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SUMMARY

The induced polarization survey has shown the grid area to
have three regions of differing chargeability characteristics. Two
of these reglons contain anomalous chargeabilities warranting further
exploratory attention, The third region has not had sufficient coverage
to assess its potential.

Four diamond drill holes totalling 1100' have been suggested
to continue the investigation of the first two regions. More induced
polarization surveying is suggested to adequately delimit and assess
the area if the minimum suggested programme should produce favourable

results.
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REPORT ON
INDUCED POLARIZATION SURVEY
GRAND FORKS AREA, BRITISH COLUMBIA
ON BEHALF OF B
RYSLO SILVER MINES LTD. (N.P.L.)

INTRODUCTION

During the peried October 20 t§ Névember 4, 1972, an induced
polarization survey was carried out in the Grand Forks area, British
Columbia by Scintrex Surveys Limited on behalf of Ryslo Silver Mines
Ltd. (N.P.L.). The survey crew was undér the direction of Mr. Francis
Bourqui.

The survey property is located about 8 miles north of Grand Forks
as shown in Figure 1. Access to the area is by dirt road to the centre of

the grid. The topography of the area is steep and forest growth is sparse.

METHOD ARD INSTRUMENTATION

A Scintrex Mark VII 2.5 kw time-domain induced polarization unit
was utilized on the present survey. This unit has a current "on"” time of
2.0 seconds and a current "off" (potential measuring time) of 2.0 seconds.
The polarization/transient voltages are integrated between the ,45 to 1.1
second part of the "off" cycle and normalized to the "on" cycle voltage at

the receiver. The resulting Chargeability, in milliseconds, is a measure

of the induced polarization effect. The Resistivity, in ohm-meters, of the
rocks in the measurement zone, is computed from the formula R = CVp/I
where Vp = “on" cycle voltage at the receiver, I = current output from the
transmitter; C = a constant depending on the array geometry.

For the present survey the Thgee Electrode Array was utilized.

This array is shown schematlically below in Figure 2.

s
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6.2 THREE ELECTRODE ARRAY
infinite moving potential
current current alectrodes
electrode electrode .
C2 ¢ Py P2
—_— 350 — a a——
x — [l
piotting
point

Potential or "a" spacings of 200 feet and 400 feet were utilized
throughout for recomnmaissance purposes. Readings were taken at intervals
of 200 feet. Detailed coverage was undertaken over one selected zone
utilizing "a” spacings of 50 and 100 feet. The plotting point for the
Three Electrode Array 1s taken as the midpoint between the Cqy and Py
electrodes (see Figure 2). Topographic variations and geological
inhomogenities may result in the centre of the anomalous zone being shifted
from its apparent location using this midpoint convention.

Induced polarizatlon responses may arise from metallic or non-
metallic agencies. The former include most sulphides (except sphalerite),
arsenides, a few oxides such as magnetite and unfortunatély, graphite,
Non-metallic sources include alteration minerals such as sericite, chlorite,
serpentinite and some clay minerals. There is no reliable criterion for
differentiating between over-voltage responses from metallic or non-metallic
minerals or for distinguishing between the responses of one type of sulphide
and another,

A more detailed description of the induced polarization method
is contained in the attached copy of Dr. H. 0. Seigel’s paper entitled

"Induced Polarization Method" dated 1970.

[E—
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GEQLOGY AND PURPOSE QOF SURVEY

The local geology of the grid area has been studied by J. Sullivan,
P.Eng. and is the subject of his report dated Oefober 3, 1969.

Three main rock types are présent on the .property. Massive and
bedded limestones occur in the western and northern regions.

The central, southern and eastern areas are underlain by gritty
limestones {(with some skarn fractions). Diorite outcrops in one zone and
the formations around the diorite contain disseminations of pyrite and
chalcopyrite. Copper staining (malachite), occurs north of the diorite.

A geochemical survey and a ground magnetometer were carried out
over the area by Mr. Sullivan,

The purpose of the present survey was to map the subsurface
distribution of metallically conducting mineralization, in particular,

disseminated sulphides,

THE SURVEY GRID

The configuration and orientation of the survey grid are shown
in plan form on Plates 2 and 3 (the Chargeability and Resistivity Contour
Maps). Ten parallel lines striking east-west were laid out at 300' intervals
across the property on each side of a common base line as shown. These
lines were designated 6 X to 33 N inclusive. Part of the Base Line was
also surveyed.

A total of 2.5 line miles of geophysical coverage were attained.

PRESENTATION OF RESULTS

The Chargeability and Resistivity data are presented in profile
form on Plate 1. The horizontal scale is 1 inch = 400'. The interline

separation is not to scale. The chargeability profiles have a vertical
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scale of 1 inch = 10.0 milliseconds. The resistivities are plotted on a
vertical logarithmic scale of 2 inches = 1 log cycle with a base level
of 1000 ohm-meters.

Plates 2 and 3 are chargeability and resistivity contour plans
plotted on the scale of 1" = 100°¢. Tﬁe Chargéability contour interval is

1.0 millisecond, the resistivity contour interval is logarithmic.

DISCUSSION OF REUSLTS

In the Grand Forks area unmineralized rock formations normally
show background chargeabilities ranging from about 4.0 to 6.0 milliseconds.
Since most of the presemt grid shows chargeability values in excess of
15.0 milliseconds wmost of the area is anomalous suggesting a uniform
distribution of disseminated metallically conducting mineralization
throughout the bedrock {(pyrite, graphite, etc.).

Resistivity values observed in the area range from about 1000
to 20,000 ohm-meters. An interpretation of the grid area, on the basis
of its resistivity signature, is presented on Plate 3., A number of distinct
(resistivity) regions are outlined eg. an extemsive resistivity ‘low’
extending across the western side of the grid, a series of prominent
resistivity ‘highs’ truncated by northwest trending faults, etc.

On the basis of the 400' chargeability contour patterns (Plate 2)
the grid is divisible into three fairly distincet regions. These are

designated 1, 2 and 3 on Plate 2.

Region 1

Region 1 is a band pfshighly ancomalous response striking about

N 8° £ across the western side of the survey grid. Its east boundary is
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very sharp and distinct - mnote the interpreted contact on Plate 2.
Chargeabilities observed within the area range from about 20.0 to 40.0
milliseconds. Peak amplitudes may be observed at the following locations:

L-9 N; 4 W ~ 40.5 milliseconds (a = 200')

L-9 N; 5 W - 37.5 milliseconds (a = 400')

1-246 N; 2 W - 29.5 milliseconds {(a = 400")

L=24 N; 5 W= 25.0 milliseconds (a 200")

Reglon 1 is open grid west, south and north. It coincides with

a very prominent resistivity low (see Plate 3) suggesting that the source
material is conductive. Though located east of, and parallel to, a railway
line, which may be the source of strong polarizing effects, it is likely
that Region 1 reflects a bedrock conductor (4% -~ 6% by volume of
disseminated metallically conducting mineralization). On the basis of its
areal extent and geophysical characteristies such a conductor is likely
graphitic or pyritic, If, however, geological and/or geochemical reasons
should appear to favour Region 1 additional geophysical coverage would be

required in order teo adequately assess its potential.

Region 2

Region 2 appears on Plate 2 as a distinct platform of moderate-
high chargeability bounded {(grid) west by the very sharp east contact of
Region 1 and (grid) north by a prominent northwest trending lineament {(a
fault or major contact zone). Throughout Region 2 chargeability values of
less than 15.0 milliseconds were rarely observed.

Four zones of anomalous chargeability appear within the region.
These are designated Zones A, B, C and D on Plate 2. Though rather vague

in outline and inadequately defined, to date, these zones merit further
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exploratory attention and are described in turn below:

Zone A on the Base Line survey (see ?1ate 1) appears as a

very distinct anomaly - note the following peak responses:
Station 13 N; 19.5 milliseconds {a = 2007)
Station 14 N; 21.0 milliseconds (a = 400')
Station 11 + 50 N; 17.0 milliseconds (a = 100%Y)

Approximately 200’ grid south of the above peaks note the very
shallow polarizing source (designated Al) gilving peak responses as
follows:

Station 9 + 75 N3 29.5 milliseconds (a = 50')
Station 8 + 75 N; 26.5 milliseconds {(a = 50%)
Station 9 + 50 N; 22.0 miliiseconds (a = 100')

The Base Line profiles suggest source material dipping (grid)
north. The regular survey profiles (L-12 N etc.) suggest source material
dipping (grid) west.

A1 likely reflects a shallow localized distribution of 37 - 5% by
volume of disseminated metallically conducting mineralization. It coincides
with known pyrite - chalcopyrite mineralization. A appears teo reflect
a more substantial polarizing source dipping about northwest. It too
coincides with known mineralization both at surface and in drill holes
(DDH #1 and #2). It warrants additional exploratory attentiom.

Zone A lies (grid) west of a prominent geochemical high and
is partly coincident with, and lie partly on, the east flank of a presumed

diorite plug.

Zone B appears on the 400' contour plan as a prominent charge-

ability 'high' extending about north-south across L-6 N ~ L-15 N inclusive.
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It i{s open grid south., It shows peak responses as foliows:
L-6 N; 4 E - 21.5 milliseconds_ga - 400")
L-12 N; 4 E - 22.0 milliseconds (a = 400')
L-12 N; 5 E - 19.0 milliseconds {a'= 200')

Throughout much of its extent Zone-B lies on the east flank of
a very prominent resistivity high. On L-12 N the anomaly lies directly
over a postulated fault (see Plate 3) at which location it also coincides
with a geochemical indication.

Zone B could be caused by 2% - 3% by volume of disseminated
metallically conducting mineralization in the bedrock and though,
inadequately defined by the presemt survey, could come to within about 100°
of the ground surface in the vicinity of the 200' peak locations. It merits

further exploratory attention eg., diamond drilling,

Zone C peaks to 22.0 milliseconds on L-9 E; 7 E (a = 200') and
is open grid east. Along with part of Zome B (L-12 N) and the northern
section of Zone A it lies on a prominent resistivity break (a postulated
fault). Its significance cannot be assessed on the basis of the present

limited induced polarization coverage.

Zone D 15 a modest anomaly lying in the extreme western corner
of Region 2 (see Plate 2 - note the 19,0 millisecond peak on the 400’
profile at Station 2 E: 1-21 N). It appears as a well defined anomaly on
the Base Line profile (see Plate 1 - note the peak responses at 19 N
and 22 N).

Zone D could reflect a distfibution of up to 3% by volume of
disseminated metallically conducting mineralization distributed throughout

the bedrock below the regions of peak response. It may warrant additional

s




exploratory attention. It lies on a contact zone and close to a postulated

(resistivity) fault.

Region 3

Region 3 is an area of relatively low chargeability lying in the
extreme northeastern portion of the grid area. It is bounded grid south
and grid west by prominent chargeability lineaments. It shows no features

of interest on the basis of the present work.

CONCLUSIONS AND RECOMMENDATIONS

1. The survey area is divisible into three regioms on the basis

of the chargeability data. These are”

{a) Region 1 ~ A band of highly anomalous values (20.0 - 40.0
milliseconds) extending across the western side of the survey grid and
coinciding with a resistivity ‘low' of similar outline (see Plates 2 and 3).
Though adjacent to a railway track (which can be a source of strong polar-
izing effects). Region 1 could reflect 4% - 6% by volume of disseminated
metallically conducting mineralization {pyrite, graphite, etc) in the
bedrock. Further induced polarization coverage would be required in order

to adequately outline its areal extent, dimensions and signficance.

(b) Region 2 - A distinet platform of moderate — high respomse
containing at least four anomalous zones of interest. These are designated

Zones A, B, C and D on Plate 2.

Zone A coincides with known mineralization {at surface and in

diamond drill holes). It appears to represent, on the basis of the

s
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present survey, 3% - 5% by volume of disseminated metallically conducting
mineralization (sulphides, etc.) coming to surface below the 50' and 100' -
data (Base Line profile) and dipping (grid) northwest. Depending on the
mineral assemblage known to Ryslo Silver Mines Ltd. (N.P.L.) and upon the
geology and the topography of the area.one.of the following holes may be

driiled in order to intersect the source of Anomaly A.

DDH #1 - Collar at Station 13 N - drill grid south at 45° for a distance
of 400",

DDH #2 - Collar at 1 W;L-12 N - drill a vertical hole for a distance of
200'.

Zone B could be caused by 27 - 3% by volume of disseminated
metallically conducting mineralization (sulphide or graphite) in the
bedrock. It coincides, with a copper geochemical indication on L-12 N
{see Plate 2).

The following diamond drilil hole is tentatively recommended to

sample Zone B.
DDH #3 - Collar at L-12 N; 4 E - drill a vertical hole to a depth of 300°.

Zone C canaot be assessed on the basis of its present limited

coverage.

Zone D could be caused by up to 3% by volume of disseminated

polarizing mineralization and may be examined by the following hole:

DDH #4 - Collar at L-21 N; 0 + 00 - drill a vertical hole for 200,
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(¢) Region 3 - An area of relatively low chargeability of no

further interest (on the basis of the present survey).

2. On the basis of the resistivity results the survey area

may be divided into several distinct areas. These are outlined on Plate 3.

of particular interest on the northwest trending lineaments which probably

reflect fault zones,

3. Though rather vague in outline and inadequately defined,
to date, major portions of chargeability Zones A, B and C lie on one of

the above postulated faults,

It is recommended that an attempt be made by surface mapping,
etc, to identify the probable source of the various anomalies described
above. Zones of interest for economic sulphides should be drilled,
utilizing, if possible the c¢ollar locations and hole attitudes tentatively
suggested above. Further drilling and/or additional geophysical coverage
would would be dependent upon the results ¢f the above minimum programme.

Respectfully submitted,

SCINTREX SURVEYS LIMITED

AN S

Peter J. FTominoff, B.A.Sc., P.
Geophysicist

Michael J. Lewis, M,S5c.,
Geophysicist

Vancouver, B, C.
November 15, 1972
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The induced polarization method is
based on the electrochemical phenom-
enon of Overvoltage, that is, on the
establishment and detection of double
layers of electrical charge at the
interface between ionic and electronic
conducting material when an efectrical
current is coused to pass across the

interface.
In practice, two different field
techniques {(Time Domain and

Frequency Domain) have been
employed to execute surveys with this
method. These techniques can vield
essentially equivalent information but
do not always do so. Instrumentation
and field procedures using both
techniques have evolved considerably
over the past two decades. Much
theoretical information for quantitative
interpretation has been accumulated.

All naturally cccurring sulphides of
metallic lustre, some oxides and
graphite, give marked induced
polarization responses when present in
sufficient volume, even when such
materigls occur in low conecentrations
and in the form of discrete,
non-interconnected particles.

Induced Polarization is the only
method presently gvatlable whick has
general application to the direct
detection of disseminated sulphide
deposits such as “porphyry type” or
bedded copper deposits, and bedded
lead-zinc deposits in carbonate rocks.

A number of case histories are
documented where sitandard geo-
electrical and other geophysical

methods failed to yield an indication of
sulphide mineralization detectable by
the induced polarization method,

Each rock and soil type exhibils
appreciable induced polarization
response, usually confined to 'a
relatively low amplitude range, which is
characteristic of the specific rock or
soil. Certain clays and platey minerals
including serpentine, sericite and
chloritg, sometimes give rise o
abrormally high responses. These
effects are attributed largely to
so-cafled ""membrane” polarizgtions.

Despite a moderate amount of
laboratory and field investigation, it is
not feasible in general to differentiate
between induced polarization responses
due to Quervoltage and non-metaliic
sources, nor to differentiate between
possible sources within each group.

Because of other varigbles, it is
tikewsse difficult to uniquely equate a
specific induced polarization response
to a specific percentage of metallic
content, although mean relationships
have been established,

Through the measurement of
secondary parameters, such as the
transient decay curve form character-
istics, one wmay obtain useful
information relating to the average
particle size of metallic responsive
boedies or to the influence of
electromagnetic transients on the [P,
measurements. The latter effect
becomes prominent when surveys gre
made in areas with highly conducting
surfuce materials, e.g. semi-arid regions.



Induced polarisation method

By Dr. HAROLD O. SEIGEL
President, Scintrex Limited

THE induced polarization {or L.P. as it
is commonly known} method i, in
application, the newest of our mining
geophysical tools, having come into
active use only in late 1948, ts roots
extend somewhat farther back,
however, Schlumberger {1920} reports
having noted a relatively lengthy decay
of the residual voltages in the vicinity
of 2 suilphide body after the
interruption of a primary D.C. current.
Unfortunately, measurements in
non-mineralized areas gave rise to
rather similar residual polarization
potentials, so he apparently aban-
doned his efforts.

In the late 1930%s in the U.S.S.R.
{Dakhnov, 1941) LP. measurements
were being made in petroleum well
logging in an attempt to obtain
information relating to the fluid
permeability of the formations
traversed by the well. Dakhnov
mentions the possible application of
the method to the exploration for
sulphide mineralization, although it
would appear that no such use was
being made use thereof at that time.
Unfortunately the volume of Dakhnov
did not come to the attention of
abstracters in North America until the
spring of 1950.

Active development of the LP.
method as applied te mineral
exploration in North America
commenced with the writer's theoreti-
cal study in 1947 of the phenomenon
of Overvoltage and his report (Sciged,
1948) on its possible application to
geophysical prospecting. Laboratory
and subsequent field investigation,
sponsored by Newmont Mining
Corporation in 1948 eventually ied to
the development of a working field
technique and the recognition of
polarization effects in all rocks {Seigel
1949}

Contemporaneously and indepen-
dently D.A. Bleil (Bleil 1953}
indicated the possibility of utilizing

LP. in prospecting for magnetite and
sulphide mineralization but apparently
did not recognize the presence of
non-metailic polarization effects in
rocks,

Until 1950 all LP. measurements
were of the *‘time-domain” type (see
below}. In 1950, as the result of some
laboratory measurements, L.8. Collett
and the writer suggested the method
of measuring I.P. effects using
sinusoidal current forms of different
frequencies. J.R. Wait expanded
greatly on the possibilities of this
approach and successful field tests
were carried out in that year. The
wgrk of the Newmont grouvp s
summarized in a monograph (Wait
1959).

Since 1950 several groups have
been active in the development of the
I.P. method by means of theoretical
faboratory model and field studies.
Prominent among these groups has
been that at the Massachusetts
Institute of Technology (Hall of 1957}
{Madden 1957} (Marshall 1959).

Within the literal meaning of the
term, polarization is a separation of
charge to form an cffective dipolar
distribution within a medium. Induced
polarization is, therefore, a separation
of charge which is due to an applied
electric field. It may also include
phenomena which cause voltage
distributions similar to those due to
truc polarization effects.

For practical purposes, only
polarization effects with time
constants of build up and decay longer
than a few milliseconds are of
importance, This usually excludes such
phenomena as dielectric polarization
and others which are encompassed by
the normal clectromagnetic equations.

in order to measure L.P. effectsina
volume of rock one passes current
through the volume by means of two
contact points or clectrodes and

measures existing voltages across two
other contact points.

Theoretically, any time varying
current form can be used, but in
practice only two such forms are
employed. In the first technique a
steady current is passed for a period of
from one second to severdl tens of
seconds and then abruptly interrupted,

The polarization voltages built up
during the passage of the current will
decay slowly after the interception of
the current and will be visible for at
least® several seconds after the
interception. This is termed the “Time
Domain" method.

‘The “Frequency Domain” method
entails the passage of sine wave current
forms of two or more low, but weil
separated, frequencies, e.g. 0.1 and 2.5
cps.,or 3.5 eps and 1Wceps.

Since polarization effects take an
appreciable time to build up, it can be
scen that they will be larger at the
lower frequency than at the higher, so
that apparent resistivities or transfer
impedances between the current and
measuring cireuits will be larger at the
lower frequency, The change of
measured resistivities with frequency
is, therefore, an indication of
polarization effects.

Further discussion of the precise
quantities measured in the Time and
Frequency Domain methods will be
resumed after a presentation of some
of the polarization phenomena
involved.

When a metal electrode is immersed
in a solution of ions of a cerwain
conceniration and valence, a potential
difference is established between the
metal and the solution sides of the
interface. This difference in potential
is an explicit function of the iom
concentration and valence, etc.

When an external voltage is applied
across the interface a current is caused
to flow and the potential drop across
the interface changes from its initial

3



value. If the electrode is a cathode it
becomes more negative with respect to
the solution, whereas if it 15 an anode,
it becomes more positive with respect
to the solution.

The change in interface voltage is
called the “'Overvoltage™ or “Polariza-
tion Potential” of the electrode. If the
electrode is a cathode, we speak of
“Hydrogen Overvoltage” and, if an
anode, of “Oxygen Overvoltage™.

These Overvoltages are due fo an
accumulation of ions on the electro-
lyte side of the interface, waiting to be
discharged. The charge of these ions
will be balanced by an equal opposite
charge due to electrons or protons on
the elecirode side of the interface.

For small current densities the
Overvoltage is proportional to the
current density, ie. s a linear
phéenomenon. The variation of
Overvoltage with several other factors
is presented in the writer's Doctoral
Thesis. [Seigel, 1949). The time
gonstant of build up and decay is of
the order of several tenths of seconds.

Overvoltage is, therefore, esta
blished whenever cutrrent is caused to
flow across an interface between ionic
and electronic conduction. In normal
rocks the current which flows under
the action of an impressed E.M.F. does
so by virtue of ionic conduction in the
electrolyte in the capillaries of the
rock.

There are, however, certain rock
forming minerals which have 2
measure of electronic conduction, and
these include almost all the metallic
sulphides (except sphalerite}, graphite,
some coals, some oxides such as
magnetite, and pyrolusite, native
metals and some arsenides and other
minerals with a metallic lustre.

When these are present in a rock
subjected to an impressed E.M.F,,
current witl be caused to flow across
capillary — mineral interfaces and

Tl Gt CoMTIdewh NUCEIARIM -
STt ey n

m EMLLTE St - LeLECTNC
ORI Facmy |

o TR Npta roMas waiead -
W IR g

e

Induced Polarization Response of a Matallic
Conductinp Particié ine Aock.

4

T bt dnteia 24 OB om
B | Rt hres
M apanwl by b robom g, 20 G4 A da

"1 Fotrimn as omy Flang

Dacoy vollagse, meri

FIGURE 2

Decay Curves for Metallic and Non-metailic
Minerals {after Wait, 1959),

hydrogen and eoxygen Overvoltages
will be established. Figure 1 is a
simplified represestation of what
happens to an electronic conducting
particle in a rock under the influence
of current flow.

Despite attempts by various
workers to investigate the source of
non-metallic LLP. ia rocks, ap adequate
explanation of all observed effects is
stil lacking. A number of possible
contibutory agents have .been
established. Vacquier (Vacquier et al,
1957} has carefully examined strong
polarization effects due - to certain
types of clay mincrals,

These effects he believed to be
related ‘to electrodialysis of the clay
particles. This is only one type of
phenomenon which can cause
“ion-sorting” or “membrane effecis”.

For example, a cation selective
membrane zone may ¢xist in which
the mobility of the cation is increased
relative to that of the anion, causing
ionic conceniration gradients and,
therefore, polarization effects {see also
Marshall, 19591, Much work remains
te be done to .determine the various
agencies, other than clay particles,
whifch can cause such  membrane
effects.

Time Domain Method: Figure 2
showd the typical transient L.P. voltage
decay forms for various rack forming
materials in a laboratory testing
apparatus. See also. Scott (1969). A
primary current time of the order of
21 seconds was emploved on these
tests. '

It, will be noted that the voltages
are plotted against the logarithm of
the decay time and are approximate
linear functions-of the log t for
reasonable lengths of time (t). The
amplitude of the transient voltages has
been normalized with réspect to the
steady state voltage existing immediat-
ly before the interception of the
primary current,

ln order to indicate the magnitude
of the LP. effects one may measure
one or more characteristics of the
transient decay curve and - relate it
back to the amplitude of the measured

primary steady state voltage prior to
the interceptiorn of the primary
current.

It may be shown that the ratio is
Vs{Vp, ie. peak polarization voltage
to the primary voltage just before
interception is a physical property of
the medium, which has been called the
“Chargeability " of the medium.

Since it has been demonstrated that
most 1P, decay voltages are similar in
form but differ in amplitude (for the
same charging time) one can take the
average of several transient voltages at
different tirhes, or indeed use the time
integral of the transient voltages as a
diagnostic criterion. The advantage of
averaging or integraling lies in the
suppression of earth noises and of
electromagnetic coupling effects.

The chargeability is often desig-
nated by the letter “M". If the time
integral is used the units of M will be
in milfivolt secondsfvolt or milli-
seconds. If one or more iransient
voltage values are measured and
normalized, M will be dimensionless.

For hemogencous, isotropic
material, the vaiue of M is independent
of the shape or size of the volume
tested and of the location of the
electrodes on it. It is a true physical
property. For a given medium it is
dependent on the cutrent charging
time and on the precise parameter of
the decay curve measured. There are
also subsidary wvariations with
temperatures and elecirolyte content,
etc.

Frequency Variation Method:
Figure 3 shows iypical curves of the
variation of normalized resistivities

‘with frequency for various sulphide,

graphite and non-metallic rock
minerals in artificial mixtures. Both
the fact of the variation of apparent
resistivity with frequency and the
presence of phase angle lags may be
used to indicate the presence of LP.
effects, although generally enly the
first is so employed.

Since the I.P. phenomena may be
shewn to be linear, within the usual
range of voltages and currents, there is
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Time Domain Apparatus, Block Diagram and Wave Forms.

a direct relationship betveen the
transient curve form and the variation
of apparent resistivity with frequency.
To arrive at a dimensionless parameter
equivalent to the chargeability, one
would have to normalize the apparent
resistivity, by dividing by the
resistivity at one particular frequency.
The factor used is called the Percent
Frequency .Effect” or P.F.E. and is
defined as (R] — R2 /R1) x 100 where
R1 and R2 are the apparent
resistivities at the lower and higher
frequencies used {Marshall, 1959}

A sccond parameter is sometimes
employed which is really a mixture of

‘physical properties. It is called the

Metal Factor {M.F.) and is propor-
tional to P.F.E.fR2 or to M/R. As
such, it serves to emphasize L.P. effects
which occur in obviously tonductive
environments, li.e. concentrated
sulphide deposits or sulphides and
graphite in shear zones.

Since it is not a dimensionless
factor nor a true single physical
property, it is subject to variation
related to the changes of shape and
resistivity of the medium under
investigation; rather than simply to

variations in polarization character-.

istics,

In my opinion, the metal factor has
some merit in emphasizing LP.
anomalies due to concentrated
metallic hodies, but should not be
used as 2 primary indicator of
abnormal 1.P. conditions.

Figure 4 'shows a block diagrarﬁ of

apparatus commonly used in field

operations with the time-domain
method and the primary current and
resultdng voltage wave forms. The
transient voltage amplitudes are
considerably exaggerated to be visible.

Power sources up to 30 K.V.A
5000 volts and 20 amperes have been
employed where extreme peneiration

is desired in low resistivity areas. The-

current-on time T ranges from one

second to as much as 30 seconds, and
the current-off time t may be as much
as 10 seconds. it is not sirictly
necessary ‘to cmploy a cyclic current
wave form, but considerable advan-
tages in signal-to-noise ratic are
achieved thereby.

Most of the receivers now
employed are remote triggering, i.e.
they are internally programmed,
triggered by the primary voltage pulse
and do not require a cable intercon-
nection to the cycle timer on the
power control unit. Figure 53 shows a
typical time-domain remote-triggered
receiver (Scintrex MK VII, Newmont-
Type). This particutar receiver has
several interesting features.

For one, there is a memory circuit
which provides an automatic self
potential adjustment at the tail end of
each cycle. For another, it has the
ability’ to integrate the area cither
below the transient curve (standard M
measurement) or above the transieat.
curve {denoted as the L measurement)
over a specific time intesval: The ratio
of these quantities gives a direct

Typigal Modern Time Domain | P, Receiver
{Scintrex Mk, V1) .

FICRIRE 3h

Typical Modern Time Domain 1.P. Unit (Scintrex Mk VI1)



Domain

Array Employed Advantages Disadvantages
Wenner Time For local vertical Poor depth
profiling. penetration,
Requires four
linemen.
Three Electrode Time and Three linemen, Susceptible to

{or Pole-Dipole] Frequency

Universal coupling.

surface masking

Good depth effects.
penetration,
Dipole-Dipele Frequency Goed resolution, Complex curve
Universal cotpling. forms. Low order
signals. Susceptible
to surface masking
effects.
Gradient Time Minimum masking, Couples best with-

Two linemen only.
Excellent depth
penetration.

steeply dipping
bodies.
Low order signals,

Excellent
resolution. Can
use multiple
receivers for speed.

measure of the decay curve form,
which may be of diagnostic value (see
below}, in areas of low eleciric earth
noise useful measurements may be
made with primary voltages as low as
300 microvolts, Figure 5p shows a
complete typical modern time domain
induced polarization unit {Scintrex
MkVII} of which the Newmont-type
receiver above is a part.

Figure 6 shows a block diagram of a
typical frequency domain field
apparatus and voltage wave form.
Since the primary current and carth
voltages are usually measured by

separate devices and their ratio
employed to obtain the apparent earth
resistivity and 1ts variation with
frequency, it is commeon practice to
adjust the current to a standard value
and maintain it there Lo the required

‘aCcuracy.

The primary wave form is usually a
commutated D.C, Commonly, up to 6
frequencies are available in the range
of 0.65 to 10 c.p.s. Figure 7 shows a
typical modern frequency domain
measuring unit. This unit has a high
degree of power line frequency (50
c.p.s. to B0 c.p.s.} rejeciion.
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Typical Modern Frequency Domain Receiver
{Geosciencel.

it measures both the primary
voltage and the change of primary
voltage with change in operating
frequency, the latier Lo an accuracy of
about ¥0.3% when the former exceeds
106 microvelis. It has the added
feature of a phase lock voltmeter
which assists in making measurements
under low signal-to-noise conditions.

Commoeon field electrode arrays are
shown in Figure 8. The electrodes
marked C are current electrodes and
those marked P -are potential or
measuring eclectrodes. Each of the
electrode arrays has its own advantages
and disadvantages in respect of depih
of penetration, labour requirements
for moving, susceptibility to earth
noise, electromugnetic earth iransients
and interline coupling. The {ollowing
table summarizes the features of these
arrays. )

For cach array (except the gradient
array} the basic eleclrode spacing “a”
is selected to give adequate peneira-
tion down to fhe desired depth of
exploration. For the pole-dipole uand
double dipole it is customary to obtain
scveral profiles for different values of
“a™ or for integral values of n lrom 1
to as much as 4.

For the symmetric arrays (Wenner
and Dipole-Dipole} the measured
values are plotted against the midpoint
of the array. When using the Three
Electrode Array (time-domuam] the
station position 15 taken to be tLhe
midpoint of the moving current and
the nearest potential electrode. When
using the Pole-Dipole (frequency
domain) Lhe station position is taken
as the midpoint between the moving

current clecirode and the midpoint of

the two potential elecirodes.

With the Gradient array it is the
midpoint of the two petential
electrodes. For the Three Elecirode
array and Pole-Dipole these station
locations are not unique and represent
conventions only,.

LP. data may be plotted in profile
form or contoured, although it should
be noted that somewhat different
results will be obtained with different
line orientations so that contouring is

s r———
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not strictly justified. Profile inter-
pretation is superior, particularly for
shallow, confined bodies, because
multiple peaked curves may arise from
such bodies using certain eclectrode
arrays, and the plotied peaks may give
an errontcous impression of the
location of the polarizable body,

To obtain the variation of physical
properties with depth, expanding
arrays may be wsed with any of the
electrode systems, keeping the spread
centre fixed and simply changing the
relative spacing *a”. This is of
particular value where it is known or
expected that vertical variations of
physical properties will be wmuch
greater than lateral variations.

As the spacing is increased the
influence of the deeper regions
becomes more significant, and the
resultant resistivity and LP. curves
may often be interpreted to give the
depth to discontinuities in physical
properiies and the physical properties
themselves. - ’

Common practice in  presenting
frequency domain resulis is to plot the
measured data below the line at a
dcpth equal to the distance of the
station position (as defined above)
from the midpoint of the pontential
dipole. When this is done for a variety
of values of “n” a pseudo two-
dimensional section results which
show, albeit in a markedly distorted
fashion, the variation of physical
properties with depth.

A mathematical representation of
L.P. effecis has been developed by the
writer {Seigel, 1959}, which relates the
observed 1.P. response of a hetero-
geneous medium. to the distribution of
resistivities and 1.P. characteristics. To
a first approkimation it is equally
applicable to any LP. parameter
measured in the time and frequency
domains.

From this theory, one may predict

expected from a specific body with a
given chargeability and resistivity
cantrast. For example, Figure 3.shows
the form factor F plotted for the
‘Three Electrode Array for a sphere for
various values of/, where/ is the ratio
of the electrode spacing to the depth
to the centre of the sphere. The sphere
response is propertional to F times the
chargeability contrast, times iis
volume and times a resistivity-ratio
factor. A number of such theoretical
curves, for the poledipole and
gradient arrays, using sphgres and
ellipsoids as models, may be seen in
the paper by Dicler (1969) et al.

Curves of this sort permit one Lo
interpret apomalies due to localized
bodies. it will be seen that for each
array there is an oplimum spacing for
a body at z particular depth, and,
therefore, there is some meaning to
the term ‘“‘depth of penetration™,
except for the gradient array.

" When the dimensions of the

polarizable medium are large in
comparison with its depth below
surface, as is often the case,
particularly in linvestigation of
porphyry copper type deposits, a two
layer approximation is adequate.
Theoretical curves based on this
approximaticn {Figure 10} may be
used to interpret the results of
expanding Wenner or Three Electrode
array depth determinations.

For - moere complex geometries.
mathematical solutions in closed form
are often lacking. For such cases onc
may resort to model studies (eg.
Figure 11 for buried dike} or io
computer calculuted solutions.

The most productive use of the L.P.
method to date has been in the
exploration for deposits of metallically
conducting minerals, where the
amounts and degree of inierconnec-
tion of these minerals are too low to

jive rise to an electromagnetically
the anomalous response to be  detectzble body.
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Geophysical

and Drilling Results, Lornex Parphyry Copper Ore Body, British Columbia,

Canada {courtesy Lornex Mining Corp. Ltd.)
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Geophysical and Drilling Resuits Lead-Zinc-Copper Ore Body, Heath Steele Mine, New
Brunswick, Canada {courtesy P. Hallof}.
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FRpRE 13

Geophysical and Drilling Results, Pyramid
MNo. 1 Lead-2Zinc Ore Body Pine Point Area,
Northwest Territories, Canada {courtesy
Pyramid Mines, Ltd.).

Where electromagnetic deiection is
feasible it is vsually far more rapid and
cconomical to apply eclectromagnetic
itnduction methods o the problem,
The §.P. method is the only
geophysical tool uvailable which is
capable of direct detecting 1 percent
or less by volume of metallic
conducting sulphides.

1t is best used, therefore, where there
is a high ratio of economic minerals to
total sulphide mineralization. Inciuded
in the proper L.P. range are such types of
deposits as disseminated copper ores, in
porphyry or bedded forms: lead-zinc
deposits, particularly of the bedded
type in carbonate rocks; gold and other
deposits which have an association with
disseminated meiallic conductors. For
many of these mineral oceurrences the
i.P. method is unique in providing
detection,

Figure 12 shows time-domain
discovery traverses over a typical newly
discovercd porphyvry copper deposit in
British Columbia, The lateral hmits of
the mincralization can be readily
determined from the geophysical data,
as well as the depth to the uppoer surface
of the mineralization.

Figure 13 shows adiscovery traverse
over a major bedded body of
sphalerite-galena-marcasite
mineralization in carbonate rocks in the
Pine Poinl area, Northwest Territories,
Canada. For comparison purposes bath
gravity and Turam  clectromagnetic
profiles on the same seclion are shown.

It is interesting to note that, despite
an appreciuble resistivity depression
over the mineralization there is no
significant Turam response ut 408 c.p.s.

"The conductivity of the ore is, in fact,
no higher than that of the surficial
deposits in the general area, so that

S




electromagnetic and resistivity methods
yield, in themseives, no useful
information.

The gravity method, although
yielding a positive response in this
instance, does not provide a good
reconnaissance tool in this area because
of karst topography and-other sources
of changes in specific gravity,

One occasionally encounters a
deposit of the “massive sulphide’” type
which is normally thought of as an
‘electromagnetic type of target because
of its high conducting sulphide content,
but which, obviously because of the
lack of large scale continuity of the
conducting sulphides, does not respond
to the electromagnetic techniques.
Figure 14 shows an intersection of ore
grade material of this type, in New
Brunswick, Canada, where electro-
magnetic methods had yielded negative
results,

In many types of ore deposits the
bulk of the 1P, response is due to the
accessory non-economic sulphides,
usually pyrite and pyrrhotite, and the
ore minerals themselves are in the
minority. A true test of the sensitivity
of the L.P. method is an example of a
low grade disseminated deposit with no
such accessory minerals, Figure 15
illustrates such a case, with an LP.
discovery section over the Gortdrum
copper-silver-mercury deposit in
Ireland. The ore minerals consist of
chalcocite, bornite and chalcopytite in
a dolomitic limestene, and there is less
than 2% average by volume of metallic
conducting minerals.

Whereas the bulk of LP. measure-
ments in wmineral exploration has,
naturally, been made on surface, the
technology of drill hobe exploration has
been well developed, particularly by the
Newmont group (see Wagg, 1963). The
time-domain method is suitable for drill
hole  applications since it permits a
relatively close coupling of the current
and potential lines in a small diameter
bore hole,

The three electrode array has been
extensively employed for logging
purposes, with a variety of electrode
spacings to give varying ranges of
detection away from the hole, In this
fashion the variation of electrical
properties with distance from the hole
may be determined. A second,
“directional log™ then gives informa-
tion on the direction of any anomalous
material indicated by the detection log.

Whereas the LP. method is usually
employed as a primary exploration tool
it may play an auxiliary role aswell, e.g.
to distinguish between metallic and
ionie conducting sources of other types
of electrical anomalies, e.g. electro-
magnetic.

Figure 16 shows a typical conduct-
ing zone revealed by a ground
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electromagnetic survey which was later
proven, by drilling, to be due to
averburden conduction in a bedrock
trough. The LP. response is in the
low-normal range. The gravity profile,
also shown, corroborates the presence
of the bedrock depression.

Attempts have been made by a
aumber of workers to employ the LP.
meihod in the field of groundwater
exploration {e.g. Vacguier, 1957,
Bodmer, 1968) but with no consistent
success as yet. There are variations of
chargeability from one type of non-
consolidated sediment to another, but
these fall, in general, within a relatively
small range compared to the usual
sulphide responses.

More investigation remains to be
done in this area before a definitive
conclusion can be reached. It is clear
that more accuraie measurements will
have to be made in groundwater LP.
than in base metal 1P, investigations.

The LP. method has a number of
recognized limitations, some of a funda-
mental nature and others of a tempo-
rary nature reflecting the current state
of the art. On a unit coverage basis the
method is relatively expensive to apply,
costing between $200 and §500 per line
mile surveyed, in most instances. This
cost has, however, been progressively
reduced by advancesin instrumentation
resulting in decreased weight, increased

sensitivity and rejection of earih notse
effects. Some degree of improvementis
yet to be expected in this area,

The same geometric limitations
apply as with the resistivity method
employing the comparable array. As a
rule, a body of up to 10 per cent
disseminated metaliic conduciors
cannot be detected at 2 distance from
its nearest point much exceeding its
mean diameter, This detectability may
be somewhat improved by, the use of
sccondary criteria, but such improve-
ment is likely to be only marginal.

Since Overvoltage is essentially a
surface phenomenon the I.P. response
from a given volume percentage of
metallic conductors generally increases
as the individual particle size is
decreased. From the usual simple LP.

‘measurcments, therefore, one cannot

reliably predict the percentage by
volume of such conductors in adeposit
as there may be a variation of particlc
size throughout the deposit.

Still less can one differentiate
between metallic conductors (e.g
chalcopyrite, galena, pentlandite) of
economic interest and those of non-
economic intercst f{e.g. pyrite,
pyrrhotite and graphite). In addition we
cannot  even reliably  differentiate
between meialtic sources of LP.
responses. The latter may include
certain types of clay and, in consoli-

A ILP PROFILES
- (hARGE A BiLaTy

20y T - - REEETENTY

l e R
. -
<

mtusscnnc:# / "-"""' \ —

LEGEND:
THALE CLECTROOE MARLT
CLECraOnE SPACING

@ FOD7 (.1 -
a s Aoy
OHs MLTRLS
e, __,=---:__H b

GRAVITY PROFILE

"w

SHLLISECOMOE

- P
e i e —
e — et ° MILLIGALY
KIS 1P JOME b
X +
r - '[ T - ¢
b L-121 470 W
B LPPACFILES 1490

orl- WLTRES

MILLIGALS

AXI5 19 TONE

~e T L-7 450W

FIGURE i7

Fassible Ambiguity of Induced Polanization Results, Pine Poing Area, Northwest Territories,

Canada.

10

dated rocks, such platey aiteration
minerals as serpentine, talc and sericite.

Empirically it has been found that,
on the average, 1% by volume of
metallic sulphides will increase the
chargeability by about 2 — 3 times,
depending on the host rock type.

Figure 17 shows a section across
each of two anomalous 1.P. areas in the

- Pine Point area, Northwest Territories,

Canada. Section A is a discovery
traverse across an ore body containing
one half million tens of 11.4 per cent
combined Pb and Zn and coming within
40 ft. of the ground surface. Section B is
‘a traverse across what proved, by
drifling, to be a karst sink hole, filled in
with a variety of unconsolidated
material including boulders and clay.

Based wupon the chargeability
amplitudes and the relative resistivity
depressions the second case would
appear 1o be far more promising than
the first. in such cases the gravimeter
has sometime proven to be of value in
resolving the two types of occurrence
but there is the very real possibility of
the coincidence of a sink hole and a
lead-zinc deposit, which would give rise
to an uncertain resulting gravity
response.

Any normal transient (time-domain)
polarization decay and equivalently any
curve of variation of apparent resistivity
with frequency may be simulated by
means of a mixwure of metallic
conductors of a suitable particle size
distribution.

it is, however, possible in an area of
common geology, that the various
possible sources of L.P. responses may
have significantly different character.
istic curves in each of these two
domains. A more thorough analysis of
these curves at significant points is,
therefore, of vaiue.

Modern receivers in both domains
{Figures 5 and 7) have the ability to give
curve form information as well as a
single quantity related to an LP
amplitude.

Komarov (1967} documents such an
example over a copper nickel depositin
the U.5.8.R., where, effectively the
sulphide responses have z longer time
constant than the normal non-metaliic
polarization.

An important source influencing LP,
measurements is the eleciromagnetic
response of the earth. For a given
electrode array the electromagnetic
effect is dependent upon the frequency
times the conductivity and the square
of the spacing. In the frequency domain
this source becomes troublesome
{communication from P.G. Hallof}
when:

1, The electrode spacing is 500 ft. or
overand n= 3 or greater.

2. The highest frequency employed
is 2.5 ¢.p.s. or greater.

Com
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3. The average earth resistivity is
lower than about 25 ohm metres.

Electomagnetic effects are present in
the time-domain measurements as well,
of course, but are usually of lesser
amplitude for the same array and earth

conductivity, because the effective
frequencies employed in the time
domain are considerably lower

{commonly 0.03 16 0.125 c.p.s.).

in the extreme, the electromagnetic
response of a conducting earth may
seriously interfere with useful LP,
measurements in cither domain.

In the time domain LP. measure-
menrts commonly only a single
amplitude f{at a specific time afier
current interruption) or am average
amplitude over an interval of time after
the current interruption is used to
characterize the transient decay curve
and act as a measure of the induced
polarization characteristics of the
mediuim in question.

it has been known since 1950 that
useful secondary information is
available in the shape of the transient
decay curve associated with time
domain induced polarization measure-
ments. Equivalent remarks may be
made in respect of frequency domain
measurements where, instead of
measuring the average slope of
resistivity frequency over one decade of
frequency, more information is
obtained about the shape of this curve,

The type of information inherent in
the curve shape relates primarily to two
factors — (a} average metallic particle
size associated with the source of an
anomaious L.P. response, and (b} the
presence of electromagnetic transients
arising from highly conducting geologic
units. For convenience we will restrict
the following remarks to time domain
measurements, although equivalent
statements may be made in the
frequency domain.

It has been established through
laboratory measurements that (a)
metallic conductors of large average
particle size give rise to time domain
decay curves of relatively long time
constant, and (b} metallic conductors
of small average particle size give rise to
decay curves of relatively short time
constant, For these reasons, if a shape
facter as well as an amplitude factor of
the decay curve can be established we
may obtain information which is
heipful in some of the following
circurnstances:

{1} very large or very small metallic
particles — the response from these may
distort the shape as well as the
amplitude of the transient curve. Thus
rather smail amplitude anomalous
metallic responses may be recoghized in
the presence of equal 1P, relief due only
to non-metallic variations.

{2) wwo different types of anoma-

lous response materials, in the same
survey area, but differing in average
particle size andfor decay curve form —
e.g. serpentine, graphitic particies of
small average size and coarse grained
metallic sulphides.

Owne additional and rather common
circumstance is the presence of
{ionically} highly conductive over-
burden or consolidated rock units (e.g.
saline overburden or shales). These
units can give rise to electromagnetic
iransients of sufficiently long time
constant to affect the wusual LP.
araplitude measurement.

The shape of the E.M. transient is, in
practice, markedly different from that
of the usual L.P. transient, having a
much shorter time constant than the
latter. Ia addition, the polarity of the
E.M. transient is often reversed to that
of the LP. transient. Curve shape
measurements can provide a clear
indication of the presence of significant
E.M. ipterference and even a
semi-guantitative estimate of the latter,
enough to allow a correction factor to
be applied.

Eguipment of the type illustrated in
Figures 4 and 5 {e.g. Scintrex MK VII
System) permit appropriate transient
curve shape information to be obizined.
Common to all the transmitters in this
system is the ability to pass arepetitive,
intervupied square wave patiern current

into the ground, as shown on Figure 4,
The current-on time may be 2,4, 0r 8
sceonds and the current-off time may
be likewise selected. Measurements of
L.P, transient curve characteristics are
made during the current-off time.

Figure 18 shows the quantities
measured by the Newmontlype
receiver. In these receivers one sets the
gain of certain amplifiers common to
both the primary voltage Vp apd
transient voltage Vi measurements so
that these voltages are essentially
normalized,

The wsual amplitude measurement
performed by these receivers consists of
an integration of the areu uader the
transient curve over a specified interval
after the interruption of the primary
current and is designated by the letter M
— the “chargeability” namely, 0.45
seconds to 1.1 seconds.

The 0.45 second delay time allows
most E.M. transients, swiitching
transients and interfine coupling elfects
to disappear prior to the making of the
measurement, Different measuring
intervals may be employed under
specific conditions.

Ir addition to M, the Newmont-type
MK VII receiver is equipped to measure
a quantity “‘L" which is defined as the
time integral of the area vwer the
transient curve, for u specified time
interval, taking as reference voltuge the

|
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Operation of Scintrex Mk VI {Newmont-type) |.P. System.
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transient voltage value at the beginning
of the time interval. In practice, the
tnterval selected is 0.45 secondsto 1.75
seconds, as shown on Figure 18§,
although different intervals may be
employed under certain conditions.

The ratio of L/M is taken as a
sensitive ‘indication of transient curve
shape. It has been well established, by
many tens of thousands of IP.
measurements with these systems in
many parts of the world, that the L/M
measurements in  non-metallically-
mineralized areas, for a given current
wave form, are constani within better
than 20%.

Significant departures from these

ratios usually imply an abnormal
condition - either an anomalous
metallic polarization response,

clectromagnetic or interline coupling.

Figure 19 shows a range of {ransgient
curves and their possible cause. For
each case the "normal" transient curve
i5 also shown. These cases illustrate the
sensitivity of the L/M ratio to the
transient time constani. A significant
increase in LfM implies an abnormally
short time constant, (Case A) reflecting
either positive E.M. effects or small
particle size. This should, in either case,

normally be accompanied by an.

increase in apparent chargeabilisy M,

A modest increase in L{M ratio,
reflecting an increase in time constant
{Case B} may reflect either the presence
of large particle size metallic
conductors, in which event an increase
in M may or may not be appreciably
reduced.

Cases C and D show the effect of
reversed polarity E.M. transients of
increasing amplitude. In Case C there is
ashort term Vireversal and, although M
is  onfy slightly reduced, L/M is
considerably reduced. In Case D, which
1s considerably more extreme, Vit is still
rising at 0.45 seconds, so that L and
thus LM are,. in fact, negative. M is
constderably reduced from its normal
value in this case, but & warning to this
ctfect is clearly indicated by the L
mcusurement.

A quantitative estimate of the E.M.
transicnt response and, therefore,
correction for it, may be obtained by
one of 4 number of means. One may, for
example, vary the current-on time, e.g.
from 2 seconds to 8 seconds. The E.M.
transient, being of relatively short time
constant, will not change, The LP.
response will change by an amount
which is fairly predictable, assuming a
normal decay form, We thus oblain two
equations in two unknowns from which
the true 1.P. response may be derived.

Curve shape measurements may be
made in other ways as well, for
example, by actually recording the
complete transient decay curve.
Whereas theoretically useful, such

12

measurements have proven unwieldy
from a weight and time standpoint. To
obtain clean decay curves requires 4
high signal/noise ratic and thus high
powers,

in the frequency domain lhe
equivalent curve form information

-would be obtained through the use of

three or more properly selected
operating frequencies.

There is a continuing rivalry between
protagonists of ‘time-domain and
frequency domain measurements. All
that is clear is that neither method is
superior in all respects 1o the other. The
same phenomenon is being measured in
different ways often with different
arrays and the results are presented
different formais {pseudo-seciions in
the frequency domain versus profiles in
or contour plans in the time domain).

| it

Significance of Curve Shape {L/M}
information.

The "Mctal Factor”, which s a
mixture of physical properties, Is
commonly presented with frequency
domain measurements only. These
differences are largely superficial and
are bused on scparate historical
developments and subjective prefer-
ences.

There is a direct mathemalical
transformation between 1LP. measure-
ments in the two domains. Theoreti-
cally, at least, the same information can
be obtained in either domain.
Practically, however, there are certain
differences. :

The time domain measurements are
absolute, t.e. are measured in the
absence of the steady state voliage and
are disturbed only by earth noisesas a
background. The amplitude of these
measurements is usually less than 1% of
the steady state voltage, but even so
they can usually be made Lo an accuracy
of better than 10 per cent evenr in
unmineralized rocks.

‘capacitative and

The limit -of useful sensitivity is
‘related only to the regional uniformity
of the background L.P. response. {a the
frequency domain the 1.P. response is
measured as a difference in transfer
impedances. This difference c¢an be
measured with an accuracy of only
0.3% with extremely stable equipment.
Since the non-metallic background
P.F.E. over the interval of 0.1 to 2.3
c.pis. is usually less. than 1%, the
probable error of these measurements
may be 30% or more.

For this reason it is seen that it is
feasible to obtain greater sensitivity of
measurerment in the time dormain. This
increased sensitivity is of value in areas
of ldw "geologic™ and electrical noise.
By “*geologic noise” is meant the range
of variation of 1.P. parameters within
the normal rock types of the area. The
application of LP. to groundwater
prospecting may have to develop
through the time domain avenue
because of the sensitivity requirements.

The frequency domair eguipment
reguires somewhat less primary power
than the time domair equipment
because the former measurements in an
A.C. one with the ability to use tuned
filters and amplifiers as well as devices
as phase-lock detectors. This advantage
is not so marked as it once was, as
current time-domain equipment, with
its self adjusting carth voltage balance
and ability to sum any desired number
of intcgrations, provides a high degree
of noise rejection.

Under truly random noise condi-
tions the summation of n integrations
provides the usual lf\/ n reduction in
statistical noise and is a powerful
non-subjective means of noise

suppression. The suppression of A.C..

power line noise is much better with the
time domain ' (integrating typed
meastireménts than with frequency
domain measurements,

Reference has already been made
above to the relative effects of the
eleciromagnetic response of the earth in
both methods. Similar remarks apply to
inductive coupling
effects between current and potential
cables, although such effects can be
largely aveided in any event by careful
positioning of the cables, except
possibly in drifl hele surveying. So far,
only in the time domain may usefutdrill
hole measurements be made with both
current and potential electrodes’lying
side by swe in a small diumeter bore
hole.

An individual geologist or geo-
physicist “may have had his first
acquaintance with or instruction in the
i,P. method using cither the time
domain or frequency domain. He
becomes familiar with the arrays used
and with the method of presentation of
data employed. Thereafier, he tends to

o
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resist switching to the other domain in
the belief that not only will he have to
deal with different geophysical
equipment and electrode arrays but also
with different quantities, presented in
quite a different fashion. This is
CITONCOUS,

80 far as arrays are concerned the
time domain uses them all -
dipole-dipole, pole-dipole (three
electrode}) Wenner and gradient
(Schiumberger}. The frequency domain
commonly uses only the first two and is
restricted from using the latter two
because of intertine coupling effects.

Of the quantitics measured in both
domains the resistivity is, of course, the
same, making due allowance for units.
The time domain “Chargeability’ is,
normally very ncarly proportional to
the “Percent Frequency Effect” or
“P.F.E.". The so-called “Metal Factor”
is the ratio of P.F.E./Resistivity, and
would, therefore, be equivalent to the
ratio of Chargeability /Resistivity.

The time domain data presentation

is commonly in the form of profiles and
contour plans.

The frequency domain presentation
is commonly in the form of ‘‘pseudo-
sections™ showing the different spacing
results displaced progressively down.
wards with increased electrode spacing,
Either type of data may be presentedin
either form of course, to suit the tastes
and experience of the individual geolo-
gist or geophysicist.

The Gradient array is very usefulin
obtaining bedrock penetration where
the bedrock is highly resistive compared
to the overlying overburden. In such
cases using the pole-dipole or
dipole-dipole array very little curremt
actually peretrates the bedreck and the
L.P. characteristics observed are those of
the overburden only. As was mentioned
above, only time domain measurements
may be carried out using this array.

There is a special practical advantage
to the time domain measurements in
areas where it is very difficelt to make
good ground contact. In such areas the

probiem of keeping the primary current,
rigidly constant, necessary for the
frequency domain measurements,
becomes severe.

In the time domain, if the primsry
current varies by as much as 10% during
the measurement the absolute error in
the chargeability may only be about
5%, which is not significant. This
probiem is often encountered in very
arid areas, e.g. parts of Peru, Chile and
other desert regions.

Despite these slight effective
differences both methods of LP,
exploration have amply demonstrated
their value through important mineral
discoveries in many parts of the world.
The role of §.P. in mineral exploration is
well acknowledged and rapidly
expanding.

The writer wishes to thank the
various sources of case bistories and
Mustrations cited in the text and in
particular, Dr, Keeva Vozoff and Dr.
Philip Hallof for valuable contributions,
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