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Foreword

A series of geophysical surveys were conducted over 

two previously producing gold mines in the Beardmore- 

Geraldton Greenstone Belt. Historically the belt has 

been an important gold producer which warrants a modern 

exploration effort to fully assess its potential.

It was found that the IP (both in magnetic and 

electric modes), VLF, and to a lesser extent magnetic 

methods were all able to distinguish the formerly 

productive zones at the two test sites. The relative 

effectiveness of each method is discussed in this report 

The relevance of these results to other exploration 

projects within the belt must be judged on an individual 

basis, but a general standard for comparison with other 

sites is suggested.

E.G. Pye 
Director 
Ontario Geological Survey.
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A Report on Geophysical Surveys Conducted 
In the Beardmore-Geraldton Greenstone Belt

by 

Dave Marcotte and Blaine Webster

1.0 INTRODUCTION

During the months of March and April 1983, a series of geophysical surveys were 

conducted in the Beardmore-Geraldton area of northwestern Ontario. The surveys 

were supervised by the Ontario Geological Survey and were funded in part by a 

grant under the Northern Ontario Rural Development Agreement (NORDA) and in part 

by Scintrex Limited, who were engaged to carry out the surveys and to report on 

the results.

Induced polarization (IP), electromagnetic (EM), VLF-EM and magnetic surveys 

were conducted and an assessment of the effectiveness of each of the methods is 

presented here. Since the IP surveys were conducted in both the magnetic (MIP) 

and the electrical (EIP) modes, the relative effectiveness of each method is 

also discussed.

The Beardmore-Geraldton "greenstone belt" in northwestern Ontario has yielded 

over A million ounces of gold since attention was first focussed on the area 

some 60 years ago. Historically the area qualifies as the fifth most important 

gold camp in the Canadian Shield. Presently, however, production is very 

limited.

These surveys were meant to demonstrate how various geophysical methods might be 

employed to advantage within the belt. To this end, two sites were selected 

that each represent an example of a typical deposit within the belt. Explora-

Scintrex Limited, 222 Snidercroft Road, Concord, Ontario L4K IBS. 
Manuscript approved by Douglas H. Pitcher, Acting Section Chief, 
Geophysics/Geochemistry Section, August 29, 1983. 
This report was published by permission of E.G. Pye, Director, 
Ontario Geological Survey.
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The Geraldton test site is presently being explored by Dome Mines Limited under 

option from Key Lake Explorations Limited. This site was mined during the years 

1939-1941 by Jellicoe Consolidated Gold Mines Limited. At that time 5620 ounces 

of gold were recovered.

3. TEST PROGRAM

The purpose of the test program was to apply established (i.e. magnetics, VLF, 

EM, IP) geophysical methods at the two test sites and to report on the success 

of these methods in mapping economically interesting zones that have been 

located (and exploited) previously. The conclusions drawn from this exercise 

may then be of interest to others who are engaged in gold exploration within the 

belt. Listed in Table l are the methods which were used, the survey lines that 

they were applied to and other relevant information.

In addition to the field work summarized in Table l, a series of physical 

property studies were carried out on core samples drilled at the Geraldton test 

site. The properties that were measured include DC resistivity, AC conducti 

vity, magnetic susceptibility, chargeability and density.

Since MIP is, for the most part, an unfamiliar technique for exploration targets 

within the Canadian Shield, the field work was performed according to a hier 

archy that would allow for this method to be exercised fully. First, it was 

established whether or not an MIP signature existed over a known target. When 

this was established, the survey parameters were altered somewhat in order to 

approximate more realistic exploration conditions where the existence of a 

target is known with less certainty. When this was completed the other surveys 

were performed.



Table l
Test Program Coverage

Site Method

Geraldton MIP

Geraldton MIP

Geraldton MIP

Geraldton EIP

Geraldton EM

Geraldton VLF-EM

Geraldton Magnetics

Beardmore MIP

Beardmore 

Beardmore

Beardmore 

Beardmore

Beardmore

MIP 

MIP

EIP 

EM

VLF

Beardmore Magnetics

Line No. 

20E-24E

22E,23E 

22E,23E 

21E,22E,23E 

20E-24E

20E-24E 

20E-23E 

6E,7E,8E

7E,8E 

6E,7E,8E

L8E 

L6E-10E

L6-10E 

L6E-10E

Details

Current electrodes placed on 
L17E and L27E at 4-H)OS - 
frequency 3 Hz and l Hz.

Current electrodes at 2+50S on 
L17E and L27E - frequency l Hz 
and 3 Hz (L23E), 3 Hz (L22E).

Current electrodes at 5+OOS on 
L17E and L27E - frequency l Hz 
and 3 Hz.

Pole-dipole array, n-1-5, 
a-25m. Also gradient array

Frequency domain EM (Scintrex 
GENIE) frequency 1012/112, 
3037/112.

Transmitter station - Cutler 
Maine (NAA).

Total field and vertical 
gradient

Current electrodes at 1+50S on 
L3E and LIIE - frequency 3 Hz 
and l Hz.

Current electrodes at 4+OOS on 
L3E and LIIE - frequency 3 Hz 
and l Hz.

Current electrodes at 1+30N on 
L3E and LIIE - frequency 3 Hz 
and l Hz (L7E, L8E), 3 Hz (L6E)

Pole-dipole array n l-3, a=25m.

Frequency domain EM (Scintrex 
GENIE) - frequency 1012/112, 
3037/112.

Transmitter station Annapolis, 
Maryland (NSS) and Seattle, 
Washington (NLK).

Total field and vertical 
gradient.



4. GEOLOGY

4.1 Regional Geology

The geology of the Beardmore-Geraldton region has been reported on by Pye et al

(1965), Mackasey (1970) and Mason and Mcconnell (1983). What follows here has

been recovered from those sources.

The Beardmore-Geraldton greenstone belt (Figure l) is located 120 miles north 

east of Thunder Bay, Ontario, in the Superior Province of the Canadian Shield. 

The principal rock types include metasedimentary and metavolcanic units, 

intruded by felsic and mafic rocks. Strata within the belt has been meta 

morphosed to greenschist facies. Late Precambrian diabase sills and dikes 

intrude all rock types. Aeromagnetic data suggests that the belt continues to 

the southwest beneath Lake Nipigon.

The belt lies at the boundary of the Wabigoon (or Keewatin) and Quetico sub- 

provinces. The metasedimentary strata, which are economically and volumetri- 

cally the most prominent, consists of two lithologic units (Figure 1). The 

first unit in evidence primarily in the southern-most Quetico belt, is a thick 

sequence of uniform greywackes, siltstones and argillites. Overlying this unit, 

and north of it, are less uniform coarse grained metasediments including 

conglomerates, argillites, greywackes and iron formations. This latter unit is 

interlayered with metavolcanic rocks of the Wabigoon belt. These metavolcanic 

rocks include mafic to intermediate massive, pillowed and amygdaloidal flows and 

divide the two metasedimentary units. A less prominent felsic pyroclastic unit 

is in evidence in the northwest portion of the belt.



Within the main portion of the belt, major lineaments as well as the regional 

strike are oriented within 20 0 of east-west.

4.2 Economic Geology - Gold Mineralization

According to Mason and Mcconnell (1983), the known gold occurrences can be 

classified into one of three groups based on stratigraphic location and host 

rock lithology. These classifications are:

1) Southern mafic volcanic dominated belt.

2) Southern sedimentary dominated belt.

3) Northern felsic volcanic dominated belt.

Over 90X of the recorded gold production has come from deposits belonging to the 

second classification. In those cases the gold is most often quartz vein hosted 

in breccia or fracture zones or replacement sulphide zones within metasediments 

and felsic to mafic intrusions of the Wabigoon subprovince. The Geraldton test 

site is an example of the southern sedimentary type gold deposit, while the 

Beardmore test site is an example of the first type (southern metavolcanic 

dominated).

Emplacement of gold within the belt seems to have been structurally controlled 

and is frequently proximal to oxide iron formations. Consequently, in areas of 

limited bedrock exposure, geophysical methods, particularly magnetic surveys, 

have been employed that have added to the structural geology information.



4.3 Test Site Geology

1) Beardmore

Gold production was from a composite quartz-carbonate vein within a shear zone. 

This zone has been referred to in this report and elsewhere as the "Power 

Vein". The host rock group includes fine grained pillowed basalts that exhibit 

carbonate alteration, mafic flows, and some mafic tuffaceous rocks. The vein is 

relatively continuous throughout its 2100 metre strike length and is mineralized 

with arsenopyrite, pyrite, pyrrhotite, chalcopyrite, galena, tourmaline and 

gold, all in minor amounts. The ore zone extended from the surface to a depth 

of 600 metres where ore grades were no longer encountered even though the vein 

persisted.

Figure 4 is a pictorial geological cross section that shows the location of the 

target zones on line 8E. Whereas the Power Vein has seen extensive mine 

development, the zone "A and B" has not as yet been in production. This zone 

does show anomalous gold and was discovered by prospecting.

Bedrock exposure is approximately 70-80% at the site. Topography is character 

ized by a series of ridges and gullies; some quite steep. The ridges are 

composed of metavolcanic rocks, while the gullies are underlain by metasediments 

and are often partially overburden filled.

2) Geraldton

Unlike the other test site, there is no exposed bedrock at the Geraldton test 

site. The original discovery was primarily the result of geophysical data (a 

dip needle survey) and as such, the site presents a realistic test problem.

10
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The property is underlain by metasediments including iron formation, arkose and 

greywacke.

The gold production came from a sheared silicified and brecciated zone of quartz 

stringers and veinlets hosted by arkose. Mineralization consists of native 

gold, pyrite, arsenopyrite and some sphalerite.

Narrow quartz feldspar porphyry dikes which support anomalous gold minerali 

zation are known to exist throughout the property. In general, the gold values 

are irregular within the dikes and none have sustained production.

Figure 5 is a geologic cross section defined by drill results that shows sub 

surface geology between lines 23E and 24E.

5. DATA PRESENTATION

The surveys have resulted in a very extraordinary volume of data which is 

presented on plates numbered 1-52 and grouped together in Appendix 1. An index 

to all plates is found at the start of Appendix 1. All plates are page size. 

Horizontal scales are either 1:2500 (primarily pseudosections and contoured 

presentations) or 1:5000 (most profile presentations). Reference is made to 

these plates in the following sections.

12
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6. INSTRUMENTATION

With the exception of the VLF survey, all the data was collected with 

instrumentation manufactured by Scintrex Limited. Table 2 below lists the 

survey instrumentation that was used.

Table 2
Instrumentation

Survey Instrumentation

EIP TSQ-3 Transmitter, IPR-11 Receiver, Soft II
Microcomputer System

EM SE-88 GENIE Electromagnetic System

VLF-EM EM-16 VLF Receiver (manufactured by Geonics Ltd.)

Magnetics MP-3 Total Field and Vertical Gradient Magnetometer

MIP TSQ-3 Transmitter, IPRF-2 Receiver, MFM-3 Horizontal
Fluxgate Magnetometer

Physical Property CTU-2 Physical Property Testing System, SM-5 Digital 
Studies Magnetic Susceptibility Meter

7. SURVEY RESULTS - MAGNETIC INDUCED POLARIZATION

7.1 Survey Procedures

The Magntic Induced Polarization (MIP) method is the least familiar of those 

methods used in this program. While a thorough review of the principles of the 

method is deferred to Appendix 2, a few definitions follow.

The quantities measured in frequency domain MIP are:

1) Hp - Primary Magnetic Field (Gammas)

This is the horizontal component of the magnetic field due to current flow,

through the earth, between the current electrodes.

14



2) RPS - Relative Phase Shift (Degrees)

This is the phase shift between the first and third harmonics of the measured 

voltage, and is directly proportional to PFE; except where EM induction effects 

are present, in which case the RPS is largely unaffected.

3) PFE - Percent Frequency Effect (Percent)

This is the familiar EIP parameter.

In addition to these measured quantities, some derived parameters are used.

1) MMR - Magnetometric Resistivity (Percent)

MMR is the measured magnetic field minus the predicted uniform earth magnetic 

field, normalized for current electrode separation and current.

2) Hn - Nomalized Primary Magnetic Field (Percent)

This normalization is done by dividing Hp by the predicted uniform earth Hp.

3) Hsq - Quadrature Change and Hsp - In-Phase Change (Milliganmas/Amp)

These are derived from the RPS and PFE respectively. These tend to enhance 

subtle RPS/PFE anomalies in regions of low current density.

Parameters RPS, PFE, MMR, Hsq and Hsp are presented for all the MIP data within 

this report.

15



The method was employed in a fixed array with current electrodes separated by a 

distance of up to l km and placed parallel to the geologic strike. Survey lines 

were run perpendicular to strike. The length of the survey lines that were 

surveyed depended upon primary field signal strength (Hp). This in turn is a 

function of the applied current and of the current electrode separation 

(assuming a uniform earth). The diagram below illustrates these details.

S Survey lines \
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Figure 6

MIP Survey Field Configuration
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Note that the survey lines are inscribed within an envelope defined by the

dashed lines. Beyond this limit the normal current flow will be too oblique and

the primary signal too low for meaningful measurements to be made in most cases.

The magnetic field component measured in all cases was the horizontal field 

component along the line direction.

7.2 Low Signal Problems

In general, there are cases where very low primary signals preclude data collec 

tion within this envelope. This may be due to resistivity inhomogeneities that 

create local current depletions along segments of the survey lines.

This problem was in evidence at the Beardmore test site. In this case diffi 

culties were encountered in making efficient electrical contact to the ground at 

the current electrodes. This resulted in inadequate current passage through the 

ground. This was compounded by ground resistivity inhomogeneities that resulted 

in current channelling through narrow areas between current electrodes. The net 

result of these two factors was that only short segments of the survey lines 

experienced sufficient primary field signal (Hp) to yield acceptable MIP/MMR 

data (see plates 32-43). Identifying anomalies with any certainty from this 

data is difficult.'

This problem may be partially resolved by plotting data resulting from adjacent 

current electrode locations (or different "arrays") on the same set of axes, 

 fhis has been done as an example for L8E Beardmore (plate 43).
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This practice must be approached with caution as profile segments from adjacent 

arrays do not, in general, overlap with any continuity. This is a familiar 

problem with fixed source methods. Plate 43 shows that two of three profile 

segments from adj acent arrays appear to be continuous while the third segment 

seems to be independent of the others. In all the present cases when current 

arrays were placed in parallel, the resulting IP parameters appear to be 

continuous between arrays when the primary field data is also continuous at the 

junction. This factor may be used as a criterion when judging the validity of 

joining data from adjacent arrays.

From this data consolidation the interpreter might conclude that a zone of 

relative chargeability exists around station 1+50S. This location is directly 

adjacent to the approximate location of zones A and B.

7.3 Electrode Positioning

The issue of optimum electrode positioning is one that has only been alluded to 

in the previous section. In this section, general guidelines are given for 

current location selection and some examples are given of optimum and non- 

optimum transmitter dipole setups.

The current electrodes should be placed so that the area of interest falls 

within the envelope defined by the dashed lines in Figure 6. If possible the 

electrodes should be located along the surface trace of any known zone of 

interest.

18



Another important factor is maximizing the current transfer to the ground. 

Electrodes should be placed where contact resistance is minimized (in wet 

overburden for instance). The importance of this latter point was demonstrated 

(albeit unintentionally) at the Beardmore test site where bedrock exposure made 

electrical connection to ground very difficult.

Preferred transmitter electrode emplacement was demonstrated at the Geraldton 

test site. At this site a zone of disseminated sulphides has been drill 

indicated to a maximum depth of 100 m beneath stations 4+50S - 4+75S (Figure 

5). The target is hosted in relatively resistive metasedimentary rocks although 

the zone itself may be slightly more conductive than its host. A very 

conductive iron formation is in contact with the metasediments around station 

1+50S.

Three current dipole pairs were employed at this site. These were placed on 

lines 17E and 27E at stations 4+OOS, 5-K)OS and 2+50S. The results (plates 1-15) 

clearly indicate that the zone was adequately mapped for electrode pairs at 

4+OOS and 5-H30S (plates l to 12), but not identified at all for the current 

dipole pair at 2+50S (plates 13-15). This latter array did not identify the 

zone because it did not energize the zone. Instead current was channelled to 

the north of the zone through the conductive iron formation. This is indicated 

by the high MMR to the north of the line (over the iron formation) and the low 

MMR in the vicinity of the anomalous zone (plates 13-15).

This result suggests that in order to fully test an unknown area the electrodes 

should be placed so that most of the length of the survey lines experience 

adequate primary field signal.
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7.4 Depth to Source Estimates

It is possible to apply depth to source estimates to MIP results, providing they

are symmetric.

These estimates are in line with the familiar half width rules for potential 

field methods. As in the case for magnetic and gravity methods, half width 

rules for MIP /MMR data yield maximum depth estimates.

A vertical dike source may be modelled by a buried line current element. It can 

be shown that this model will give a half width "k" of 1.5, where k is used as 

follows:

Depth

Xj - half width - one half of the width
of the response curve measured at one 
half of the amplitude

This rule may be applied to any MIP/MMR parameter. Normal caution necessitated 

by half width rules should apply.

This rule has been applied to the MIP results from the Geraldton test site for 

L23E only. A reliable geologic section beneath this line (Figure 4) shows that 

the maximum depth to the anomalous source is 100 m. The various MIP/MMR 

parameters give a maximum depth of 100 - 120 m.

7.5 Frequency Independence

In most cases the MIP data was collected at two frequencies (3 Hz and l Hz). On

some days when ambient noise levels were high, data was collected with a 3 Hz
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transmit frequency only. Occasionally very high noise levels made data collec 

tion impossible at any frequency. The results of two frequency operation are 

quite clear; there are only minor differences in the data from each frequency.

This exercise demonstrated that the MIP response is frequency independent over 

the small range of frequencies used. This result is consistent with theory.

8. ELECTRICAL INDUCED POLARIZATION RESULTS

The electrical induced polarization results are presented on plates numbered 

18-24 (Geraldton test site) and 44-45 (Beardmore test site). In both cases the 

surveys were conducted with a pole-dipole array with an "a" spacing of 25 m and 

"n" values of 5 (Geraldton) or 3 (Beardmore). In addition, at the Geraldton 

test site a gradient array survey was run on the same lines as was the pole- 

dipole surveys (L21E-23E). In all cases, the 8th slice (My or 690 to 1050 

milliseconds on the IPR-11 receiver) for a pulse time of 2 seconds is presented.

The Geraldton test site data is high quality, relatively noiseless and shows a 

broad chargeability anomaly centered around station 4+50S. The amplitude of the 

chargeabilities over the anomalous zone is 4-8 mV/V, while the background 

chargeability is 1-4 mV/V. The anomaly, which seems to be from a single source, 

is apparent for all dipoles and displays no marked resistivity contrast. In the 

area of the chargeability high, the resistivity pseudosection shows little 

excursion from a horizontally layered earth response. Apparent resistivities 

vary from 300 to 400 ohm-m at surface (n-1) to 800 to 1100 ohm-m at depth 

(^5). These characteristics suggest a causitive body at a depth of burial of
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some 25 m, centered below station 4+50S. Furthermore, one might conclude that 

the body is of a conductivity similar to the host rock and occupies a width of 

at least 50 m centered around station 4+50S.

The geologic section (Figure 5) shows a single source at a depth of 50-100 m 

located at station 4+75S on L23E and another less extensive source at a depth of 

100 m located at station 4+30S. According to drill records, both sources are 

gold-bearing with disseminated sulphides including pyrite, arsenopyrite and 

minor pyrrhotite.

The gradient array EIP data over the same three lines show two sources with very 

subtle chargeability contrasts centered at 4+25S and 3+25S (plate 24). Gradient 

array chargeability anomalies are typically 3 mV/V above a background of 9 mV/V 

(4+25S) and l to 2 mV/V above a background of 10 mV/V (3+25S). The gradient 

survey indicates that the survey lines are underlain by resistive strata. No 

marked apparent resistivity low is consistently associated with either charge 

ability anomaly.

One line of EIP data was collected at the Beardmore test site (plate 44). As 

with the MIP survey at this site, difficulties were encountered in making 

electrical contact with the ground. Consequently these data include a higher 

noise component than the Geraldton test site data. However, some features are 

recognizable.

High chargeability (20 to 30 mV/V with a background of 5 to 15 mV/V) and low 

apparent resistivity (500 to 1000 ohm-m with a background of 2,000 to 10,000
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ohm-m) values were encountered around station 3+75S. The source of this anomaly 

is thought to be shallow, 0-25 m wide, steeply dipping and relatively 

conductive.

A moderate chargeability anomaly (10 mV/V over background values) was located 

adjacent to zones A and B (Figure 6) around stations 1+50S - 1+75S. The source 

of this anomaly appears to be shallow, narrow and moderately conductive. The 

poor quality of the EIP data and the limited depth of investigation precludes, 

however, any detailed conclusions on the source of the chargeability anomalies 

seen.

A third anomalous zone located directly north of the baseline was not adequately 

sampled due to the very poor electrical contact that was encountered there. The 

source of this anomaly is most likely the graphite and sulphide mineralization 

associated with the Power Vein (Figure 4).

Subsequent to the field work, the EIP data was processed in order to extract 

spectral information. The results of this effort are summarized on plates 21-23 

(Geraldton) and plate 45 (Beardmore).

The spectral IP response is fully described in the time domain by three derived 

parameters (Seigel et al, 1980). These are:

1) Chargeability Amplitude - M (mV/V)

This parameter represents the extrapolated chargeability at time^O of the 

measured IP decay curve (y intercept). This is the true chargeability as
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defined by Seigel (1959) being the ratio of the voltage immediately after to the 

voltage immediately before the cessation of an infinitely long charging current.

2) Tine Constant — tau - T (seconds)

Tau is the time constant of the IP decay curve. It is thought to be indicative 

of source grain size, i.e. as grain size increases tau increases.

3) Curve Shape Parameter - c (dlnensionless)

This parameter is the dimensionless exponent to the Cole-Cole impedance model 

and is considered an indication of population distribution (cs0.5 results from 

single grain sized source and cs0.1 represents a mixed population).

Spectral information is extracted from the IP data set through application of 

software developed by Scintrex specifically for this purpose. The program 

(termed IPR-11 SOFT II) matches measured IP decay curves to Cole-Cole impedance 

model curves and lists (or plots) the appropriate values of tau, c and M.

The spectral data thus derived for lines 21E, 22E and 23E at the Geraldton test 

site dramatically reflect the anomalous zone around station 4+50S. In the area 

of the anomalous zone, the chargeability amplitudes peak at a 275 to 300 mV/V. 

The background values are in the order of 25 to 100 mV/V. The contrast in this 

fitted chargeability is markedly better than that seen with the raw data (see 

plates 8 to 20 inclusive). What in pseudosection form initially appeared as a 

rather weak anomaly is better defined when seen through the spectrally derived 

chargeability amplitude. Furthermore, time constants that are associated with 

the anomaly are longer than the background time constants, by a factor of 2-4
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orders of magnitude. In the area of the chargeability high, however, the c 

values are low and time constants are consequently less well determined. The 

consistent pattern on all three survey lines of anomalous behaviour in the three 

derived spectral parameters is most encouraging. Time domain spectral IP would 

be a most useful adjunct to conventional IP in any exploration program in this 

area.

The iron formation at the north end of the lines is similarly indicated on the 

chargeability amplitude and time constant pseudosections. It is interesting to 

note that the time constants in the area of the iron formation are appreciably 

larger than those seen over the target. A different mineralogy is suggested. 

Again, the spectrally derived parameters compliment the conventional IP/ 

resistivity data set.

For both the iron formation and mineralized zone the c (or curve shape) values 

are slightly lower than background (0.2-0.1 for the anomalous zones and 0.2-0.3 

outside of the anomalous zones). This suggests a wide range of grain sizes 

associated with the two anomalies.

The spectral data from L8E Beardmore (plate 45) is extremely variable. Charge 

ability anomalies that were recognized along this line have spectral signatures, 

but they are less well defined. As the derivation of spectral parameters is 

based on matching measured with master decay curves, poor quality data will 

result in erratic behaviour of M, tau and c.
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The contoured pseudosection of tau values does show high time constants (10 to 

100 seconds) associated with the three chargeability anomalies (stations BL, 

2+OOS, 3+75S). These locations also show higher than background values for 

chargeability amplitude. The c values are generally low (0.1 to 0.3) 

throughout.

9. VLF-EM AND GENIE-EM SURVEYS

Both of these methods were used at both test sites. At the Beardmore test site 

two VLF stations (Annapolis, Md. - NSS and Seattle, Wash. - NIK) were utilized. 

At the Geraldton test site the only transmitter station used was Cutler, Maine 

(NAA). This data is presented as Fraser filtered (Fraser, 1969), contoured 

in-phase component on plates 26 (Geraldton) and 47 and 48 (Beardmore).

The GENIE surveys were conducted with a transmitter-receiver separation of 50 m 

and a sampling interval of 25 m. At both sites two frequency ratio pairs were 

measured (1012 Hz/112 Hz, 3037 Hz/112 Hz). The coil separation is consistent 

with near vertical targets at depths of burial from O to 50 metres. The 

frequency pairs used should provide the best signal-to-noise ratio for EM 

targets commonly sought after with audiofrequency moving source ground electro 

magnetic systems.

The Geraldton test site anomaly proved not to be a very suitable EM target. The 

GENIE results (plate 25) show no anomalous response over the mineralized zone. 

This is consistent with the absence of significant contrast in apparent resis 

tivity seen in the EIP surveys. The unusual response on line 24E is most
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probably due to conducting swamp sediments that underlie this line. An argument 

could be made for a second pass with the GENIE using coil separations in the 

area of 100 metres.

The VLF results from the Geraldton test site (plate 26) indicate an anomaly 

continuous across all lines and centered at station 4+OOS. The response is 

quite subtle but the existence of a conducting zone that was suggested by the 

MMR data is confirmed by this survey. The geometry and physical property 

characteristics of that which is causing the VLF response at or near station 

4+OOS is that which has defeated both electrical resistivity and moving source 

audio frequency electromagnetics. One could conclude that the feature is too 

subtle (in resistivity) and too small (in depth extent and/or thickness) to be 

detected by these survey methods. Both the MMR nor VLF data are consistent with 

the suggestion that the source of the anomalies is the target zone itself.

The geology of the Beardmore test site was much better suited to exploration 

with electromagnetic techniques. Both surveys identified zones of highly 

conductive material (plates 46-48). The GENIE and VLF surveys mapped two 

anomalies, each of which are well correlated line to line. These are centered 

on station 3+75S and on station BL-0+25S. A third conductive zone was indi 

cated by the VLF surveys at station 2+OOS - 2+50S. The baseline anomaly is 

probably due to the sulphide and graphite mineralization that is proximal to the 

gold-bearing Power Vein (Figure 4). The other gold-bearing structure (zone A 

and B in Figure 4) was not delineated by the GENIE survey. The VLF anomaly 

occurring at station 2+OOS - 2+50S, however, may be due to this or related 

sources.
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10. TOTAL FIELD AND VERTICAL GRADIENT MAGNETIC SURVEYS

Measurements of the total magnetic field and -the vertical gradient of the field 

were made at both sites. These data are presented on plates 27-31 (Geraldton 

test site) and on plates 49-52 (Beardmore test site).

The data from the Geraldton test site is characterized by large magnetic 

responses (of up to 10,000 gammas) at the north end of all the lines peaking 

around station 2+50S. This anomaly is due to an iron formation that is known to 

be in contact with the productive arkose and greywackes to the south. The 

presence of the iron formation creates considerable regional overprint over most 

of the lines.

A total field magnetic anomaly of up to 150 gammas and a near-coincident 

vertical gradient anomaly of up to -100 gammas/m can be seen in the neighbour 

hood stations 4+75S to 5+OOS on lines 21E-23E. This anomaly is offset by 25 m 

from the production zone.

Known gold deposits in this belt are often spatially related to deformation in 

the metasediments and replacement sulphides in brecciated or fractured zones. 

Therefore, subtle magnetic responses such as this one may indicate structural 

deformation which may be related to gold mineralization.

The Beardmore test site magnetic data is much more variable than the Geraldton 

data set. A flat lying diabase sheet that underlies the grid at a depth of 

150 m, and numerous diabase dikes are probable causes for the irregular nature 

of the data. Some trends are recognizable however.
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The "Power Vein" that sustained gold production from 1934-1941 is identified by 

a substantial magnetic response near the baseline of greater than 1000 gammas 

over background.

The conductor located at station 3+50S by the GENIE and VLF surveys is not 

systematically identified in the magnetic or vertical gradient data. The GENIE 

data suggests that this zone is discontinuous and the irregular nature of the 

magnetics at this location bears this out. Unfortunately, the source of this 

anomaly has not been defined geologically.

Also recognizable from both the total magnetic field and the vertical gradient 

data is zone A and B (Figure 4) at station 2+OOS. This zone is identified by a 

positive total field and vertical gradient anomaly on lines 9E, 8E.

11. PHYSICAL PROPERTY STUDIES

It was intended that a series of physical property tests would be carried out on 

core samples from both test sites. Measurements were to be made for magnetic 

susceptibility, density, chargeability and electrical conductivity (or resis 

tivity). Depending on the range of values seen, the electrical conductivity 

was to be measured either inductively (for very conductive samples) or electri 

cally (for resistive samples).

Unfortunately this part of the program did not go as desired. No core was 

available from the Beardmore test site and core from the Geraldton site did not 

include samples from the mineralized zone. Some 30 core samples were supplied 

by Dome Mines. All samples are from the host rock.
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Measurements for desired physical properties were attempted on the core 

provided. Only the density measurements proved reliable and these results are 

presented in Table 3. Other physical properties proved to be outside the range 

measurable by the instrumentation used. Certain quantitative conclusions can be 

drawn, however.

a) Magnetic Susceptibility: All samples showed a volume magnetic suscepti 

bility less than or equal to 0.1 x 10~3 CgS units. This is the low end limit of 

sensitivity of the sensor used and one can only conclude that none of the 

samples showed any appreciable (in terms of exploration geophysics) magnetic 

susceptibility.

b) Electrical Conductivity (or resistivity): Both methods for measuring this 

parameter indicated high electrical resistivities. In all cases the sample was 

below the range of the sensor (inductive measurement) or so resistive as to 

render the electrical measurement impossible. One would conclude that the host 

rock (as sampled in drill holes) in the Geraldton test area is relatively 

resistive (i.e. greater than 1000 ohm-metres).

c) Chargeability: This measurement is based upon a successful electrical 

measurement of electrical conductivity. As this was not achieved, no remarks 

can be made concerning the chargeability of the core samples.
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Table 3
Physical Property Test Results

Sample No.l

195-3/18.3
195-3/36.1
195-3/48.0
195-3/57.6
195-3/121.2
195-3/133.5
195-4/18.6
195-4/30.1
195-4/50.4
195-4/75.2
195-4/127.8
195-4/144.8
195-4/157.2
195-4/184.6
195-4/195.1
195-4/200.5
195-4/209.9
195-15/15.2
195-15/32.9
195-15/80.1
195-15/96.2
195-15/115.9
195-15/120.0
195-15/144.5
195-15/151.5
195-20/15.0
195-20/34.0
195-20/50.0
195-20/108.1
195-20/132.0

Description

Greywacke
Arkose
Arkose
Arkose
Greywacke
Greywacke
Greywacke
Greywacke
Greywacke
Greywacke
Greywacke
Arkose
Arkose
Greywacke
Greywacke
Arkose
Arkose
Arkose
Arkose
Arkose
Arkose
Greywacke
Greywacke
Greywacke
Greywacke
Arkose
Arkose
Arkose
Arkose
Greywacke

Density

90
92
99
96
96
96
92
02
96
92
96
94

2.97
2.95

92
95
99
81
88
00

2.95
2.97
2.89
3.01
2.95

96
88
98
96

2.85

Note 1: All samples are from the four drill holes shown in Figure 5. Sample 
numbers identify the drill hole number (i.e. 195-3) and the depth in metres 
(i.e. 18.3).
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12. GENERAL INTERPRETATION - BEARDMORE

The Beardmore test site proved to be the most rigorous test site as geological, 

topographic and logistic conditions were all less than ideal. In spite of these 

difficulties, the gold hosting strata were identified to a greater or lesser 

extent by most of the survey methods employed.

In particular, mineralization associated with the Power Vein which supported 

gold production from 1934-1941, was recognizable from the GENIE, VLF, EIP and 

magnetics surveys. This zone was not identified by the MIP/MMR surveys probably 

because it was not adequately energized by the applied current.

The second gold-bearing zone, referred to as zone A and B (Figure 4) was not 

identified by the GENIE data but the MIP survey identified slightly conductive 

strata that is directly associated with a subtle chargeability anomaly around 

station 1+50S - 2008. The VLF results from transmitters located at Seattle and 

Annapolis, and the EIP data also identified the relatively conductive strata in 

this area.

Prominent anomalies were located around station 3+75S by the VLF, EM and IP 

surveys. The source of this anomaly is interpreted to be shallow and relatively 

conductive. The MIP response around this station is moderately lower than the 

local background. This response is similar to the type response for enclosed, 

conductive sources. Classically, these sources yield negative RPS, positive PFE 

and very high positive MMR.
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In general, the Beardmore test site was somewhat inappropriate for exercising 

the electrical methods due to the inefficient electrical contact to ground 

caused by a lack of overburden. Also, the presence of diabase sheets and dikes 

contaminated the magnetic data to the point that it is difficult to assess the 

usefulness of magnetic surveys in this environment.

However, the electromagnetic surveys were invariably the most effective in 

identifying conductive zones that are, at this site, related to zones of gold 

mineralization.

13. GENERAL INTERPRETATION - GERALDTON

The Geraldton test site provided a more favourable environment for exercising 

electrical methods both because of ease in making electrical contact to the 

ground and because the zone of interest is primarily an IP target with little or 

no resistivity or magnetic contrast.

The MIP survey defined a chargeability and MMR anomaly located on lines 20E-24E 

centered around station 4+5OS. At this location, disseminated sulphides have 

been sampled by diamond drilling to a depth of approximately 100 m (Figure 5).

The anomaly may be due to two distinct zones (at 4+50S and 3+25S) as both the 

gradient EIP and the MIP profiles are double peaked. The drill results do not 

explain both sources since drill information is lacking around 3+25S. Aside 

from anomalous chargeability values, the existence of the zone is suggested by 

the MMR results. The MMR data indicates a conductive source centered at 4+25S 

as well as relatively conductive sources centered at 3+25S and 6+OOS.
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The anomalous source at 4+25S also has a subtle magnetic signature associated 

with it. On lines 21E-23E (plates 29-31) a negative vertical gradient anomaly 

is located around 4+75S. This is probably not directly due to the anomalous 

source (it is offset by 25-50 m) but it may be a reliable marker.

An iron formation in contact with the gold bearing metasediments was identified 

by the magnetic, MIP, VLF and EIP surveys. The very high magnetic relief due to 

this unit was an obstacle in the presentation of the magnetic data, since coarse 

scales had to be chosen in order to accommodate the full response range. No 

attempt was made to remove this regional overprint from the magnetic data prior 

to presentation.

The data from this test site is well suited to a discussion of the relative 

effectiveness of the EIP and MIP methods. The mineralized zone is an ideal IP 

target while it is not obviously amenable to other survey methods. Furthermore, 

the induced polarization technique is logistically appropriate at this site as 

there are no electrical contact problems.

Both EIP and MIP were successful in identifying the mineralized zone. The MIP 

data more clearly resolved the two sources and the sensitivity of the MMR 

measurements was well suited to mapping the zone which has only a slight 

conductivity contrast. However, the MIP method was inadequate when the zone was 

not properly energized due to unfavourable electrode positioning (plates 13-15).
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The EIP and MIP noise envelopes are proportionally similar, but excessive 

external magnetic field noise precluded MIP data collection for 20-25% of the 

field time. This factor can be offset by the higher MIP production rates

14. CONCLUSIONS AND RECOMMENDATIONS

This study was undertaken in order to test and outline the geophysical methods 

which can be employed to advantage by those engaged in gold exploration within 

the Beardmore-Geraldton Greenstone Belt. To do this, commonly available 

geophysical methods have been used over two documented targets which have been 

gold producers. The relative merits of each method in each test area has been 

noted.

As a consequence of this work, conclusions can be drawn that may be applied to 

areas that are less well understood, either in this greenstone belt or in 

geologically analogous areas. These conclusions are outlined below.

1. For Geraldton test site type targets (sedimentary hosted, sulphide related 

gold deposits), the IP methods (both magnetic and electric) are well 

suited. The selection of IP mode (magnetic or electric) is dependent on the 

nature of the anticipated target. The magnetic mode has been shown to be 

superior in resolving closely placed sources, and in identifying narrow, 

slightly conducting zones. The success of the electric mode does not depend 

on a judicious placement of the current electrodes. The electric mode has 

the added benefit of spectral information which may help to confirm the 

location of targets that respond only subtly to the conventional parameters.
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2. The VLF method may be of some limited usefulness in identifying gold-bearing 

shear zones such as the Geraldton target. VLF should be used over such 

targets in conjunction with both IP and magnetic surveys.

3. The magnetic method (both vertical gradient and total field) is beneficial 

in identifying folds which are preferred sites for gold deposition in the 

Geraldton area.

4. The EM technique used in this test was not effective in mapping the gold 

producing zone at the Geraldton test site.

5. The EM methods (both VLF and GENIE EM) were effective in identifying the 

conductive zones at the Beardmore test site.

6. The magnetic method was somewhat ineffective in identifying subtle magnetic 

signatures associated with gold mineralization where diabase sills and dikes 

occur in abundance. This was the case at the Beardmore test site and may 

hold at other locations in the southwest part of the Beardmore-Geraldton 

Belt.

7. The electrical methods may not be well suited to exploration properties 

around Beardmore where extensive outcrop precludes efficient electrical 

contact to ground.
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PLATES





1-1

 Plate Index

Plate No. Title

1 L20E Geraldton MIP parameters. Electrodes at 4+OOS.

2 L21E Geraldton MIP parameters. Electrodes at 4+OOS.

3 L22E Geraldton MIP parameters. Electrodes at 4+OOS.

4 L23E Geraldton MIP parameters. Electrodes at 4+OOS.

5 L24E Geraldton MIP parameters. Electrodes at 4+OOS.

6 Geraldton site - HSQ contour (l Hz). Electrodes at 4+OOS

7 L20E and L21E Geraldton MMR. Electrodes at 4+OOS.

8 L22E and L23E Geraldton MMR. Electrodes at 4+OOS.

9 L24E Geraldton MMR. Electrodes at 4+OOS.

10 L22E Geraldton MIP parameters. Electrode at 5+OOS.

11 L23E Geraldton MIP parameters. Electrodes at 5+OOS.

12 L22E and L23E Geraldton MMR. Electrodes at 5+OOS.

13 L22E Geraldton MIP and MMR. Electrodes at 2+50S.

14 L23E Geraldton MIP parameters. Electrodes at 2+50S.

15 L23E Geraldton MMR. Electrodes at 2+50S.

16 Geraldton site MMR contour. Electrodes at 4+OOS.

17 Geraldton site HN contour. Electrodes at 4+OOS.

18 Pole-dipole array pseudosection L21E Geraldton.

19 Pole-dipole array pseudosection L22E Geraldton.

20 Pole-dipole array pseudosection L23 Geraldton.

21 Pole-dipole array spectral pseudosection L21E Geraldton.

22 Pole-dipole array spectral pseudosection L22E Geraldton.

23 Pole-dipole array spectral pseudosection L23E Geraldton.
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Plate No. Title

24 Gradient array chargeability and apparent resistivity. 
 Lines 21E-23E Geraldton.

25 GENIE profiles L20E-L24E Geraldton.

26 Geraldton test site contoured filtered VLF.

27 Geraldton test site total magnetic field contours (L21E-23E)

28 L20E Geraldton. Total magnetic field and vertical gradient.

29 L21E Geraldton. Total magnetic field and vertical gradient.

30 L22E Geraldton. Total magnetic field and vertical gradient.

31 L23E Geraldton. Total magnetic field and vertical gradient.

32 L7E Beardmore MIP parameters. Electrodes at 4+OOS.

33 L8E Beardmore MIP parameters. Electrodes at 4+OOS.

34 MMR profiles Beardmore L7E-8E. Electrodes at 4+OOS.

35 L6E Beardmore MIP parameters. Electrodes at 1+50S.

36 L7E Beardmore MIP parameters. Electrodes at 1+50S.

37 L8E Beardmore MIP parameters. Electrodes at 1+50S.

38 MMR profiles Beardmore L6E-8E. Electrodes at 1+50S.

39 L6E Beardmore MIP and MMR. Electrodes at 1+30N.

40 L7E Beardmore MIP parameters. Electrodes at 1+30N.

41 L8E Beardmore MIP parameters. Electrodes at 1+30N.

42 MMR profiles Beardmore L7E and 8E. Electrodes at 1+30N.

43 L8E Beardmore MIP/MMR, composite profile. Electrodes at 
 4+OOS, 1+50S, 1+30N.

44 Pole-dipole array pseudosection L8E.

45 Pole-dipole array spectral psuedosection L8E.

46 GENIE profiles L6E-10E Beardmore.
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Plate No. Title

47 Beardmore test site contoured filtered VLF (NSS).

48 Beardmore test site contoured filtered VLF (NLK).

49 Beardmore test site total magnetic field contour (L6E-10E).

50 L10E and 9E Beardmore. Total magnetic field and vertical 
gradient.

51 L8E and 8E Beardmore. Total magnetic field and vertical 
gradient.

52 L6E Beardmore. Total magnetic field and vertical gradient.
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PLATE 3: L22E GERALDTON MI P PARAMETERS, ELECTRODES AT 4+OOS,
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PLATE 5: L24E GERALDTON MI P PARAMETERS, ELECTRODES AT 4+OOS,
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PLATE 7: L20E AND L21E GERALDTON MMR, ELECTRODES AT 4+QOS
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PLATE 8: L22E AND L23E GERALDTON MMR, ELECTRODES AT 4+OOS,
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PLATE 10: L22E GERALDTON MI P PARAMETERS, ELECTRODES AT 5+OOS,
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PLATE 11: L23E GERALDTON NIP PARAMETERS, ELECTRODES AT 5+OOS,



L. 22 E
20 i- -|2O

greywacke 
arkosic greywacke

Surface

- 20m

-J 40m

silicified arkose
Highly silicified 
with sulphides 

-t-Au

PLATE 12: L22E AND L23E GERALDTON MMR, ELECTRODES AT 5-KDOS
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PLATE 13: L22E GERALDTON MI P AND MMR, ELECTRODES AT 2+50S,
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PLATE 14: L23E GERALDTON MI P PARAMETERS, ELECTRODES AT 2+50S,
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PLATE 15: L23E GERALDTON MMR, ELECTRODES AT 2+50S,
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PLATE 16: GERALDTON SITE MMR CONTOUR, ELECTRODES AT 4+OOS,
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PLATE 24: GRADIENT ARRAY CHARGEABILITY AND APPARENT RESISTIVITY, 
LINES 21E-23E GERALDTON,
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PLATE 25: GENIE PROFILES L20E-L24E GERALDTON,
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THE MAGNETIC INDUCED POLARIZATION (M l P) METHOD

HAROLD O. SEIGEL*

The magnetic induced polarization (MIP) 
method derives information relating to the in 
duced polarization characteristics of the earth 
through measurements of the magnetic fields 
associated with galvanic current flow. In the time 
domain, transient magnetic fields due to polariza 
tion current flow are measured. In the frequency 
domain, either the change in magnetic field with 
frequency or the phase shift of the magnetic 
field at a single frequency may be measured.

The MIP method responds to regions of anoma 

lous polarization, rather than providing physical 
property information. It tends to emphasize in 
duced polarization effects in highly conducting 
bodies. It has special merit in certain problem 
areas, for example, where highly conducting over 
burden exists, or where the surface conditions 
render ground contact difficult.

The results of field tests are presented where 
surveys using the MIP method have been carried 
out over "massive" and disseminated types of 
sulfide bodies or graphitic zones.

INTRODUCTION

The method of geophysical prospecting which 
we know as the induced polarization (IP) method 
was first conceived and put into use in 1948. The 
time domain techniques were developed and em 
ployed by the Xewmont group in 1948 (Wait, 
1959), and the frequency-domain techniques fol 
lowed some 5 years later largely through the 
initial efforts of the MIT group (Marshall and 
Madden, 1959). Since that time both technqiues 
have been in active, successful, and somewhat 
competititive use in mineral exploration through 
out the world. An article by the writer (Seigel, 
1970) reviews the recent state of the IP art for 
both domains.

There is little doubt remaining in the minds of 
the worldwide mineral exploration community 
that the IP method provides a unique tool for the 
detection of certain types of sulfide ore deposits 
of low intrinsic conductivity, in particular, the 
porphyry coppers and the bedded lead-zinc de 
posits. Its advantages over other geophysical 
methods in the detectability of such deposits 
have been clearlv demonstrated. It is also estab 

lished, however, that the method has shortcom 
ings, both theoretical and practical. IP is known 
as a ponderous and, therefore, costly method. Its 
cost, per unit of survey line covered, is commonly 
two to four times that of a ground electromag 
netic survey, and five to ten times that of a 
magnetometer survey. Despite attempts to re 
move the restriction (Hohmann et al, 1970), the 
method has remained strictly attached to the 
ground with the attendant requirements for line 
cutting and human transport. The necessity of 
making good ground contact with both current 
and potential electrodes has been a major im 
position in areas of loose, dry (sandy), or frozen 
soil.

On the more theoretical level, the IP method 
suffers from a limitation imposed by "masking 
effects' 1 associated with extreme resistivity con 
trasts. This problem occurs when there is a highly 
(ionic) conducting layer, either surface or sub 
surface, which tends to short-circuit the electrical 
voltages and thus mask the effects which might 
arise from buried, metallic conducting bodies. A 
series of interbedded conducting and resistive

Presented at the 41st Annual International SEC Meeting, November 9, 1971, Houston, Tex. Manuscript received 
by the Editor April 6, 1973; revised manuscript received November 26, 1973.
* Scintrex Ltd., Concord, Ont., Canada L4K 1B5
(c) 1974 Society of Exploration Geophysicists. All rights reserved.
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layers lying between the surface and a polarizable 
body will effectively mask the IP response of 
such a body.

The IP workers have learned to live with these 
limitations and to accept them as a consequence 
of some immutable law of nature, always to be 
part of our geophysical burden. The present paper 
will demonstrate that some of these limitations 
are not necessarily so fundamental nor per 
manent. As has been shown (Hohmann et al, 
1970), it would appear necessary that the ener 
gizing IP current should be passed galvanically 
through the ground. It is not fundamental, how 
ever, that IP measurements may only be made by 
measuring electrical voltages on or in the ground. 
Measurements of magnetic fields on or over the 
ground, due to current passage in the ground, can 
also give information as to the IP characteristics. 
It is the object of this paper to present the theore 
tical and experimental basis of an IP method 
employing magnetic field rather than electric 
field measurements. We will call this method the 
magnetic induced polarization (MIP) method. 
We use the term "method" rather than "tech 
nique" for MIP because, as we will see below, it 
differs in several fundamental respects from the 
traditional electric field IP method (EIP).

THEORETICAL CONSIDERATIONS

In this section, the mks system of units will be 
employed throughout. We will also, for simplic 
ity, ignore the magnetic fields of the current in 
the power cables feeding current into the ground.

Basis of method
There are two ways of approaching the theoret 

ical representation of the method. Both may be 
derived from the writer's presentation of the 
mathematical basis of the EIP method (Seigel, 
1959). The first relates to the derivation of the 
time domain response based upon a volume di 
polar distribution of current sources. It is shown 
therein (p. 550) that the potential* at an exterior 
point P (Figure 1) due to a volume distribution of 
dipolar (IP) sources in a polarizable medium may 
be represented by:

1 f f -v-ve
= — II —— rfo

4jr v/ J s (j-r

l r r f l /M\-- -div(-)./:. 
4*J J Jr r \ a )

(D

where M is the dipolar current moment = —wj, 
m is the chargeability of the medium, and j is the 
current density vector. Mn is the normal com 
ponent of M out of the surface 5 bounding the 
volume I", and cr is the conductivity of the ex 
terior medium.

Xow, in the absence of free current sources 
within the polarizable medium and, in ihe case 
that m and a are constant, the volume integral 
vanishes, leaving

i r r Mn~ — — ds.
4ir J J .s CT-r

(2

Thus, the potential distribution (and current 
flow) in the exterior medium due to polarization 
effects in the interior medium is equal to that of a 
distribution of current sources, on the surface 
bounding the interior medium, with amplitude 
equal to the normal component of the vector 
M = —m). The interior polarization current flow 
is — wzj, i.e., it is antiparallel to the ohmic current 
density vector and proportional to it. There is, 
thus, a natural conservation of polarization cur 
rent flow across the surface of the interior medi 
um.

At the point P outside the polarizable body, the 
electric field due to polarization effects is due only 
to the external polarization current flow j,. This 
is the subject of all EIP measurements. At the 
same point, however, if the corresponding mag 
netic fields are measured, there will be contribu-

FIG. Volume distribution of dipolar current 
sources.
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tions from both the external and internal polariza 
tion current flows (Figure 2).

It will be noted that the exterior (or return) 
secondary currents je differ in sense from the 
primary current in some regions of space and are 
in the same sense in other regions. For this reason 
the polarization magnetic field due to return cur 
rents may tend to reduce the magnetic field due 
to the internal polarization currents in certain 
regions of space and add to the magnetic field 
in other regions of space. The net effect of the 
two current flows will be examined in certain 
cases below.

Let us now examine the various magnetic fields 
due to the primary and polarization current 
flows.

The primary (ohmic) magnetic field is given by

(3)

(Biot-Savart Law),

where V is the entire volume through which the 
primary current density vector j,, flows. The con 
tribution to the magnetic field of the current in 
the cables feeding the ground will be considered 
in a separate section. The secondary (polariza 
tion) magnetic field is given by

H- - J. X r/r'Vr, (4)

where j, is the polarization current density vector. 
We may also express H, as the change in Hp due 
to polarization effects as follows:

H. = AH, - — JJJ (Ajp X r/HJcfo. (5)

However, Ajp^ 21, (djp/dcr.OAtr,, where a, is the 
conductivity of the ith region in the earth. In the 
time domain Aa*^ — man (Seigel, 1959), where 
m i is the chargeability of the ith domain, and

(6)

X r/r'rfr

X r/r3 dr.

d log ffi (6a)

Referring to Figure 2, we note that in the time 
domain the polarization magnetic fields due 
to current flow within the body differ in sense 
from the primary magnetic fields directly over 
the body. In the EIP method the primary and 
secondary fields usually have the same sense, since 
j. and jo are in the same direction in the region 
over the body.

In the frequency domain, the significance of 
A6, depends on the nature of the measurement 
being made. If the pertinent measurement is of a

—————*- PRIMARY CURRENT

———— -to. POLARIZATION CURRENT

RG. 2. Ohmic and polarization current flows around a poiarizable body.
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change of magnetic field amplitude with a change 
in frequency A/, then

^2. - (PFE). 
ffi 100

(7)
where the (PFE), is the usual resistivity percent 
frequency effect of the ith medium.

AHB ^- — (PFE). 
100

(8)

d log ffi
X r/r3 dv.

If the pertinent measurement entails the out-of- 
phase component of the magnetic field, we may 
express the conductivity of the t'th medium as 
cr,-(l-H/ tan B i}, where Q i is the phase angle of the 
conductivity of magnitude 5, (assumed complex 
due to induced polarization).

d log ffi (9)

X r/r3 dv.

Thus, regardless of method of measurement, the 
calculation of the MIP response of an earth 
made up of a number of discrete domains, each 
with its own conductivity a, and induced polariza 
tion characteristic, (chargeability, PFE, or phase 
angle) is made as follows: (1) Solve the corre 
sponding steady state current flow case (Laplace's 
equation) to determine the distribution of j p, the 
primary current flow throughout the earth. (2) 
Calculate djp/d log a, and integrate djp/d log ffi 
Xr7r3 over the whole earth (the order of the 
integration and differentiation may, of course, be 
reversed.) (3) Multiply each integral by its cor 
responding IP characteristic and add. For all but 
very simple geometries, these quantities are diffi 
cult to calculate in closed form, and computer 
computation is required.

Normal magnetic fields
Whereas the calculation of the magnetic field 

associated with current flow in the earth is fre 
quently difficult to perform, quick solutions may 
be obtained in the case of an axially symmetric 
current flow. Let us consider the case of a point 
source C of current strength 7 amperes buried in

a horizontally stratified medium (Figure 3). The 
point P at which we wish to determine the mag 
netic field due to current flow is at a horizontal 
distance R from the current source and a vertical 
distance Z above the source.

Since a point source of current must bc sup 
plied, we may, to provide a complete circuit, con 
sider that we feed the point source by a cable ex 
tending vertically downwards from it to great 
depths. By axial symmetry, the magnetic field at 
P is horizontal and perpendicular to the plane of 
the figure. By Ampere's law, the combined field 
of the point source and the cable feeding it are 
zero. The field of the point source is therefore 
given as the negative of the field of the cable, viz 
(e.g., Keller and Frischknecht, 1966, p. 288)

where
Hf = 1(1 ~

cos B - (Z)7(Z2 -f

(10

(H)
It is interesting that this equation holds for any 
arbitrary horizontal layering, so that magnetic 
fields associated with galvanic current flow in the 
earth are basically independent of the layering, 
providing only that the layering is horizontal. If 
both C and P are on the surface of the earth, then

FIG. 3. Normal magnetic field due to current 
flow from a current source within a horizontally 
stratified medium.
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(12)

If we have two current electrodes (source and 
sink) a distance 2R apart on the surface, the re 
sultant horizontal field in the mid-region will be

Hp = 1/2-tR. (13)
For example, for 72 = 500 m, 7=8 l amp, //p=3.18 
X10~* amp/m, or 0.4 gammas. It is apparent 
that practically achievable magnetic fields are 
not large!

In accordance with equation (10), the primary 
magnetic field will vary slowly with elevation of 
the point P above ground when C is on the sur 
face. For example, in the case cited above, with 
two electrodes 1000 m apart at 100 m elevation, 
the field in the mid-region is still 80 percent of 
the equivalent surface field. Stefanescu (1959) 
and Stcfanescu and Nabighian (1962) have solved 
the more complex problems of the magnetic field 
due to galvanic current flow in the presence of 
two-dimensional inhomogeneities in the earth, 
such as a vertical contact between two media of 
different conductivities or a vertical dike of finite 
thickness. There will, of course, be a normal mag 
netic field present due to the primary current in 
the external cable linking the current source to 
the two current electrodes. This "cable field" is 
largely vertical if the surface of the earth is rea 
sonably plane. Therefore it is mainly orthogonal 
to the magnetic field due to the current flow in 
the earth. Therefore, for the present discussion, 
we will neglect the cable field contribution, re 
turning to it to discuss its inductive effect.

Polarization magnetic fields
In what is to follow it must be borne in mind 

that the magnetic fields of local polarizable bodies 
are related to the local earth current density and

FIG. 4. Magnetic field of a horizontal dipolar source.

FIG. 5. The sphere in a uniform field.

not to the local magnetic field strength. Even 
though the ratio of polarization/primary mag 
netic fields is to be used as a measure of the IP 
characteristics of the earth, strictly speaking, 
these two quantities are not very closely related. 
In all other electrical, magnetic, or electromag 
netic methods, the primary field quantity meas 
ured is itself the source of the secondary disturb 
ance so that the ratio of the two expressions is a 
natural, normalised expression of local physical 
property differences.

Dipolar fields.—Polarization fields are, in the 
external medium, basically dipolar type fields, 
when one thinks of the external polarization fields 
as being associated with surface charge distribu 
tions of opposing signs on points of current entry 
and exit. Figure 4 represents horizontal polar 
current sources, each of strength 7 amp, separated 
by a distance 5. By differentiation of equation 
(10) with respect to /?, we obtain, as the horizon 
tal dipolar magnetic field at the surface point P,

H D = .V [cos O - ose2 0( l - cos 8) ]74irr2 , (14)

where A'™75. When 6—*0, i.e., directly over the 
dipolar source, the magnetic field reduces to

Thus, immediately over its axis, the magnetic 
field of a dipolar current source drops off as the 
inverse square of its depth, as compared to the 
inverse cube of the depth in the case of the elec 
tric field (EIP).

T'lc sphere.—A sphere of radius a (Figure 5),
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conductivity o-,, and chargeability w, is imbedded 
in a uniform medium of conductivity ao and 
chargeability mo. A uniform (horizontal) current 
dow of density jo (in amperes per square meter) is 
assumed to be present in the external medium 
away from the sphere. There will result a uniform 
horizontal current flow in the interior of the 
sphere with a current density given by

4-

(e.g., Stratton, 1941).
(16)

At the point P the polarization magnetic field 
contribution due to the internal current flow is 
given by equation (6) as

-i 4- 2o- 0)

for r a.
(l?)

Directly above the center of the sphere the magni 
tude of the polarization magnetic field is given by

H.? = ~ , 4- 2a 0). (18)

Stratton (1941) also shows that the primary 
neld disturbance in the medium external to the 
sphere is equivalent to that created by a hori 
zontal axis dipole at the center of the sphere and 
of strength

/a, 
Jo l 

\*r,-

By differentiation in accordance with equation 
6), we find that the external polarization current 

^ow approximates that due to a dipolar current 
source of moment

.V, ~ 4n-a 3m,;W(a, 4- 2tro), (19)

and with its axis antiparallel to the main primary 
current flow.

Based upon equation (14), the polarization 
magnetic field contribution due to the external 
current flow will be given approximately by

H s, = a 3m,;',(ro[cos0 - esc 2 - cos0)j 

rV, -(- 2o-0). (20)

This equation is actually an overstatement of 
H*, because it ignores the fact that the return 
polarization current does not actually flow 
•-irough the sphere. It also ignores the effect of 
:he earth's surface on the external polarization 
:urrent flow.

Directly over the sphere we find that

H s, = - 2a 3w,;W3(cr, 4- 2(T 0)Z 2 , (21) 

anil

Hse = o 3wJ,W2(a,- -f 2a 0)Z-. (22)

The effect of the exterior (return) polarization 
current flow is, thus, to reduce the maximum 
magnetic field due to the interior current flow by 
at most 75 percent. The two approximations men 
tioned above, if removed, would give rise to a 
lesser reduction.

Also, directly over a spherical body the mag 
netic field due to polarization current flow in the 
body drops off as the inverse square of its depth. 
In the case of EIP an inverse cube law applies.

Elongated conducting bodies.— Conducting sul 
fide bodies constitute an area of special interest 
for tlie MIP method because they can concentrate 
considerable amounts of current which would nor 
mally flow in their long dimension. As an example 
of this current concentration effect, the case of a 
conducting prolate spheroid in a uniform field has 
been solved in closed form. Figure O show.-; the 
current concentration factor along the long (ma 
jor) axis of the ellipsoid (pipe-like body) as a 
function of a/6, the ratio of its long axis to short 
axis, and o-./o-o, the ratio of its conductivity to the 
conductivity of the external medium. It can be 
seen that for large values of this conductivity 
ratio, values of a size which are often observed in 
the field, the current concentration factor is 
limited only by the axis ratio. Concentration fac 
tors of 100 or more can readily be anticipated for 
many ore bodies.

Similarly, Figure 7 shows tilt- current concen 
tration factor in the plane of a tabular body, rep 
resented here by an oblate spheroid. Once again, 
for large conductivity ratios and small thickness 
diameter ratios, which are typical of many tabu 
lar-type, strata-bound sulfide zones, current con 
centration factors in excess of 100 can be achieved.

In both cases the interior current flow along 
the long axis of the conducting body has a linear 
sensitivity to conductivity changes for conduc 
tivity ratios up to about the order of the long 
axis/short axis. Thus, the polarization response is 
also enhanced approximately in proportion to 
ji/'jo when the current flows primarily along the 
long axis of the body.

Since it is difficult to calculate the exact polar-
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FIG 6. Longitudinal current amplification factor for a prolate spheroid in
a uniform field.

FIG. 7. Traverse current amplification factor for an oblate spheroid in a
uniform field.
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FIG. 8. Simplified representation of current flows 
for a horizontal pipe-like body.

ization magnetic field solution to the above cases, 
it is convenient to represent at least the pipe-like 
body by the simplified form of Figure 8. The rep 
resentation consists of a line current flowing along 
the length 2L of the body, terminated by two 
point current sources of equal amplitude and 
opposite sign. The line current represents the 
internal (polarization) current flow, and the point 
sources represent the sources of the external 
(polarization) current flow. The field due to the 
internal current flow is given by

Hi * /(sin 9i - sin'0,)74irZ. (23)

The field due to the exernal current flow is derived 
from equation (10) as

He = [(l - cos0i),'tan0i

- (l - cos 05) 'tan 81]!, 47rZ.
(24)

These fields are in opposition above the length of 
the body but add beyond the ends of the body.

Figure 9 shows the combined secondary mag 
netic fields due to the idealized body of Figure 8 
for L = 5Z. Two traverses arc shown. One is 
longitudinal, along the line directly over the body, 
the second is transverse, across the center of the 
body.

Analogy Kith gravity responses. —There is an 
interesting analogy between the horizontal mag 
netic field associated with a horizontal current 
element (orthogonal to the field) and the vertical 
gravitational field associated with the same ele 
ment. Thus, when the current flow through a 
body may be assumed to be uniform and in the 
horizontal .v-direction, the resultant magnetic 
field contribution in the y-direction (orthogonal 
to .v and horizontal) has the same form as the 
vertical gravitational attraction of the body.

It follows also that the M IP response from 
spherical bodies will follow an inverse square law; 
from horizontal cylinders, it will follow an inverse 
first power law; and from sheets or dike-like

T/*

20'

t'

FIG. 9. Longitudinal and transverse profiles for a pipe-like body. Target: Linear horizontal conductor 
14 ft long at 1.4 ft depth: current entry and exit at ends only. L = longitudinal traverse over body. 
T a* transverse across center of body.
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bodies, the response will have an even slower at 
tenuation with depth. All other electrical, electro 
magnetic, or magnetic prospecting methods (in 
cluding EIP) have attenuation with at least an 
additional power of depth.

Cable induction effects.—There are four sources 
of magnetic field associated with galvanic current 
flow in the earth: (a) Direct, primary (ohmic) 
current flow from one electrode to another, obey 
ing Laplace's equation; (b) polarization current 
flow in the interior and exterior of polarizable 
bodies (MIP effects); (c) current flow in the 
power cable; and (d) eddy current flow due to 
induction by the incident primary magnetic field 
of the power cable. Of these, only item (d) will 
produce effects that may be confused with (b).

Induction effects that may be associated with 
current-carrying cables have been examined by 
numerous authors for specific geometries of con 
ducting bodies; e.g., for the sphere (Wait, 1951), 
the cylinder (Wait, 1952), and the thin sheet 
(Keller and Frischknecht, 1966). In the frequency 
domain (sinusoidal waveform) all these solutions 
have some common characteristics. At sufficiently 
low frequencies the quadrature anomalous com 
ponent predominates over the in-phase compon 
ent. In addition, the quadrature component is 
nearly proportional to the frequency. As the fre 
quency increases, the in-phase component rises 
initially as the square of the frequency.

The simple closed loop conductor model as 
used by Keller and Frischknecht (1966, p. 278- 
281) likewise indicates a quadrature component 
proportional to frequency, and an in-phase com 
ponent proportional to the square of the frequen 
cy at sufficiently low frequencies.

Thus, at the low frequencies commonly em 
ployed in EIP or MIP (0.1 to 10 hz), three factors 
emerge: (a) There will be less inductive effect in 
the in-phase (PFE) measurements than in phase 
angle measurements; (b) the quadrature com 
ponent due to induction (and thereby the ob 
served phase anqle) will bc nearly proportional to 
frequency; and (c) the in-phase component due to 
induction will be nearly proportional to the square 
of the frequency. Thus, the induction contribu 
tion to the PFE will be proportional to the differ 
ence of the squares of the two frequencies em 
ployed.

The above rules may be used to derive ap 
proximate corrections to the phase angle and

PFE for the effect of induction using the phase 
angle at two frequencies or PFE values spanning 
two sets of frequencies. The assumption is also 
made in obtaining these corrections that the phase 
angle or PFE due to induced polarization is es 
sentially constant over the range of frequencies 
used.

In the time domain, the electromagnetic induc 
tion effects are not so simply expressed. However, 
the equivalent approximation can be made by 
extrapolating from the short time (effectively 
high-frequency) portion of the transient curve to 
determine the correction to the longer time por 
tions of the transient curve.

The only corrections for induction that have 
been made in the field tests which follow were in 
the case of the Maggie porphyry copper deposit, 
where the phase angles were appropriately cor 
rected using information from two or more fre 
quencies. The P.FE correction indicated above 
becomes worthwhile only when inductive effects 
are trulv severe.

EXPERIMENTAL RESULTS

Model studv

The model used for the initial study was an 
aluminum screen, 14 ft X10 ft, buried in clay soil 
with its long dimension horizontal and its width 
vertical. Its upper edge was buried at l ft (thus 
it extended from l ft to 2 ft in depth). One cur 
rent electrode was approximately 9 ft from one 
end of the body, and the second current electrode 
was some hundreds of feet further away.

Figure 10 shows the time domain MIP results 
from this model, using standard Mk VII times 
and notations (2 sec current on-off, integration of 
the area under the transient curve from 0.45 sec 
to 1.1 sec). A transverse traverse across the center 
of the body (Figure lOa) and a longitudinal trav 
erse along the top of the body (Figure lOb) arc 
shown. As was to be expected from Figure 9, the 
chargeabilities from the longitudinal traverse are 
everywhere unidirectional (negative), whereas 
those from the transverse traverse are strongly 
negative over the body (130 msec peak) and drop 
to small positive wings (20 msec peak) on the 
Hanks. The central peak is, of course, associated 
with the interior polarization current flow, where 
as the reverse field is due to the return current 
flow.
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FIG. 10. MIP results, aluminum screen model.

Field tests
The present development of MIP is proceeding 

simultaneously in both the time domain and the 
frequency domain and with more than one basic 
method of measurement in each domain. As in 
EIP, each domain has its special merits for differ 
ent applications.

W'hile MIP measurements could be made with 
one or more moving current electrodes, as with 
most EIP arrays (except gradient) its merits ap 
pear particularly clear when used with a fixed cur 
rent array. Current electrodes are established at 
points several thousand feet apart, and MIP mea 
surements are made on lines running at right 
angles to the anticipated geologic formation 
trends. The magnetic field component measured is 
the horizontal component orthogonal to the line 
joining the current electrodes, i.e., orthogonal to 
the primary current direction in the mid-region. 
This current direction may be transverse to the 
formations, as in the case of EIP procedures; but,

if it is desired to emphasize high-polarization 
bodies which are also of relatively high conduc 
tivity, the current direction may be parallel to the 
formational strike. The field tests from which re 
sults will be presented below were all carried out 
using the parallel current technique (longitudinal 
current flow).

The basic test equipment used on the field tests 
may be discussed in detail in a later paper. An 
evolution of apparatus took place, of course, 
starting with laboratory-type devices laboriously 
transported over the ground and culminating in 
the first generation of production-type field 
equipment.

In the time-domain tests, standard transmitters 
(e.g., IPC-7 type) with power ratings of 2.5 kw 
and 15 kw were employed. In the frequency 
domain tests, a crystal controlled transmitter of 
2.5 kw capacity and a frequency range from 0.1 
hz to 248 hz was employed.

The basic magnetic field detector that was
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evolved specifically for this program is now desig 
nated the MFM-3 (Figure l la). It is a vector 
magnetometer of an advanced fluxgate type. Its 
specifications include a sensitivity of about 100 
mv gamma and a noise level of about 10 milli- 
gammas peak-to-peak over the frequency range of 
0.1 hz to 10 hz. It has a flat frequency response 
from 0-1000 hz.

The time-domain receivers employed started 
with the IPR-7 (single integration). After this 
proved to yield insufficient information on certain 
deposits, it was replaced by IPR-8 (six-channel 
integration as shown in Figure lib), which was 
able to give useful information in a broader range 
of deposits.

The frequency-domain receiver which evolved 
from this program is now known as the IPRF-2 
(Figure Ile). It has several unusual features. 
Basically, it operates directly on a single square 
wave current form and automatically compares 
the relative amplitude and phases of the funda 
mental and third harmonic components of the 
square wave. The term "relative phase" here 
implies that the third harmonic acts as a time or 
phase reference for the first harmonic. The phase 
angle actually measured is

Q ^— "JjJ __ /J /OC\V — oOf — Oxf- \tJ)

Here Bf is the phase shift of the fundamental 
magnetic field component with respect to the 
transmitted signal, and flj/ is the corresponding 
phase shift of the third harmonic component.

This phase shift is unusual in two respects. 
First, it requires no radio link or crystal clock for 
phase reference. Second, it automatically re 
moves (to a first approximation) the effect of 
induction by the cable field (see section on induc 
tion, above).

The earlier frequency-domain measurements 
and, indeed, the bulk of the measurements re 
ported on herein were obtained using laboratory 
type lock-in amplifiers and a radio link from the 
transmitter to supply the necessary phase refer 
ence. Individual amplitudes and phases at one or 
more frequencies were measured.

The observed horizontal primary magnetic 
field amplitudes have been normalized with 
respect to the primary current and the geometry 
of the system and expressed in dimensionless 
form as "normalized amplitude." The integral of 
the time-domain transient (mode! study only) is

(a)

MOCO. WT S

00*00
(c)

FIG. 11. (a) MFM-3 fluxgate magnetometer.
(b) IPR-8 six-channel time domain receiver.

(c) IPRF-2 frequency domain receiver.

normalized with respect to the primary field am 
plitude and expressed in the usual "msec" units 
of chargeability of this type of receiver.

The frequency domain results shown in these 
tests are either the observed phase angles in de 
grees, at a single frequency (Figures 12, 17, 18), or 
"normalized phase angles" in degrees (Figures 
13, 15, 16). These normalized phase angles are 
derived by dividing the calculated quadrature
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FIG. 12. Field test results. Cavendish Township line E.

components at each point by the theoretical 
primary field at the center of the survey line, for 
the prevailing primary current and geometry. 
The reason for presenting the normalized quantity 
rather than raw phase angles is to suppress pos 
sible large phase variations which may appear in 
low field regions near the extremities of a line.

Obviously both forms of phase-angle presenta 
tion are valid; they are used to bring out different 
aspects of the data.

Cavendish To'j*nsnip. Ontario.— Cavendish

Township, south of Gooderham, Ont. has de 
veloped into a standard geophysical test location 
for eastern Canadian mining geophysicsts. A 
report by McPhar Geophysics (McPhar, 1967) 
shows the results of testing a number of standard 
geophysical methods, including EM and (fre 
quency domain) IP on the grid lines of this area. 
The area is believed to be underlain by Precam 
brian sediments chiefly crystalline limestones con 
taining disseminated-to-massive sulfides.

The results of test line E are shown herein, to-
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gether with the corresponding McPhar frequency- 
domain IP and resistivity data (0.31 and 5.0 hz), 
dipole-dipole with 200 ft spacing and n**\. For 
the present M IP test, current electrodes were 
placed about 2400 ft apart, one ibout 800 ft 
from 10 W on line C and the other about 800 ft 
from 5 \V in line E.

Figure 12 (line E) shows the M IP phase angles 
at 6 hz, normalized magnetic field amplitudes and 
the corresponding McPhar resistivity, and PFE 
data in profile form. The PFE da:a shows that 
the entire line section has anomalous polarization 
since all values are in excess of 4 percent. This 
compares to a normal background of less than l 
percent in unmineralized rocks. Wit-in this region 
are two zones of increased PFE iad decreased 
resistivity, zones which have been interpreted by 
McPhar to lie in the positions shown by the 
"bars" on the baseline of the profile. The western 
zone, between 16 W and 18 W, has a much lower 
apparent resistivity than the eastern zone.

The M IP profile shows unidirectional ano 
malous results over its whole lenr'h with phase 
ancles in excess of l degree (positive) peaking 
broadly from 15 W to 20 W, which includes the 
westerly conducting zone. This point is also pre 
cisely on a strong electromagnetic and self-po 
tential axis. The magnetic field amplitude curve 
shows minor, erratic behavior in this region. The 
maximum observed phase angles are of the order 
oi 6 degrees in the anomalous area.

While still somewhat anomalous, the easterly

zone shows relatively low MIP response.
The fact that no reverse polarization indica 

tions have been obtained means that the appro 
priate return polarization currents are either at 
considerable depth or are beyond that portion 
of the line surveyed.

Belmont Township, Ontario.—The Ontario De 
partment of Mines has employed a test area in 
Belmont Township, which lies about 3 miles 
north of the village of Cordova Mines in south 
eastern Ont. It is held by Syngenore Explorations 
Ltd., who kindly gave permission for our tests to 
be carried out. The property is underlain by Pre 
cambrian sediments and volcanics, with the form 
er consisting largely of black argillites, well miner 
alized with pyrrhotite over considerable widths.

Figure 13 shows a composite of various geo 
physical traverses over line 4 X of the Belmont 
Township grid. The MIP curves of normalized 
phase angle and normalized magnetic field am 
plitude at 6 hz are included. The current elec 
trodes for this test were on the base line, about 
800 ft north and 2200 ft south of line 8 X. Posi 
tive phase angle peaks of 8.5 degrees and 6 de 
grees occur at about 3 W and 7 W. These loca 
tions coincide with marked current concentra 
tions indicated by the magnetic field amplitude 
curve and are flanked by reversed phase angles 
indicating the effect of return polarization current 
flow.

For comparison purposes, the in-phase hori 
zontal loop response (SE-600, 1600 hz, 200 ft

t o- -w .

FIG. 13 Field test results. Belmont Township line 4 N.
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FIG. i 4. Layout plan showing electrodes, M IP test. Lone Creek Area, B.C.

coil separation) profile is shown. This profile 
shows a multiple conductor between about 250 
ft and 800 ft west. These results are, therefore, 
wholly consistent with the MIP data.

Lone Creek area, British Columbia.—The next 
test area is located in the Lone Creek area about 
20 miles northwest from Spences Bridge, B. C. 
Highly altered sediments of two distinct types 
run through this property. There is a contact 
between graphitic schists on the northwest (resis 
tivity of the order of 10 ohm-m and EIP time- 
domain chargeability of the order of 40 msec) 
and dolomites and sericite schists on the south- 
east (resistivity of about 1000 ohm-m and charge 
ability of about 3 msec). These electrical proper 
ties were well known from an earlier EIP survey. 
The purpose of this test was to determine the 
MIP response of such a contact between materials 
of such contrasting physical properties.

A longitudinal current array was used (Figure 
14) with electrode separation of about 3200 ft. 
Three different sets of current electrodes were 
employed: C\Ci (both outside of the graphitic 
schist), Ci-Cj (straddling the contact), and Ct -Cr 
(also straddling the contact;. Phase angle mea 
surements were made at 6 hz frequency at 100 ft 
intervals on this line. Using the same array, EIP 
measurements were made with potential dipoles 
along the current flow direction: f iCi were used as

current electrodes.
Figure 15 shows the results of these tests. 

Xormalized phase angle measurements, as de 
scribed above, are presented. For all positions of 
the current electrodes, strong MIP responses, to 
between 6 degrees and 8 degrees, are observed; 
the contact is indicated approximately by the 
point of inflection of the phase curves.

The EIP curve yields similar results, although 
the reason lor the local chargeability peak at 2 \V 
is unknown.

Maggie porphyry copper deposit—British Col 
umbia.—Another test area is on the Maggie cop 
per deposit owned by Bethlehem Copper Corp. 
Ltd. It is located in the Cache Creek area, B.C. 
The deposit was discovered by exploratory drill 
ing, first with percussion drilling and later 
diamond drilling.

This is a t\pical porphyry copper deposit with 
disseminated pyrite and chalcophyrite, of the 
order of about 5 percent-6 percent average, in a 
large zone of altered quartz feldspar biotite 
granite of Eocene age. Oxidation is very shallow. 
The zone is covered with overburden, as much as 
400 ft thick, in the bottom of the valley. The ter 
rain is very difficult, rising steeply on the west.

The current electrode separation employed was 
approximately 5000 ft, centered on station 4 W 
and orthogonal to the line surveyed. Frequency-
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FIG. 15. Field test results. Lone Creek area, B.C. Frequency, 6 nz.

domain measurements were made here at a vari 
ety of frequencies. An EIP time domain traverse 
was also carried out on this line using a 3 electrode 
array with 400 ft spacing.

Figure 16 shows the M IP and EIP data on this 
line. The former are in normalized phase angles at 
2 hz, corrected for induction on the basis of a 
linear increase of phase angle with frequency.

The EIP chargeabilities exceed 50 msec from 
about 16 W to 4 E, dropping progressively to 
both sides of this region. The M IP response peaks 
at about 2.2 degrees at about 8 W, dropping 
slowly to the west and rather sharply to the east. 
It even goes somewhat negative east of 8 E. This 
is probably due to return polarization current 
flow in the thick overburden in this region plus a 
decrease in the chargeability of the body.

The MIP results here clearly indicate the pres 
ence of this porphyry copper body, although they 
differ in detail from the EIP results.

Kalamazoo copper deposit—Arizona.—The last

test area was over the Kalamazoo porphyry cop 
per deposit, located eight miles north of Oracle, 
Ariz. (Lowell, 1968). The deposit lies in igneous 
rocks, primarily Precambrian quartz monzonite 
intruded by a Laramide monzonite porphyry. 
These igneous rocks are in a depositional contact 
with Gila conglomerate of Tertiary age. The ore 
zone lies at depths which are largely in excess of 
1500-f t but is overlain by a halo of greater than 
5 percent pyrite which comes within about 1000 
ft (at its closest point) of the surface. The ore 
body contains of the order of 500 million tons, 
averaging about 0.6-0.7 percent Cu. The deposit 
is being developed by Magma Copper Co.

MIP phase-angle measurements were made at 6 
hz, on a line striking longitudinally along the top 
of this body, and using a longitudinal current 
spread about 6000 ft long. In addition, the results 
of an earlier time domain EIP survey were kindly 
made available to the writer by Xewmont Ex 
ploration Ltd. In the latter survey a dipole-dipole
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FIG. 16. M IP and El P data. Maggie porphyry copper deposit.

array \vas employed with a^ 1000 ft ar.i i^ l to 
n ^ 6. The data for n = 2 is shown here.

Figure 17 shows the various geophysical results 
on this traverse, as well as the geologic section 
(from Lowell, 1968). Positive phase indies are 
observed ranging from l degree to 2.4 degrees, 
peaking generally over one of the nearer-surface 
sections of the pyritic zone. The EI P prcr.ie peaks 
broadly in the same area. The peak value is 
about 38 msec.

The normalized magnetic field amplitude curve 
also peaks broadly in this region suggest:-? a con 
centration of current in a subsurface conducting 
zone.

Frequency variation response
Figure 18 shows the variation of M IP phase 

angle with frequency at one locality ir caen of 
the 5 field cases and the model test reported on 
above. These data are uncorrectcil fer .r.-iuction 
effects. The latter effects appear to be :. *r.if.car.t

only in the two prophyry copper cases and are 
seen to give rise to increasingly negative trends 
on the phase-angle curve with increased fre 
quency, distance from the current cable, and re 
gional conductivity. The presence of valid IP 
effects is confirmed by the fact that in no case is 
there to bc seen a proportionality of phase angle 
with frequency at the lowest frequencies em 
ployed.

The shape of these curves is most interesting. 
The screen model and Belmont bodies produce 
phase responses which increase progressively as 
the frequency decreases, down to the lowest fre 
quency employed (2 hz). The other cases all show 
phase angles which increase as the frequency is 
increased up to some value between 6 hz and 30 
hz, falling thereafter. The first two cases arc 
what might be termed highly conducting bodies, 
whose conductivities are 1000 times or more 
higher than their environment. The latter cases 
are more disseminated and less highly conducting.
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HUi. 17. Field test results and geological section after Lowell (1968)

An analysis of equation (9) shows why this is 
so. For a body of a given geometry the significant 
factor in its MIP response [from equation (9)] is

d log a do- 

Now y will progressively increase as the fre 
quency is increased. The factor dj^/da, however,

will approach zero as the resistivity contrast be 
comes too large, depending on the body geometry, 
of course. For very highly conducting bodies this 
product may reach its maximum value at a rela 
tively low frequency, that is, increasing the fre 
quency and, therefore, the body conductivity may 
actually reduce the body's MIP response.

If this characteristic of highly conducting 
bodies (to give an MIP phase peak at very low
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RG. 18. Variation of MIP phase angle with frequency.

frequencies) and of moderately conducting bodies 
(to give a phase peak at higher frequencies) is 
found to be consistent, then we have an excellent 
tool for differentiating between massive and dis 
seminated sulfide bodies as IP sources. Such a tool 
would be important, for example, in searching for 
massive sulfide bodies in a polarizable environ 
ment (e.g., disseminated sulfides, basic intrusives 
and sericite alteration, etc.J of lesser conductivity.

Difficult prospecting areas of this type would 
include the Western Australian nickel deposits 
and the Cyprus copper deposits, both of which 
occur in moderately conducting, high polarization 
environments.

CONCLUSIONS

The MIP method is a viable, novel way of mea 
suring induced-polarization effects in the earth
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without the necessity of ground contact by the 
detector system. It is equally applicable to the 
detection of disseminated and massive sulfide 
bodies and offers some possibility of differentiat 
ing between these two broad types.

The MIP method provides a detection of areas 
of anomalous polarization rather than a measure 
ment of a physical property, although in excep 
tional cases physical properties can be deduced 
from it. It offers the potential of detection of IP 
responses through even highly (ionic) conducting 
overburden and of rapid reconnaissance, coupled 
with excellent depth penetration. Some of these 
advantages have yet to be demonstrated in prac 
tice, although the/e seems to be no reason to 
dc-ibt their valiciiiy. Much theoretical and com- 
pata'ional work has still to bc performed ;.n 
provide guidance for the prediction and interpre- 
tation of field results. Recent improvements in 
field instrumentation have been made in order lo 
achieve greater efficiency and sensitivity.

At the present time, one of the more attractive 
aspects of the MIP method is its potential for 
reconnaissance surveys. In relatively open coun 
try it is amenable to vehicle or helicopter support, 
including the laying of the power cable and the 
magnetic field measurements. The detector may 
also be mounted in a ground vehicle, although the 
vehicle will have to be stopped momentarily for 
each measurement. There appears to be a possi 
bility that an airborne version of an MIP detec 
tor can be developed.

The advantages of the MIP method in areas of 
loose, dry, or frozen soil and rock cover are ob 
vious.
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Function

The IPRF-2 represents a major advance in 
frequency domain induced polarization 
receivers. This patented instrument oper 
ates on the information contained in the 
transmission of a single repetitive square 
wave rather than dual transmissions.

The Percent Frequency Effect (PFE) 
between the fundamental and the third 
harmonic components of the received 
wave form is automatically measured. In 
addition, new IP information is provided 
through a measurement of the Relative 
Phase Shift (RPS) between the funda 
mental and third harmonic components. 
This is achieved without the necessity of a 
phase reference by radio link or synchro 
nized crystal clocks.

The IPRF-2 greatly facilitates frequency 
domain induced polarization measure 
ments while providing information not 
available previously. The nature of the 
RPS measurement automatically com 
pensates, to the first order, for the elec 
tromagnetic effects of the earth.

Scintrex Application Brief 76-1 entitled 
"Frequency Domain IP Measurements 
Using Harmonically Related Compo 
nents" discusses the quantities measured 
by the IPRF-2 and gives case histories.

The IPRF-2 is compatible with the Scintrex 
TSQ-2E/500W and TSQ-3/3000W trans 
mitters as well as other standard square 
wave IP transmitters which have good 
frequency stability.

Features

Operates on information contained in a 
single transmitted square wave.

In addition to Percent Frequency Effect 
(PFE) and Absolute Amplitude (Vp), the 
Relative Phase Shift (RPS) between the 
fundamental transmitted frequency and its 
third harmonic component is measured.

Simultaneous, automatic measurement 
of PFE and RPS separately filtered and 
presented.

Errors of less than 0.1 0Xo PFE and 0.1 0 RPS 
occur when there is a linear transmitted 
current amplitude drift of as much as 0.5 
per cent per period. This yields higher 
accuracy and means that transmitter cur 
rent stabilization is not necessary under 
most conditions.

The RPS parameter provides induced 
polarization information automatically cor 
rected for first order inductive coupling 
effects.

Settling time can be changed during read 
ing to speed up measurements at low 
frequencies or in noisy areas.

Compatible with many standard square 
wave frequency domain transmitters.

Additional data with simpler operation 
than classical frequency domain receivers.

Excellent magneto-telluric and powerline 
noise rejection.

A.C. coupling with fast initiation eliminates 
the need for self-potential bucking and 
speeds up field procedures.

High input impedance.

Low power consumption circuitry permits 
long battery life using standard dry cells.

Very light weight.

YP

Frequency domain waveforms. Transmitted 
wave is solid line, received wave is broken line.

Three Quantities Measured

1 . Vp— Amplitude of Received Waveform 

2. PFE-Percent Frequency Effect

PFE = Ai-3A3 x 1000Xo 
3A3

Where
Ai = Amplitude of first harmonic and
Aa * Amplitude of third harmonic

For a pure square wave, 3Aa = Ai and

3. RPS-Relative Phase Shift

RPS = 3*1 - * 3

Where
*i = phase shift of the first harmonic 
relative to the transmitted waveform and,
*3 = phase shift of the third harmonic 
relative to the transmitted waveform

For a pure square wave, 3*1 ^ *3 and

To a first approximation for EM inductive 
effects, 3*1 - *3.

J-/



Technical 
Description of 
IPRF-2
Frequency Domain 
l. P. Receiver

3-a

Fundamental Operating Frequencies Standard 0.1, 0.3, 1.0, 3.0 Hz
Optional any set of four frequencies in the
range 0.1 to 10.0 Hz

Noise Referred to Input 0.5 micro volts peak to peak with no zero 
offset

Input Impedance 3.0 megohms on all ranges

Vp Range 100 microvolts to 10 volts in six overlap 
ping steps

Vp Accuracy

Vp Resolution

PFE Ranges

PFE Accuracy

RPS Range

RPS Accuracy

Temperature Drift

±307o of full scale between 0. 1 mV and 10V 
input

up to ±0.1 "/o

±50Xo, ±1507o, ±5007o

±307o of full scale between 0.1 m V and 10V 
input

±50, ±150, ±500

±307o of full scale between 0.1 mV and 10V 
input

Less than ±1 07oPFE or ±1 0RPS over full 
operating temperature range

Output Meter Settling Time (ie. time required to settle to within 207o of 
final value) selectable at 2,6,20,60 s

Required Stability of Transmitted 
Frequency ± 1 07o over the normal measuring period of 

2 to 3 minutes

Power Line Noise Rejection Greater than 50db up to a 3V peak on the 
0.1, 1 and 10mV ranges

Operating Temperature Range -300C to

Dimensions 310x150x170mm

Weight 3.8Kg

Power Supply 4 D cells

Battery Life 6 weeks intermittent duty at 250C or 150 
hours continuous duty

222 Snidercroft Road 
Concord Ontario Canada 
L4K 1B5

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

Geophysical and Geochemical 
Instrumentation and Services



High Sensitivity 
Vector Fluxgate 
Magnetometer

Function

The MFM-3 is a portable fluxgate 
magnetometer of unique design which 
performs vector magnetic field mea 
surements in the milligamma region. 
It is especially useful in the study of 
micropulsations, in magnetotelluric 
surveying and in other magnetic field 
measurements requiring high sensitivity.

Features

Resolution in the milligamma region

Operates at ambient temperatures, no 
need for cryogenic conditions

Single component measurement

Three sensors can be combined to 
provide simultaneous three component 
measurements

Flat frequency response far beyond the 
range of any other vector magnetometer

Broadband

Low inherent phase shift

Rugged and lightweight for portable field 
use

Low power requirements

Dry cell or rechargeable batteries

Ideal for magnetotelluric work

Applications

The MFM-3 was originally developed in 
conjunction with Scintrex's research in 
the MIP method. These instruments are 
in regular use in conjunction with stan 
dard Scintrex time or frequency domain 
induced polarization receivers and 
transmitters.

The MIP method has many advantages 
over normal EI P techniques under cer 
tain geological conditions, in particular in 
the presence of highly conducting 
surface materials. The MIP method is 
proprietary to Scintrex which is pleased 
to carry out MIP contract services on 
behalf of clients. Alternatively, Scintrex is 
prepared to license exploration groups 
to carry out MIP surveys.

Another use of the MFM-3 is to make 
measurements of magnetic fields related 
to "steady state" current flow in the earth 
created by a low frequency galvanically

coupled transmitter. The information thus 
provided relates to the distribution of 
resistivities in the earth. The method has 
been termed "Magnetometric Resis 
tivity". The results of such surveys can 
give conductivity information to great 
depths and have proven to be of use in 
geothermal as well as mineral 
exploration.

The flat frequency response of the 
MFM-3 to 1000 Hz, and its high sen 
sitivity make it an excellent device for 
magnetic measurements in the applica 
tion of the magnetotelluric method. The 
MFM-3 is the only non-cryogenic vector 
magnetometer with useful sensitivity in 
the milligamma range. It is low in power 
consumption and weight. It is therefore 
useful for making field measurements in 
remote areas, for the purposes 
mentioned above.



Technical
Description of
MFM-3
High Sensitivity Vector
Fluxgate Magnetometer

Comparative total field measurements using an 
MFM-3 oriented in the total field direction and a 
Scintrex MRM-1 Multiple Resonance Total Field 
Magnetometer reading once per second.

Output Sensitivity

Output Dynamic Range

Output Impedance

Output Noise

Frequency Response

Meter Ranges

Meter Scale

Bucking Adjustments

Temperature Range

Temperature Drift

Power Supply

Power Requirements

Operating Time

Connecting Cable

Dimensions

Weight

Options

lOOmV/gamma ±20Xo

200 gamma

50 ohms

0.01-1 Hz: 10 milligamma peak-peak 
1-1000 Hz: less than 1 milligamma 
RMS/v/HT

0-1000 Hz (3 db point) 
12 db/octave roll off

±10 and ±100 gamma full scale

2 x 20 divisions, 64 mm long

Coarse 1:9 switched steps of approx.
10,000 gamma
Coarse 2:9 switched steps of approx.
1,000 gamma
Fine: 0-1,000 gamma by 10 turn
potentiometer

-400C to

Less than 0.5 gammaX0C

12V DC rechargeable lead-acid snap-on 
battery pack

Approximately 2.5 watts

Approximately 12 hours at 250C

6 meters long

Console: 320x140x230mm 
Sensor: 810x140x140mm

Console: 4 kg
Sensor: 5 kg
Connecting Cable: 0.150 kg/meter

Sensitivity at the output in the limits
10-500 mV/gamma
Length of the cable connecting sensor to
console up to 100 meters
Dry cell non-rechargeable snap-on
battery pack, or any 12V DC power
supply.

222 Snidercroft Road 
Concord Ontario Canada 
L4K1B5

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

Geophysical and Geochemical 
Instrumentation and Services
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Resistivity Transmitter

Function

The TSQ-3 is a multi-frequency, square 
wave transmitter suitable for induced 
polarization and resistivity measurements 
in either the time or frequency domain. 
The unit is powered by a separate motor- 
generator.

The favourable power/weight ratio and 
compact design of this system make it 
portable and highly versatile for use with 
a wide variety of electrode arrays. The 
medium range power rating is sufficient 
for use under most geophysical' condi 
tions.

The TSQ-3 has been designed primarily 
for use with the Scintrex Time Domain 
and Frequency Domain Receivers, for 
combined induced polarization and resis 
tivity measurements, although it is compat 
ible with most standard time domain and 
frequency domain receivers. It is also 
compatible with the Scintrex Commutated 
DC Resistivity Receivers for resistivity 
surveying. The TSQ-3 may also be used 
as a very low frequency electromagnetic 
transmitter.

Basically the transmitter functions as 
follows. The motor turns the generator 
(alternator) which produces 800 Hz, three 
phase, 230 V AC. This energy is trans 
formed upwards according to a front panel 
voltage setting by a large transformer 
housed in the TSQ-3. The resulting AC 
is then rectified in a rectifier bridge. 
Commutator switches then control the 
DC voltage output according to the wave 
form and frequency selected. Excellent 
output current stability is ensured by a 
unique, highly efficient technique based 
on control of the phase angle of the three 
phase input power.

Time Domain T s 1, 2. 4 or 8 seconds, switcn selectable

Frequency Domain T = -anal ^ O 01. 0.3. 1 O or 3.0 Hz.

u

Features

Current outputs up to 10 amperes, voltage 
outputs up to 1500 volts, maximum power 
3000 VA.

Solid state design for both power switch 
ing and electronic timing control circuits.

Circuit boards are removable for easy 
servicing.

Switch selectable wave forms: square 
wave continuous for frequency domain 
and square wave interrupted with auto 
matic polarity change for time domain.

Switch selectable frequencies and pulse 
times.

Overload, underload and thermal protec 
tion for maximum safety.

Digital readout of output current.

Programmer is crystal controlled for very 
high stability.

Low loss, solid state output current 
regulation over broad range of load and 
input voltage variations.

Rectifier circuit is protected against 
transients.

Excellent power/weight ratio and 
efficiency.

Designed for field portability; motor-gene 
rator is installed on a convenient frame 
and is easily man-portable. The trans 
mitter is housed in an aluminum case.

The motor-generator consists of a reliable 
Briggs and Stratton four stroke engine 
coupled to a brushless permanent 
magnet alternator.

New motor-generator design eliminates 
need for time domain dummy load.

u
Waveforms output by the TSQ-3



Technical
Description of
TSQ-3/3000W
Time and Frequency Domain
IP and Resistivity Transmitter

TSQ-3 transmitter with portable motor 
generator unit

222 Snidercroft Road 
Concord Ontario Canada 
L4K 1B5

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

Transmitter Console

Output Power

Output Voltages

Output Current

Output Current Stability

Digital Dieplay

Absolute Accuracy

Current Reading Resolution

Frequency Domain Waveform

Frequency Domain Frequencies

Time Domain Cycle Timing

Time Domain Polarity Change

Time Domain Pulse Durations

Time and Frequency Stability

Efficiency

Operating Temperature Range

Overload Protection

Underload Protection

Thermal Protection

Dimensions

Weight

Power Source

Type

(Motor

Alternator

Output Power

Dimensions

Weight

Total System

Shipping Weight

3000 VA maximum

300, 400, 500, 600, 750, 900. 1050, 1200, 1350 
and 1500 volts, switch selectable

10 amperes maximum

Automatically controlled to within ±0.10Xo for up 
to 20 "/o external load variation or up to ± 1007o 
input voltage variation

Light emitting diodes permit display up to 1999 
with variable decimal point; switch selectable to 
read input voltage, output current, external 
circuit resistance. Dual current range, switch 
selectable

±30Xo of full range

10 mA on coarse range (0-10A) 
1 mA on fine range (0-2A)

Square wave, continuous with approximately 
60Xo off time at polarity change

Standard: 0.1, 0.3,1.0 and 3.0 Hz, switch
selectable
Optional: any number of frequencies in range
O to 5 Hz.

t: t: t: t; on: off: on: off; automatic

each 2t; automatic

Standard: t ^ 1, 2, 4 or 8 seconds 
Optional: any other timings

Crystal controlled to better than .Ol 0Xo

.78

-30"C to +50-C

Automatic shut-off at 3300 VA

Automatic shut-off at current below 75mA

Automatic shut-off at internal temperature of 
-(-850C

350 mm x 530 mm x 320 mm

25.0 kg.

Motor flexibly coupled to alternator and instal 
led on a frame with carrying handles.

Briggs and Stratton, four stroke, 8 H.P.

Permanent magnet type, 800 Hz, three phase 
230 V AC

3500 VA maximum

520 mm x 715 mm x 560 mm

72.5 kg

150 kg includes transmitter console, motor 
generator, connecting cables and re-usable 
wooden crates

Geophysical and Geochemical 
Instrumentation and Services
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Function

The CTU-2 is a portable system which has been 
designed for determinations of magnetic suscepti- 
bfltty, AC electrical conductivity and induced polari- 
zatkxi chargeability of rock samples, outcrops or 
drill cores. It is equally useful in the laboratory, field 
and core shack.

Knowledge of the physical properties of rocks is 
important in interpreting geophysical data. Also, 
when diamond drilling has been carried out on a 
geophysical target it is useful to make a physical 
properties tog of the core to determine that the 
body causing the geophysical anomaly has actu 
ally been intersected.

The magnetic susceptibility and conductivity mea 
surements are made inductively and are deter 
mined from meter indications. Meter outputs can 
be compared with calibration charts to determine 
absolute susceptibilities in c.g.s. units and conduc 
tivities in mhos/metre. When core logging, the 
normal procedure is to move the sensing head 
along the core (or the core through the sensor, 
depending upon the measurement) while watching 
the output meter for anomalous conditions. The 
meter can be complemented with an external 
analogue recorder. Interesting sections of the core 
can then be studied in more detail and quantitative 
determinations made.

The induced polarization measurements are made 
with the CTU-2 console, equipped with the optional 
IP module, sample holder and a time domain 
induced polarization receiver such as the Scintrex 
IPR-6 or the IPR-10. The IP module of the CTU-2 
provides a transmitted current and voltage mea 
surements are made with the receiver. Since 
sample geometry is not significant for induced 
polarization measurements, absolute chargeability 
values are obtainable directly.

Approximate DC resistivity measurements may 
similarly be made, however, some sample prepara 
tion such as squaring the ends of the cores is 
necessary in order to calculate absolute resis 
tivities.

Features

Easily portable; useful in laboratory, field or core 
shack.

Small detecting head allows magnetic susceptibil 
ity measurements to be made on small samples.

Inductive sensing without nulling allows rapid sus 
ceptibility and conductivity logging of drill cores.

Choice of standard D cells, rechargeable batteries 
or external 12V DC supply.

Samples can be measured in any form for sus 
ceptibility and cores are easily handled for con 
ductivity, induced polarization and DC resistivity 
measurements.

Direct visual output

Optional analogue recorder output

Solid state integrated circuitry.

Permanently caibrated by Scintrex before 
delivery.

Engineered for ruggedness and reliability.

Built in circuit simulates normal earth polarization 
transient for testing time domain induced polariza 
tion receivers.

CTU-2 with optional induced polarization module.

CTU-2, IPR-8 IP Receiver and coreholder with 
core sample in laboratory setup.
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Basic CTU-2 wtih sensor.

222 Snidercroft Road 
Concord, Ontario, Canada 
L4K1B5

Telephone: (416) 669-2280 
Cable: Scintrex Toronto 
Tetex: 06-964570

Complete Geophysical 
Instrumentation 
and Services

Susceptibility range

Conductivity range

Maximum core size for conductivity

Conductivity test frequencies

Overall accuracy

Operating temperature range

Dimensions

Power supply

Induced PoJerizaflon and ftesJstfvMy 
Transmftfar Module

Cycle

Output voltage

Currant output

Simulating network

Operating temperature range

Induced PoJarfzatfon and flesJstfvftx 
Sample Hotter

Current electrode

Current contact technique

Potential contact technique

Maximum sample length

Dimensions

Standard supplies

100 x 10-* to40,000 x 10-* cgs units.

5kHz.

0.5 to 10* mhos/metre in twelve ranges.

50 mm diameter.

Ranges land 2:100 kHz. 
Range 3:2.5 MHz.

±10^0.

-200Cto-H00C.

Basic module: 230 mm x 150 mm x 230 mm. 
Sensor 200 mm x 25 mm, Cable: 1.8 m.

Nine 1.5V D cells internal or 12 V DC external. 
Rechargeable batteries optional.

5.5 kg including sensor.

Time domain: +V, off, -V, off; 2 second on and off 
times.

20V.

Switch selectable at 0.1,1 or 10mA.

Built in time constant for testing induced polariza 
tion receivers simulates normal earth polarization 
transient

38 basic module weight by 0.4 kg.

Any standard time domain induced polarization 
receiver capable of measuring 2 second on-off 
times cycle. The Scintrex IPR-8 or IPR-10 is 
recommended.

Acrylic plastic.

Two.

Four, spaced 25 mm apart.

Felt pads soaked in copper sulphate solution 
pressed on ends of sample by spring loaded 
probes.

Taut cotton covered copper wire soaked in copper 
sulphate solution.

200mm.

380 mm x 230 mm x 200 mm.

3.5kg.

Fett pads, contact wire and copper sulphate
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Function

The SM-5 Digital Magnetic Susceptibility Meter is 
designed to measure the volume magnetic sus 
ceptibility of drill cores, hand samples or rock 
outcrops. It has both geological and geophysical 
applications.

Magnetically permeable materials are those that 
have the property of being able to change the flux 
density of a magnetic field. When such rocks or 
minerals are placed in an external magnetic field 
such as the earth's, they acquire an induced 
magnetism whose strength is determined by the 
magnetic susceptibility of the material. In other 
words, the volume magnetic susceptibility is de 
fined by the formula K = M/H where M is the 
induced intensity of magnetization and H is the 
external magnetizing force.

The SM-5 senses the change in reluctance 
(analogous to the resistance of an electrical con 
ducting circuit) of a magnetic flux path that includes 
a C-shaped piece of high magnetic permeability 
material in its sensor. This high permeability 
material is wrapped with a coil, forming the fre 
quency determining inductance of an oscillator. 
For each susceptibility determination, the SM-5 
measures the oscillator frequency with the sample 
at the sensor and automatically subtracts this from 
a frequency previously stored in the instrument 
during a free space' measurement Determina 
tions are simply made and presented on a bright 
digital display in 10~3 cgs units.

The magnetic susceptibility of rocks depends 
almost entirely on their content of magnetite, 
titanomagnetite, ilmenite and pyrrhotite. The SM-5 
can sense small changes in the content of these 
minerals. These changes may be geologically or 
geophysically important but not apparent in visual 
examinations or through the use of a hand mag 
net Depending on grain size, a geologist may 
only be able to distinguish changes of 2 to S^o by 
volume of these minerals on the surface of a core 
or rock sample. The SM-5 on the other hand, 
can quantitatively measure a volume equivalent 
magnetite content to a fraction of one percent A 
digital magnetic susceptibility meter is therefore a 
very useful tool for geologists involved in geologi 
cal mapping, mineral property evaluation or drill 
core logging.

Geophysioists use the SM-5 to determine magne 
tic susceptibilities to assist in the interpretation of 
airborne, ground or drillhole magnetic surveys. 
Also, the responses of other geophysical tech 
niques (such as induced polarization and electro 
magnetics) may be affected by the magnetite 
and/or pyrrhotite content of rocks which can be 
quantitatively measured by the SM-5.

The design of the sensor was conceived by G.H. 
Mclaughlin of Newmont Exploration Limited, who 
built an analog susceptibility meter. The basic 
electronic design of the present digital instrument 
was perfected by C.L Elliot, Elliot Geophysical 
Company, which manufactured and sold a similar 
product with model name PP-2A. Scintrex now 
has the sole right to manufacture and sell this 
digital susceptibility meter, called the SM-5.

Features

Simple, push button operation.

No meter to null or dials to read. The output is on 
a light emitting diode display readable in bright 
sunlight

Handy size, light weight. The flush design is robust 
and easy to slip into a pocket or carrying case.

Replaceable, common batteries are used with long 
life due to the low power consumption CMOS 
electronic design.

Rugged, anodized aluminum case with nylon 
sensing head for long service life.

The overall mechanical strength of the design 
stems from the solid aluminum center support 
block.

Low battery indication on the display.

All electronic circuitry is constructed on printed 
circuit boards for ruggedness and reliability. The 
circuits are coated with pdyurethane as a moisture 
barrier and to provide mechanical stability.

No manipulation of front panel controls can dam 
age the instrument
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Advantages

Magnetic susceptibility measurements are taken 
directly in cgs units. No calculations are necessary 
for most determinations. No preparation is neces 
sary to control the sample geometry since the 
small detecting head sees most surfaces as 
'infinite'.

In-the-field measurements on outcrops, hand 
samples or drill cores with no waiting for laboratory 
turnaround.

Resolution is sufficient to determine significant 
changes in magnetite or pyrrhotite content which 
may not be apparent by visual inspection or use of 
a magnet. Thus, subtle geological changes can be 
detected. In the case of ores such as nickel 
sulphides or iron, such measurements may be 
used to detect grade changes.

Susceptibility measurements can be valuable in 
signaling possible errors when magnetic methods 
are used to measure drillhole azimuth, for example, 
in directional driing.

Susceptibility measurements aid the geophysicist 
in the interpretation of magnetic, induced polariza 
tion and electromagnetic data.

Magnetic Susceptibilities of some rocks and min 
erals in 10~3 cgs units as read on the SM-5.

Basalt 0.5 to 5.4 
Diabase 0.8 to 12 
Diorite 0.05 to 10 
Dolomite 0.01 to 1.6 
Gabbro 0.3 to 7.2 
Gneiss 0.01 to 2.0 
Granite 0.01 to 4.0 
Hematite 0.33 to 0.8 
Ilmenite 25 to 300 
Limestone 0.3 to 2.0 
Pegmatite 0.2 to 6.0 
Peridotite 1000 to 13,000 
Porphyry 0.01 to 17 
Pyrite 0.01 to 0.4 
Pyrrhotite 0.08 to 8.0 
Rhyolite 0.02 to 1.1 
Sandstone O to 2.0 
Schist 0.02 to 0.2 
Shale 0.01 to 1.5 
Skarn Zone 4.0 to 8.0

Schematic of SM-5 sensing head.

--Sample mm

Representative 
Magnetic Flux Line

Gap 3-to
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Operation

With the sensor held at least 30 cm from any 
conductive or magnetic object, the Set Button is 
depressed. In less than one second, the Display 
indicates that the 'free space' oscillator frequency 
has been measured and stored. Then, with the 
Sensor against the surface of the sample to be 
measured, the Read Button is depressed. In less 
than a second the Display shows the magnetic 
susceptibility in 10~3 cgs units, having measured 
the new oscillator frequency and subtracted it from 
the stored free space' value. The zero of the instru 
ment can be checked at any time by pushing the 
Read Button in free space. If the displayed value is 
not zero, the Set Button is simply pushed again to 
store a new 'free space' oscillator frequency.

The SM-5 is factory calibrated for an infinite half 
space with a flat surface. Therefore, when mea 
surements are made on cores, the operator may 
wish to determine the corrected susceptibility by 
using a simple graph in the operating manual for 
25 mm or 50 mm diameter cores. Larger cores 
approach an infinite half space with respect to the 
small sensor and corrections are therefore not 
required. The measured magnetic susceptibility is 
equal to the true susceptibility, within the accuracy 
of the instrument, up to approximately 20,000 x 
10~* cgs units or about 60Xo magnetite equivalent 
For readings above this level, corrections can be 
made using the same graph in the manual.

The SM-5 reads out directly up to 99 x 10"3 cgs 
units, or approximately 33 percent by volume 
magnetite equivalent The range can be nearly 
doubled by inserting a small spacer between the 
sensor and sample, reading the displayed value 
and multiplying by a constant given in the manual.

Due to the small volume sampled by the SM-5 and 
the non-uniformity of the sampling field, the mea 
surement is sensitive to inhomogeneities caused 
by the random distribution of the magnetic miner 
als as well as changes in their grain size and 
shape. The effect of these inhomogeneities can, 
however, be minimized by taking several readings 
over a sample surface and averaging the values 
obtained.

Relation of susceptibility in SM-5 readout units 
(10~3) on vertical axis to percent magnetite on 
horizontal axis.

7
10 100



Technical Description 
of the SM-5 Digital 
Magnetic Susceptibility 
Meter

Susceptibility Range 100 to 99,000 x 10~6 cgs units or approximately 
33"Xo by volume equivalent magnetite content. 
Values nearly twice as high can be measured by 
inserting a 3.2 mm spacer and employing correc 
tion factors.

±50Xo, ± one least significant digit, for a homo 
geneous sample.

Resolution 100 x 10-'cgs units.

Linearity Linear within the accuracy of the instrument up to 
approximately 20,000 x 10-' cgs units (i.e. about 
60Xo magnetite equivalent). Correction graph in 
manual for higher values.

Display 2 digit light emitting diode display as X.X or XX. in 
10~3 cgs units. Character height 2.8 mm, visible 
even in bright sunlight. Battery and instrument 
state are indicated by different display conditions.

Sample Oscillator Frequency Approximately 1,000 Hz.

Field Sti ei ty III Less than 1 oersted.

Sensor Gap Approximately 35 mm.

Power Supply Setf-contained batteries. One 9-volt NEDA #1604 
(Eveready #216 or equivalent) and three 1.5 volt 
AAA cells. Alkaline batteries are recommended 
over carbon for longer ife.

Battery Ufe Approximately 5000 readings, depends on length 
of time operator activates the display.

Temperature Range -20to-^600C.

Weight 0.6kg.

Dimensions 180 x 70 x 45 mm.

222 Snidercroft Road 
Concord, Ontario, Canada 
L4K1B5

Telephone: (416) 669-2280 
Cable: Geoscint Toronto 
Telex: 06-964570 3-

Geophysical and Geochemical 
Instrumentation and Services



The GENIE - an EM system op 
timized for accuracy, inter- 
pretability and down-to-earth 
efficient use.

Designed primarily for pragmatic 
mineral exploration, the unique 
SE-88 GENIE offers depth of 
penetration and interpretability 
equal to or better than any other 
moving source electromagnetic 
system. In addition, you get fast, 
accurate results due to the orienta 
tion and distance insensitive 
measurement, the lack of a 
cumbersome interconnecting 
cable, automatic signal averaging 
and many other outstanding 
features.

Introduction
Developed by Scintrex with the support 
of Esso Minerals Canada Limited, the 
SE-88 Portable Electromagnetic 
System is used mainly in mineral pro 
specting for massive sulphide ore 
bodies. It may also be used for the 
detection of faults or shear zones and 
to give information about subsurface 
conductivity for geological mapping, 
sand and gravel or groundwater ex 
ploration. The SE-88 has been dubbed 
the "GENIE", an acronym for GEometry 
Normalized Electromagnetic system.

The GENIE system, comprising 
transmitter and receiver consoles, is 
designed for rapid two person opera 
tion. The measurement is based on the 
simultaneous transmission of two 
preselected, amplitude stabilized, well 
separated frequencies and the com 
parison of the amplitudes of the two 
signals at the receiver. The two 
transmitted frequencies are picked up 
by a single receiving coil, amplified and 
noise filtered.

A proportional DC voltage (Vsignal for 
the higher frequency, Vre,erence for the 
lower frequency) is obtained from each 
signal, averaged over a selectable time 
period and then the computed result
O/sjgnal /V^erem* '1) * 100 JS displayed in
percent on the digital display with a 
resolution of 0.1 "/o.

Under most field conditions the 
system, whose sensitivity and 
repeatability are basically only limited 
by atmospheric noise, can detect 
amplitude ratio changes to better than 
0.5 percent. Useful measurements may 
be made to a transmitter-receiver 
separation of up to 200 metres.

Some of the advantages of the new 
GENIE System are:

* high portability
* ease of use
* no interconnecting cable
* wide frequency range
* good depth of penetration
* useful even in rough topography

''•l̂ a r **'W .fV V'' vV*^' ' \ i ^^-/? : "' ; liM^^^f^i'
Both the GENIE Receiver and Transmitter are designed for portability and ease of use. Here, 
the Transmitter Battery Pack is being removed for recharging.
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High measurement 
accuracy for maximum 
penetration.
Case histories. Test surveys have been 
conducted with this system over 
known subsurface conductors in a 
variety of geological environments and 
climatic conditions. Some of these 
results are shown later in this 
brochure. Compared with other por 
table electromagnetic systems, similar 
anomaly amplitudes have been ob 
served in all cases, but the noise levels 
are invariably lower in the GENIE pro 
files, resulting in an enhanced signal- 
to-noise ratio. The presence of known 
bedrock conductors beneath as much 
as 85 metres of overburden has been 
clearly indicated by the GENIE

Large separations for deep penetration.
The GENIE will work to separations up 
to 200 metres for deep penetration. 
However, the time taken to achieve 
valid readings and the accuracy of the 
readings, of course, depends on atmos 
pheric noise levels. Alternatively, 
shorter separations can be selected for 
faster or more detailed surveying.

Minimal geometric errors. All previous 
portable electromagnetic systems, 
whether making in-and-out-of-phase 
(Slingram), tilt angle or amplitude 
measurements, are sensitive to the 
relative geometry of the transmitter 
and receiver coils. Small errors in 
orientation or separation of these coils 
introduce appreciable noise which 
degrades useful sensitivity and thereby 
the effective depth of exploration.

While it is possible to reduce these er 
rors by taking great care in making the 
measurements, production rates may 
be affected appreciably. These coil 
geometry errors are especially 
troublesome when surveys are to be 
made in topographically rugged and/or 
forested areas where the operators 
cannot see each other or measure 
distances accurately.

Since it measures a ratio of 
amplitudes, the GENIE minimizes er 
rors due to improper coil orientation or 
separation. In fact, over nonconductive 
earth, there are no such errors at all. 
Under field conditions, the only time 
appreciable geometric errors occur is 
when either the transmitter or receiver 
is extremely close to a confined con 
ductor. This insensitivity to geometric 
errors, which is compared in Table 1 to 
Horizontal Loop Systems for three dif 
ferent models, speeds up production of 
high quality data. Signal-to-noise ratios 
are invariably better with the GENIE 
than with Slingram equipment, offering 
increased depth of penetration. An 
added advantage is that there is really 
no need to cut and chain survey lines.

Signal/noise enhancement. By switch 
selection, the receiver operator can 
average the amplitude ratio over 2,4,8 
or 16 seconds. The shorter times allow 
faster operation when atmospheric 
noise-is not a problem, while the longer 
times permit quality data to be taken in 
noisy conditions. To further enhance 
the signal-to-noise ratio, the operator 
can make several measurements in the 
repetitive mode and record them for 
later analysis. The operator can quarv

Earth Modal
Actual Separation Horizontal Loop GENIE Error 

100 m Nominal Slop* In-Phaw Error (*ft) CK)
1) Free Space

2) Conductive Overburden
20 m thick with 0.02 mho/m
conductivity

3) Vertical conductor, 25 m deep
with conductance of 10 mhos.

100m
95m

102m
100m
100m
100m
100m
100m
100m
95m

102m
100m
95m

102m

O0
O0
O0
50

10"
150
200
25P

O0
0"
O0
0"
O0
0"

0
-14
* 6
- 22
- 9
-20
-35
-54

0
-16.2

+ 6.9
0

- 9.6
-t- 3.9

0
0
0
0
0
0
0
0
0

-0.8
-t- 0.2

0
-t- 2
-0.2

titatively monitor atmospheric noise on 
an analogue meter.

Poweriine filtering. The SE-88 has an 
efficient built-in filter for the fundamen 
tal and third harmonic of powerline fre 
quencies. The filter can be changed 
from 50 to 60 Hz by an internal switch. 
Most importantly, the amount of 
powerline noise which is received 
before filtering can be measured quan 
titatively on one of the analogue 
meters. This allows the operator to 
make a record of the level of powerline 
noise so this may be taken into con 
sideration when the data are inter 
preted.

Drift free electronic design. The GENIE 
is factory set for free space conditions. 
No field calibration is required. The 
transmitter design includes a crystal 
controlled oscillator and feedback 
loops to ensure accurate frequency 
and moment tuning, better than 0.1 per 
cent. The receiver is also crystal con 
trolled. This, as well as the fact that a 
single coil is used to receive both fre 
quencies, ensure no drift and no tuning 
for ease of use, reliability and ac 
curacy.

GENIE MEASUREMENT

Two well separated frequencies fs and fp are 
transmitted simultaneously with amplitudes 
stabilized to 0.1 Vo. The voltages Vs and VR at a 
single receive coil are amplified, noise filtered 
and averaged and then the computed result is 
displayed. If no subsurface conductors are 
present, then Vs = VR .

Table 1
Errors due to coil separation and orientation are seen to be very low for the GENIE compared with
Horizontal Loop (Slingram) measurements.
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Available interpretation 
crocedures yield full 
information.
Complete interpretation. The SE-88 
gives results which can be easily inter 
preted to give the normal parameters 
expected of electromagnetic 
geophysical surveys. In the case of a 
steeply dipping conductor, its location, 
strike, dip, depth and conductance can 
be determined. For the two layer case, 
the conductivity and thickness of the 
upper layer may be interpreted either 
separately or as a conductance pro 
duct, depending on the circumstances.

Ease of interpretation. Anyone familiar 
with Slingram interpretation will readily 
be able to learn GENIE interpretation. 
The instrument's operating manual 
contains an introductory description of 
interpretation procedures. A similar 
description is given later in this 
brochure.

Model studies available. In order to 
assist with the interpretation of more 
complex models, a comprehensive pro 
gram of model studies has been car 
ried out at the University of Toronto 
electromagnetic modelling facility. This 
information is available to GENIE users 
in the form of an Interpretation Manual.

Choice of frequencies. In order to per 
mit quantitative interpretation to be 
carried out and to allow selection of 
the optimum signal-to-noise response 
parameter for a given survey, the SE-88 
offers five different frequency pair set 
tings. If multifrequency data are 
desired to improve the interpretation

The Transmitter controls comprise only two 
switches for simple operation by unskilled per 
sonnel.

possibilities, then readings can be 
taken with up to five settings at each 
survey station. The frequency range 
spanned by the system is 112.5 to 
3037.5 Hz.

Simple operation speeds 
up surveys.
Test surveys. The actual reading time 
of the GENIE is similar to that taken 
when using standard horizontal loop 
(Slingram) equipment. Time is saved, 
however, when moving from station to 
station since the GENIE has no 
cumbersome interconnecting cable to 
get caught in rocks or brush. This ad 
vantage is particularly noticeable when 
profiles have not been cleared. In 
rough topography much more time is 
saved with the GENIE since it is not 
necessary to orient the coils to 
coplanarity or to do a topographic 
survey to permit corrections to be 
made.

No interconnecting cable. Unlike 
Slingram equipment, the GENIE has no 
cable connecting the transmitter and 
receiver to add weight and generally in 
hibit your movement through brush or 
rough topography. Also, you are finally 
free of lost time due to broken cables.

Convenient, robust design. The
receiver is carried strapped to the 
chest while the transmitter is mounted 
on a backpack. This leaves both of the

operator's hands free for climbing in 
rough terrain or for clearing branches, 
thereby speeding up the work. The 
transmitter, which is only 17.8 kg with 
the heavy duty batteries, has its weight 
comfortably distributed for carrying 
and comes with padded shoulder 
straps. The cases of both units are 
made of a strong fiberglass, proven to 
stand up well under field conditions. 
The bright colours of the GENIE 
enclosures have been chosen to in 
crease survey efficiency by allowing 
operators to see each other as well as 
possible in heavy bush.

Simple controls. The transmitter con 
trols consist of an On/Off switch and a 
Frequency Pair Selector which are 
within easy reach for the operator. 
When a survey is carried out using only 
one frequency pair, all the transmitter 
operator must do is turn the unit on 
and off at the appropriate times.

Operation of the receiver is simple. The 
Separation Distance, Frequency Pair 
and Signal Averaging Time Switches 
are not often changed during a routine 
survey. The operator simply moves a 
toggle switch and single or repetitive 
readings are taken depending on the 
chosen mode of operation. At the end 
of each measurement an alarm is 
heard. In the repetitive mode the instru 
ment will continue to take readings 
automatically so that the operator can 
monitor variations from reading to 
reading if he desires. In this mode, the 
alarm Is useful to indicate the end of a
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reading since the value of the digital 
display may not change.

Signal monitor. On each of two 
analogue meters the receiver operator 
can monitor the amplitude of the two 
transmitted frequencies. This gives him 
confidence that the equipment is func 
tioning properly and permits calibration 
since the amplitudes should be equal 
over nonconductive ground.

Digital display. The low power con 
sumption liquid crystal digital display 
reads out the amplitude ratio to 0.1 per 
cent resolution. It is easy to read and, 
compared to analogue meters, gives an 
unambiguous result which can be ac 
curately noted by the operator. A 
heater is built into the display so that 
the SE-88 can be used in subzero 
temperatures.

Trouble-free battery operation. Both the 
transmitter and receiver employ nickel- 
cadmium rechargeable battery packs 
which can be removed for charging. 
This means that if spare battery packs 
are purchased, one set of batteries can 
be charged while another is at work in 
the field, so that no time is lost. It is 
possible to work without spare battery 
packs, provided recharging is done 
each night.

Two types of battery packs are 
available for the transmitter. The heavy 
duty battery, weighing 1.7 kg more than 
the light duty battery, ensures a full 
day's operation even in subzero 
weather. The light duty battery is 
chosen to save weight when either few 
readings will be taken each day or 
when temperatures are not low. The 
condition of the receiver batteries is 
seen on a meter, and the transmitter 
emits an audible low battery signal. 
These features warn the operators in 
advance of the batteries becoming so 
low that it is not possible to work, 
avoiding lost time.

Measures distance electronically.
Another reason that cut and chained 
survey lines are not necessary is that 
the GENIE is also inherently a distance 
measuring device. The signal at the 
lowest transmitted frequency is 
relatively unaffected by earth conduc 
tivity. The amplitude of this signal is 
displayed on an analogue meter at the

receiver so that the operator can adjust 
his position with respect to transmit 
ter, within better than 2 percent, by 
simply moving until a meter needle 
comes to a calibrated position. The 
receiver can be adjusted by switch 
selection for 21 separations between 
6.25 and 200 metres. It is possible to 
select greater distances but in prac 
tice, atmospheric noise may make 
measurements at more than 200 
metres impractical.

To use the GENIE without cut and 
chained lines, the transmitter operator 
stands at the first station and turns on 
the transmitter. The receiver operator 
adjusts the Separation Distance 
Switches for the distance required and 
walks away until his meter needle 
comes to a calibrated position. He then 
takes the observation and marks or 
flags his position for the transmitter 
operator to occupy for the next 
reading.

Interpretation
An Interpretation Manual is available 
from Scintrex which permits quantita 
tive interpretations of GENIE results to 
determine: 1) location, 2) strike, 3) dip,
4) depth and 5) conductance.

The Interpretation Manual comprises 
two parts. The first part consists of 
general curves which permit interpreta 
tion of an unknown, dipping, thin con 
ductor and conductive overburden from 
observed data. The second part con 
sists of computer generated profiles 
over various plate and sphere models 
which are useful for comparison with 
field profiles.

In classical horizontal loop (Slingram) 
measurements, the in-phase and 
quadrature components of the vertical 
component of the secondary field are 
compared in phase and amplitude with 
the primary field. The GENIE, on the 
other hand, measures the percent 
change with frequency of the vertical 
component of the total field received. 
The data profiles generated and the in 
terpretative procedures used for the 
two methods are comparable but not 
identical.

In general, the factors affecting the 
GENIE profile shapes and peak ampli 
tudes are: 1) the depth H to the con 
ductor current axis which is located 
near the top of the conductive sheet, 2) 
the separation L between the Transmit 
ter and Receiver, 3) the GENIE frequen 
cy pair used, 4) the dip of the sheet and
5) the conductance, otherwise called 
conductivity-thickness product, of the 
sheet.

Figure 1 compares horizontal loop and 
GENIE responses. For a 100 m coil 
separation, the GENIE response peaks 
for conductances between about 10 
and 100 mhos. For coil separations 
between 50 and 200 m the peak posi 
tion is over the range 5 to 200 mhos. 
The conductance peak position varies 
within these ranges depending on 
H/L, dip and the frequency pair 
employed. It is seen that as the 
response parameter approaches either 
zero or infinity, the GENIE response 
tends towards zero so that there is 
always a certain aperture within which 
the measurement is effective.



However, the GENIE frequencies have 
been chosen such that the conduct 
ance range covered is sufficient to 
detect most earth conductors of 
interest.

Figure 6 can be used as an example of 
how wide a typical aperture is. If a 
noise cut off of 1.5 0Xo is taken (three 
times the mean error of measurement 
and fifteen times reading resolution), 
the aperture is seen to be from less 
than 1 mho to about 1000 mhos for a 
100 m coil separation for the three fre 
quency pairs shown, a 60 0 dip and H/L 
s 0.167. Dip does not have much ef 
fect on the aperture, but an increase of 
H/L tends to reduce the aperture main 
ly at the upper end. For example, at 
H/ L s .25, the upper cut off would be 
about 700 mhos. At H/L s 0.3125 it is 
500 mhos.

Once a conductor is detected on the 
frequency pair chosen for recon 
naissance work, the standard field pro 
cedure is to run a profile over the 
anomalous zone employing all three of 
the frequency pairs which are based on 
112 Hz. These are: 3037/112,1017/112 
and 337/112. The purpose of this pro 
cedure is to provide data referenced to 
the lowest frequency which is least af 
fected by the earth's conductivity. 
Once data from these measurements 
are available, quantitative interpreta 
tions can be made.

Location

The location of the current axis of a 
thin, steeply dipping Thin Plate Con 
ductor below a GENIE profile is easily 
determined since it is centred directly 
below the peak of the negative 
response. This is the case for both of 
Figure 2 and 3 where the conductor 
axis is located below the O point on the 
profiles.

Figure 4 shows the case for a Horizon 
tal Thin Plate Conductor. In this model, 
the centre of the plate is directly below 
the centre of the positive GENIE Ratio 
Response peak while the negative max 
ima occur over the edges of the plate. 
As the depth of the plate increases, the 
negative maxima move out from the 
plate edges and decrease in amplitude 
relative to the central positive peak.

s w

Horiiontol loop In-Phot*

ff

Horizontal loot* Quadrature

Figure 1
These response curves 
have been calculated 
using the equivalent cir 
cuit approach given by 
Grant and West.

Figure 2
These are computer 
calculated profiles for 
GENIE Ratio Response 
for a conductor dipping 
vertically with its axis 
located below 0. The 
conductance is 10 
mhos and the GENIE 
Frequency Pair is 
3037/112. The four pro 
files show different H/L 
ratios so if the coil 
separation L is cons 
tant, the curves reflect 
changing depth to the 
current axis. If L were 
200 m, then the depth 
to the current axis in 
the case of lowest 
amplitude profile would 
be 150 m. The horizon 
tal axis is normalized 
for coil separation by 
dividing the horizontal 
distance by L.

Figure 3
These computer 
calculated profiles 
show the effect that 
conductor dip has on 
the GENIE Ratio 
Response. The current 
axis is located below 
the O point on the pro 
file. The conductance is 
10 mhos, H/L = 0.25, 
and the GENIE Fre 
quency Pair is 
3037/112. The four pro 
files show results for 
dips of 30, 45, 60 and 
90" from horizontal.



Strike

Once the conductor axes have been in 
terpreted for a series of adjacent pro 
files, their locations are plotted on a 
plan map of the profiles so that the 
strike length and direction can be 
determined.

Q.p

The effect that dip has on the GENIE 
Ratio Response is shown clearly in the 
profiles shown in Figure 3. It is easy to 
determine the dip direction since the 
positive peak on the hanging wall side 
is larger than the positive peak on the 
foot wall side.

Dip is determined by measuring the 
ratio of the positive peaks on the 
GENIE profiles at two or, preferably, 
three frequency pairs and fitting them 
on one of three families of curves ex 
emplified by Figure 5.

Depth

As explained in the caption to Figure 5, 
the ratio H/L is known once the best 
family of dip curves is found. The 
depth to the current axis is then deter 
mined by multiplying the coil separa 
tion L by the indicated H/L ratio.

H/L ' 0.23

O.SO

337/112

1012 /II2 
3O37/M2

0.1 02 0.3 0.4 03 O.* 0.7 0.8

Figure 4
Shown is the theoretical 
response for a Horizon 
tal Thin Plate Conductor 
where the depth is 
varied from 0.25 L to 
1.5 L In this case the 
plate runs from Oto+2 
on the profile. The con 
ductance is 10 mhos 
and the GENIE Fre 
quency Pair is 3037/112.

Figure 5
This family of curves 
shows the effect of vary 
ing the GENIE frequen 
cy pairs for a conductor 
dipping at 60". To deter 
mine dip and H/L, the 
ratios of positive peaks 
on the field profiles for 
three frequency pairs 
are measured. Then, the 
family of dip curves 
where these points fall 
on the best vertical line 
is found. In this exam 
ple, dip is 60" (from the 
family of curves) and 
H/L = 0.125.

Conductance

The conductance (also called 
conductivity-thickness product, dt in 
mhos) is interpreted by using the ap 
propriate family of curves, one of 
which is shown in Figure 6. Since all of 
the conductance families of curves 
tend to be well separated for low 
values of dtL and closer together for 
higher values, the following rule of 
thumb for profiles where L is constant 
applies: 1) if the peak GENIE Ratio 
Responses for all three frequency pairs 
are nearly the same, the conductance 
is high, 2) if the peak response for the 
highest GENIE Ratio is large compared 
to the other two peak responses, the 
conductance is moderate and 3) if the 
peak amplitudes are widely separated, 
then the conductance is poor to good. 
Thus, a preliminary grading of conduc 
tors can be done in the field even

Figure 6
Shown is one of several 
families of conductance 
curves which, once dip 
and H/L are known, per 
mits interpretation of 
conductance, di. This 
family is for the case of 
a 60" dip and H/L = 
0.767. To set the con 
ductance, the positive 
peak GENIE responses 
for three frequency 
pairs are plotted. These 
should fall on a vertical 
line giving a value of 
OIL. Since L is known, at 
can be calculated.

at L



without the GENIE Interpretation 
Manual.

Conductive Overburden

Master curves have also been 
generated for the case of a conductive 
overburden layer over a resistive half 
space. For a certain range of over 
burden thickness, the thickness and 
conductivity may be determined 
separately. For lesser thicknesses, only 
the conductivity-thickness product may 
be determined. For greater thicknesses 
only the conductivity can be deter 
mined.

With support from Esso Minerals 
Canada Limited a comprehensive pro 
gram of field testing the SB-83 GENIE 
has been carried out in a variety of 
geological environments in the Cana 
dian provinces of Quebec, Ontario and 
British Columbia. The results have 
been compared with those given by 
other electromagnetic systems. Com 
parable anomalous peak responses 
have been observed in all cases, 
however, the geometry dependent 
noise levels are lower with the GENIE, 
resulting in an enhanced signal-to- 
noise ratio. The presence of conduc 
tors beneath as much as 85 metres of

overburden have been clearly indicated 
by the GENIE.

Five case histories are given in a paper 
presented at the 1981 Annual Meeting 
of the Society of Exploration 
Geophysicists entitled "A Novel 
Geometry - Invariant Portable Ground 
Electromagnetic Reconnaissance 
System" by Z. Doborzynski of Esso 
Minerals Canada and P. LaFleche, U. 
Rentsch, D. Rudniski and l. Brcic of 
Scintrex. Copies of this paper are 
available from Scintrex.

Two of these case histories are shown 
in Figures 7 and 8 and are briefly 
described in the figure captions.
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O tor 3087/112
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Figure 7
A GENIE test profile 
with 100 m coil separa 
tion over a series of 
steeply dipping, 
graphitic bands within a 
volcanoclastic se 
quence overlain by 
overburden. Interpreta 
tion of the steeply dip 
ping conductor in 
dicates a depth to the 
current axis of 50 m 
and a conductance of 7 
mhos. The background 
offsets of the two pro 
files are interpreted to 
indicate 40 m of 60 
ohm-m overburden. All 
of the interpretations fit 
well with drill indicated 
values.

Figure 8
GENIE profiles using a 
50 m coil separation 
over Line C at the 
Cavendish Geophysical 
Test Site in Ontario. 
Zone A and Zone B 
contain semi-massive 
sulphides in a biotite- 
hornblende gneiss. 
There is very little over 
burden. The steep east 
erly dip of Zone A is 
readily seen from the 
shape of the profiles. 
These results clearly 
demonstrate the very 
low noise level of 
GENIE data.



Technical Description 
of the SE-88 GENIE 
Portable Electromagnetic 
System
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Transm/ffer

Transmitting Element
Iron-cored coil for each of two selected
frequencies.

Transmitting Frequency Pairs 
Five pairs. 112.5 Hz reference with one 
of 337.5,1012.5 or 3037.5 Hz; or 337.5 
Hz reference with one of 1012.5 or 
3037.5 Hz.

Transmitting Moments 
150 Am at 112.5 Hz, 100 Am at 337.5 
Hz, 50 Am at 1012.5 Hz, 25 Am at 
3037.5 Hz.

Relative Amplitude Stability 
Better than 0.1 o/o

Power Supply
Rechargeable nickel-cadmium 
batteries; 2 options available, Light and 
Heavy Duty Battery Packs. Each pack 
contains 20 cells at 1.25 V Nominal 
with a total output of ± 12.5 V 
nominal. The Heavy Duty Pack has 7 A 
hour capacity while the Light Duty 
Pack has 4 A hour capacity.

Power Supply Endurance
Light duty pack: 3 hours continuous at20 0 C
Heavy duty pack: 5 hours continuous
at 20 0 C

Operating Temperature Range
-30 0 Cto*50 0 C

Storage Temperature Range
-40 0 Cto *50e C

Total Weight
With light duty battery; 16.1 kg. With
heavy duty battery; 17.8 kg

Separation Selections for
Distance Monitor
Primary selector 6.35 m, 12.5 m, 25 m,
50 m, 100 m, 200 m plus
Multiplier x 1, x 1.25, x 1.5, x 1.75. For
example, 100 m x 1.5 ^ 150 m.

Maximum Transmitter-Receiver 
Separation
200 m under most conditions. Greater 
separations may be possible depend 
ing on atmospheric and power line 
noise.

Power Line Filtering
Internally switch selectable at 60 or 50
Hz and 3rd harmonic.

Signal Averaging time
Switch selectable at 2, 4,8 or 16
seconds

Resolution of Ratio Display 
0.1 "/o

Power Supply
Rechargeable nickel-cadmium
batteries

Power Supply Endurance 
20 hours continuous at 20 0 C

Operating Temperature Range
-30 0Cto*500 C

Storage Temperature Range
•40'Cto -l-5()0 C

Total Weight 
5.7kg

Console Dimensions 
Length: 300 mm 
Height: 230 mm 
Depth: 160 mm

Weight 
4.5kg

Dimensions 
Length: 290 mm 
Height: 150 mm 
Depth: 130 mm

222 Snidercroft Road 
Concord Ontario Canada 
L4K1B5

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

Geophysical and Geochemical 
Instrumentation and Services

Dimensions 
Height: 820 mm 
Width: 370 mm 
Depth: 155 mm

Receiver

Receiving Element 
Iron-cored coil

Receiving Frequency Pairs 
Same as transmitter plus 37.5 Hz 
reference with one of 112.5, 337.5, 
1012.5 and 3037.5 for a future 
transmitter.

Coil Dimensions 
Length: 500 mm 
Diameter 45 mm

Battery Charger

Power Requirement
115 V or 230 V, 50 Hz or 60 Hz, 50 VA

Charging Time
7 hours Tor completely discharged
batteries, subsequent automatic trickle
charging. Transmitter and receiver
batteries can be charged
simultaneously.



The microprocessor based l PR-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.

Function
The l PR-11 Broadband Time Domain IP 
Receiver is principally used in electrical (EIP) 
and magnetic (MIP) induced polarization sur 
veys for disseminated base metal occurrences 
such as porphyry copper in acidic intrusives 
and lead-zinc deposits in carbonate rocks. In 
addition, this receiver is used in geoeiectrical 
surveying for deep groundwater or geothermal 
resources. For these latter targets, the induced 
polarization measurements may be as useful 
as the high accuracy resistivity results since it 
often happens that geological materials have 
IP contrasts when resistivity contrasts are 
absent A third application of the l PR-11 is in 
induced polarization research projects such as 
the study of physical properties of rocks.
Due to its integrated, microprocessor-based 
design, the l PR-11 provides a large amount of 
induced polarization transient curve shape 
information from a remarkably compact, relia 
ble and flexible format Data from up to six 
potential dipoles can be measured simultane 
ously and recorded in solid state memory. 
Then, the l PR-11 outputs data as: 1) visual dig 
ital display, 2) digital printer profile or pseudo- 
section plots, 3) digital printer listing. 4) a 
cassette tape record or 5) to a modern unit for 
transmission by telephone. Using software 
available from Scintrex, all spectral IP and EM 
coupling parameters can be calculated on a 
desk top or mainframe computer.
The IPR-11 is designed for use with the Scin 
trex line of transmitters, primarily the TSQ ser 
ies current and waveform stabilized models. 
Scintrex has been active in induced polariza 
tion research, development, manufacture, 
consulting and surveying for over thirty years 
and offers a full range of time and frequency 
domain instrumentation as well as all accesso 
ries 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 gath 
ering spectral induced polarization data.
For example, consider the advantage in gra 
dient, 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 pre 
pare new dipoles at the end of a spread while 
measurements are underway. When the obser 
vation is complete, the operator walks only 
one dipole length and connects to a new 
spread leaving the cable from the first dipole 
for retrieval by an assistant
Simultaneous multidipole potential measure 
ments offer an obvious advantage when used 
in drillhole logging with the Scintrex DHIP-2 
Drillhole 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 consisting 
of SP, Vp and ten IP parameters for each 
dipole. With the IPR-11, a record is filed at the 
touch of a button once the operator sees that 
the measurement has converged sufficiently.
The l PR-11 will calculate resistivity for you. 
Further time will then be saved when the l PR- 
11 begins plotting your data in profile or 
pseudo-section format in your base camp on a 
digital printer. 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 to a 
cassette tape recorder can be made. Or, the 
l PR-11 data memory can be output directly 
into a modern, saving time by transmitting 
data to head office by telephone line and by 
providing data which are essentially computer 
compatible.

If the above features won't save as much time 
as you would like, consider how the operator 
will appreciate the speed in 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 
automatic 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 measure 
ments, where sequential transmissions at dif 
ferent frequencies must be made, the time 
domain measurement records broadband 
information each few seconds. When succes 
sive readings are stacked and averaged, and 
when the pragmatic window widths designed 
into the l PR-11 measurement are used, full 
spectral IP data are taken in a minimum of 
time.
Improved Interpretation of data. The quasi- 
logarithmically spaced transient windows are- 
placed to recover the broadband information 
that is needed to calculate the standard spec 
tral IP parameters with confidence. Scintrex 
offers its SPECTRUM software package which 
can take the l PR-11 outputs and generate the 
following standard spectral IP parameters: M, 
chargeability; T, time constant and C, 
exponent.
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Broadband Time Domain 
IP Receiver

Interpretability of spectral IP data are 
improved since time domain measurements 
are less affected by electromagnetic coupling 
effects than either amplitude or phase angle 
frequency domain measurements, due to the 
relatively high frequencies used in the latter 
techniques. In the field, coupling free data are 
nearly always available from the l PR-11, by 
simply using chargeability data from the later 
transient windows. Then, in the base camp or 
office, the Scintrex SPECTRUM computer 
program may be used to resolve the EM com 
ponent 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 l PR-11 in interpret 
ing spectral IP responses is the amount of 
data obtainable due to the ability to change 
transmitted frequencies (pulse times) and 
measurement programs by keypad entry.
Enhance signal/note*. In the presence of ran 
dom (non-coherent) earth noises, the signal 
/noise ratio of the l PR-11 measurements will 
be enhanced by JR where N is the number of 
individual readings which have been averaged 
to arrive at the measurement The IPR-11 
automatically stacks the information contained 
in each pulse and calculates a running aver 
age for Vp and each transient window. This 
enhancement is equivalent to a signal increase 
of JN, 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 
cannot be practically achieved by an increase 
in transmitter power. Alternatively, one may 
employ much lower power transmitters than 
one could use with a non-signal enhancement 
receiver.
The automatic SP program bucks out and cor 
rects completely for linear SP drift; there is no 
residual offset left in the signal as in some pre 
vious time domain receivers. 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 fre 
quency (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. Also, with the 
Optional Statistical Analysis Program, he can 
monitor relative standard error continuously 
on the digital display and then file these calcu 
lations in the data memory when the observa 
tion is complete.
Noise free observations can usually be made 
using the self-triggering feature of the l PR-11. 
The internal program locks into the waveform 
of the signal received at the first dipole (near 
est a current electrode) and prevents mistrig- 
gering at any point other than within the final 
2.5 percent of the current on time. In particu 
larly noisy areas, however, synchronization of

the IPR-11 and transmitter can be accomp 
lished either by a wire link or using a high sta 
bility, Optional Crystal Clock which fits onto 
the lid of the instrument
Reduce Enron. 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 or a 
read-after-write cassette tape deck and played 
back onto a digital printer for full verification. 
The fact that the IPR-11 calculates resistivity 
from recorded Vp and l values also reduces 
error.

The self check program verifies program 
integrity and correct operation of the display, 
automatically, without the intervention of the 
operator. If the operator makes any one of ten 
different manipulation errors, an error mes 
sage is immediately displayed.
The Multidipole Potential Cables supplied by 
Scintrex are designed so there is no possibility 
of connecting dipoles to the wrong input ter 
minals. This avoids errors in relating data to 
the individual dipoles. The internal calibrator 
assures the operator that the instrument is 
property calibrated and the simple keypad 
operation eliminates a multitude of front panel 
switches, simplifying operation and reducing 
errors.

Features

Six Dipoles Simultaneously. The analog input 
section of the IPR-11 contains six identical dif 
ferential inputs to accept signals from up to six 
individual potential dipoles. The amplified 
analog signals are converted to digital form, 
multiplexed and recorded with header infor 
mation identifying each group of dipoles. 
Custom-made multidipole cables are available 
for use with any electrode array.
Memory. Compared with tape recording, the 
IPR-11 solid state memory is free from prob 
lems due to dirt, low temperatures, moving 
parts, humidity and mechanical shock. A bat 
tery installed on the memory board ensures 
memory retention if main batteries are low or if 
the main batteries are changed. The following 
data are automatically recorded in the memory 
for each potential dipole: 1) receiver timing 
used, 2) transmitter timing used, 3) number of 
cycles measured, 4) self potential (SP), 5) 
primary voltage (Vp) and 6) ten transient IP 
windows (Mj). 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. Headers can include, 
for example, line number, station number, 
operator code, current amplitude, date, etc.
In the standard data memory, up to 200 poten 
tial dipole measurements can be recorded. 
Optional Data Memory Expansion Blocks can 
be installed in the IPR-11 to increase memory 
capacity in blocks of about 200 dipoles each 
to a total of approximately 800 dipoles. 
Memory capacities will be reduced somewhat 
if the Optional Statistical Analysis Program is 
used.



Memory 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 sequential visual dis 
play of all the data filed for the previous obser 
vation or for the whole data memory.
Carefully Chosen Transient Windows. The
IPR-11 records all the information that is really 
needed to make full interpretations of spectral 
IP data, to remove EM coupling effects and to 
calculate EM induction parameters. Ten quasi- 
logarithmically spaced transient windows are 
measured simultaneously for each potential 
dipole over selectable total receive times of 
0.2,1.0,2.0 or 4.0 seconds.
After a delay from the current off time of t, the 
width of each of the first four windows is t, of 
the next three windows is 6t and of the last 
three windows is 121 The t values are 3,15,30 
or 60 milliseconds. Thus, for a given dipole, up 
to forty different windows can be measured by 
using all four receive times. The only restric 
tion is, of course, that the current off time 
must exceed the total measuring time. Since t 
is as low as 3 milliseconds and since the first 
four windows are narrow, a high density of 
curve shape information is available at short 
times (high frequencies) where it is needed for 
confident calculation of the EM coupling 
parameters.
Calculates Resistivity. The operator enters the 
current amplitude and resistivity geometry (K) 
factors in 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 printer or cassette tape recorder.
Normalize* for time and Vp. The IPR-11 
divides the measured area in each transient 
window by the width of the window and by the 
primary voltage so that values are read out in 
units of millivolts/volt (mils).
SlgnarEnhancement 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 adequately converged, he can terminate 
the reading and file all values in memory.

Vp Integration. The primary voltage can be 
sampled over 50 percent or more of the cur 
rent on (T) time, depending on the transmit 
and receive programmes selected. The inte 
grated result is normalized for time. Long Vp 
integration helps overcome random noise.
Digital Display. Two, four digit LCD displays 
are used to display measured or manually 
entered data, data codes and alarm codes.
Automatic Profile Plotting. When connected to 
a digital printer such as the Scintrex DP-4 hav 
ing 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 in 
pseudo-section or profile form. Line orienta 
tion is maintained consistent, that is station 
numbers on profiles are sorted in ascending 
number. In the profile plot, the scale for resis 
tivity is logarithmic with 10 to 100,000 ohmme- 
ters in four decades with another four decades 
of overrange both above and below. The char 
geability scale is keypad selectable. In the 
pseudo-section plot any one chargeability 
window can be presented in conventional 
pseudo-section form.
Printed Data Listing. 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.
Cassette lap* Output A cassette recorder 
having an industry standard RS-232C, 7 bit 
ASCII serial interface may be used for storing 
data directly from the IPR-11. If all six dipoles 
are used, then 16,80 character blocks of data 
JMT observation are transferred at a rate of 
1200 baud. The storage capacity of one side of 
cassette tape is approximately 1400 blocks or 
about 90 six dipole observations. The MFE 
Model 2500 is recommended since it has a 
reed-after-write feature for data verification.
The recording format is compatible with the 
Texas Instruments 'Silent TOO1 terminals and 
records are made on standard digital grade 
cassettes. Once a cassette tape record is 
made, the tape can be played back onto the 
DP-4 Digital Printer for an additional verifica 
tion that the data on tape are correct

Time domain IP transmitted waveform

Pseudo-section printout on DP-4 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.
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Profile printout on DP-4 Digital Printer. R is resistivity on a logarithmic scale while 9 is one transient 
window (M,,) on a linear scale.

H: i l 88. 6282. 1881 2773. 6281 3422. 1324. 8232 
14.

i: a2 6.3 4.6 2.4 22 17 12 8.3 8.7
728.2 -3. 571E+3

2: ^ 6.4 52 4.6 2.3 22 17 12 8.9 87
2816 8. 4.7E+3

2: ' 7.9 6.8 5.8 4.4 2.2 22 17 12 8.3 8.7
73. 35 -4. 2.4^+3

4: 7.7 5.3 4.3 4.3 3.2 22 17 13 8.3 8.7
44.57 4. 3.4SE+3

5: 7.1 5.8 4.1 3.5 25 16 li 18 12 18
2243 -2 264E+3

6: 9.5 7.8 5.8 5.1 3.7 27 22 15 8.6 8.4
1146 8. 22E+3

Modem. Data in the l PR-11 memory can be 
output directly into a modem near the field 
operation and transmitted by telephone 
through a modern terminal in or near head 
office, where data can be output directly onto 
a digital printer or tape recorder. In this way a 
geophysicist in head office can receive regular 
transmissions of data to improve supervision 
and interpretation of the data from field pro 
jects and no output device other than the 
modem is required in the field.
External Circuit Check. Six analog meters on 
the l PR-11 are used to check the contact res 
istance of individual potential dipoles. Poor 
contact at any one electrode is immediately 
apparent. The continuity test uses an AC sig 
nal 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 discre 
pancy is discovered, an error signal appears 
on the digital 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 digital display if any of the fol 
lowing ten errors occur tape dump errors, 
illegal keypad entry, out of calibration or failed 
memory test, insufficient headers, header 
buffer full, previous station'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 func 
tion switch, an internal signal generator is 
connected across the inputs to test the calibra 
tion of all six signal inputs for SP, Vp and all M 
windows simultaneously. Then the software 
checks all parameters. If there is an error in 
one or more parameters, an alarm code 
appears on the display. The operator can then 
push a key to scan all parameters of all input 
channels to determine where the error is.

Data listing output on DP-4 Digital Printer. Header 
information is shown in the first two lines. In this 
case, data are for Line 1, Station 3. Transmitted cur 
rent is 80 m A. Next are the resistivity K factors lor the 
six dipoles. 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* 3 indicates that the 
calculated resistivity is 5.71 * 103 ohm-metres.
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Automatic SP Correction. The initial self 
potential buckout is entirely automatic - no 
adjustment need be made by the operator. 
Then, throughout the measurement, the IPR- 
11 slope correction software makes continual 
correction's, assuming linear SP drift during a 
transmitted cycle. There is no residual SP 
offset included in the chargeability measure 
ment as in some previous time domain 
receivers.

Automatic Vp Saif Ranging. There is no man 
ual adjustment for Vp since the IPR-11 auto 
matically adjusts the gain of its input amplifi 
ers for any Vp signal in the range 100 
microvolts to 6 volts.
Spheric Noise Rejection. A threshold, adjusta 
ble by keypad entry over a linear range of O to 
99, is used to reject spheric pulses. If a spheric 
noise pulse above the set threshold occurs, 
then the IPR-11 rejects and does not average 
the current two cycles of information. An 
alarm code appears on the digital display. If 
the operator continues to see this alarm code, 
he can decide to set the threshold higher.
Powerilne and Low Pass Filter. An internal 
switch is used to set the l PR-11 for either 50 or 
60 Hz powerline areas. The notch filter is 
automatically 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 cir 
cuits ensures that radio frequency interference 
is eliminated from the l PR-11 measurement
Input Protection. If signals in excess of 6 V and 
up to 50 V are applied to any input circuit, 
zener diode protection ensures that no dam 
age will occur to the input circuits.

Synchronization. In normal operation, the IPR- 
11 synchronizes itself on the received wave 
form, limiting triggering to within 2.5fh of the 
current on time. However, for operation in 
locations where signal/noise ratios are poor, 
synchronization can be done either by running 
a cable from the transmitter or by using the 
Optional Crystal Clock which can be installed 
in the lid of the IPR-11.
Optional Statistical Analysis. As an option, the 
l PR-11 can be provided with software to do 
statistical analysis of some parameters. The 
relative standard error is calculated, displayed 
on the LCD display and may be recorded in 
data memory. The total dipole capacity of data 
memory will be reduced, depending on the 
extent of statistical data recorded. If the 
Optional Statistical Analysis Program is 
chosen, some thought should be given to pur 
chasing one or more blocks of Data Memory 
Expansion.
Software for EM Coupling Removal. In tran 
sient measurements, the EM coupling compo 
nent occurs closest to the current off time (i.e. 
it is primarily in the early windows). Thus, it is

usually possible to obtain coupling-free IP 
data simply by using the later windows of the 
IPR-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 confi 
dence using a desk top of mainframe compu 
ter and the Scintrex SPECTRUM program.

Software for Spectral IP Parameters. Using the 
chargeability data from the ten quasi- 
logarithmically spaced IPR-11 windows, a 
desk top or mainframe computer and the Scin 
trex SPECTRUM program, spectral IP parame 
ters can be calculated. The basis for this calcu 
lation as well as for the EM coupling removal 
calculation is discussed in a technical paper 
by H.O. Seigel, R. Ehrat and l. Brcic, given at 
the 1980 Society of Exploration Qeophysicists 
Convention, entitled "Microprocessor Based 
Advances in Time Domain IP Data Collection 
and In-Field Processing".

Operation
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 manipulations.
Power On-Off. Turned on to operate the 
instrument.
Reset. Resets the program to begin again in 
very poor signal/noise conditions.
Function Switch. Connects either the potential 
dipoles or the internal test generator to the

input amplifiers or connects the external cir 
cuit resistance check circuitry to the potential 
dipoles.

Keypad. The ten digit and six function keys are 
used to: 1) operate the instrument, 2) enter 
information, 3) retrieve any stored data item 
for visual display, and 4) output data on to a 
digital printer, cassette tape deck or modern. 
Examples of some of these manipulations, 
most of which are accomplished by three key 
strokes, 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. 191,92 and 94 cor 
respond to the three other times.
Example 3. Keying 12M results in the display 
of the chargeability of the first dipole, window 
number 2, during the measurement. Similarly, 
6SP or 4 Vp would result in the display of the 
SP value in the sixth dipole or Vp in the fourth 
dipole respectively.
Example 4. Keying NNNNH, where N is a vari 
able digit, records an item of header informa 
tion. 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 digital printer 
or modern at 110,300 or 1200 baud 
respectively.

Nominal total receive time: 0.2.1,2,4 sec

ttttt 6t 6t 
A Delay

IPR-11 transient windows
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IPR-11 Options

The following options are available for pur 
chase with the IPR-11.

Mulfldlpote Potential Cables. These cables are 
custom manufactured for each client, depend 
ing on electrode array and spacings which are 
to be used. They are manufactured in sec 
tions, with each section a dipole in length and 
terminated with connectors. For each observa 
tion, 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 connectors 
which join the cables are designed so that 
there is no possibility of connecting the wrong 
dipole to the wrong input amplifier. The out 
side 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 each station.
Data Memory Expansion Blocks. The standard 
data memory of the l PR-11 allows for data for 
up to 200 dipole measurements to be 
recorded, assuming a common header for six 
dipoles. Up to three additional memory blocks 
can be installed in the instrument, each of 
about 200 dipole capacity.
Statistical Analysis Program, Scintrex can pro 
vide, in EPROM, a statistical program to give 
real time calculations of relative standard error 
of the 10 IP windows in a selected dipole. If this 
option is chosen, one or more Data Memory 
Expansion Blocks may be warranted.
Crystal Clock. Scintrex can provide a high 
stability clock to synchronize the IPR-11 with a 
similar clock in the transmitter. This option is, 
however, only required for work in extremely 
noisy and/or low signal environments.

The takeouts of the Multidipole Potential Cables 
allow for connection to a porous pot or other elec 
trode as well as for connection of the next section of 
cable, usually one dipole in length.

Software. Scintrex offers its SPECTRUM pro 
grams for EM coupling removal, calculation of 
EM induction factors and calculation of the 
same spectral IP parameters as are in com 
mon use in frequency domain IP 
measurements.
Digital Printer. The Scintrex DP-4 Digital Prin 
ter is a modified Centronics Microprinter with 
an RS-232C, 7 bit ASCII serial port. It is a self 
contained module, including 110/230 V power 
supply, control electronics and printing mech 
anism. It produces copy on aluminum coated 
paper by discharging low voltages through 
tungsten styli. Characters are formed from the 
appropriate dots of a 5 x 7 dot matrix. All 96 
standard ASCII characters are available, the 
paper width is 120 mm and 80 characters can 
be printed per line at a rate of up to 150 lines 
per minute.
Cassette Taps Recorder. The MFE Model 2500 
with read-after-write verification is recom 
mended. It has an RS-232C, 7 bit ASCII serial 
interface with a recording format compatible 
with the Texas Instruments 'Silent 700* 
terminals.

The cassette tape recording format of the IPR-11 is 
compatible with the Texas Instruments 'Silent TOO" 
terminals which can be used for printing out, editing, 
copying tapes or transmitting data to a similar termi 
nal using telephone lines.

number of'modem units are available 
on the market which are compatible with the 
IPR-11. Scintrex would be pleased to recom 
mend or supply such equipment if required.

Date can be transferred directly from the IPR-11 into 
an inexpensive personal computer such as this Apple II 
model which can use the SPECTRUM Programme to 
calculate spectral IP parameters, carry out other cal 
culations, display data graphically on a video display 
and plot data.
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Technical Description 
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Input Potential Dipole*
Input Impedance
Input Voltage (Vp) Rang*

Automatic SP Bucking Rang*
Chargeability (M) Range
Absolute Accuracy of Vp, SP and M

Resolution of Vp, SP and M

IP Transient Program

Transmitter Timing

xy Capacity

External Circuit Check

Industry standard cassette recorders such as this 
MFE-2500 can be connected directly to the IPR-11.

Fltterlng

Internal Calibrate)

Digital Display

Analog Meters

Digital Data Output

DP-4 Digital Printer

1 to 6 simultaneously
4 megohms
100 microvolts to 6 volts for measurement. 
Zener diode protection up to 50 V
±1.5V
O to 300 mV/V (mils or 0/00)
Vp; ±3"H) of reading for Vp > 100 microvolts
SP; ±3"Hi of SP bucking range
M; ±3*^ of reading or minimum ±0.5m V/V
Vp; 1 m V above 100 m V approaching 1
microvolt at 100 microvolt
SP, 1 m V
M; 0.1 m V/V except for M0 to M3 in 0.2 second
receive time where resolution is 0.4 m V/V.
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 
of 0.2,1,2 and 4 seconds.
In 0.2 and 1 second receive time modes; 0.51
sec
In 2 second mode; 1.02 sec
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^ accuracy are required.
Up to 17 four digit headers can be stored with 
each observation.
Depends on how many dipoles are recorded 
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 31 Hz square wave and readout on front 
panel meters, in range of O to 200 k ohms.
RF filter, spheric spike removal; switchable 50 
or 60 Hz 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 24.3 m V/V 
of M provided in 2 sec pulses.
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 res 
istance, and 2) monitoring input signals.
RS-232C compatible, 7 bit ASCII, no parity, 
serial data output for communication with a 
digital printer, tape recorder or modern.
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Stamford Rechargeable Power Supply Eight Eveready CH4 rechargeable NiCad D 
cells provide approximately 15 hours of con 
tinuous operation at 250 C. Supplied with a 
battery charger, suitable for 110/230 V, 50 to 
400 Hz, 10 W.

Disposable Battery Power Supply At 25"C, about 40 hours of continuous opera 
tion are obtained from 8 Eveready E95 or 
equivalent alkaline O cells.
At 25"C, about 16 hours of continuous opera 
tion are obtained from 8 Eveready 1150 or 
equivalent carbon-zinc D cells.

Dimensions 345 mm x 250 mm x 300 mm, including lid.
10.5 kg, including batteries.

Operating Temperature Rang* -20 to *550 C, limited by display.
Storage' Temperature Range
Standard Items Console with lid and set of rechargeable bat 

teries, 2 copies of manual, battery charger.
Optional nema Multidipole Potential Cables, Data Memory 

Expansion Blocks, Statistical Analysis Pro 
gram, Crystal Clock, SPECTRUM Program, 
Digital Printer, Cassette Tape Recorder, 
Modern.

Shipping WeigM 25 kg includes reusable wooden shipping 
case.

222 Sntdercroft Road 
Concord Ontario Canada 
L4K1B5

Telephone: (416) 669-2280 
Cable: Geoacint Toronto 
Telex: 06-964570

Geophysical and Geochemical 
Instrumentation and Services

INDEX l VARIABLE

IPR-11 LCD displays, actual size



The Scintrex MP-3 Proton 
Magnetometer System____
The new, cost-effective way to improve your magnetic surveys.

Five Important and Distinctive Features.

I The design of the 0.1 nT 
m resolution MP-3 is such 

that the same console is useful 
for total field and/or magnetic 
gradient measurements in por 
table, base station or mobile 
survey applications.

2 With the full memory ex- 
. pansion option, nearly 14 

hours of 2 second interval 
readings can be internally 
stored. This allows computer 
compatible recording without 
an external tape recorder.

3 The 32 character digital 
m display communicates 

with the operator in clear 
language ensuring simple, error 
free operation. Data quality is 
improved by allowing the 
operator to compare the 
simultaneously displayed pre 
sent and previous data.

4 For accuracy and ease in 
m data processing, the ac 

tual position coordinates are 
recorded either by automated 
incrementation or by operator 
entry.

J-.29

5 Diurnal corrections, data 
m listings and profiles are 

made in minutes simply by con 
necting the MP-3 to an identical 
base station unit and a printer. 
Alternatively, data can be 
transferred to a wide range of 
commonly available analog 
recorders, tape recorders, 
modems or microcomputers for 
complete flexibility in data 
handling.
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System
The MP-3 is a magnetometer system 
which is so flexible that you can use it 
as a portable, mobile or base station 
magnetometer to measure both total 
field and magnetic gradients. For dif 
ferent applications the sensor con 
figuration may vary, but the same con 
sole is used. The expandable memory 
means that the MP-3 can internally 
store an entire day's data for almost 
any application. In-field data process 
ing is done simply by connecting the 
MP-3 to a printer, tape recorder, 
modern or microcomputer. Diurnal cor 
rections are made by joining a portable 
MP-3 to an identical base station unit 
without need for an intelligent in 
termediary such as a microcomputer.

The MP-3 has been designed mainly for 
use in mineral and groundwater ex 
ploration or geological mapping, 
however, it can be equally useful in ar- 
cheological searches or marine salvage 
operations.

Better Magnetic 
Data.
With a resolution of 0.1 nT (gamma), 
the MP-3 offers state-of-the-art sen 
sitivity to permit you to detect minute 
changes in the magnetic field. The 
automatic tuning feature maintains this 
resolution over the wide field strength 
range of the instrument. As the 
magnetic field strength varies, the 
MP-3 is set automatically and precise 
ly.

You will avoid field transcription errors 
because you won't need a notebook. 
When you file magnetic readings in the 
fail-safe internal solid state memory, 
time and position are also automatical 
ly recorded. If the main batteries fail, 
then a miniature nickel cadmium bat 
tery pack will preserve the memory 
safely for several weeks.

You can observe previous 
measurements while you are taking a 
reading. The two line, 32 character LCD 
display shows the present measure 
ment in the upper line and the 
measurement from the previous station 
in the lower. With a few keystrokes you 
can view the data recorded at any sta 

tion. This flexibility allows you to main 
tain data quality by following the trend 
of the data

At last you can accurately and 
automatically measure and correct for 
diurnal variations in the earth's 
magnetic field. Precise time syn 
chronization between the moving and 
base station consoles ensures ac 
curacy since, when measurements are 
recorded in memory, time is included, 
accurate to one second. Calculation er 
rors are eliminated because the correc 
tion is done automatically by resident 
microprocessors once the field and 
base station units are interconnected 
and a few commands are entered by 
keyboard. Next, the data are displayed 
numerically or graphically on a printer.

Get more magnetic information by 
measuring the gradient field. Vertical 
gradient measurements can often in 
dicate geological contacts better than 
total field measurements. Compared 
with using a computer to calculate the 
gradient from sparse total field data, 
the actual measurement is more ac 
curate.

Simplified operation.
The microprocessor based MP-3 makes 
magnetic measurements much easier 
because of automation. For example, 
the switch adjustment required from 
time to time in manually tuned 
magnetometers is replaced by a few 
keystrokes during initialisation which 
instructs the MP-3 to continually tune 
as the field strength varies. The instru 
ment retains the instruction until it is 
changed, even if the power is turned 
off. You can easily maintain high ac 
curacy by using this capability.

The 14 pushbutton keyboard comprises 
only numbers and easily understood 
commands. For instance, in ground 
surveying you only have to press one 
key to take a measurement, one to 
store the reading and a third to ad 
vance the automatically displayed sta 
tion number for the next reading.

You won't need to carry a list of codes 
because the MP-3 display replies with 
simple words. The 32 character display 
asks questions such as, 'Gradiometer', 
to which you reply either 'Yes' or 'No' 
by keystroke, depending on whether or 
not you wish to measure the gradient 
field. Such simple human interfacing 
means that an operator quickly learns 
to use the MP-3.

3 -30



Portable magnetometer set up for total 
field measurement.

Any operator can make diurnal correc 
tions and output data listings or pro 
files simply by making a few cable con 
nections. It is not necessary to learn to 
use a microcomputer to carry out such 
tasks. Simplify your field operation 
with this self-contained system.

All of this capability is contained in a 
single compact, rugged, yet 
lightweight, 4 kg console. Worn on the 
chest during field portable surveys, the 
MP-3 console is easy and comfortable 
to carry. The field portable, orientation 
insensitive sensor is also lightweight 
and, in addition to the standard staff 
mounted configuration, it can be 
mounted on a back pack harness leav 
ing the hands free. In a few minutes 
the single total field sensor and staff 
can be converted to gradient configura 
tion by the addition of a staff extender 
and a second sensor.

Many applications.
The MP-3 is a flexible, multipurpose 
magnetometer system. It can be used 
under worldwide climatic conditions 
and in magnetic field strengths from 
the equator to the poles. It is equally 
useful as a field portable or base sta 
tion magnetometer. As a mobile 
magnetometer it is ideal for applica 
tions where the sampling interval need 
not be faster than 2 seconds. Such ap 
plications would include vehicleborne, 
marine and certain airborne surveys.

Expand the memory size to suit your 
application. If you plan to use the MP-3 
for mobile surveys, or as a base sta 
tion, you can add enough memory to 
store nearly 14 hours of data, with 
measurements every two seconds.

The automatic memory is so versatile 
that, having taken a magnetic reading, 
you can use it to record ancilliary infor 
mation such as weather, terrain or 
radiometric data.

Depending on your application, you 
can power the MP-3 in the most prac 
tical way. Rechargeable batteries or 
disposable C cells can be used for por 
table surveys, while an external battery, 
motor generator or optional solar cell 
may be best for mobile surveys or base 
station operation.

Save time.
With the MP-3 you can save time dur 
ing both the field measurement and 
data reduction phases of a survey. The 
measurement time of the MP-3 from 
the press of the start key to the display 
of the total field reading is only 2 
seconds. Then you can be moving in 
stead of writing because the automatic 
memory saves the data, free of any er 
ror.

Instead of hours, you spend only 
minutes to watch the MP-3 correct, list 
and plot data. You will find that not on 
ly will your field plotting always be up 
to date, but your operator will really en 
joy data reduction and plotting, once

considered a laborious and unwanted 
task. The geophysicist can spend time 
interpreting data rather than 
calculating it.

Save time, confusion and error during 
portable surveys when the MP-3 tells 
you: 1) which station you came from, 2) 
where you are, and 3) where it expects 
you to move to next. To use this 
feature you initialize the console 
before you survey by entering the sta 
tion spacing you will be using. The 
MP-3 will then increment or decrement 
station numbers by this amount when 
you depress the appropriate key. If you 
want to take a reading at a position 
other than the normally incremented 
one, you can manually enter the coor 
dinates.

In virtually the same time on survey, 
the MP-3 will permit you to measure 
both the total field and the vertical 
magnetic gradient. Thus, for the same 
cost you get more diagnostic informa 
tion.

Features
Multipurpose system. The MP-3 con 
sole functions as a portable, mobile or 
base station magnetometer and 
measures both the total field and 
magnetic gradient. To change applica 
tions, only the sensor needs to be 
altered.

High resolution. The sensitivity of the 
MP-3 is 0.1 nT, up to ten times higher 
than commonly used portable 
magnetometers. This feature means 
that the accuracy of ground magnetic 
surveys is not limited by instrumental 
restrictions, but rather by geological 
noise. It also means that the instru 
ment has sufficient sensitivity for 
many aerial survey applications. The 
high resolution is achieved by a 
precise period measurement, rather 
than a frequency multiplication techni 
que.

High gradient tolerance. All proton 
magnetometers are limited by steep 
magnetic gradients. The MP-3 
specification of 5000 gammas per 
metre means that data can be gathered 
even in the highest gradients which
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may be encountered in field surveying, 
such as over basic rocks or iron forma 
tion. This specification is held over the 
entire -40 to + 55 0 C and 20,000 to 
100,000 nT operating ranges.

Automatic tuning, worldwide range.
The 0.1 nT resolution and 1 to 2 nT ab 
solute accuracy of the MP-3 are sup 
ported by the automatic tuning. A 
traverse could be made from the 
equator to a magnetic pole without 
manual tuning.

Several power supply options. For por 
table field application either disposable 
C cells or a rechargeable battery in 
stalled in the MP-3 console may be us 
ed. For a base station, four 
possibilities exist: 1) a DC input from a 
12 V automobile battery, 2) 50 or 60 Hz 
electrical grid power, 3) a motor 
generator or 4) the optional MP-3 Solar 
Panel. In a mobile vehicle, aircraft or 
marine installation, it is expected that 
a 12 V DC external power supply would 
be used.

Energy efficient solar panel. An op 
tional Solar Panel Power Source is of 
fered which can be used to power the 
MP-3 or to charge the rechargeable bat 
teries. If only low levels of sunlight are 
available, two of these can be used in 
parallel but this would virtually only be 
required for base station use with con 
tinuous cycling at 2 second intervals. 
This power source can be used for 
remote, unattended base station ap 
plications or as a real energy saver for 
battery charging, compared to using an 
overpowered, inefficient motor 
generator.

32 digit LCD display. Messages are 
spelled out unambiguously in two lines 
of 16 characters each. The display is 
highly visible in bright sunlight or dim 
conditions. After a measurement the 
current measured value is shown in the 
upper line while the value from the 
previous station is automatically 
displayed in the lower line. Alternative 
ly, any value can be recalled from 
memory and displayed in the lower 
line. This permits comparison of 
values, perhaps the single most impor 
tant aspect in assuring data quality.

Wide operating temperature range. All
MP-3 specifications are met over the

range -40 to -i- 55 0 C. For use below 
-200 C an optional display heater should 
be ordered when the MP-3 is purchased 
although it could be installed at a later 
date. The heater is thermostatically 
controlled so that it only comes on 
below -20 0 C, in order that battery 
power is not used unnecessarily.

Simple keypad operation. The 14 keys 
permit numbers or commands to be 
entered. With few keystrokes, 
numerous operations are performed on 
this weather and dirt proof keypad. For 
example, in routine measurements dur 
ing portable surveys only three keys 
have to be pressed to increment the 
coordinates, measure and file data.

Automatic data storage. There is no 
need for a notebook since the MP-3 
records header information, magnetic 
values, station number, line number 
and time for each observation. The 
standard internal solid state memory 
permits storage of up to 1500 observa 
tions of total field and 1200 total field 
plus gradient measurements, sufficient 
for a full day of single measurement 
mode portable surveying. Two Memory 
Expansion Options are available which 
are installed inside the MP-3 console. 
With the 10 K RAM Memory Expansion 
Option up to 3000 total field observa 
tions can be stored while the 40 K RAM 
Option increases this to 7500 total field 
readings.

In the continuous recycle mode used 
for base station or mobile surveying, 
the coordinates are not recorded and a 
data compression technique permits 
5000,10,000 and 25,000 total field 
values to be stored for the respective 
memory options. The latter value is the 
equivalent of nearly 14 hours of recor 
ding at 2 second intervals. Thus, for 
base station, airborne or marine ap 
plications where compatibility of data 
for computer processing is necessary, 
no external magnetic tape recorder is 
required.

Records actual coordinates. By
pushing a few keys the MP-3 can be in 
itialized for the line and station spac- 
ings to be used on the survey. Then, by 
pushing the proper keys the line 
and/or station numbers can be either 
incremented or decremented by the 
programmed spacings. If a reading is

to be taken at a different spacing, the 
real coordinates of the observation can 
be entered. Actual coordinates are 
recorded with each observation for ac 
curacy and ease in data processing. 
Both line and station coordinates can 
be recorded as positive or negative (±) 
numbers of up to 5 digits with a 
decimal point at any location.

Records ancillary data. The amount of 
ancillary data which can be recorded at 
a station is virtually unlimited. Such 
data is entered in five digit, signed 
decimal numbers. This feature can be 
used to flag data for terrain, weather or 
other observations made by the 
operator or to enter ancillary data such 
as radiometric measurements, 
geological information, etc.

Gradient measurement with the MP-3. The 
sensors are identical.
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Backpack mounting of the sensor means 
hands free operation.

Recall data. By keystroke entry, any 
recorded value can be called up on the 
display. For example, over an anomaly 
it might be useful to compare with 
values recorded on an adjacent line.

Revise data. It is not necessary to file a 
measured value, so that several 
readings could be taken before one is 
selected for filing. Alternatively, more 
than one value can be filed with iden 
tical coordinates. To change anything 
already in the memory, the Edit mode 
can be used to change line number, 
station number or header information 
or to repeat the measurement. The new 
record is then filed and the old one is 
deleted.

Automatic diurnal correction. To cor 
rect the spatial data for temporal varia 
tions of the magnetic field during the 
survey, a moving MP-3 console is 
brought to a stationary (base station) 
MP-3 and they are connected with a 
cable. A few commands are entered via

the keyboards and the two 
magnetometers begin to communicate. 
The moving MP-3 accepts data from 
the stationary unit and, cross filing by 
time, makes the diurnal corrections. 
This takes a few minutes for an entire 
day's data. Then the moving MP-3 is 
prepared to output diurnally corrected 
data onto a printer, strip chart recorder 
or other peripheral device.

Real time clock. The clock built into 
the MP-3 shows day, month and year 
as well as hour, minute and second. 
This full time information is recorded 
and output on a printer or other 
peripheral device. The clock will 
automatically update forever, as long 
as the main battery does not fail. If the 
battery does fail then the operator is 
alerted on the first power up by an er 
ror message instructing him to reset 
the clock.

Because the time synchronization bet 
ween the moving and stationary MP-3 
consoles is precise to about two 
seconds, the accuracy of ground 
magnetic maps is no longer limited by 
temporal errors in making diurnal cor 
rections.

Outputs to many peripheral devices.
The RS-232C port of the MP-3 permits 
data output to many commonly 
available devices. A digital printer can 
be used to print raw or diurnally cor 
rected data as listings or as pseudo- 
analog profiles. A modern can be used 
to transmit data from the MP-3 to head 
office via a telephone line. A magnetic 
tape recorder will record data for future 
computer processing or the MP-3 can 
output its data directly into a portable 
microcomputer so that additional pro 
cessing, including the plotting of con 
tour maps, can be done in the field.

If analog profiles are desired, the MP-3 
has a special output which feeds an 
analog strip chart recorder.

Several data dumps can be made se 
quentially from an MP-3 memory. The 
data are only erased by a special se 
quence of key entries which would be 
virtually impossible to duplicate ac- 
cidently.

Simple, automatic field plots. A digital 
printer is all that is required to output

corrected field data as listings or 
pseudo-analog profiles useful for in 
field data quality control. If a strip 
chart recorder is used, smoother pro 
files can be plotted. In some cases the 
corrected profiles output directly by 
the MP-3 may be sufficient for presen 
tation in reports, eliminating the need 
for further data processing or drafting.

Base station and mobile applications.
For these applications data can be 
stored in the internal, solid state 
(perhaps expanded) memory of the 
MP-3, eliminating the need for an exter 
nal digital tape recorder at the installa 
tion but still ensuring computer com 
patible data. This eliminates any 
downtime which could be caused by 
such a recorder as well as greatly 
reducing the weight, complexity and 
power consumption of the instrumenta 
tion. If required, data can be recorded 
on tape, on a printer or on an analog 
recorder in real time. Alternatively, out 
puts can be made on these devices 
after recording is complete.

Gradiometer capability. To permit gra 
dient measurements to be made, a 
staff extender and a second, identical 
sensor are added. In the normal por 
table configuration the sensors are 
separated by 1 metre and the staff is 
carried vertically, so that the vertical 
gradient is measured. The total field 
value measured by the upper sensor is 
also recorded.

Mobile sensors. For airborne applica 
tions special Scintrex sensors may be 
required for installation in 'stingers' or 
towed airfoils. Similar sensors are 
available for mounting on a boom at 
tached to a vehicle or in a 'fish' for 
marine applications.

Low power consumption. The latest 
CMOS circuitry and efficient design 
permit the MP-3 to take as many as 
10,000 readings without changing or 
recharging batteries.
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Data Listings and Plots
These are some examples of plots which can be output from the MP-3 onto a printer, 
without the use of a microcomputer.
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Basa Station Magnetometer Listing. Every tenth magnetic reading is printed in full. 
For example: 08:15:30 58434.5. The next nine readings are listed as differences from the 
first value.
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Portable Magnetometer Data Listing. Printed adjacent to each station number are the 
following: time, total magnetic field and gradient, if measured. If you are 
using the information headers (INFO) to record parameters such as terrain or weather at 
each station, then your codes will appear on the line below the magnetic data.
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Corrected Plot. This plot shows diurnally corrected data. You can also view plots of the 
raw base station, mobile or portable magnetometer data.
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How to Operate the 
MP-3

The following examples of MP-3 
displays show just how simple and 
automatic the operation of the instru 
ment really is.

Taking Readings
The three main keying operations re 
quired in the measurement procedure 
are demonstrated in the following three 
photographs of the MP-3 LCD display 
which are reduced to about 50 percent 
of actual size.

TOT FLD 65432. 
65498.

•~l 
-li-

S

Two seconds after pressing the Start 
key, the above display appears. The up 
per value is the present total field 
reading in nT while the lower is the 
value taken at the previous station. If 
the new value is acceptable, press the 
File key.

STflTIQN 
CHfiNGE

1 vv!~n;~s.1. .i™. .:I.. "J "..:

12288
The above display then instantly ap 
pears, informing you of the present sta 
tion number. To increment or decre 
ment to the next station number press 
the^iWor^^key respectively and the 
following display results showing the 
new station number on the top line.

STflTIQN 
CHflNGE

12388
12288

Proceed to the new station and push 
the Start key once again.



Initializing
Before starting the survey the MP-3 
must be initialized. It is placed in the 
initialisation mode by keying Aux and 
scrolling with the^iLor'^^'keys until 
the 'Initialise' message appears. The 
correct digits are entered by the 
operator in each case.

LINE SEP 50

The normal separation between grid 
lines is entered.

INITIRLISE i ir-:— 
i t-—'

STN SEP l 00

The normal station separation is 
Then, to change the parameters already entered, 
in the instrument's memory, 'Yes' is 
keyed. Now the operator can scroll 
through the various parameter 
messages and enter new parameters 
as required. Some examples follow.

JOB HO 103

The job, or project number is entered 
by keying the appropriate digits.

OPER NO

The operator's identification code.

GRID HO

The number of the survey grid.

LOCfiL FIELD 45

Here the value of the local magnetic 
field is entered to the nearest thousand 
nT. The instrument remains manually 
tuned unless, when the following 
display appears,

fiUTO TUNING

the Yes key is pushed for automatic 
tuning.

TQTflL FIELD VES

If total field measurements are to be 
made, the Yes key is used.

Alarms
Through the display, the MP-3 will warn 
the operator of improper conditions. 
Following are some examples. Other 
warnings include 'File Data' in case a 
measured value is not stored in 
memory, and 'No Data' messages if the 
operator tries to search for data not in 
the memory.

TOT FLD 53 
LOW SIGHfiL

'Low signal' means that the protons 
were not sufficiently polarized. Perhaps 
this may be due to a broken sensor 
cable.

P! Pi: :— :..-TOT
REPEfil 1Efl:E

This display tells you to repeat the 
measurement because the automatic 
tuning was inaccurate. This happens 
when the field strength changes great 
ly from one station to the next since 
the MP-3 tunes to the previous total 
field value. All you need to do is press 
the Start key and take another 
measurement.

TOT FLD 554 
CHflNGE TUNING

In case you are not using the auto 
matic tuning, this display will warn you 
that retuning is required.

T I ME 1 2: 15
•'"s .' l~4 l"~J 

J^.' tJC1

a i~ji"ti 
n K,! !-' l

.--15
The day, month and year as well as 
hour, minute and second can be set 
when this display appears. For proper 
diurnal corrections, the identical time 
should be entered in both the moving 
and base station MP-3's.

TOTfiL FIELD 
CVCLE TIME

Here, a zero can be entered for manual 
(station-by-station) operation. Other 
wise, the number of seconds in the 
desired measurement interval for the 
continuous cycling mode are entered.

.5"TOT FLD 554313
55460.9

The square in the upper left-hand cor 
ner of the display indicates that the 
battery power is very low.
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Technical 
Description of the 
MP-3 Magnetometer 
System
Total Field Operating Range
20,000 to 100,000 nT (1 nT r: 1 gamma)

Gradient Tolerance
±5,000 nT/m

Total Field Absolute Accuracy
± 1 nT at 50,000 nT
± 2 nT over total field opeating range

Resolution
0.1 nT

Tuning
Fully solid state. Manual or automatic, 
keyboard initiated.

Fastest Cycle Time
2 seconds. For portable readings this 
is the time taken from the push of a 
button to the display of the measured 
value.

Continuous Cycle Times
Keyboard selectable in 1 second 
increments upwards from 2 seconds to 
999 seconds.

Clock
Real time clock with day, month, year, 
hour, minute and second. Needs 
keyboard initialization only after 
battery failure. One second resolution, 
± 1 second stability over 10 hours.

Standard Memory
Internal solid state memory. In single 
reading mode records up to 1200 total 
field and gradient observations, or 1500 
total field measurements including 
coordinates, time and header informa 
tion. In continuous cycle mode, records 
up to 5000 total field measurements 
including time and header information.

Optional 10 K RAM Memory Expansion
With standard memory, permits 
recording up to 3000 total field 
observations in single reading mode 
and up to 10,000 measurements in 
continuous cycle mode.

Optional 40 K RAM Memory Expansion
With standard memory, permits 
recording of up to 7500 total field 
measurements in single reading mode 
and up to 25,000 measurements in 
continuous cycle mode.

Digital Display
32 character, 2 line LCD display

Optional Display Heater
Required for cold weather operation. 
Powered by main batteries, 
thermostatically controlled to turn off 
above -20 0 C.

Printer and Tape Recorder Dump 
Outputs
RS-232C serial interface for printing 
and magnetic recording of stored data, 
in 7 bit ASCII, no parity format, at 110, 
300, 600, 1200, 2400, 4800 and 9600 
baud. Baud rate is keyboard selectable.

Special Digital Printer Output
RS-232C serial interface for on line 
printing of time and total field values 
as well as pseudo-analog profiles when 
in the continuous cycle mode. Baud 
rates as above.

Output for a Computer or a Second 
MP-3
RS-232C interface with handshaking 
capabilities.

Analog Output
For a strip chart recorder. O to 999 mV 
full scale with keyboard selectable 
sensitivities of 10,100 or 1000 nT full 
scale.

Trigger Output
Allows MP-3 to act as master for other 
instrumentation.

Keyboard Input
14 keys for entering all commands, 
coordinates and header information.

Input From a Second MP-3
RS-232C interface with handshaking for 
transfer of diurnal recordings from a 
base station MP-3.

Standard Power Sources
10 disposable alkaline C cells installed 
inside console provide up to 10,000 
readings in favourable temperature 
conditions. External 12 V DC can be 
used for fixed installation.

Optional Power Sources
Six rechargeable lead-acid batteries 
provide up to 10,000 readings in 
unfavourable conditions. Suggested for 
cold weather operation. Required for 
gradiometer function.

Sensor
Omnidirectional, faraday shielded, 
noise cancelling dual coil.

Operating Temperature Range
-400 Cto

Dimensions and Weights
Console: 240 x 90 x 240 mm; 4.0kg
Sensor 70 x 140 mm, 1.0 kg
Total Field Staff: collapsed; 30 x 600
mm, extended; 30 x 1600 mm; 0.4 kg
Gradient Staff Extender: collapsed; 25
x 500 mm, extended; 25 x 880 mm; 0.2
kg

Optional Battery Charger
115/230 V AC; 50/60 Hz; 20 VA 
overload protected. 
140 x 95 x 65 mm; 1.0 kg

Optional Solar Panel Power Source
The panel measures 10 x 550 x 550mm. 
Self-contained circuits output 14 V DC 
to run the MP-3 or charge its batteries. 
For rapid cycling base station 
applications in low light conditions two 
can be used in parallel.

Standard Accessories
MP-3 console, sensor with cable, staff, 
back pack sensor harness, carrying 
case, two operating manuals.

Installed Options
10 K or 40 K RAM memory expansion, 
display heater, rechargeable batteries.

Optional Accessories
Extra sensor and staff extender for 
gradiometer, solar panel power source, 
interfacing cables, digital printers, 
analog recorders, cassette recorders, 
microcomputer, microcomputer 
software, consumable items such as 
printer paper, strip chart paper and 
magnetic tape.

SCIIMTREX

222 Snidercroft Road 
Concord Ontario Canada 
L4K1B5

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

Geophysical and Geochemical 
Instrumentation and Services
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