the
shallow, limited depth extent source was known from previous drilling. By
the trial and error method, we were able to show that the pattern (which is
very similar to that in Figure 28) need not have originated from a dipping
source.

By 1imiting the solutions somewhat, it is possible to create computer
programs to do the inverse problem. That is, the computer accepts the field
data as input and as output gives the vertical, tabular source that gives
the best "least square fit" to that data. For comparison, the computer
also outputs the pseudo-section data that would be measured for the source
it has chosen.

The simplest problem is for resistivity data alone. The results
shown in Figure 30 are from a geothermal exploration program in which the
resistivity survey was completed using X = 250 meters. The large, deep
resistivity low was measured on the side of an extinct volcano, under recent
lava flows. The computer inversion gives a major, poorly determined,
conductor {with a high conductivity times width product) at a depth of 350
to 400 meters. This data was used to show the geclogist that the source of
the resistivity anomaly could be a good geothermal target.

1 12 3 14 1 15 ” 18 12 20 2l
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N=2
N=3
N=4
Nw5
N=6
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The example shown in Figure 31 and Figure 32 is from the Pine Point
Area. The computer inversion shows that in this case the source has a
poor resistivity contrast with the surrounding 1imestones. However, the IP
effect is quite anomalous.

If there is conductive overburden present, and the source itself is
conductive, the inversions will be more complex. The data shown on Figure 33
and Figure 34 were measured with X = 100 feet, in an area where the depth
of averburden was determined to be about fifty feet. The calculated results
give a "good fit" to the measured data, and the source described by this
inversion is a typical Canadian Shield, massive sulphide deposit.

The inversion program can also be used to show that two dissimilar
anomalies can in fact be due to the same type of source. The inversions of
the IP data shown in Figure 35 and Figure 36 are those for the field data
previously shown in Figure 17 and Figure 18. The background resistivities
are very different, and the depths to the top of the sources are different
by a factor of three. However, the indicated source parameters are much the
same. As we saw previously, the spectral characteristics of the IP anomaly
from the two sources are quite different.

The use of the computer inversion techniques make it possible to
obtain an estimate of the source parameters, even in situations in which
an unusual geologic environment would make it difficult to interpret the
data. The field results shown in Figure 37 are from a deeply buried source
in a highly conductive environment. The rocks in which the survey was
completed were porous, and filled with saline water. However, the inversion
output on Figure 38 shows the source is not uniike that determined in
Figure 34.

WHAT OF THE FUTURE?

There seems to be almost no Timit to the future development of the
induced polarization method. As the orebodies for which we search become
deeper, and more difficult to detect, we will need all of the help we can

get.

A simple extension of what we are now doing should lead to the
following examples in the next twelve to twenty-four months.

a) The computer can be used to store parameters obtained by
the computer inversions of spectral IP data. Therefore, it will
be possible to correlate the electrical parameters (m, T, ¢) of
all sources known in a given geographical area or a certain
geologic environment. For a new, unknown source, the computer
could be asked to output the probability that the unknown source
will be due to metallic mineralization of a certain type.

The data shown in Figure 39 was a Tirst attempt at such
a correlation. On the plot are shown the IP effect vs. Time-
Constant {m, vs.t) coordinates for a few massive sulphide

(25)
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sources and massive graphite sources in Canada. More recent
determinations have not been added to the plot, although
additional field work in North America and Australia has shown
the same grouping.
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b) The frequency range of spectral IP measurements with

the IPY-3 System extends well up into the range that is normally
used for electromagnetic prospecting. Indeed, as we have shown
previously, the inductive coupling (EM) effects must be removed
from the spectral IP plot before the electrical parameters of
the source can be determined. 1In the near future, it should be
possible to use this electromagnetic coupling information to
gain further insight about the source.

The induced polarization and resistivity results in
Figure 40 are from an area in South Australia. There is a known




pyrrhotite zone at Station 4 to Station 3, and a narrow
Pb-Zn-Ag zone at about Station 0. The resistivity data

shows & low over the conductive pyrrhotite zone. The raw

phase data at 9.0 Hz and 0.11 Hz shows that IP effects are
present, but the measurements (particularly at 9.0 Hz) are
distorted by inductive coupling (EM) effects. When the
inductive effects are removed, there is a definite IP

anomaly from the pyrrhotite zone and a weak IP anomaly from the
Pb-7Zn-Ag zone. (see Figure 41),

The pseudo-sections shown in Figure 42 are a first
attempt to use the inductive effects that have been removed
from the dipole-dipole IP data. The M3 parameter is the
electromagnetic component that has been removed from the
measurement with each dipole pair.

The source centered at Station 4 to Station 3 gives a
resistivity low, an IP high, and also a very large electro-
magnetic component. The source centered at Station 0 gives
a weak, but definite IP anomaly. This source is not large
enough to give a resistivity low using X = 25 meters.
However, the electromagnetic coupling between the IP survey
wires and the source is different from the resistive coupling
between the electrodes and the source. There definitely is
an electromagnetic component due to the Pb-Zn-Ag source.

c) With small desk-top computers, the calculation of a
single forward IP problem can require five to ten hours.
However, recent advances in small computers and new, inter-
action interfaces between CRT Displays and light-stylus
hardware, will soon give the exploration geophysicist almost
instantaneous interpretation capability.

For instance, the geometry shown on Figure 43 could
be the first guess at the source of an IP anomaly. The
geometry would be drawn upon the CRT Display by the geophysicist
using an active light-stylus. At the push of a key, the
computer would almost instantly display the pseudo-section
shown. The computer would then print a "hard copy" of the
field data, the calculated data and the geometry and parameters
of the source.

The geophysicist could then use the light-stylus to
alter the geometry to that shown in Figure 44. A push of the
"operate” key would produce the pseudo-section shown in
Figure 44. The pattern is only slightly different, but if it

has greater similarity to the field data pattern, the geophysicist

knows that he is on the right track.

(31)
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