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REPORT ON GROUND GEOPHYSICAL SURVEYS

CONDUCTED IN THE DEAN CREEK PROPERTY

RED LAKE AREA, NORTHWESTERN ONTARIO
On Behalf Of

NORAMCO EXPLORATIONS INC.

1. INTRODUCTION

From Seplember 11th 1o October 3th, 1987 Induced Polarization and
Resistivily surveys were conducted on behalf of Noramce Exploration Inc.

on the Dean Creek property, near Red Lake, Northwesiern Oniario, by JVX
Ltd.

The objective of the geophysical survey was to map areas of anomalous IP
response that may be related to gold bearing sulphide mineralization.

The IP survey employed ihe time domain meihod and a pole-dipole array with
an a-spacing of 25 meters. Six potential dipoles {n=1 to B) were read. A
total of approximately 30.3 line-kilometers of IP coverage was achieved.

This report describes the survey logistics, field procedures and data

processing/presentation, An interpretation of the resulis is included. The
results are presenled as contour plan maps and pseudosections.

2. SURVEY LOCATION AND ACCESS

Figure 1 shows the location of the survey area with respect 1o nearby
population centers at a scale of 1:2,000,000.

The Dean Creek Properiy is accessible by float plane from Red Lake.

3. SURVEY GRID AND COVERAGE

The survey grid is shown in Figure 2 at scale of 1:30,000.

Total of 47 lines have been achieved as follows in Table 1.
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LOCATION MAP

NORAMCO EXPLORATIONS INC.

DEAN CREEK PROPERTY
RED LAKE AREA, NORTHWESTERN ONTARIO

I.P/ RESISTIVITY SURVEY
Scale : |1: 2,000,000

Survey by JVX Ltd. Fiqure i
Sept., 1987.
1
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GRID MAP
NORAMCO EXPLORATIONS INC,
DEAN CREEK PROPERTY
RED LAKE AREA, NORTHWESTERN ONTARIO
I.P/ RESISTIVITY SURVEY
Scale : 1:30,000 (approx.)
Survey by JVX Lid. ' Figure 2
Sept., 1987.
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TABLE 1
PRODUCTION SUMMARY

COVERAGE LINE LENGTH MEASUREMENT
LINE FROM TO (feet) POINTS

L-BES 800S 150N 950 176
L-7ES 2008 325N 525 126
L-6ES 2008 400N 600 144
L-5E 925N 1250N 325 78
L-5EM 325N 900N 575 144
L-5ES 2758 400N 675 1566
L-4E 925N 1550N 625 150
L-1LS 2508 400N 650 143
L-3E 925N 1225N 300 68
L-3EM 325N 300N 575 144
L-3ES 2008 474N 675 155
L-2E 925N 1400N 475 114
L.-2ES 1008 400N 500 120
L-1E 925N 1500N 575 138
L-1EM 325N 900N 575 144
L-1ES 1508 400N 525 119
L-0E 925N 1825N 900 216
L-0ES 6008 400N 1000 224
L-1w 925N 1975N 1050 252
L~-1WSs 3008 400N 700 144
L-2w 825N 1975N 1050 252
L-2Ws 300S 400N 700 150
L-3W 925N 275N 1150 276
L-3WS 3008 400N 700 162
L-4w 925N 2050N 1125 270
L-4WS 3008 400N 700 168
L-5W 925N 1900N 975 234
L-5WS 3008 450N 750 180
L-6W 925N 1G00N 675 162
L~6WS 3008 400N 700 169
L-7W 925N 1375N 450 108
1~-7WS 3008 400N 700 168
L-8w 925N 1275N 350 84
L-8WS 3008 400N 700 124
L-9w 925N 1150N 225 54
L-10w 925N 1150N 225 54
L-11w 925N 1325N 400 86
L-12w 925N 1475N 550 132
L-13w 925N 1425N 500 120
L-14w 925N 1600N 675 162
L-15W 925N 1550N 625 150
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Table 1 can’t.
1.-16W 925N 1525N 600 144
L-17W 925N 1725N 800 192
L-18W 925N 1625N 700 168
L-19W 925N 1550N 625 150
L-20w 925N 1475N 550 132
L-21W 1050N 1375N 325 78
Total 30,300 melers 7094 mps.

Total IP/Resistivity coverage was approximately 30.3 km.

The lines al the table 1 are labeled as surveyed and stored in JVX
records. Several lines were read in two or three separate parts so
extensions "M" (middle) or "S" (south) appears in the line number.

4. PERSONNEL

Mr. Steve McMenemy - Geophysical Technician/Party Chief. Mr. McMenemy
operated the IP receiver and compiled the data with the Corona
microcompuier and Scintrex Soft ][ program. Mr. Norihfield acted as party

chief and was responsible for data quality and the day to day operation
and direction of ithe survey.

Mr. Dennis Ruff - Geophysical Technician., Mr. Ruff operated the IP
transmitter and assisted in the field data compilation.

Mr. Dave Heuley - Geophysical Technician, Mr. Ken Wood and Mr.Glen Wood
acted as field assistants.

Mr. Neil Hughes - Geophysicist. Mr.Bughes inierpreted the geophysical
results and prepared this report.

Mr. Blaine Webster - Consulting Geophysicisi, JVX Ltd. Mr. Webstier set

survey specificalions and provided overall supervision of the survey and
reporting from the Toronio office.

5. INSTRUMENTATION

5.1 1P Receiver

The Scintrex IPR-11 Time Domain Microprocessor-based Receiver was
employed. This unit operates on a square wave primary voitage and
samples the decay curve at ten time gates or slices, The instrument
continuously averages primary voltage and chargeability until
convergence iakes place and the averaging process is stopped.
Accepted data is stored internally on solid-state memory.
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5.2 IP Transmitter

The survey employed the Scintrex I1PC-7 2.5 kw Time Domain Transmitter
powered by an 10hp motor generator. The I[PC-7 is designed for a
selectable square wave outpul of 2, 4 or 8 seconds ’on’ time. The
current output was accurately monitored with a digital multimeter

prlaced in series with ihe current loop.

5.3 Data Processing

The 1P survey data were archived, processed and ploited with a Corona
PC-400 microcomputer using an Epson FX-80 dot matrix printer. The
system was configured to run the Scinirex Soft II software system, a
suite of programs that was written specifically to interface with the
IPR-11 receiver and to calculale the spectiral parameiers. At the
conclusion of each day’s data collection, data resident in the
receiver’s memory was transferred, via serial communication link, to
the computer - thereby facilitating editing, processing and
presentation operations. All JP data was archived on floppy disk. In
ihe Toronto office the IP data was ink-plotted in either
pseudosection or plan contour format on a Nicolet Zeta drum plotter
interfaced to an IBM PC/XT microcomputer,

The insirumentation is described in detail in the specification
sheets appended to this report.

6. EXPLORATION TARGET, SURVEY METHOD AND FIELD PROCEDURES

6.1 Exploration Target

The exploration iarget on the Dean Creek project was to delineate any
areas of sulphide mineralization and to provide the subsurface
resistivity information throughout the properiy. The exploration
target is defined as moderate IP anomaly associated with short time
constani, high theoretical chargeabilily and increased resistivity,

The object of the survey is to provide Noramco with the above
mentioned physical parameters and the geophysical compilation
suggesting the exploration targets,

6.2 Survey Meihod

The phenomenon of the IP effect, which in the time domain can be
likened to the voltage relaxation effect of a discharging capacitor,

is caused by elecirical polarization at the rock or soil interstitial

fluid boundary with metallic or clay particles lying within pore

spaces, The polarization occurs when a voliage is applied across

these boundaries., It can be measured quantitatively by applying a

itime varying sinusoidal wave (as in ithe frequency domain measurement)
or by an interrupted square wave (as in the time domain measurement).
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In the time domain the IP effect is manifested by an exponential type
decrease in voliage with time. The frequency domain measures either
the difference in voltage as a function of frequency {maintaining
constant current) or the real and quadrature componenis of the
voltage compared io the transmitted current.

Both methods measure essentially the same phenomenon and
theoretically the response of one can be translated to the other
domain by Fourier analysis. The iwo methods are qualitatively
comparable if only a change in relative response amplitude is
required, i.e. an anomaly in ithe time domain will have a similar
anomaly in the frequency domain provided the noise levels and
resolution of the measuring devices are the same,

The direct current apparent resistivity is a measure of the bulk
clectrical resistivity of ihe subsurface. Electricity flows in the
ground primarily through the groundwaters present in rocks either
lying within fractures or pore spaces or boih, Silicates which form
the bulk of the rock forming minerals are very poor conductors of
eleciricity. Minerals that are good conductors are the sulphide

minerals, some oxides and graphite where the electrical flow is by
electronic means rather ithan ionic.

The two methods of measuring the IP effect employ the same geometries
of elecirodes. The measurement is made by applying a current across
the ground using the ground using two elecirodes (current dipole).
The potential field (voliage) and IP effect can then be mapped in an
area around ihe current source using what is8 essentially a very
sensilive volltmeter and a second electrode pair (potential dipole).
The former parameter, when normalized for the amount of current
flowing in the ground, reflects the bulk apparent electrical
resistivity of the subsurface., The latter parameter, as previously
mentioned, says something of the polarizabilily of the ground which
is due to the content of metallic or clay minerals.

Gold mineralization, the iargel of this survey, does not occur in
sufficient quantities to effect either the bulk polarizability or
resistivily of the ground. The anomalous IP response will be

engendered by the sulphides which are commonly associated with gold
deposiis.

The resistivily data is useful in mapping lithologic units and
geologic structures such as faults and shear zones, For gold
exploration il is particularly useful Lo delineate zones of
silicification which is often associated with gold mineralization.
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Historically the time domain IP response was simply a measure of the
amplilude of the decay curve, usually integrated over a given period
of time. Over the last decade, advances in technology have made it
possible to measure the decay curve at a number of points, thus
allowing the reconstruction of the shape of the curve. By measuring
the complete decay curve in the time domain, the spectral
charactleristics of the IP response may be derived.

Receni studies have shown there is a relalionship between the decay
form and the texture or grain size of the polarizable minerals, i.e.
the IP response is not only a function of the amouni or type of the
polarizable material. This could be important when it comes to
ranking anomalies of equal amplitude or discriminating between
economic and non-economic sources. The parameters that describe all
the properties of the IP response are the speciral parameters m, c,
and tau. These parameters are described further in a paper
accompanying ihis report,

The speciral data has proved useful in differentialing between
fine-grained and coarse~grained sulphides or graphite. Gold is often
found associated with sulphides that are fine grained. Experience has
shown the M-IP parameter {derived m) is helpful in ranking anomalies
in areas of high resistlivily, where ithe apparent chargeability is
increased sympathetically. Also in areas of low conductivity, the

parameler has proved advantageous in determining which anomalies have
sulphide sources.

As the source discrimination capability of the IP measurement (either
time or frequency domain) remains somewhat unclear, we might
recommend that in areas wilth geologic contirol, the IP decay forms be
studied for significant and systematic differences. If such
differences appear, such may be applied elsewhere in the same
geologic environment. Our experience has shown time constants {tau)
are imporiant interprelation aids in areas of moderate to high
resistivities which occur with pyrite in zones of silicification.

6.3 Field Procedures

The IP/resistivily survey employed the time domain method with a

pole-~dipole electrode array. The geometry of the pole-dipole array is
illusirated below,




@ V X

n=|

ns2 >
Plotting M = 3 "
Points n = 4

nzS

n:6

Pole-Dipole Array
Pigure 3

The electrodes marked Cl1 and C2 comprise the curreni electrodes.
Those marked by a P1, P2, etc.,, are the potential electrodes. The
receiver measures the vollage across adjacent pairs of potential
elecirodes, e.g. P1-P2, P2-P3, .... P6-P7. These potential pairs are
labelled by an integer 'n’ which indicates the multiple of the dipole

widlh thal the given dipole lies away from the near current
elecirode,

The furither the potential dipole lies from the current dipole the
greater is the depth of investigation. However, the effective limit

of distance is restricted by the alienuation of the signal as the
distance increases.

Resolution of the survey is increased by decreasing the 'a’
separation (bul a smaller ’a’ also decreases the depth of
investigalion). The current survey employed a 25 m a-spacing. Six
potential dipoles {n=1 to 6) were read.

The waveform of the iransmiiied current is a iwo second on-off
alternating square wave. The IPR-11 measures the voltage (primary
voltage) across each potential dipole al an appropriate time after

the current beging its on cycle, which approximates a D.C.
measurement of voltage,
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For a pole-dipole array, the apparent resistivity (/) is given by:
Aa= 2% na (n+l) Vp/I
The eguation for the dipole-dipole array is:

ARa = w na (n+l) (n+2) Vp/1

where Cq = apparent resistivilty in ohmmeters
n = dipole mulliple {dimensionless)
a = dipole separation in meters
Vp = voltage across potential dipole in millivolts
I = transmitted current in milliamperes

This equation includes a geometry dependeni component (2% na(n+l})
and a component (Vp/I) dependent on ground resistivity, The geometry

dependenl factors pole~dipole electrode array with az2bm and n = 1-6
are given below:

Geometric Factor
256m

314
942
1880
3140
4710
6590

=R S i Jie e
oou N
oG ) B A

For any array, the value of resislivily is a true value of subsurface
resistivity only if the earth is homogeneous and isotropic. In nature,
this is very seldom the case and apparent resistivily is a qualitative
result used to locate relative changes in subsurface resistivity only.

The IPR-11 also measures the secondary or transient relaxation vollage
during the two second off cycle of the curreni, which is a measure of
the polarizability of the ground. Employing the itwo second cycle iime,
ten slices of the decay curve are measured at semi-logarithmically
spaced intervals starting at 45 milliseconds after current turn-off

and ending 1590 milliseconds after turn-off. The measured transient
voltage when normalized for the width of the slice and the amplitude
of the primary voliage yields a measure of the polarizability called
chargeabililty in units of millivolls/voll.
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Chargeability (M) as measured by the IPR-11, is averaged over several
periods of the transmitted waveform and normalized for:

1. the length of the integration interval;
2. the steady state voltage and
3. the number of pulses.

Mathematically this is described as:
te

1000 Vs dt
Vp « tr

4
where

M chargeability (mV/V)

Vs secondary voliage

Vp primary voliage

Lr = integration interval (tz-ti)

t4 time al beginning of integration
tz = time at end of integration

By adjusting t1 and {2 the chargeabilily is sampled ai different

points of the decay. Figure 4 illustrates the decay waveform and the
10 slices of integration,

S Nominal total receive time: 0.2,1,2.4 sec.

Mo.s M,

0-3

titte 6t Window
*Delay Width

IPR-11 transient windows

Decay Waveform - Figure 4
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For a 2 second transmit and receive time the slices of integration
are as follows:

DURATION FROM TO MIDPOINT

SLLICE msec msec msec msec
MO 30 30 60 45
Ml 30 60 90 75
M2 30 80 120 105
M3 30 120 150 135
M4 180 150 330 240
M5 180 330 510 420
M6 180 510 690 600
M7 360 690 1050 870
M8 360 1050 1410 1230
M9 360 1410 1770 1590

Traditionally slice M7 is chosen to represent chargeability in the
pseudosections,

The spectral parameters M-IP, tau and "c¢" may be derived from the
IPR-11 data with the Soft ][ software. Johnson (1984) summarizes the
speciral parameters as follows:

M-IP: The chargeability (M-IP} is the relative residual voltage
which would be seen immediately after shut-off of an infinitely long
transmitted pulse (Seigel, 1959). M-IP is the numerically derived
equivalent to Seigel’s "m" or theoretical chargeability. Il is

related to the traditional chargeability, which is measured at

discrele time intervals after ithe shui-off of a series of pulses of
finite duration.

tau: The time consiant (tau) and exponenti (c) are those newly
measurable physical properties which describe the shape of the decay
curve in time domain or the phase spectrum in frequency domain. For
conventional IP targets, the time constant has been shown to range
from approximately .01 seconds to greater than 100 seconds and is
thought of as a measure of grain size. Fine grained mineralization
loses charge quickly, coarse grained mineralization holds charge
longer.

c¢: The exponent {¢) has been shown io have a range of inlerest from
0.1 to 0.5 or greater and is diagnostic of the uniformity of the
grain size (0.5 single grain size - 0.1 - many grain sizes).

M-JIP and tau are plotted in pseudosection form. The other spectral
parameter, ¢, and the remaining slices of decay curve information (MO
ito M6, M8, and M9) may be found in the bound volume of edited data
listings.
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7. DATA PROCESSING AND PRESENTATION

To allow for the computer processing of the IP data, the raw data stored
internally in the IPR-11 system was transferred at the end of a survey day
to floppy diskette by the in-field microcomputer and appropriate
communications software. The raw data was filed on diskette in ASCII
character format using an IBM compatible {(MSDOS) microcomputer. Once the

data was stored on disketie, a number of processing techniques were
employed.

An archived edited data file, in binary format, was created in the field
from the raw data file by the operator removing repeat or unacceptable
readings and correcling any header errors such as stalion or line

numbers. The concisely labelled and edited data was then dumped to a
printer.

The speciral parameters M-IP, ¢, and tau were computed employing the
Scintrex Soft 1{ software package. This program compares the raw transient
decay curve with a library of curves calculated from known parameters and
by least squares fitting selects a best matching curve. A listing of the
spectral parawmeters and a wmeasure of fil with appropriate station and line

labels were then generated on a printer. The computation of the spectral
parameters was done in lhe evening,

The Soft ][ program generated in-field contoured pseudosections of the M7
slice/appareni resistivity and of M-IP/iau.

After the completion of the survey contoured plan maps of 1) the M7 slice
of the n=2 dipole and 2) the apparent resistivity of the n=2 dipole were
computer generated and machine-drawn on mylar at the Toronto office at a
scale of 1:5000, with appropriate contour intervals. The maps show the
grid lines and stations and have the geophysical values posted.

In the JVX office the resistivily/M7 and M-IP/iau pseudoseclions were
re-plotted in ink on paper at a scale of 1:1250 employing a Nicolet Zeta
drum plotter and an IBM PC/XT. The ploits were photographically reduced on
Vellum to a scale of 1:2500, The individual reduced pseudosections were
then linked together to form a map set. The silacking of the pseudosections

on one plate facilitates line to line correlation of the various IP and
resislivily anomalies.
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A listing of the final presentation products follows:

7.1 Preseniation Plaie Index

Plate No.

Plate 1 Chargeability (M7) Contour Plan Map, scale 1:5000,

Plate 2 : Apparent Resistivity Contour Plan Map, scale 1:5000.

Plate 3 : Compilalion/Anomaly Map, scale 1:5000.

Plate 4 Stacked M7/Resistivity Pseudosections, scale 1:2500,
L-21W - L-13wW

Plate 4a: Stacked M-IP/tau Pseudosections, scale 1:2500.
L-21W ~ L-13W

Plate 5 : Stacked M7/Resistivity Pseudosections, scale 1:2500.
L-12W ~ L-4W

Plate ba: Stacked M-IP/tau Pseudosections, scale 1:2500,
L-12W - L-4W

Plate 6 : Stacked M7/Resistivity Pseudosections, scale 1:2500.

L-8W - L-1W

Plate 6a: Stacked M-IP/tau Pseudosections, scale 1:2500,
L-8W - L-1W

Plate 7 : Stacked M7/Resislivity Pseudosections, scale 1:2500,
L-3W - L-5E

Plate 7a: Stacked M-IP/tau Pseudosections, scale 1:2500.
L-3W - L-5E

Plate 8 : Stacked M7/Resistivity Pseudosections, scale 1:2500.
I.-0E - L-8E

Plate Ba: Stacked M-IP/tau Pseudosections, scale 1:2500.
L-0E - L-BE

Plate 9 : Stacked M7/Resistivity Pseudosections, scale 1:2500.
L-1E -~ L-5E

Plate 9a: Stacked M-IP/tau Pseudosections, scale 1:2500,
L-1E - L-5&

In addition to the fine drafted plots, a complete data listing including
all the field measuremenis made (Vp, SP, Oy, MO to M9) and the spectral

computation results (M-IP, tau, ¢, ¥ Fit) is included under separate cover
{one copy only).

7.2 Anomaly Classification

Chargeability (M7 slice) and resislivilty anomalies have been raled as
strong, moderate, weak and very weak. Areas of high resistivity have
been noled with an H(n) where the 'n’ represenis the dipole in which
the peak wvalue occurs; accompanying arrows symbolize the high
resistive blocks. Anomalous signatures are represented on the

pseudosections and plan maps by anomaly bars that take the following
form:
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eemeemwes VEr'Y Birong chargeability high; >30 mV/V and well defined
e slrong chargeability high; 20-30 mV/V and well defined
____ ___ moderate chargeability high; 10-20 mV/V and well defined
_____ weak chargeabilily high; 5-10 mV/V and well defined

e e e e very weak chargeability high; <5 mV/V and poorly
defined

The areas of high resistivity have been marked by arrows on top of the
resistivity sections with symbols H{n), that means the peak of the
anomaly and the dipole which was occurred.

If a -given JP anomaly has a resolvable peak then the dipole in which
the peak value occurs is indicated by the notation "nzl" or "n=4",
otc.,, below or beside the anomaly bar. The dipole in which the peak IP
response occurs suggesis in a very qualitative sense the depth to ithe
top of the source. The location of the notation with respect to the
anomaly bar represenis the interpreted center of the source body.

In addition to the dipole notation, the computed spectral M-IP of the
peak response is indicated by the number following the n="x"
notation. A third diagnostic parameter, the time constant, tau, is
indicated after the M-IP value by an H(igh), M(edium), or L{ow). High
indicates an average tau between 100. and 30. sec, Medium between 10.
and 3.0 sec, and Low between .3 and 0.01 sec. Bolh the dipole and
spectiral notations are marked on the pseudosections and the
compilation/anomaly plates.

IP anomalies showing line to line correlation have been grouped inio

anomalous zones and labelled on the compilation map by an identifying
letter,
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8.DISCUSSION OF RESULTS

8.1 Introduction

The IP/Resistivity survey conducted on the Dean Creek property is of
uniform high quality. The data shows interesting variations over the
enlire survey area. It would appear that ithe resistivily and chargeability
characteristics of the top 300ft of bedrock have been successfully mapped.

The interpretation of ihe IP/Resistivily dala is based on criteria or
rules that are set according to the experience of JVX over a number of
surveys of a similar Lype and purpose. Unless otherwise noted, the daia is

interpreted on its own merits and no ancillary information has been taken
into account.

Interpretation is based on the following criteria.

1/ All chargeability responses are picked, classified and located on
the grid map.

2/ tvery line is studied for lateral resistivity variations. The
high resgistivity areas are marked on the grid map.

3/ The areas of high resistivily are joined into zones where likely.

4/ The chargeability anomalies are studied in conjunction with

resistivily responses and are joined into the chargeability
Zones.

5/ A chargeability anomaly associaled with a sharp resistivity

contrast is judged to be more interesting as an exploration
targ(ﬂt.

6/ The chargeability anomalies are priorized further by studying the
associated spectral parameters. Their values are marked beside
each anomalous chargeability bar on the grid map. The IP
responses with high M-IP values and short time constants are
thought 1o be of greatler interesti.

In summary the highest priority exploration targets are characterized as
being of medium chargeability amplitude, in the area of a lateral change
in resistivities, with high values of M-IP and very short time constants.

The geologic model for this ideal geophysical response is a volume of
fine-grained disseminated metallic sulphides with an associated

concentration of gold. The targel is on the edge of or related to an area
of silicification.
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High resistivity zones as picked off the pseudosections are considered as
possible areas of silicification. IP responses (which are not accompanied
by a resistivity low) are probably the result of disseminated metallic
sulphides. This conclusion may be supported by the calculated time
constant, as short time constants are often diagnostic of disseminated (as
opposed to massive or coarse-grained) sulphides. IP anomalies with short
time constants have, however, depressed response in the traditional eighth
slice. This is overcome by looking at the speciral parameter M-IP, which
is a more honest measure of the volume percent metallic sulphides. In

other words, a modest IP anomaly in M7 should be upgraded if MI-P values
are high.

A brief description of the anomalous zones follows. The discussion is
based on information which has been entered on the compilation map. The
targetls of inierest have been shown on these maps wilh priorilty label

L. (low), M {medium), H (high).

8.2. Descriplion of the IP responses.

The Dean Creek property can be divided into a southern and northern part.
A total of 18 chargeable zones (A-1 through A-18) were found in the
northern part and 8 zones (B-1 through B-8) in the southern part.

Five suggesied geological cross structures are marked on the compilation
map as -1 through F-5., These explain the displacements within interpreted
chargeabililty and/or resistivity zones.

Relatively high resistive areas are shaded on the compilation map, that
indicate the general sirike direction in the survey area. The high
resistive zones can be related to partial silicification of the host rock.
The chargeability responses coinciding with high resistivities could be
significant for hydrothermal mineralization associated with quartz vein
systems.

Beside each anomaly bar on the compilation map olher physical parameters
such as theoretical chargeability {M-IP) and calculated time constant

(Tau) characterize the chargeabililty responses as described in the
introduction.

We recommend io compare our geophysical compilation to the local geology
and possibly to resulis of previous drilling or stripping of the areas of
interest. The general compilation of the geological chemical and

geophysical information would provide more information for priorizing the
exploration targets.

The characterislics of the ideal geophysical exploration targetls were
specified in the previous paragraph. We recommend to apply these rules
combined wilth geological knowledge and to carry out follow up work in the
areas of interest along the suggested geophysical trends.

The areas considered as geophysical exploration iargets are circled on ihe
compilation map with priorizing label { HP - high priority, MP - medium
priority and LP - low priority.
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9. CONCLUSIONS

From September 11th to October 3th, 1987 JVX Lid. carried out
IP/Resistivity surveys on the Dean Creek property on behalf of Noramco
Explorations Inc.

A lotal of approximately 30,3 line-kilomelers of coverage was achieved.

The results are presented as stacked pseudossctions, contour maps and
anomaly compilation plan map.

The anomaly compilation map includes the interpreted IP zones and high
resistivity areas. The physical characteristics of each chargeability
response are marked beside each anomaly bar. The anomalies considered to
be exploration targets are circled and labeled "LP, MP, or HP" (low,
medium or high priority).

If there are any questions with regard to the survey please call the
undersigned at JVX Ltd.

Respectfully submilled,

JVX LIMITED

Tow

'JJ;\Neil Hughes, B.Sc.
* Consulting Geophysicist

o

Blaine Webster, B.Sc. Y, ‘8
Consultling Geophysicist Q 9‘3
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The microprocessor-based IPR-11 is the
heart of a highly efficient system for
measuring, recording and processing
spectral IP data. More features than any
remotely similar instrument will help
you enhance signal/noise, reduce errors
and improve data interpretation. On top
of all this, tests have shown that survey
time may be cut in half, compared with
the instrument you may now be using.

The IPR-11 Broadband Time Domain IP
Receiver is principally used in electrical
(EIP) and magnetic (MIP} induced polari-
zation surveys for disseminated base
metal occurrences such as porphyry cop-
per in acidic intrusives and lead-zinc

deposits in carbonate rocks. In addition,
this receiver is used in geoelectrical sur-
veying for deep groundwater or geother-
mal resources. For these latter targets,
the induced polarization measurements
may be as useful as the high accuracy
resistivity resuits since it often happens
that geological materials have IP contrasts
when resistivity contrasts are absent. A
third application of the IPR-11 isin
induced polarization research projects
such as the study of physical properties
of rocks.

Due toits integrated, microprocessor-
based design, the IPR-11 provides a large
amount of induced polarization transient
curve shape information from a remark-
ably compact, reliable and fiexible format.
Data from up to six potentia! dipoles can
be measured simultaneously and

Operator using the IPR-11

recorded in solid-state memory. Then, the
IPR-11 outputs data as: 1) visual digital
display, 2) digital printer profile or pseudo-
section plots, 3) digital printer listing,

4) a cassetie tape or floppy disk record,

5) to a microcomputer or 6) to a modem
unit for transmission by telephone. Using
software available from Scintrex, all spect-
ral IP and EM coupling parameters can

be calculated on a microcomputer,

The IPR-11 is designed for use with the
Scintrex line of transmitters, primarily the
TSQ series of current and waveform
stabilized models. Scintrex has been
active in induced polarization research,
development, manufacture, consulting
and surveying for over thirty years and
offers a fuli range of time and frequency
domain instrumentation as well as all
accessories necessary for IP surveying.



Major Benefits

Following are some of the major benefits
which you can derive through the key
features of the IPR-11.

Speed up surveys.

The IPR-11 is primarily designed to save
you time and money in gathering spectral
induced polarization data.

For example, consider the advantage in
gradient, dipole-dipole or pole-dipole
surveying with multiple 'n’ or 'a’ spacings,
of measuring up to six potential dipoles
simultaneously. If the specially designed
Multidipole Potential Cables are used,
members of a crew can prepare new
dipoles at the end of a spread while mea-
surements are underway. When the obser-
vation is complete, the operator walks
only one dipole length and connectsto a
new spread leaving the cable from the
first dipole for retrieval by an assistant.

Simultaneous multidipole potential mea-
surements offer an obvious advantage
when used in drillhole logging with the
Scintrex DHIP-2 Drilthole iP/Resistivity
Logging Option.

The built-in, solid-state memory also saves
time. Imagine the time that would be taken
to write down line number, station number,
transmitter and receiver timings and other
header information as well as data consist-
ing of SP, Vp and ten IP parameters for
each dipole. With the IPR-11, arecord is
filed at the touch of a button once the
operator sees that the measurement has
converged sufficiently.

The IPR-11 will calculate resistivity for you.
Further time will then be saved when the
IPR-11 data is dumped to a field computer
in your base camp for processing. If no
computer is available in the field then
data can be output directly to a printer
which will plot your data in profite or
pseudo-section format. The same printer
can also be used to make one or more
copies of a listing of the day’s results. If
desired, an output 1o a cassette tape
recorder or floppy disk drive can be
made. Or, the IPR-11 data memory can be
output directly into a modem, saving time
by transmitting data to head office by
telephone line.

If the above features won't save as much
time as you would like, consider how the
operator will appreciate the speed in
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of six dipoles simultaneously.

taking a reading with the iPR-11 due to:

1) simple keyboard control, 2) resistance
check of six dipoles simultaneously,

3) fully automatic SP buckout, 4) fully
automatic Vp self ranging, 5) fully automa-
tic gain setting, 6) built-in calibration test
circuits, and 7) self checking programs.
The amount of operator manipulation
required to take a great deal of spectral IP
data is minimal.

Compared with frequency domain mea-
surements, where sequential transmis-
sions at different frequencies must be
made, the time domain measurement
records broadband information each few
seconds. When successive readings are
stacked and averaged, and when the
pragmatic window widths designed into
the IPR-11 measurement are used, full
spectral IP data are taken in a minimum
of time.

Improved interpretation
of dala.,

The guasilogarithmically spaced transient
windows are placed to recover the broad-
band information that is needed to calcu-
late the standard spectral IP parameters
with confidence. Scintrex offers its SOFTII
software package which can take the
IPR-11 outputs and generate the following
standard spectral IP parameters: zero-

et ":‘. /o g,

time chargeability, M; time constant, TAU;
and exponent, C.

Interpretability of spectral IP data are
improved since time domain measure-
ments are less affected by electromagne-
tic coupling effects than either amplitude
or phase angle frequency domain mea-
surements, due to the relatively high fre-
quencies used in the latter techniques. In
the field, coupling free data are nearly
always available from the late time win-
dows. Then, in the base camp or office,
the Scintrex SOFT!I software package
may be used to resolve the EM compo-
nent for removal from the IP signal. The
electromagnetic induction parameters
may also be interpreted in order to take
advantage of the information contained in
the EM component.

A further advantage of the IPR-11 in inter-
preting spectral IP responses is the
amount of data obtainable due to the
ability to change measurement windows
and to allow for different transmitter pulse
times.

Enhance signal/noise.

In the presence of random (non-coherent)
earth noises, the signal/noise ratio of the
IPR-11 measurements will be enhanced
by VN where N is the number of individual
readings which have been averaged to

\
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High production rates are obtained using Multidipole Potential Cables which permit measurement




Major Benefits

arrive at the measurement. The IPR-11
automatically stacks the information con-
tained in each pulse and calculates a
running average for Vp and each transient
window. This enhancement is equivalent
to a noise decrease of vN or a power
increase of N. Since N can readily be 30
or more (a 4 minute observation using a 2
second on/off waveform), the signal/noise
improvement realized by the IPR-11 can-
not be practically achieved by an increase
in transmitter power. Alternatively, one
may employ much lower power transmit-
ters than one could use with a non-signal
enhancement receiver.

The automatic SP program bucks out and
corrects completely for linear SP drift;
there is no residual offset left in the signal
as in some previous time domain receiv-
ers. Data are also kept noise free by:

1) automatic rejection of spheric spikes,
2) 50 or 60 Hz powerline notch filters,

3) low pass filters and 4) radio-frequency
{RF) filters. In addition, the operator has a
good appreciation of noise levels since
he can monitor input signals on six analog
meters, one for each dipole.

Observations can usually be made using
the self-triggering feature of the IPR-11.
The internal program locks into the
waveform of the signal received at the first
dipole (nearest a current electrode) and
prevents mistriggering at any point other
than within the final 2.5 percent of the
current on time. In particularly noisy areas,
however, synchronization of the IPR-11
and transmitter can be accomplished
either by a wire link or using a high stabil-
ity, Optional Crystal Clock which fits onto
the lid of the instrument.

Reduce Errors.

The solid-state, fail-safe memory ensures
that no data transcription errors are made
in the field. In base camp, data can be
output on a digital printer and/or some
magnetic media such as floppy disks or
cassette tapes and played back onto a
digital printer for full verification. The fact
that the IPR-11 calculates resistivity from
recorded Vp and | values also reduces
error.

The self check program verifies program
integrity and correct operation of the dis-
play, automatically, without the interven-
tion of the operator. If the operator makes
any one of ten different manipulation er-
rors, an error message is immediately
displayed.

The Muitidipole Potential Cables supplied
by Scintrex are designed so there is no
possibility of connecting dipoles to the
wrong input terminals. This avoids errors
in relating data to the individual dipoles.
The internal calibrator assures the
operator that the instrument is properly
calibrated and the simple keypad opera-
tion eliminates a multitude of front panel
switches, simplifying operation and reduc-
ing errors.
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Pseudo-section printout on a digital printer.
Chargeability data are shown for the sixth
transient window (Ms) for the dipole-dipole
array and six 'n’ spacings. Line number and
station number are also recorded. The contours
have been hand drawn. Resistivity results can
be plotted in a similar manner.




F catures

Six Dipoles Shaultsncously. The analog
input section of the IPR-11 contains six
identical differential inputs to accept sig-
nals from up to six individual potential
dipoles. The amplified analog signals are
converted to digital form and recorded
with header information identifying each
group of dipoles. Custom-made multi-
dipole cables are available for use with
any electrode array.

Mcmory. Compared with tape recording,
the IPR-11 solid-state memory is free from
problems due to dirt, low temperature,
moving parts, humidity and mechanical
shock. A batlery installed on the memory
board ensures memory retention if the
main batteries are low or if the main bat-
teries are changed. The following data
are automatically recorded in the memory
for each potentiat dipole: 1) receiver tim-
ing used, 2) transmitter tirming used,

3) number of cycles measured, 4) self
potential (SP), 5) primary vollage (Vp)
and 6) ten transient IP windows (M}, In
addition, the operator can enter up to
seventeen, four digit numerical headers
which will be filed with each set of up to
six dipole readings. The operator must
enter at least four headers: line number,
station number, current amplitude, and
the K-factor. Other headers can include,
for example, operator code, date, eic.

In the standard data memory, up to 200
potential dipole measurements can be
recorded. Optional Data Memory Expan-
sion Blocks can be installed in the IPR-11
to increase memory capacity in blocks of
about 200 dipoles each to a total of ap-
proximately 800 dipoles.

Kicmory Recall. Any reading in memory
can be recalled, by simple keypad entry,
for inspection on the visual display. For
example, the operator can call up sequen-
tial visual display of all the data filed for
the previous observation or for the whole
data memory.

Carefully Chosen Transicnt Windows.,
The IPR-11 records all the information that
is really needed to make full interpreta-
tions of spectral IP data, to remove EM
coupling effects and 1o calculate EM
induction parameters. Ten quasilogarith-
mically spaced transient windows are
measured simultaneously for each poten-
tial dipole over selectable total receive
times 0f 0.2, 1.0, 2.0 or 4.0 seconds.

After a delay from the current off time

of 1, the width of each of the first four win-
dows is t, of the next three windows is 6t
and of the last three windows is 12t. The
smallest t values are 3, 15, 30 or 60 mil-
liscconds. Thus, for a given dipole, up to
forty different windows can be measured
by using all four receive times. The only
restriction is, of course, that the current off
time must exceed the total measuring
time. Since tis as low as 3 milliseconds
and since the first four windows are nar-
row, a high density of curve shape infor-
mation is available at short times (high
frequencies) where it is needed for confi-
dent calculation of the EM coupling
parameters.

Calculates Resistivity. The operator
enters the current amplitude and resistiv-
ity geometry K-factors in the header with
each observation. If the K-factors remain
the same, only a code has to be entered
with each observation. Then, using the
recorded Vp values, the IPR-11 calculates
the apparent resistivity value which can
be output to the compulter, printer, etc.

Normalizes for Time and Vp. The IPR-11
divides the measured area in each trans-
ient window by the width of the window
and by the primary voltage so that values
are read out in units of millivolts/volt {mis).

Signal Enhancement. Vp and M values

are continuously stacked and averaged
and the display is updated for each two
cycles. When the operator sees that the
displayed values have adeqguately con-
verged, he can terminate the reading and
file all values in memory.

SRR RS
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Time domain IP transmitted waveform

Vp Integration. The primary voltage can
be sampled cver 50 percent or more of
the current on (T) time, depending on the
transmit and receive programs selected.
The integrated results is normalized for
time. Long Vp integration helps overcome
random noise.

Digital Display. Two, four digit LCD dis-
plays are used to display measured or
manually entered data, data codes and
alarm codes.

Automatic Profile Plotting. When con-
nected to a digital printer with an industry
standard RS-232C, 7 bit ASCII serial data
port, data can be plotted in a base camp.
The IPR-11 is programmed to plot any
selected transient window and resistivity

Nominal total receive time: 0.2,1,2, 4 sec.

M
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IPR-11 Transient Windows
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Features

in pseudo-section or profile form. In the
profile plot, the scale of resistivity is
logarithmic with 10 to 100,000 ohm-metres
in four decades with another four decades
of overrange both above and below. The
chargeabllity scale is keypad selectable.
In the pseudo-section plot, any one
chargeability window can be presented in
conventional pseudo-section form.

Ptinted Data 1 isting. The same digital
printer can be used to print out listings of
all headers and data recorded during the
day's operation. Several copies can be
made for mailing to head office or for filing
in case copies are lost. Baud rate is
keypad selectable at 110, 300 or 1200
baud, depending on the printer used.

Store Dala. Data may be output from the
IPR-11 and stored in computer compatible
formin a microcomputer, on an indepen-
dent floppy disk drive or on cassetie tape,
provided that these devices have the
commonly available RS-232C, 7 bit ASCII
serial interface.

Modem. Data in the IPR-11 memory can
be output directly into a modem near the
field operation and transmitted by tele-
phone through a modem terminal in head
office, where data can be output directly
onto a computer, digital printer or digital
storage device. In this way a geophysicist
in head office can receive regular trans-
missions of data 1o improve supervision

Transmit Current - ma

Line Stunon[ Resistivity K Factors Timing Code
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Profile printout on a digital printer. R is resistivity on a logarithmic scale
while @ is one transient window (Ms) on a linear scale.

Data listing output on a dot-matrix printer.
Header information is shown in the first two
lines. In this case, data are for Line 1, Station 3.
Transmitted current is B0mA. Next are the
resistivity K-factors for the six dipofes. 8292
indicates that receive and transmit times are
each 2 seconds. The last header item records
that fact that 14 cycles were stacked. Following
the header are the geophysical data for six
dipoles which were measured simultaneously.
For each dipole, the values for the 10 transient
windows are shown on one line. The next line
shows Vp and Sp in mV and resistivity. 5.71 E

+ 3indicates that the calculated resistivity is
5.71 x 10° ohm-metres.
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and interpretation of the data from field
projects and no output device other than
the modem is required in the field.

External Circuit Check. Six analog
meters on the IPR-11 are used to check
the contact resistance of individual poten-
tial dipoles. Poor contact at any one elec-
trode is immediately apparent. The con-
tinuity test uses an AC signal to avoid
electrode polarization.

Self Check Program. Each time the
instrument is turned on, a check sum
verification of the program memory is
automatically done. This verifies program
integrity and if any discrepancy is disco-
vered, an error code appears on the digi-
tal display. Part of the self check program
checks the LCD display by displaying
eight ones followed sequentially by eight
twos, eight fours and eight eights.

Manipulation Error Checks. Alarm codes
appear on the digitai display if any of the
following ten errors occur: tape dump
errors, illegal keypad entry, out of calibra-
tion or failed memory test, insufficient
headers, header buffer full, previous sta-
tion’s data not filed, data memory full,
incorrect signal amplitude or excessive
noise, transmit pulse time incorrect, and
receiver measurement timing incorrect.

Internal Calibrator. By adjustment of the
function switch, an internal signal
generator is connected across the inputs
to test the calibration of all six signal
inputs for SP, Vp and all M windows simui-
taneously. If there is an error in one or
more parameters, an alarm code appears
on the display. The operator can then
scan all parameters of all input channels
to determine where the error is.

Automatic SP Correction. The initial self
potential buckout is entirely automatic -
no adjustment need be made by the
operator. Then, throughout the measure-
ment, the IPR-11 slope correction software
makes continual corrections, assuming
linear SP drift during two transmitted
cycles. There is no residual SP offset
included in the chargeability measure-
ment as in some previous time domain
receivers.

Automatic Vp Self Ranging. There is no
manual adjustment for Vp since the IPR-11
automatically adjusts the gain of its input
amplifiers for any Vp signal in the range
100 microvolts to 6 volts.

Spheric Noise Rejection. A threshold,
adjustable by keypad entry over a linear
range of 010 99, is used to reject spheric
pulses. If a spheric noise pulse above the
set threshold occurs, then the {PR-11
rejects and does not average the current
two cycles of information. An alarm code
appears on the digital display. If the
operator continues 10 see this alarm code,
he can decide to set the threshold higher.

Powerline and Low Pass Filter. An inter-
nal switch is used to set the IPR-11 for
either 50 or 60 Hz powerline areas. The
notch filter is automaticatly switched out
when the 0.2 second receive time is used

since the filters would exclude EM signals.

RF Filter. An additional filter in the input
circuits ensures that radio-frequency
interference is eliminated from the IPR-11
measurement.

Input Protection. If signals in excess of
6V and up to 50V are applied to any input
circuit, zener diode protection ensures
that no damage will occur to the input
circuits.

Synchronization. in normal operation,
the IPR-11 synchronizes itself on the
received waveform, limiting triggering to
within 2.5% of the current on time. How-
ever, for operation in locations where
signal/noise ratios are poor, synchroniza-
tion can be done by using the Optional
Crystal Clock which can be installed in
the lid of the IPR-11.

Software for EM Coupling Removal. In
transient measurements, the EM coupling
component occurs closest to the current
off time (i.e. it is primarily in the early win-
dows). Thus, itis usually possible to
obtain coupling-free IP data simply by
using the later windows of the {PR-11
measurement program. If, however, full
spectral information is desired, the data
from the early windows must be corrected
for the EM component. This can be done
with confidence using a computer and
the Scintrex SOFT Il programs.

Software for Spectral IP Parameters.
Using the chargeability data from the ten
quasilogarithmically spaced IPR-11 win-
dows, a computer and the Scintrex SOFT
Il programs, spectral IP parameters can
be calculated. The basis for this calcula-
tion as well as for the EM coupling removal
calculation is discussed in a technical
paper by H.O.Seigel, R.Ehrat and {.Brcic,
given at the 1980 Society of Exploration
Geophysicists Convention, entitled
"Microprocessor Based Advances in Time
Domain IP Data Collection and

In-Field Processing™.
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In relation to the efficiency with which it
can produce, memorize, calculate and
plot data, the IPR-11 is quite simple to
operate, using the following switches and
keypad manipuiations.

Power On-Off. Turns the instrument on
or off.

Reset. Resets the program to begin again
in very poor signal/noise conditions.

Function Switch. Connects either the po-
tential dipoles or the internal test
generator to the input amplifiers or con-
nects the external circuit resistance check
circuitry to the potential dipoles.

Keypad. The ten digit and six function
keys are used to: 1) operate the instru-
ment, 2) enter information, 3) retrieve any
stored data item for visual display, and

4) output data on to a computer, digital
printer, digital storage device or modem.
Examples of some of these manipulations,
most of which are accomplished by three
key strikes, follow. E is the general

entry key.

A concise card showing the keypad entry
codes is attached inside the lid of
the IPR-11.

Example 1. Keying 99E commands the
battery test. The result is shown on the
digital display.

Example 2. Keying 90E tells the IPR-11 to
use the 0.2 second receive time. 91, 92
and 94 correspond to the three

other times.

Example 3. Keying 12M results in the dis-
play of the chargeability of the first dipole,
window number 2. Similarly, 6SP or 4Vp
would result in the display of the SP value
of the sixth dipole or Vp of the fourth di-
pole respectively.

Example 4. Keying NNNNH, where N is
any variable digit, records an item of
header information. Seventeen such items
can be entered with each file of up to six
dipoles of data.

Example 5. 73E, 74E or 75E are used to
output the data from the memory to the
computer, digital printer or modem at 110,
300 or 1200 baud respectively.



IPR-11 Options

The following options are available for
purchase with the IPR-11:

Multidipole Potential Cables. These
cables are custom manufactured for each
client, depending on electrode array and
spacings which are to be used. They are
manufactured in sections, with each sec-
tion a dipole in length and terminated with
connectors. For each observation, the
operator need only walk one dipole length
and connect a new section, in order to
read a new six dipole spread. There is no
need to move the whole spread. The con-
nectors which join the cables are de-
signed so that there is no possibility of
connecting the wrong dipole to the wrong
input amplifier. The outside jacket of these
cables is flexible at low temperatures.
About 5 percent extra length is added to
each section to ensure that the cable
reaches cach station.

Field Wire Adaptor Kit. Depending on
the survey method used, it may be prefer-
able 1o connect the potential electrodes
to the IPR-11 using standard single con-
ductor wire rather than the Multidipole
Potential Cables. When using the Field
Wire Adaptor Kit each wire can be termi-
nated on an individual binding poston a
multi-pin receptacle. In this way, a set of
electrodes are connected to the IPR-11
which can either lead or fag the current
electrodes while advancing along a sur-
vey line,

Data Memory Expansion Blocks. The
standard data memory of the IPR-11 al-

lows for data for up to 200 dipole measure-

ments to be recorded, assuming a com-
mon header for six dipoles. Up to three
additional memory blocks can be installed
in the instrument, each of about 200 di-
pole capacity.

Crysial Clock. Scintrex can provide a
high stability clock to synchronize the
IPR-11 with a similar clock in the TSQ
series of transmitters. This option is, how
ever, only required for work in extremely
noisy and/or low signal environments.

Soflware. Scintrex offers its SOFT ||
software package for EM coupling re-
moval, calculation of EM induction factors
and calculation of the same spectral IP

Data can be transferred directly from the IPR-11 into an inexpensive personal computer which can

parameters as are in common use in fre-
quency domain IP measurements.

Peripheral Devices. A number of printers,
digital storage devices and modem units
are available on the market which are
compatible with the IPR-11. Scintrex
stocks several of these peripheral devices
which we would be pleased to supply
and/or recommend other suitable equip-
ment for your particular application.

use the SOFT il Programs to calculate spectral IP parameters, carry out other calculations, display

data graphically on a video display and plot data.




IPR-11 SOFT 1l Time Domain Induced
Polarization Data Processing and
Si®ciral Analysis Sofiware Package

The IPR-11 SOFT It Software Package com-
prises a cost effective series of programs
designed to help you benefit from the fully
automatic treatment of IP aata collected by
the IPR-11 Receiver. The following features
describe what you can do with the SOFT Ji
package running on an IBM PC or compati-
ble computer.

Enter dala many ways. The easiest way
to use the SOFT Il package is to enter
data directly from the IPR-11 to the compu-
ter. This can be done in the field, resulting
in data stored on floppy disks. Sub-
sequent data processing may be done to
ensure that data quality is high and to
provide the possibility to immediate
checking of anomalous conditions. Data
can also be entered manually from

data listings.

Data can be ediled. Frrors in header
information such as line number, station
number, resistivity constants and timing
codes can be corrected. Data may be
re-ordered for plotting. Dummy stations
may be inserted if required.

Store data on floppy disks. Once in the
computer, data is stored on a floppy disk.
This increases the efficiency of data pro-
cessing and management as well as
transportation and long term storage. No
longer will you have to sort through bulky
paper records or scan through long tape
recordings to access the data you need.
A copy of a disk can easily be made to
eliminate the possibility of loosing data
in transportation.
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Printouts can be formatted. Considera-
ble time and effort are saved with the
automatic tabulating and plotting prog-
rams. When compared with the plots
directly output to the printer from the
IPR-11, the SOFT Il computer generated
printouts and plots are more readable
and of a quality more suitable for

final reports.

Plot observed decay curves. |PR-11
decay curves can be plotted 1o provide a
rapid means of ensuring data quality.

Compute speciral IP parameters. The
SPCTRM program of the SOFT | package
calculates the Cole-Cole spectral
parameters. These parameters may be
used to give information about the con-
centration and grain size of the IP respon-
sive metallic mineralization in the subsur-
face. This may allow differentiation of
sources of similar amplitude of IP re-
sponse but which have different mineral
textures. The standard example of such
differentiation would be between sulphide
mineralization and graphitic horizons.

Remove EM coupling. Depending upon
the electrode array, electrode spacing,
resistivity, and IP measuring time (or fre-
guency), IP data may contain a compo-
nent which is electromagnetically in-
duced. The SPCTRM program may be
used to calculate the residual EM effect
and output a listing of parameters describ-
ing the EM contribution,
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When the IPR-11 SOF1 Il software is used with an IBM PC or compatible computer data can be

reviewed, edited, processed and archived.

Plot and contour pseudo-sections. Like
any dedicated software controlled device,
the intelligence of the IPR-11 is limited.
While it can adequately plot data listings
and profiles directly on a simple printer,
the pseudo-section printer plots can
sometimes be erroneous. This occurs
when an electrode array other than dipole-
dipole has been used, since the IPR-11
can only plot this one array in pseudo-sec-
tions. Also, if more than one receive time
or transmitted pulse time have been
recorded for given station, the |PR-11
cannot sort the data.

These inconveniences are removed when
the SOFT Hl package is used with a micro-
computer, since the software includes
programs to sort, reformat and correctly
plot pseudo-sections.

Two different programs in SOFT I can be
used to plot pseudo-sections. PSEUDO
posts that data at the correct plotting
point for a dipole-dipole array so it may be
hand contoured. CONTOUR draws con-
toured pseudo-sections for dipole-dipole
or pole-dipole arrays on a dot-matrix
printer or a pen plotter.

Runs on commonly available hardware.
The SOFT !l programs have been de-
signed 1o run on microcomputer hardware
which is readily available in many coun-
tries. The recommended system is as
follows: 1) IBM PC or XT with 512K bytes
of RAM, 2) 8087 math co-processor,

3) Two 5-1/4” flexible disk drives,

4) monochrome monitor, 5) parallel inter-
tace (for printer) 8) one or more serial
interfaces, (2 suggested if a pen plotter is
used), and 7) Epson FX-85 dot-matrix
printer.

Other IBM compatible microcomputers
using the PC/MS-DOS Version 21 or 3.0
Operating System may be used. Scintrex
will be pleased to advise in this regard.

Complete with manual and diskettes.
The SOFT Il package consists of three
program diskettes and a user's guide.
The manual provides clear step-by-step
instructions for running the package, as
well as sample outputs and information
on the microcomputer hardware and
operating system.




IPR-11 SOFT Il Time Domain Induced
Polarization Data Processing and
Spectral Analysis Software Package
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LINE NO. = =51
Station Dipole Vp fpparent M7
Resist, M-1P
1458 1 5205.0 4457.0 114 391,53
2 1028.0 3520.0 2441 382.30
3 404.8 3483.0  20.9 343,01
L] 139.4 2370.0  24.48 394,57
1459 1§ 6114,0 3893.9 11.8 404.96
2 1369.0 3440.0 24.2 385.27
3 501.9 3151.0  23.8 379.63

387.90

10
Spectral analysis summary generated by the SPCTRM program of the SOFT /I
tion is shown at the top of the printout. In this case, data are for Line 351 and Stations 1458 and 1459. Dipoles 1 thru 4 are listed for each station. At
Station 1458, Dipole 1 has the following values: Vp is 5205.0 mV, Apparent Resistivity is 4457.0 ohm-metres and M7 is a chargeability slice of 11.6 mV/V
taken approximately half way through the measured decay. Next are the Cole-Cole parameters, M-IP is 391.53 mV/V and TAU-IP is 0.30 seconds, C-iP
is 0.10, M-EM is 2.88 mV/Y and TAU-EM is 0.100 seconds. The Fit/IP and Fit/EM values describe the root mean square deviations between fitted curves
and measured values.

SOFT Il application programs plot and contour pseudo-sections automatically.

Lole-Cole Parameters
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Fit/1P  Fit/EN
C-1p N-EM  TAU-EM

J0 2.88 100 .70 .54
.20 2,04 100 .48 .41
20 3.35 100 A 46
.20 4,07 100 49 3.4
10 2,56 100 69 4.59
.20 2.97 100 42 2.01
W20 5.82 030 1 2.54
.20 7.75 030 96 3.33

.applicazions package and output on a digital printer. Header informa-



Technical Description
of the IPR-11 Broadband
Ti Domain IP Receiver

Input Potential Dipoles
(nput Impedance

Input Voltage (Vp) Range

Automatic SP Bucking Range
Chargeability (M) Range
Absolute Accuracy of Vp, SPand M

IP Transient Program

VP Integration Time

Transmitter Timing

Header Capacity

Data Memory Capacity

External Circuit Check

Filtering

Internal Calibrator

1106 simultaneously.

4 megohms.

100 microvolts to 6 volts for measurement.
Zener diode protection up to S0V.

4 15V
0 1o 300 mV/V (mils or 0/00)

Vp; = 3% of reading for Vp > 100 mic-
rovolts. SP; 2 3% of SP bucking range.
M; 2 3% of reading or minimum

+ 0.5mVN.

Ten transient windows per input dipole.
After a delay from current off of t, first four
windows each have a width of t, next three
windows each have a width of 6t and last
three windows each have a width of 12t.
The total measuring time is therefore 58t.

t can be set at 3, 15, 30 or 60 milliseconds
for nominal total receive times 0of 0.2, 1, 2
and 4 seconds.

In 0.2 and 1second receive time modes;
0.51sec.

In 2 second mode; 1.02sec.

In 4 second mode; 2.04 sec.

Equal on and off times with polarity
change each half cycle. On/off times of 1,
2, 4 or 8 seconds with = 2.5% accuracy
are required.

Up to 17 four digit headers can be stored
with each observation.

Depends on how many dipoles are re-
corded with each header. If four header
items are used with 6 dipoles of SP, Vp
and 10 M windows each, then about 200
dipole measurements can be stored. Up
to three Optional Data Memory Expansion
Blocks are available, each with a capacity
of about 200 dipoles.

Checks up to six dipoles simultaneously
using a 31Hz square wave and readout on
front panel meters, in range of 0 to 200k
ohms.

RF filter, spheric spike removal; switchable
50 or 60Hz notch filters, low pass filters
which are automatically removed from the
circuit in the 0.2 sec receive time.

1000 mV of SP, 200 mV of Vp and 2.43
mV/V of M provided in 2 sec pulses.




Technical Description
of the IPR-11 Broadband
Time Domain IP Receiver

Digital Display

Analog Meters

Digital Data Output

Standard Rechargeable Power Supply

Disposable Battery Power Supply

Dimensions

Weight

Operating Temperature Range
Storage Temperature Range

Standard ltems

Optional ltems

Shipping Weight

Two, 4 digit LCD displays. One presents
data, either measured or manually entered
by the operator. The second display:

1) indicates codes identifying the data
shown on the first display, and 2) shows
alarm codes indicating errors.

Six meters for: 1) checking external circuit
resistance, and 2) monitoring input
signals.

RS-232C compatible, 7 bit ASCI,

no parity, serial data output for
communication with a computer, digital
printer, digital storage device or modem.

Eight rechargeable NiCad D cells provide
approximately 15 hours of continuous
operation at 25°C. Supplied with a

battery charger, suitable for 110/230V,
5010400 Hz, 10W.

At 25°C, about 40 hours of continuous
operation are obtained from 8 Eveready
£95 or equivalent alkaline D cells.

At 25°C, about 16 hours of continuous
operation are obtained from 8 Eveready
1150 or equivalent carbon-zinc D cells.

345 mm x 250 mm x 300 mm, including lid.

10.5 kg, including batteries.
-20 1o + 55°C, limited by display.
-40to 4 60°C.

Console with lid and set of rechargeable
batteries, RS-232C cable and adapter,
2 copies of manual, battery charger.

Muitidipole Potential Cables, Data Mem-
ory Expansion Blocks, Crystal Clock,
SOFT Il Programs, Printer, Cassette Tape
Recorder, Disk Drive or Modem.

25 kg includes reusable wooden shipping
case.

SCINTREX

At Scintrex we are continually working to
improve our line of products and beneficial
innovations may result in changes to our
specifications without prior notice.

222 Snidercroft Road
Concord Ontario Canada
L4K 1B5

Telephone: (416) 669-2280
Fax: (416) 669-5132
Telex: 06-964570

Geophysical and Geochemical
Instrumentation and Services

!



SCINTREX |PC-7/25kW

Induced Polarization
and Commutated DC
Resistivity Transmitter
System
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Function Features

The IPC-7/2.5 kW is a medium power
transmitter system designed for time do-
main induced polarization or commutated
DC resistivity work. It is the standard power
transmitting system used on most surveys
under a wide variety of geophysical,
topographical and climatic conditions.

The system consists of three modules: A
Transmitter Console containing a
transformer and electronics, a Motor
Generator and a Dummy Load mounted in
the Transmitter Consocle cover. The purpose
of the Dummy Load is to accept the Motor
Generator output during those parts of the
cycle when current is not transmitted into
the ground, in order to improve power out-
put and prolong engine life.

The favourable power-weight ratio and com-
pact design of this system make it portable
and highly versatile for use with a wide
variety of electrode arrays.

Maximum motor generator output, 2.5 kW;
maximum power output, 1.85 kW, maximum
current output, 10 amperes; maximum
voltage output, 1210 volts DC.

Removable circuit boards for ease in servic-
ing.

Automatic on-off and polarity cycling with
selectable cycling rates so that the op-
timum pulse time (frequency) can be
selected for each survey.

The overioad protection circuit protects the
instrument from damage in case of an
overload or short in the current dipole cir-
cuit.

The open loop circuit protects workers by
automatically cutting off the high voltage in
case of a break in the current dipole circuit.

Both the primary and secondary of the
transformer are switch selectable for power
matching to the ground load. This ensures
maximum power efficiency.

The built-in ochmmeter is used for checking
the external circuit resistance to ensure
that the current dipole circuit is grounded
properly before the high voltage is turned
on. This is a safety feature and also allows
the operator to select the proper output
voltage required to give an adequate current
for a proper signal at the receiver.

The programmer is crystal controlled for the
very high stability required for broadband
{spectral) induced polarization
measurements using the Scintrex IPR-11
Broadband Time Domain Receiver.



Complele 2.5«kW induced polarization system
including motor-generator, reels with wire, 100! kit,
porous pots, simulator circuil. copper sulphate
1PR-8 receiver, dumimy load. transmitler. electiodes
and ciips

1PC-772.5kW transnntter conisole with lid and
dumimy foad

Timme Domain Waveformi

SCINTREX

Technical
Description of
IPC-7/2.5 kW
Transmitter System

Transmitter Console

Maximum Output Power

Output Current

Output Voltage

Automatic Cycle Timing
Automatic Polarity Change

Pulse Durations

Voltage Meter

Current Meter

Period Time Stability
Operating Temperature Range

Overload Protection

Open Loop Protection

Undervoltage Protection
Dimensions
Weight

Shipping Weight

1.85 kW maximum, defined as VI when cur-
rent is on, into a resistive load

10 amperes maximum

Switch selectable up to 1210 volts DC
T.T:.T:T,; on:off:on:off

Each 2T

Standard: T = 2,4 or 8 seconds, switch
selectable

Optional: T=1,2,4 or 8 seconds, switch
selectable

Optional: T = 8,16,32 or 64 seconds, switch
selectable

1500 volts full scale Iogarithrhic
Standard: 10.0 A full scale logarithmic
Optional: 0.3, 1.0, 3.0 or 10.0 A full scale
linear, switch selectable

Crystal controlled to better than .01%
-30°C to +55°C

Automatic shut-off at output current above
10.0 A

Automatic shut-off at current below 100 mA

Automatic shut-off at output voltage less
than 95 V

280 mm x 460 mm x 310 mm
30 kg

41 kg includes reusable wooden crate

Motor Generator
Maximum Output Power
Output Voltage

Output Frequency
Motor

Weight

Shipping Weight

222 Snidercroft Road
Concord Ontario Canada
L4K 1B5

Telephone: {416) 669-2280
Cable: Geoscint Toronto
Telex: 06-964570

2.5 kVA, single phase

110V AC

400 Hz

4 stroké, 8 HP Briggs & Stratton
59 kg

30 kg'in'clrud'es reusable wooden crate

Geophysical and Geochemical
Instrumentation and Services
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Appendix 2

Plates 1 to 9

Chargeability (M7) Contour Plan Map, scale 1:5000,

Apparent Resistivity Contour Plan Map, scale 1:5000.

Compilation/Anomaly Map, scale 1:5000,

Stacked M7/Resistivity Pseudosections, scale 1:2500,
L-21W -~ L-13W

Stacked M-IP/tau Pseudosections, scale 1:2500.
1L.-21W ~ L-13w

Stacked M7/Resistivity Pseudosections, scale 1:2500,
L-12W - L-4W

Stacked M-IP/tau Pseudosections, scale 1:2500.
L-12W - L-4W

Stacked M7/Resistivity Pseudosections, scale 1:2500.
L-8W - L-1W

Stacked M-IP/tau Pseudosections, scale 1:2500.
IL-8W - L-1W

Stacked M7/Resislivity Pseudosections, scale 1:2500.
L-3W - L-5E

Stacked M-IP/tau Pseudosectiions, scale 1:2500,
l.-3W - L-5E

Stacked M7/Resistivilty Pseudosectlions, scale 1:2500,
L.-0E - L-BE

Stacked M-IP/tau Pseudoseclions, scale 1:2500.
L-0E - L-8E

Stacked M7/Resistivity Pseudosections, scale 1:2500.
1-1E - L-5E

Siacked M-IP/tau Pseudosectiions, scale 1:2500.
L-1E - L-5E
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TIME DOMAIN SPECTRAL INDUCED POLARIZATION
SOME RECENT EXAMPLES FOR GOLD

Spectral induced polarization was developed for the frequency
domain in the 1970s. An early development was the establishment
of the Cole-Cole model as that which best fit field results. The
advanlage to spectral IP was the ability to exiract more usefull
prhysical properties from survey data by way of the Cole-Cole
model] parameters, Among those are the time constani which is
related to grain size and the chargeability amplitude which is
related to the volume percenti metallic sulphides. Application

was not routine however because of the need to make sequential
measurements of phase at a number of frequencies. This was and
is too time consuming for most surveys.

The time domain equivalent was established in ithe early 1380s.

In this case, the spectiral parameters are extracted from the
measured decays. This was an improvementi on the frequency domain
based method as all of the information needed for spectral IP is

in a single measurement: survey produciion rates are unaffected.

The result has been the routine use by some of time domain
spectral IP and the collection of a wide range of field

experience. Methods of intepretation based on this experience
have been developed. The spectiral information has been found to
be of particular use in gold exploration where the interest is
often in fine grained disseminaled sulphides, Coarse grained or
massive sulphides may not be of interest. The spectral
parametlers may be the only indicators as to which is which.

The adoption of spectral analysis techniques for properly sampled
time domain decays is a natural evolution of the IP method. IP
receivers and transmitters, survey methods and analysis schemes
are expecied to evolve with time in response to the greater
accuracy demands of spectral IP,

Spectiral IP results from five areas in Ontario and Quebec are
presentasd. All of the data has been collected in exploration
projecis for gold. The Scintrex IPR-1]1 receiver and IPC-7 or
TSQ-3 transmitter has been used throughout. The data have been
collected by JVX survey crews using ithe pole-dipole array and a 2
second pulse time,




1. CHIBOUGAMAU AREA, QUEBEC

Figure 1 shows the results from part of a survey conducted
in the Chibougamau area of Quebec. The data was collected
with an a spacing of 25 meters and six polential dipoles.

The survey area is covered with up to 10 meters of sand
and clay overburden.

The contoured pseudosections show the apparent resistivity

divided by 100. The chargeability is thai of the eighth slice

(IPR-11 designation - M7) which is taken over the period from 690
to 1050 milliseconds after shut-off. The unit of measurement is
millivolts per volt {(mV/V). The spectral parameters tau (Lime
constant) and M are derived by comparing the measured decay curve
with a library of known curves. The best fil between the

measured curve and the chosen master curve is often better than 2
% rms deviation. The time constant is shown in seconds. The
Cole-Cole amplitude factor M is shown in mV/V.

The IP survey mapped two anomalous zones. The northern zone,
Zone A, at station B25N is characterised by M7 chargeability
values of 30 to 33 mV/V. There is a slight decrease in ihe
coincident apparent resistivity. The southern zone, Zone B-1, at
slation 500N to 575N exhibits slightly higher M7 chargeabilities

at from 33 to 39 mV/V and a resistivity response lower than
background.

The most notable fealure of these resulls is the clear difference
in the derived time constant associated with the two zones. The
speciral computation returned a high iau {lime constant) for Zone
A and a low tau for Zone B-1l. The time constant is considered to
be a semi-quantiiative measure of grain size of the polarizable
source. A high tau indicates a coarse grained source and a low
tau indicales a fine grained source.

Diamond drilling has confirmed this interpretation. Drill
testing of Zone B-1 encountered a wide zone of fine grained
disseminated sulphides with a ten foot section running 0.5 oz
Au/ton. Zone A was tested 200 meters along strike from the
profile and barren course grained sulphides were intersected.

14 should be noted that without ithe speciral information, the
zone A anomaly might have been selected as the more promising
drill target. This would have been based on the higher apparent
resistivities as a possible indicator of silicification.




This case history demonstrates the capability of the time domain
spectial 1P method io discriminaite beitween anomalies that exhibil
similar values of chargeability amd resistivity. In this

project, the spectral parameters proved to be a valuable

diagnostic in separating IP anomalies with associated gold from
those without.

2. RATIOS vs. SPECTRAL IP

The ratio of selecled slices has been suggested as an allernative
to the time constant derived from spectral analysis. The idea is
that polarizable sources which are fine grained will show a
faster decay than that from course grained or massive sources.
The ratio of chargeabilities from early and late times would

therefore be greatest for fine grained and least for course
grained sources,

This is correci in a rough sense only. The routine use of ratios
as a substitute for the Cole-Cole model time constant is an
error. Some reasons are!

1. Al of the work which has been done on spectiral IP
{time of frequency domain) supports the Cole-Cole
model. This is a three parameter model for
chargeability with one parameter for amplitude and two
parameters Lo describe decay curve shape. These two
parameters are the time constant (tau) and the exponent
{c). They are linked in a complicated way and there is
no simple method in the time domain to separate their
effects.

Characlerizing the decay with a ratio assumes a two
parameter model; amplitude and decay ratio., The ratio
(or decay rate) is a mixture of time constant and
exponent. Variations in the ratio can be due to
variations in either time constant (ie. grain size) or
exponent (ie uniformity of grain size).

The assumption Lhat the decay can be characterised by a
ratio is equivalent to setting the exponent to a value

of 1.0 {ie. modelling the decay as a negative

exponential), All of the spectral IP work done to date
suggests this is not the case. Exponent values between
0.1 and 0.5 are expected.




Spectral analysis uses a least squares fit over the
whole measured decay. Ralios use two slices one of
which is normally taken in the early part of the

decay. Such slices arise from a short window width for
which noise is greatest. Using one of the first four
slices from the IPR-11 for example means the ratio is
limited by data collected over 30 milliseconds. The

spectral paramelers are determined from data taken over
almost 2 seconds.

For low exponent values (eg. ¢=0.1), the differences in
ratios is least pronounced. This is the expecied value
of ¢ however {the Newmont standard decay fits best to a
¢ value of 0.1). The following table lists the

theoretical ratios of the IPR-11 M3 (fourth slice

centered at 135ms after shut off) to M7 (eighth slice
centered ai 870ms afier shul off). A Cole-Cole

exponent of 0.1 and time constantis of 0.01 to 100
seconds are used,

Cole-Cole
Time
Constant (Sec) M3/M7

0.01 2.61
0.03 2.59
0.10 2.58
0.30 2.57
1.00 2.56
3.00 2.54
10.00 2,53
30.00 2.51
100.00 2.50

The difference in the ratio between iime constants for
0.01 and 100 seconds is only 4.2%. Assuming that
M3=10.0mV/V and M7z=3.9mV/V and that M7 is error free,
the full range of ratios is found within the range for
M3 of 10.0 +/- 0.4mV/V,

Spectral analysis using the whole decay is not so
dependeni upon the quality of chargeability values for
a single slice.
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A field example of ratios vs. Spectral IP is shown in figure
2. The data is taken from figure 1. Reading from top to
bottom, pseudosections show the Cole-Cole time constant, the
exponeni and the M3/M7 ratio. It is clear from this
example that variations in the ratio may be explained by
either a change in itime constani (ie grain size) or a charge
in exponent (uniformity of grain size). The ratio alone
cannot be relied upon to discriminate between coarse and
fine grained metallic sulphides.

POWER LINE RESPONSE

Figure 3 shows the measured apparenti resistivity, eighth
slice chargeability and time constant. These resulits are
from a survey in Joutel area. A pole-dipole array with an

n,on

a" spacing of 25m was used.

A power line is located al station 975N. The pseudosection
of chargeability shows a distinct anomaly which could pass
for that due to bedrock sources.

The time constant is uniformly long under the power line.
This patiern was repealed at all points where the survey
passed under the power line. This result might be expected
given the nalure of the cause of the response. This same
signature can be seen for fences.

The speciral parameters have been determined in an area of
only modest chargeabilities. Away from the power line,
background chargeabilities are low. The rms deviation
between the measured and theoretical decays is greater than
5% due mosily Lo the resolution limil of the IPR-11

{0.1 mV/V). Five percent is the limit beyond which spectral
parameters are not plotted.

The long time constant characteristic of cultural sources
could be exploited when exploring for fine grained sulphides
in their vicinity. Identification might be made on the

basis of time constant alone.

SUFFIELD, QUEBEC

Figure 4 shows the 1P/resistivity resulis for one line in
the area of the Suffield mine, Sherbrooke, Quebec. A
pole-dipole array with an "a" spacing of 100 feel was used.

The resistivity low and associated chargeability high west
of the base line suggest massive conductor. This is
supported by the long time constani. This interpretation is
correcl. This is the area where a graphitic phyllite
outcrops. This unit is8 known to be conductive and may be
mapped using EM iechniques.




There is a sublle IP response in the area of station 300E.
There is no parallel variation in apparent resistivities and
an interpretation without access to the spectal information
might have passed over this part of the pseudosection.

The spectiral parameters however suggesl that this may be an
area of fine grained disseminated sulphides. The Cole-Cole
amplitude M is as large at 300E as over ithe graphities.

This suggestis an equal amount of polarizable material. This
information is not available from single slice (or phase or
PFE) presentation. The M7 results at 300E are as
uninteresiing as they appear because the time constant is so
short. The decay is faster than would be seen with a long
time constant source. The amplitude is depressed at M7.

The area around station 300E was identified as one for
further investigation. Drilling immediately to the north of
station 300FE revealed fine grained disseminated sulphides.
The locally high resistivities were explained by
gilicification.

JELLICOE DEPOSIT, ONTARIO

In 1983, the Ontario Geological Survey sponsored a series of
geophysical surveys over known gold deposits in the
Beardmore-Geraldton greenstone belt. Part of this work
involved TP surveys on five lines over the Jellicoe

deposit. Earlier gold production came from a sheared
silicified and brecciated zone of quartz stringers and
veinlels hosted by arkose. Mineralization consists of gold
and disseminaled sulfides (pyrite, arsenopyrite, and
sphalerite} up to 10 percent locally. The deposit is
centered some 50m subsurface. Overburden is moderately
conductive and of 10 to 20 m thickness. The host rocks are
Precambrian metasediments including arkose and greywacke.
The deposit is some 200 m south of an extensive and
prominent iron oxide formation,

The IP survey was carried out using a pole-dipole array with
an a spacing of 25m and n=zl to 5. The resulis over one
survey line are shown in pseudosection form in Figure 5.
The apparent resistivity, eighth-slice chargeability,

Cole~Cole time-constant, chargeability amplitude, and

exponenl values are shown in contoured pseudosection form.

The deposit is centered at station 450S and is seen as a
broad chargeability high. The apparent resistivily section
shows no marked coincident low. At the extreme north end of
the line a resistivity low and sirong chargeability high are
indicated. This is most probably an area of barren

sulfides, probably pyrite, associated wilth the iron
formation.




The spectral IP results are interesting from a number of
points of view. The time constant of the deposil is higher
than the host and yet noticeably lower than that indicated
by the barren sulfides near the baseline. The chargeability
amplitude has amplified the anomaly over the deposit. As in
the earlier examples, the amplitude M is a more reliable
indicator of the volume percent metallic sulphides. The
single slice {or phase or PFE) is less reliable. Variations
therein can be caused by changes in grain size alone.

6. AVERAGE CHARGEABILITY

Figure 6 shows the results from a survey in the Casa Berardi
area in which the M7 presentation showed little obvious
variation and therfore no clear indicatlion of areas of

greater interest.

The lowest pseudosection shows the average of all ten
slices. Where the eighth slice (M7) is of 380ms width, all
ten lices occupy a window widih of 1760ms. This is more
than a fourfold increase in time averaging. A two times
increase in signal to noise results, Subtile varialions in
chargeability are amplified and areas of possible interest
are more easily identified.

In some ways, the average chargeability shown here is the
chargeability parameter with the greatest signal to noise
ratio possible. The survey operator is concerned with noise
in the decay. Power or measuring time requirementis are
hence more severe than would be seen if looking at the
average alone. The high quality of the average
chargeability data is a result of the care needed to make IP

measurements accurate enough to be used for spectral
analysis.

CONCLUSIONS

The speciral paramters have been shown to be usefull compliment
to the traditional chargeability data. This is particularly true
where it is importiant to separate fine grain disseminated
sulphides from their coarse grained equivalents. This is
imporiant in gold explortion as it is common to find gold
associated with fine grained sulphides.

The calculated spectiral parameter M is a more reliable indicator
of the presence of metallic sulphides. The time constant
reflecls grain size. Fine grained disseminated sulphides may
yield little or no IP response when viewed through the
non-speciral measurement of single slice (or PFE or phase).
Spectral analysis corrects this problem and the risk of missing
interesting targets is less.




The spectral parameters may be used to separate cultural
responses from those due to bedrock sources. The ratio of slices
from time domain surveys is not equivaleni to spectral analysis
and the use of ratios will lead to errors where the ratio is
related to ihe time constani or grain size. In addilion, the

ratio ignores the true chargeability amplitude which is used to
indicale the concentiration of disseminated sulphides.

The type of source discrimination seen with time domain spectral
1P is nol possible when measuring a single IP quantily such as a
particular slice, PFE or phase at one frequency. These methods
are restricted to a measurement of a guantilty which is a mixture
of source characteristics such as volume percent metallic
sulphides and grain size. There is no way to exiract each
separately and the interpretation of such data is done and
recommendations made while lacking important information.

The time domain spectral IP method does not suffer this
limitation. The argument for spectral IP is particularly sirong
given that there is little effect on production rates when using
the instrumentation, analysis software and field methods used for
the results shown herein.
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Spectral induced polarization parameters as determined

through time-domain measurements

lan M. Johnson*

ABSTRACT

A method for the extraction of Cole-Cole spectral
parameters [rom time-domain induced polarization data
is demonstrated. The instrumentation required to effect
the measurement and analysis is described. The Cole-
Cole impedance model is shown to work equally well in
the time domain as in the frequency domain. Field trials
show the time-domain method to generate spectral pa-
rameters consistent with those generated by frequency-
domain surveys. This is shown to be possible without
significant alteration 1o field procedures. Cole-Cole time
constants of up to 100 s are shown to be resolvable
given a transmitted current of a 2 s pulse-time. The
process proves to have added usefulness as the Cole-
Cole forward solution proves an excellent basis for
quantifying noise in the measured decay.

INTRODUCTION

The induced polarization (IP) phenomenon was first ob-
served as a relaxation or decay voltage as a response to the
shut-off of an impressed de current. This decay was seen o be
quasi-exponential with measurable eilects several seconds after
shut-ofl. Differences in the shape of decay curves seen for
diflerent polarizable targets have been recognized from the
start (Wait, 1959). A systematic method of analyzing time-
domain responses in order to generate an unbiused measure of
source character has, until recently, been lacking. Devel-
opments in the frequency domain have been more pronounced.

In an attempt 1o improve our understanding of time-domain
IP phenomenon, the Cole-Cole impedance model, developed
and tested in the frequency domain, is used to generate the
equivalent time-domain responses. Time-domain tield data are
then analyzed for Cole-Cole parameters and the results used to
interpret dilferences in the character of the source.

The theoretical basis for the work will be presented. The
instrumentation required to effect the measurement and analy-
sis will be described. Field examples will be discussed.

SPECTRAL 1P

The term “spectral IP” has been used to designate a variety
of methods which Jook beyond the familiar resistivity and
chargeability (or “percent frequency effect”™) as measured in
electrical surveys. A number of geophysical instrument manu-
facturers/contractors have developed instrumentation and
methodologies which, in essence, collect and analyze data from
electrical surveys at a number of frequencies or delay times. The
data analysis produces a set of quantities which characterize
the information gained. These quantities or parameters are
promoted by the sponsor for application in a variety of scarch
problems for mineral and hydrocarbon resources,

In recognition of the pioneering work of Pelion (Pelton et al,,
1978), the Cole-Cole impedance model has been adopted. The
model has been extensively field tested and found to be reliable
(Pelton et al, 1978). Pelton suggested that the complex im-
pedance (transfer function) of a simple polarizable source may
be best expressed as

2(0) = Ry 41 = | 1 =
z(m)—Ro{l m[l 1+(iw1)"j}}' n

Z{w) = complex impedance (in 2-m),

where

R, = the dc resistivity {in Q1-m),
m = the chargeability (in volts/volt),
1 = the time constant {(in seconds),
= the angular frequency (in seconds™ 1),

¢ = the exponent (or frequency dependence),
{dimensionless)

and
i= -1

The dc resistivity (Ro) is related 1o the apparent resistivily
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calculated  in conventional  electrical  methods.  The
chargeability {mj is the relative residual voltage which would be
scen immediately after shut-off of an infinitely long transmitted
pulse (Siegel, 1959). It is related to the traditional chargeability
as measured some time after the shut-off of @ series of pulses of
finite duration. The time constant (1) and exponent {¢) are those
newly measurable physical properties which describe the shape
of the decay curve in time domain or the phase spectrum in
frequency domain. FFor conventional 1P targets, the time con-
stant has been shown to range from approximately 0.01 s 10
greater than 100 s and is thought of as a measure of grain size.
The exponent has been shown 1o have a runge of interest from
0.1 10 0.5 or greater and is diagnostic of the uniformity of the
grain size of the turget (Pelton et al, 1978).

Selection of the Cole-Cole model is the primary step in
simulating the response of a single polarizable target, A number
of other etlects are present 1o u greater or fesser extent depend-
ing upon the geoclectric environment. Multiple turgets of difler-
ing characteristics will cause overlapping eflects. Measurements
may contain an appreciable component due solely to inductive
coupling cllects. In very conductive terrain, this contribution
may be large enough to dominate the IP effects (Hallof and .
Pelon, 1980). The inductive effect itself may be a valued
measurement in its own right (Wynn and Zonge, 1977).

SPECTRAL 1P IN THE TIME DOMAIN

The earlier work is well summurized in Wait (1959). By that
time enough data had been gathered to point to diflerences in
measured decay curves and a number of decay curve modeling
schemes had been tried. Developments in instrumentation were
less pronounced. In 1967 the Newmont Standard IP decay was
introduced (Dolan and McLaughlin, 1967). Induced polariza-
tion reccivers were subsequently introduced which used the
Newmont Standard as a basis for 1P measurements, The so-
culled L/M parameter was used for a number of years as a
sensitive measure of agreement with the Newmont Standard
and of source character (Swift, 1973).

IP reccivers evolved in the mid 1970s through single dipole
instruments which could be programmed to measure a number
of points on the decay. Decay curve analysis was possible
(Vogelsang, 1981), if tedious and inexact. Extremely long pulse
times were suggested as a means of eflecting some type of
time-domain spectral discrimination given the equipment then
available (Halverson et al,, 1978). The late 1970s saw the intro-
duction of time-domain 1P receivers which could measure and
record digitally a number of points on the decay. The per-
formance of butl transmitters and receivers was improving in
parallel.

The first studics of the shape of the time-domain decay given
a Cole-Cole impedance model were made by Jain (1981) and
Tombs (1981). Both authors show a number of numerically
generated decay curves as the steady-state response to a con-
ventional (+, 0, —, 0) pulse train. Measured decays were com-
pared to master curves with uncertain results.

Both contributions stopped short of routine application.
Having gencrated a set of standard decays, the diflerences in
curve shape could be quantified. A measure of the accurucy in
the tield measurement required to effect a reasonable resolution
in spectral charucter could be gained. Routine application

would better detineghe limitations of the method under averuge
field conditions.

Although the master-curve approach is considered the most
practical one for routine spectral IP work, other approaches
are possible. The time-domain decay may be modeled as u
series of decaying exponentials from which the frequency-
domain phase spectrum is easily calculated (Gupta Sarma et al,
1681), Both input current and output voltage may be expressed
as transform pairs ol time-domain signals. The transfer function
may be extracted directly.

NUMERICAL MODELING

From Tombs (1981), the {+, 0, —, 0) transmitted current of
amplitude 1, and of pulse time T s used in conventional time
domain 1P may be expressed in Fourier series form as

L2 nn 3nn nnt
=1 — [ cos-— ~ cos —— | sin = 2
U] o,;nn( s s4>> 5T 2)

A homogeneous earth whose electrical propertics may be
modeled by a single Cole-Cole impedance of Z{w) is assumed.
Ignoring the eflect of array geometry, the steady-state voltage
as measured at the receiving dipole pair is

L2 nn Inn nmy . .
Vin=1,1 _— S e mm —\z{— mli/ﬂ_ 3
{1) 0 m"‘;‘ o (cos m cos 7 ) (27‘>e (3)

For conventional time-domain 1P receivers, it is common to
sample the decay through a sequence of N slices or windows.
The value recorded for euch slice is

_ 10°
Voltio = 1)

where 1,, #;, , are the limits on the integration and ¥, is the time
average of measured voltage during the current on-time. In
addition, it is common to average S; over u number of cycles
and to filter out those signals ut frequencies well below the
transmitted fundamental f, (= 1/47). :

For ease of presentation, we define a function G(t;, 1;,,, 1, ¢,
T). This function describes the 1, 1, ¢, and T dependence of S,
and is derived by inserting the expression for the Cole-Cole
impedance from equation {1) and V() from equation {3) into
the right-hand side of equation (4) as follows:

e &2
j ImYy —

s, J v d mvpvy, @)

G"q"f !II .D ’!‘ =
( i it < l “”‘ _ l,) . ":_l nn
« { cos nn cos 3nn
_ )
1
x —eee ‘,mul/ZT d,‘ (5)

innTy*
\ar

Combining equations (3) and (4) and using the notation of
equation (5), the theoretical decay during the ofl-time is given
by

“— Gt

101, Rym
[ g

i e T {6)
?

The measured theoretical primary voltage may be expressed
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FiG. 1. Theoretical time-domain decay curves for fixed ¢ and
variable 1. A typical IPR-11 measured decay is shown as a
series of dots (0.2 s receiver mode) and x's (2 s receiver mode),

as
V,= 1Ry~ IgRom + IgRomGt,, 1, 7,6, T), ()

where 1,, 1, are the limits of integration during the current
on-lime.

Combining equations {6) and (7), the theoretical decay is
given by

— 10, "IG('I! li+ 1 T T)
Tlem+ maG(t,, 4y, 1,6, 7)

-8 {(mV/V),i=1N. {8

Preferred Cole-Cole spectral parameters may be determined
by a “best-fit” match of measured data to a suite of master
curves, The process used may be summarized as follows.

The master-curve sct is numerically generated through equa-
tion (8) by allowing ¢ and 1 to vary in discrete steps over ranges
of interest. The chargeability is set 10 1 V/V and the pulse time
t0 2 s, Both S, and G(1,, 1,, 1, ¢, T) are retained in the master-
curve set.

If the measured decay is given by M, mV/V (i= 1, N), an
observed chargeability my V/V is defined as the weighted
average amplitude shift in log amplitude space between mea-
sured and master curves, i.c.,

1 N
log my = N 3 (log M, — log S)w;. )
=1 -

Observed chargeability values are determined for all master
curves. The weighting factors w, bias the averaging to late delay
times where integration intervals are longest.

The *best-fit* master curve is selected by minimizing

N
SD = Y [log M, — log {my S)}?w;, (10)
i=1
where the m, used is that value appropriate 1o the master curve
under consideration.
The true chargeability m may be found by setting

moGt;, 1,1, %, 6, T)
G(‘an 'b' T C, T)

mG(l,. HISTR X T)
L=m+mG(t,,4,1,.6T)

(1)
Hence,
Mg X 10’
" G(‘."h LG T)+mo[1 "‘G(l.,l.. LIRS T)] mV/v.
{12)

Confidence in the spectral parameters 5o determined is relat-
ed to the agreement between measured data and the selected
master curve. This agreement is quantified by the root-mean-
square {rms) deviation defined as

1 X M 3 112
D= {'ﬁ % (1 -'-n-:é-) x 10‘} percent.  (13)
i=} [}

The process outlined above will yield spectral parameters
which are only apparent. Polarizable targets of interest are
most often of finite size and embedded in a medium which may
itsell possess characteristic impedances. The theoretical prob-
lem of greater generality is a complex one with no reasonably
general forward solution yet available.

Pelton et al. (1978) presented the case of a simple polarizable
target buried in a nonpolarizing host. They showed that as the
relative size of the target, as defined by the dilution factor
decreases, the exponent is effectively unchanged. The time con-
stant is similarly unaflfected as long as the true chargeability is
not large. The apparent resistivity and apparent chargeability
are, however, not as stable under large changes in the dilution
factor.

This implies that the shape of the time-domain decay and
therefore the apparent time constant t and exponent ¢ are
relatively stable under large changes in the dilution factor. The
apparent chargeability is not.

By inspection,

Git,, e 1. 0, T) = Glnty, nty, 4, mv, ¢, nT). (14)

If for example, the receiver timing, pulse time, and Cole-Cole
time constant are all doubled, the master-curve values are
unaflected. This is a useful result for predicting the pulse length
required to resolve spectral parameters given that one already
has a complete understanding of the resolution capabilities of
the method for one pulse time (e.g., T = 2 s). As an example, let
us assume that time-domain IP surveys using a pulse time of 2 s
are known to result in spectral discrimination (i.e., decay curve
shape differences) for time constants up to 100 s. If it is sus-
pected that it may be important to resolve time constants of
1 000 s, for example, all other things being equal, a pulse time
of 20 s would be required.

All of the above applies for a homogencous earth whose
behavior is described by a single Cole-Cole impedance. Mea-
sured decays may be the result of the superposition of effects
due to more than one source type. Resolution of more than one
impedance type should be possible if all types are suffliciently
different in time constant (Major and Silic, 1981). If this con-
dition is met, the net impedance may be expressed as the sum of
impedances of each type. This implies that measured voltages
may be modeled as the sum of voltages due to both IP and
inductive coupling effects and the mathematical summary
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shown above will apply equally well to both. At a minimum,
any analysis should be capable of measuring and resolving 1P
eflects (relatively low ¢, large 1) and inductive coupling {IC)
effects (relatively high ¢, small 1),

Further developments are based on the timing characteristics
of the IP receiver involved. The Scintrex IPR-11 receiver is
assumed through the remainder of the paper and all results are
specific to this receiver,

IPR-11 MODEL CURVES

The Scintrex IPR-1! time-domain 1P receiver is a
microprocessor-controlled unit which measures ten semi-
logarithmically spaced points on the decay for up 1o six dipoles
simultaneously. Receiver slice-timing can be reset to fill in other
parts of the decay curve in 10 point sets. The measured decay is
recorded to a resolution of 0.1 mVy/V.

The master curves are numerically generated per equation
(8). In the calculation of G(t;, 1,44, 1, ¢, T) the integration is
done before the summation. The coding used is taken in part
from that published by Tombs (1980).

The master curves are generated assuming m = 1 V/V and
T = 2 5. The exponent ¢ is allowed the values 0.1, 0.2, 0.3, 0.4,
0.5, 06, 0.7, 0.8, and 1.0. The time constant 1 is allowed the
values 0.01, 0.03, 0.1, 0.3, 1.0, 3.0, 10.0, 30.0, and 100.0 5. The
exponent values reflect the expected range for polarizable tar-
gets {0.1 to 0.8) and inductive coupling etfects (c = 1.0) (Pelton
¢t al., 1978). The time-constant values are limited at the low end
by the minimum sampling interval (3 ms) and at the high end
by what curve shape diflerences can reasonably be resolved
given a pulse time of 2 s. The time constant values chosen are
thought to give reasonably uniform rms deviations between
different master curves.

Master curve data for longer pulse times is immediately
available given the identity of equation (14).

The weighting factors used in equations (9) and (10) have the
values 0.773, 0.800, 0.823, 0.843, 0.897, 0.978, 1.048, 1.143, 1.306,
and 1.389.

Figure 1 shows simulated IP decays for variable time con-
stant and fixed exponent. A simulated decay as sampled by the
1PR-11 is shown, assuming that both 0.2 and 2 s IPR-11 receive
modes have been used.

Figure 2 shows simulated IP decays for variable ¢ and fixed 1.
Also shown is the Newmont Standard curve (Dolan and
McLaughlin, 1967) for a pulse time of 2 s. It has been found to
fit best to the master curve given by a time constant of 1 s and ¢
value of 0.1. The rms deviation of the fit is 0.3 percent. A time
constant of 1 s is consistent with the fact that the Newmont
Standard was influenced by the average of a large number of
measured decays. With regard to the ¢ values, Pelton (1978)
noted an average value for ¢ of 0.25 as seen in most field
surveys. The ¢ value of 0.1 for the Newmont Standard decay is,
however, understandable. Averaging time-domain decay curves
of fixed ¢ and variable t will generally result in & curve with an
exponent value less than that of the individual decays.

Numerical experiments have been conducted to examine the
stability of the curve-matching process. In essence, the mea-
sured decay is set to one of the master curves. The rms devi-
ation beiween this decay and each of the master curves is then
calculated. The master curves are arranged in order of increas-
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FiG. 2. Theoretical time-domain decay curves for fixed 1 and
variable c. The Newmont Standard decay for a 2 s pulse time is
shown with fitted time constant and exponent.
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F1G. 3. Curve shape differences (or rms deviation) between
selected master curves. Arranged in order of increasing devi-
ationfromthec = 02,1 = l and the ¢ = 0.5, 1 = 1 curves.
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F1G. 4. Measured data (10 point), best-fit master decay curve,
and calculated spectral parameters. Array is pole-dipole with
a=10m, n = 6 with V, = 1.2 mV. Rms deviation = 0.65 per-
cc]nl. V, designates the voltage measured during the transmitter
oll-time.

ing rms deviation. The results for part of this work are shown in
Figure 3. The left-hand column shows the ranking in order of
increasing curve shape difference away from a measured decay
as given by the ¢ = .2, 1= 1 s master curve. The right-hand
column shows the ranking away from a measured decay as
given by the ¢ = .5, 1 = | s master curve. These results serve to
illustrate the following.

(1) As ¢ is reduced from 0.5 to 0.2, the differences in the
shape of the curve between master curves of diflerent
t are reduced and the confidence in the time-constant
determination is lessened. This is no more than the
familiar result obtained in the {requency domain,
That is, as ¢ appreaches 0.1, the phase spectrum
flattens, the peak in the phase spectrum becomes less
distinct, and the time constant becomes more poorly
determined.

(2) Figure 3 gives an indication of the order of rms
deviation required to achieve reasonably reliable
spectral parameters. An rms deviation between the
measured and master curve data on the order of |
percent is indicated. .

An important consideration in any time-domain spectral 1P
approach is the maximum resolvable time constant given a
fixed transmitied pulse time. Resolution will be in part a func-
tion of the diflerences in master curves as quantified by the rms
deviation. The differences measured between the 1 = 30 s and
the 1 = 100 s master curves are 3.06 percent for ¢ = 0.5 and 0.12
percent for ¢ = 0.1,

A number of unknown factors will be introduced when the
method is taken into the field. The performance of various IP
transmitters under the normal variety of load conditions is not
precisely known. Measured decays will display a reliability
which is a complex function of the design of the receiver, field
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F1G. 5. Measured data (20 point composite), best-fit master
curves, and calculated spectral parameters. Both 1P and induc-
tive coupling {IC) etlects are modeled. Array is dipole-dipole
witha = 100m,n = 6 with ¥, = 2.6 mV.

procedures, natural noise, ctc. Most conventional 1P targets are
not well modeled as a homogeneous earth. The role of spectral
IP parameters in minerals exploration is still in debate.

Given all of these factors, the method described herein has
been designed with reasonable compromise such that basic
spectral parameters can be determined using traditional field
procedures. Through such a scheme, spectral data over a wide
variety of targets may be collected to improve understanding of
the method reliability and function and to modify strategy to
best it the exploration problem at hand.

FIELD WORK

The results shown below have been taken from a variety of
field 1P surveys. Most of these surveys have been undertaken
without modification or special consideration for the determi-
nation of spectral parameters. The 1PR-11 receiver was used
exclusively. All of the datu were gathered with a pulse time of
2 s. A variety of crystal-controlied transmitters were used.
Analysis was, in all cases, effected by a specially prepared
application software set which is resident on a microcomputer
of common manufacture.

Decay curve analysis

Measured decays are shown in Figures 4 and §,

The time-domain decay shown in Figure 4 is taken from a
survey over a near-surface Canadian volcanogenic sulfide zone.
Array geomelry was pole-dipole with a spucing of 10 m and
n=1 to 6. The decay shown is from the n = 6 dipole. The
measured primary voltages were 3 685 mV (n = 1) and 1.2 mV
(n = 6). Apparent resistivity for the sixth dipole was 290 Q- m,
Eight transmit cycles were stacked or averaged to make the
reading.
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The fit is quite good with a deviation of 0.65 percent. The
observed chargeability (m,) is 283.1 mV/V. The Cole-Cole spec-
tral parameters are given as 582 mV/V (m), 30 s (1), and 0.3 (c).

Given the array style, a spacing, and a relatively resistive
host, no significant JC component was expected (Dey and
Morrison, 1973). Figure 5 shows a measured decay from dipole-
dipole survey in an arca of Australia with a considerable thick-
ness of conductive cover. More than 100 m of 50 2-m ground
are involved. The a spacing (100 m) and the n value (6) were
additional reasons to measure the early-time portion of the
decay. The decay shown is measured by sampling both early-
and late-time 10 point decays to give a composite 20 point
decay.

For the early-time measurement, 8 cycles were averaged with

APPARENT RESISTIVITY /100 {ohm-m)
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a V, of 2.6 mV. For the late-time measurement, 10 cycles were
averaged with a ¥, of 2.6 mV. Acceptable data quality is possi-
ble for such low primary voltages in large part because the
IPR-11 receiver timing is triggered off the signal from the first
potential dipole pair. Primary voltages in the n = 1 dipole in
both cases were greater than 400 mV.

For the IC component & ¢ value of | was assumed. The fitted
parameters for both IP and IC effects are shown on Figure S.
The theoretical decays for IP, IC, and the summed responses
are superimposed.

The IP fit is based on the 10 points of the late-time measure-
ment. The IC component decayed rapidly and had no measur-
able influence after 40 ms following shut-off. The theoretical IC
curve is a good approximation to the early-time decay after
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Fic. 6. Segment of results from an IPR-11 survey using the pole-dipole array with a = 10 m and n = 1 to 6. Shown are apparent
resistivity/100 (- m) cighth-slice chargeability (mV/V), Cole-Cole time constant {seconds) and exponent (c). Near-current clectrode

15 to the left of the potential electrode string.
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FiG. 7. Rms deviation as 4 function of primary voltage (V,) for
spectral fits from data shown in part in Figure 6.

subtraction of the 1P efiect. The first measuring point at 4.5 ms
after shut-off shows an anomalously high value. This value
causes the large rms deviation seen for the 1C component.

It was remarked carlier that impedances could be summed
without excessive error if time constants were sulficiently difler-
ent, Figure 5 shows the effective decomposition of a decay
curve into 1P and IC components where respective time con-
stants are less than one order of magnitude apart. The differ-
ence in ¢ values is influential in giving recognizably different
forms.

In the example cited, the IC component has died out before
seriously aflecting the 10 point 1P measurement from which the
spectral 1P parameters are determined. In extreme cases, induc-
tive effects may persist and the early sample points of the 10
point IP decay will be corrupted. Spectral parameters deter-
mined without removal of such inductive effects may be unre-
liable. In such cases, the early-time measurement is important
1o the proper definition of 1C eflects, separation of 1P and IC
decays, and determination of spectral parameters.

Pseudosection plots

The results of a portion of a time-domain induced polariza-
tion survey are shown in Figyre 6. Shown are the apparent
resistivity (divided by 100) in Q- m, the 8th slice chargeability
{690 10 1 050 ms) in mV/V, the time constant in seconds, and
the exponent ¢, Array geometry was pole-dipole, witha = 10 m.
The current trailed the potential electrode string, the whole
advancing 1o the right. The standard 10 point decay of the 2 s
receive mode was used throughout.

The arca is one of very resistive Precambrian basic volcanics
with bttle or no overburden. The line segment shown passes
into a broad zone of near-surfuce metallic sulfides of which
pyrite is the most common.

Two distinct zones are seen in the pseudosections. The left-
hand portion or host rock is an arca of high resistivities and
fow chargeabilities. The right-hand portion is an area of ex-

Table 1. Spectral parameters, average values. Spectral parameter sum-
mary for different array geometries. The data set for the survey line is a
portion of that shown in Figure 6,

¢ T D

Array Host Anomaly Total Agreement (%) (%)
Pole-dipole 0.26 0.27 0.27 100 217
Dipole-dipole 0.27 0.29 0.28 8 2.59
Gradient 0.10 0.17 0.13 75 240

tremely low resistivitics and high chargeubilities. The ground is
indeed so conductive under the “anomaly™ as to reduce pri-
mary voltages below that point at which a reliable 1P measure-
ment can be made.

The time constant shows a strong correlation with the two
zones, The time constant is uniformly low in areas of the host
rock and uniformly high over the anomaly. The spatial stability
of the calculuted time constant is promising given the low
inherent chargeabilities of the host and the sometimes low
primary voltages over the anomaly,

The ¢ values averaged 0.26 for the host and 0.27 for the
anomaly. These exponent values compare well with the 0.25
value suggested by Pelton et al. (1978) as the most expected
value.

The distribution of rms deviations as a function of primary
voltages is shown in Figure 7. In this example, the speciral fits
are equally good down to primary voltages of 1 mV below
which the rms deviations have become large, und the spectral
IP results are judged unreliable.

The same line segment was surveyed with both dipole-dipole
and gradient arrays. Average values of the ¢ value for the three
arrays used, for host and anomalous regions, are shown in
Table 1. The time-constant agreement column shows the per-
centage of calculated time constants which are within a factor
of three of those calculited using the pole-dipole array. The
gradient array time constints are compired with the nearest
plotied vertical average of time constants as determined using
the pole-dipole arcay.

The calculated time constants are reasonably stable and
independent of array geometry. The gradient array gives con-
sistently lower ¢ values. This is a reasonable result given that
the primary field in the gradient array will, in general, energize
a wider variety of polarizable targets. The measured decay may
be the resuit of the superposition of responses of possibly
diflerent time constants from more than one source,

Comparison with frequency-domain spectral results

In 1981, Selco Mining Corporation contracted Scintrex Ltd.
and Phoenix Geophysics Lid. to conduct spectral IP surveys on
five selected lines over the Detour deposit. Cole-Cole parame-
ters were determined independently by Scintrex working in the
time domain and by Phoenix working in the frequency domain,
Arriay setups were in ¢ach case dipole-dipole with a = 100 m,
n =110 6. Surveys were completed within one month of each
other over the same grid.




Johnson ‘

TIME DOMAIN

TIME CONSTANY - T~ {seconds)

6s as 2s BL 2N aN 6N 8N
I ML T ¥ L T T 1
o1 003 01 008 03 o
203 3 ()?:g) ° o woo. . %0 300
1 . .
¢ 0Og===
o 003 0 . . 003 003 03 03

°
EXPONENT - C
r T T T 1 T T R
\yﬂ 3 3 z
. 2 ) )
3 2 ) 2
3 2 . )
2 ) 2 2
2 a 3

FREQUENCY DOMAIN

TIME CONSTANT - J - {seconds)
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over line 8 W of the Detour deposit. Spectral parameters are omitted in the time-domain data where the rms deviation exceeds 7.5
percent.
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F1G. 9. Time-domain spectral IP results over a known gold producer. Deposit is centered some 50 m below station 450 8. An iron

formation is located near the baseline.
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The Detour zinc-copper-silver deposit is situated in the Abi-
tibi volcanic belt in northwestern Quebec. Three mineralized
zones have been identified. Most prominent metallic sulfides
are sphalerite, pyrite, and to some extent chalcopyrite. The
distribution patterns of zinc, copper, and silver are irregular at
times and inconsistent.

The Cole-Cole parameiers ¢ and t as determined by both
methods for a portion of line 8 W are shown in pseudosection
form in Figure 8. The line was traversed {rom north to south
with the current dipole trailing. Economic mineralization is
known at depths of 10 to 150 m and from statiops 1 S to 3 N,
Both methods produced a coincident apparent chargeability
high/apparent resistivity low with anomalous values from § S
to 7 N. From the time-domain data, average apparent
chargeabilities (610 to 1 050 ms) were up to 3 mV/V away from
the anomaly and, over 100 mV/V near station | N. Apparent
resistivities were on the order of 1 000 10 3 000 2 m (host) and
less than 100 £2- m over limited segments of the anomaly.

Both pscudosection pairs in Figure 8§ show relatively higher
time constants and exponent values over the center of the
deposit. A detailed comparison reveals a number of differences,
some of which may be caused by the following. The time-
domain data by current standards are noisy. Spectral parame-
lers were not plotted when the rms deviation exceeded 7.5
percent. Even with this rather high cut-off a number of plot
points in the time-domain pseudosection remain blank. Fixing
the exponent in the frequency-domain analysis may affect the
comparison.

This comparison suggests that both methods will produce
spectral parameters which are at least roughly equivalent. Re-
sults of this type would be more informative if they were of
better quality and more extensive. The work cited is, however,
the only controlled in-field comparison of the two methods
available at this time.

An exploration application

In 1983, the Ontario Geological Survey sponsored a series of
geophysical surveys by Scintrex Limited over known gold de-
posits in the Beardmore-Geraldton greenstone belt. The results
of this work are described in the open file report by Marcotte
and Webster (1983). Part of this work involved an IPR-11
survey on five lines over the Jellicoe deposit. Earlier gold pro-
duction came from a sheared silicified and brecciated zone of
quartz stringers and veinlets hosted by arkose. Mineralization
consists of gold and disseminated sulfides (pyrite, arsenopyrite,
and sphalerite) up to 10 percent locally. The deposit is centered
some 50 m subsurface. Overburden is moderately conductive
and of 10 to 20 m thickness. The host rocks are Precambrian
metasediments including arkose and greywacke. The deposit is
some 200 m south of an extensive and prominent iron oxide
formation.

The 1P survey was carried out using a pole-dipole array with
an a spacing of 25 m and n = ! 10 5. The results over one survey
ling are shown in pseudosection form in Figure 9. The apparent
resistivity, eighth-slice chargeability, Cole-Cole time-constant,
chargeability, and ¢ value are shown in contoured pseudo-
section form.

The deposit is centered at station 450 § and is seen as a broad
chargeability high. The apparent resistivity section shows no
marked coincident low. At the extreme north end of the line a
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resistivity low and strong chargeability high are indicated. This
is most probably an arca of barren sulfides, probably pyrite
associated with the iron formation.

The spectral 1P results are interesting from a number of
points of view. The time constant of the deposit is higher than
the host and yet noticeably lower than that indicated by the
barren sulfides near the baseline. The true chargeability
pseudosection has amplified the anomaly over the deposit. The
¢ values show an average value consistent with expectations.
The low ¢ values of 0.1 over the deposit suggest more than one
Cole-Cole dispersion may be present.

CONCLUSIONS

A method for extracting Cole-Cole spectral parameters from
routing time-domain IP measurements was developed, exer-
cised, and applied. Resolution over a broad range of time
constants was shown to be possible given time-domain decays
from transmitted waveforms with a pulse time of 2 s. The
apparent ¢ values are governed in part by the type of array
geometry used. Limited field tests demonstrated a coarse agree-
ment with results seen in the frequency domain,

Independent of the direct use of the spectral parameters, the
analysis procedure using the Cole-Cole model was found to
give a number of useful side eflects. The agreement between
measured and theoretical decay curves is an excellent way to
quantify the noise quality of the measured decay. Method
performance using a 2 s pulse time suggests a maximum resolv-
able time constant of approximately 100 s. This may be used to
predict pulse times required to resolve targets of longer time
constants.

Further developments could make good use of a forward
solution which can more adequately predict the spectral re-
sponse of more complex geologic models. More field work
involving both the time- and the frequency-domain spectral 1P
methods is required. More spectral 1P data from surface and
downhole surveys would extend our understanding of the
method and would contribute to its evolution,

The method appears a promising one for systematic appli-
cation to a variety of exploration problems. Ficld experience
with the method should suggest the best uses of the information
gained. Spectral IP results may be most usefu! when judged on
a prospect-by-prospect basis. In-field spectral calibration
through downhole and small-scale array studies and close liai-
son between geologists and geophysicists will be important.
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SUMMARY

Time domain induced polarization survey results over a variety of Canadian
volcanogenic gold deposits are presented. The results are accompanied by the
interpreted spectral parameters and the usefulness of such parameters is
discussed. A variety of geological interpretation problems are shown to be
simplified by spectral IP survey results. The time constant may be used to map
areas of fine grained disseminated metallic sulphides which experience has shown
to be favourable targets for gold. The true chargeability may be used as a more
accurate representation of the volume percent metallic sulphides. Spectral IP

parameters may be used to prioritize areas which may appear uninteresting in

conventional IP surveys.
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SPECTRAL IP: EXPERIENCE OVER A NUMBER OF CANADIAN GOLD DEPOSITS

Discussions about spectral 1P have appeared regularly in the literature for more
than ten years. Despite a high academic profile, the method has failed to make
a significant impact on routine IP surveys. The result to date has been a well
developed theory with too few examples of application to exploration problems.
Geophysicists remain unsure about cost benefits and cautious about'recommending

spectral analysis in their IP surveys.

This paper is intended to present data from a variety of surveys over a number
of gold prospects. All are taken from essentially routine time domain surveys
in which the spectral requirement was not considered important in advance and
did not result in significant additional survey costs. It is intended that

these examples will better illustrate the strengths and limitations of the

method. The cost benefits are examined.

When conducting spectral IP surveys in the time domain, field procedures are
effectively unaltered from conventional methods. That extra time required to
produce the better quality data at each station i1s compensated for by the
efficiencies of the new microprocessor controlled receivers. The spectral
analysis which i1s done in the field on a microcomputer is of value in the first
instance as a quality control device. Measured decays are compared to a suite
of master curves. The comparison yields an rms deviation which is used by the
operator to check data quality. Independent of the use of spectral parameters,

spectral analysis is an essential tool in high quality production IP surveys.

The spectral parameters so derived are, in essence, “free”.




Spectral IP should therefore be viewed more as the next step in the natural
evolution towards better IP/resistivity surveys and not as some e%otic or hybrid
technique suitable for special applications only. The latter is a more common
attitude when using frequency domain techniques where production rates suffer

from the requirement of sequential measurements at a number of frequencies.

Figure 1 shows the contoured chargeability data over the Jellicoe deposit in the
Beardmore~Geraldton area of Ontario. The gold i1s found in a sheared silicified
and brecciated zone of quartz stringers hosted by arkose. Disseminated metallic
sulphides (mainly pyrite), with concentrations greater than 10 percent locally,
are found in association with the gold. The deposit is centered some 60 m below
surface and under some 10 to 20 m of moderately conducting transported over-
burden. Hole to hole correlation of the mineralization is often complicated by

faulting and folding. An oxide iron formation lies 200 m north of the deposit.

The IP survey was done with a pole-dipole array employing an a spacing of 25 m
and n values of 1 to 5. The Scintrex IPR-11 receiver was used with a two second

pulse time,

The topmost contour map shows the seventh slice chargeability (690 to 1050 ms
after shutoff) .from the n=2 dipole. Thishtype of presentation is common for
conventional IP surveys. The deposit is roughly outlined by the 4 mV/V contgur
line in the center of the survey area. The largest IP response is moderate
(less than 8 mV/V) above relatively low (less than 2 mV/V) background values.
The pseudosections show this to be true for dipoles 2 to 5. There is no coin-

cident resistivity response, The iron formation to the north is seen as a more
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prominent chargeability high. A pipeline running NE-SW gives an equally large

response in the northwest corner of the area.

The lower contour map shows the Cole-Cole chargeability as derived from the
spectral analysis of measured decays. The IP anomaly over the deposit is

enhanced relative to background levels. The response is now more suited to that

expected from some 15% sulphides by volume at these depths, The conventional IP
response is quite modest and might be overlooked in a more complex electrical

environment. The Cole-Cole chargeability is thus more sensitive to small

variations in volume percent sulphides. The spectral IP presentation appears to

define the complex structure of the deposit more so than conventional IP,

Figure 2 is taken from an IP survey in an area of Manitoba with a geological
model similar to that described above - that is, gold in a relatively resistive
environment in association with disseminated metallic sulphides adjacent to an

iron formation. This type of model is thought to give an IP response character-

ized by:

- high apparent resistivities due to silicification
~ higher chargeabilities due to the metallic sulphides

- short Cole-Cole time constants resulting from the fine-grained nature of

the sulphides

Experience has shown this to be a promising IP signature for some types of

volcanogenic gold deposits.




The IP survey was conducted using a pole-dipole array with an a spacing of 100
feet and n values of 1 to 6. The IPR-1] receiver was used with a two second

pulse time.

The pseudosection in Figure 2 shows a broad chargeability high in an area of
moderate to high apparent resistivities. The chargeability anomaly is quite
wide and a drill location would be difficult to assign if no other information
were available. The Cole-Cole time constants as determined from spectral
analysis of the measured decays does show a segmentation of the IP anomaly into
areas of different time constants. The areas of low time constant values are

the preferred areas for follow-up.

Limited trenching has revealed a two foot thick zone of massive arsenopyrite and
pyrite with pods of sphalerite and galena at station 29+50S5. Prospecting away
from the showing indicates disseminated sulphides. HLEM surveys over the same

ground gave no response. Drilling is currently in pr&gress.

The spectral IP results illustrate the possibility of mapping based solely on
the IP characteristics (as opposed to volume percent) of metallic sulphides.
Conventional IP data are handicapped by the inability to map these character-
istics and by the mixing of different types of geological information, i.e.

grain size and percent sulphides.

These and other examples which illustrate the use of time domain spectral IP

data are presented. The spectral parameters so determined are shown to be
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important in assessing data quality and useful in interpreting IP survey
results. With modern receivers and analysis techniques, the method is very

cost~effective given the small additional cost associated with spectral IP in

the time domain.
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FIGURE CAPTIONS
Figure 1: Contoured chargeabilities in mV/V. Pole-dipole array with a=25 m,
n=] to 5. Seventh slice IPR-11 (690 to 1050 ms after shutoff) data

for the n=2 dipole shown in upper half. Cole-Cole chargeabilities in

mV/V for the same area and dipole number shown below.

Figure 2: Pseudosections showing apparent resistivity, sixth slice IPR-11 (510°
to 690 ms after shutoff) and Cole-Cole time constant, Pole-dipole

array with a=]100 feet and n values from 1 to 6.
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Northern Development
and Mines

March 2,1988 Your File: W8802-4
Qur File: 2.10824

Mining Recorder

Ministry of Northern Development and Mines
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Dear Madam:

RE: Notice of Intent dated February 16, 19 RECEIvEp
Geophysical (Induced Polarization) Survey
submitted on Mining Claims KRL-938863, et al
in the Township of Ball

The assessment work credits, as listed with the above-mentioned
Notice of Intent, have been approved as of the above date.

Please inform the recorded holder of these mining claims and so
indicate on your records.

Yours sincerely,

W.R. Cowan, Manager

Mining Lands Section
Mines and Minerals Division

Whitney Block, Room 6610
Queen's Park

Toronto, Ontario

M7A 1W3

Telephone: (416) 965-4888

pvDK:pl
Enclosure: Technical Assessment Work Credits
cc: Mr. G.H. Ferguson Resident Geologist
Mining & Lands Commissioner Red Lake, Ontario

Toronto, Ontario

Inlet Resources Ltd.
1275 Main Street W.
North Bay, Ontario
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Work Credits 2.10824

Date Minlnskﬁacorder's Report of
o,

February 16, 1988 - W8802-4

»  Ontario

i Ministry of
Northern Development
?r‘fines

Recorded Holder
Inlet Resources Ltd.

Township onNA(
Ball

Type of survey and number of
Assessment days credit per claim

Geophysical

Mining Claims Assessed

Electromagnetic days

Magnetometer days

KRL - 938864

Radiometric days

induced polarization days

938867 to
938874 to
938880 to
938885 to
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inclusive
inclusive
inclusive
inclusive
inclusive

Other days

904018-19
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. inclusive
Section 77 {19) See “Mining Claims Assessed” column

Geological days

Geochemical days

Man days [} Airborne ]
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to work dates and figures of applicant.

Special credits under section 77 (16) for the following mining claims
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938899-900

No additional credits approved for the Resistivity as this is part of the Induced
Polarization Survey.

The Mining Recorder may reduce the above credits if necessary in order that the total number of approved assessment days recorded on each claim does not
exceed the maximum allowed as follows: Geophysical - 80; Geologocal - 40; Geochemical - 40; Section 77{19) - 60,

828 (85112)
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