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ONTARIO GEOSCIENCE RESEARCH GRANT PROGRAM

Final Research Reports, 1982

Preface

This publication includes one final report on a research 
project that terminated March 31, 1981 and was funded 
under the Ontario Geoscience Research Grant Program. 
A requirement of the Program is that recipients of grants 
are to submit final reports within six months after 
termination of funding. Many of the research projects 
supported in 1978-79 (the first year of the Grant Program) 
were planned for three years. As a result, an unusually 
large number (19) of final reports were received this 
year. Unlike previous years, each report has been put 
on a separate Open* File.

A final report is defined as a comprehensive summary 
stating the findings obtained during the tenure of the 
grant, together with supporting data. It may consist, 
in part, of reprints or preprints of publications and 
copies of addresses given at scientific meetings.

*

It is not the intent of the Ontario Geological Survey to 
formally publish the final reports for wide distribution 
but rather to encourage the recipients of grants to seek 
publication in appropriate scientific journals whenever 
possible. The Survey, however, also has an obligation 
to ensure that the results of the research are made 
available to the public at an early date. Although final 
reports are the property of the applicants and the 
sponsoring agencies, they may also be placed on an open 
file. This report is intended to meet this obligation.

E.G. Pye 
Director 
Ontario Geological Survey

May, 1982
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FINAL REPORT

Ontario Ministry of Natural Resources 
Geological Research Fund 

Grant GR 8

INTERPRETAnOiNAL SUPPORT FOR EM PROSPECTING

G. F. West
Geophysics Laboratory
Department of Physics
University of Toronto

Toronto MSS 1A7

Analogue and numerical modelling methods have 

been developed and employed to study various interpret 
ation problems that arise in EM prospecting. The problems 
studied include the anomalies generated by irregular con 
ductive overburden, the influence of overburden and hostrock 

conductivity on the response of bedrock conductors, the 
interpretation of drill hole EM surveys, uses of electric 
field measurements in EM surveys. Test surveys have been 
carried out and the results compiled with pre-existing 
survey data of various types for sites in Cavendish and 
Thomas Townships.

Toronto, 
April 27th, 
1982.





Introduction

The purpose of this three-year research program, now 

just completed, was to use computer and analogue scale modelling to 
improve the capabilities of electromagnetic prospecting methods. 
Specifically/ the aim was to make it possible for the methods to 
search more deeply and to discriminate more effectively between 
prospective targets and geological noise. The program consists of a 
number of related projects which fall into one of three categories:
1) creating modelling facilities;
2) using the modelling facilities to study various EM interpretation 

problems;
3) studying typical field cases in detail to verify the proposed 

interpretation methods.
The research studies have been carried out by graduate 

students A. Dyck, T. Eadie, J.S. Holladay, J. Macnae, A. Tejero-A., 
M. Vallee, C. Villegas-G., and P. Walker of the University of Toronto 
and J. Hanneson of the University of Manitoba, assisted by computer 
scientist M. Bloore and electronics engineer A. Wieckowski, and super 
vised by the author.

Each individual study has been described in detail in a 

report issued in the series 'Research in Applied Geophysics 1 available 
from the Geophysics Laboratory, Department of Physics, University of 
Toronto, Toronto, MSS 1A7, attention Ms. C. Sheward (416-978-5175).

Modelling Facilities

A versatile, analogue scale modelling facility has been 

constructed for time and frequency domain studies in the 100 Hz - 500 kHz 
band and it has been employed for the interpretation studies of Villegas-G., 
RAG 10; Macnae, RAG 18; Vallee, RAG 20; and Dyck, RAG 23. The configuration 
of the system is shown in Fig. l and a photograph in Fig. 2. Also, a 
set of computer programs for interactive computation of the response of 
various common EM prospecting systems to plate-like and spherical conductors 

where the host medium is very resistive has been created (Dyck et al, RAG 14,) 

and made available to outside users both on the Department of Physics VAX
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computer and other facilities. Utility programs for computing the 
frequency response of a layered earth (Eadie, RAG 9) and for converting 
frequency domain 1M responses to time domain response (Holladay, RAG 17) 
have also been created for routine modelling studies. A novel numerical 
method for computing the response of conductive layer of varying thick 
ness was tried by Tejero A., RAG 11, but it was not successful.

Interpretation Problems

Irregular Overburden:
A common problem of EM surveys in areas such as the 

Abitibi Clay Belt is how to distinguish anomalies due to prospective 
conductors in the bedrock from those due to the irregular conductive 
overburden. Villegas-G. (RAG 10) has made an analogue model study 
of horizontal loop EM response to overburden valleys, ridges, and steps. 
All can produce strong anomalies under some conditions, but valleys are 
a particular problem because they produce anomaly profiles that look much 
like those over a typical steeply-dipping, dyke-like, bedrock conductor. 

Luckily, overburden-generated anomalies do have some identifying features 
that can be seen in multiseparation and/or multifrequency survey data. 
Since irregularities in the overburden cause profile anomalies by re 
distribution of the normal eddy currents induced in the overburden rather 
than by local induction at the site of the irregularity, discrimination 
is facilitated if one can estimate the average overburden conductance from 

the data. 'The phase of anomalies due to irregularities can be predicted 
from this estimate and thus those anomalies can be identified. Eadie 
(RAG 9) has provided some nomograms for interpreting HLEM regional over 

burden response.

Effect of Conductive Overburden or Hostrock on a Buried Target:
J. Hanneson (RAG 19) has constructed a numerical modelling 

program to compute HLEM response of a vertical, rectangular plate-like 
conductor situated in a conductive half-space with a conductive overburden 
layer. The solution is obtained by an integral equation method where the 
current induced in the plate is represented by global basis functions of 
polynomial type, and the kernel function of the integral equation is tlie 

Green's dyadic for a conductive half-space, or layer over a half-space, 

as required.
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Hanneson has used his program to compute response for 
a great variety of host rock and overburden conditions. A set of 
typical HLEM profiles is shown in Fig. 3. The profile shape of the 
plate anomaly is not greatly affected by hostrock and overburden 
conductivity. However, the amplitude and phase of the anomaly may be 
strongly altered. Phaser diagrams of anomaly amplitude have been 
constructed for many cases. Three examples are shown in Fig. 4 which 
indicate the effect of increasing overburden and hostrock conductivity.

If the hostrock is resistive, a conductive overburden 
rotates the phase of the target anomaly, and attenuates it. When the 
bedrock is conductive, the target anomaly is enhanced by gathering of 
current induced in the hostrock into the target body. The enhancement 

is significant if the response parameter of the host medium aH * aywL2 
(a conductivity, y permeability of space, oi angular frequency, L coil 
separation of HLEM system) exceeds about 0.25 and is totally dominant 
at aH s* 8. For a 150m HLEM system operating at 880 Hz, these values 
correspond to host rock resistivities of 640 and 20 ohm meters. Since 
most Precambrian rocks have resistivities that are well about 1000 ohm 

meters, HLEM surveys on the shield are unlikely to be affected by current 
gathering from the host rock, although anomaly phase rotation due to 
conductive overburden is quite common. Fig. 5 shows an exanple of such 
field data fitted by model data.

Electric Field Measurement:
J. Macnae (RAG 18) has explored the uses of electric field 

measurements that could beraadeduring an EM survey in addition to the 
more usual magnetic field measurements. The study was done using the UTEM 
system which is a time-^3omain EM that utilizes a large, fixed loop trans 
mitter and has a square wave system function. Macnae has shown that the 
late time E field response has considerable interpretational value in 

delineating lateral contrasts in ground resistivity irrespective of the 

general magnitude of the resistivity values. An example of late time 
electric field mapping at the Thomas township test site is shown in Fig. 6. 
Another example over a barren site with a gradually changing overburden 
thickness is shown in Fig. 7.



Macnae has carried out several surveys, a variety of 
numerical and analogue scale model studies, and a theoretical analysis 

of several aspects of the data. In addition to late time E field 
mapping, the electric field transients can assist in H field interpret 
ation, and in some cases induced polarization response of the ground 
can be observed.

Drill Hole Exploration:
In the past few years, new equipment has become available 

for making EM surveys from deep bore holes, using a large, surface 
transmitter loop. The Crone PEM system is the most widely used 
apparatus. A 4Dyck (RAG 23) has investigated some of the interpretation 
problems that arise from such surveys. There is much greater possibility 
for ambiguity in the interpretation of drill hole data than surface 
surveys, as the target may lie in any direction from the survey profile 
and the profile is usually one isolated line of measurements rather than 
one of a suite of adjacent profiles.

Key aids for drill hole interpretation are the PLATE and 
SPHERE numerical models mentioned above (Dyck et al, RAG 14}. The programs 
make specific provision for drill hole geometries. Fig. 8 shows a set 
of field data from the Sudbury basin and shows how three alternative inter 

pretations are tested.
When only a simple axial solenoid is available as receiver, 

it is generally necessary to use several transmitter locations to 
resolve ambiguities in target position. Even so. ambiguities may remain. 
Dyck has studied how the migration of the eddy currents with time (or 
frequency) can help resolve problems. A useful atlas of charts showing 

the precise configuration of primary fields has been provided by Macnae, 

RAG 13.

Mutliple Conductor Problems:
Many exploration situations involve several nearby 

targets and especially as we employ geophysical methods with greater 
penetrating power, we tend to see two or more conductors simultaneously 

influencing the measurements. M. Vallee (RAG 20) has examined a problem 
noted while exploring the deeper parts of the Athabaska Basin for



basement graphitic zones with the Turam or UTEM method. Conductors 
are found, but classical interpretation techniques mislocate the 

targets somewhat. An exanple is shown in Fig. 9. A mislccation by 
15% of the depth ney not be important when the target is at 5Qm, but 
it is very significant when the target is at 30Qm depth. Valise has 
shown by analogue node! studies that the effect is due to graphitic 
zones located outside the survey area, but within the area of influence 
of the transmitter loop, and he has shown how an allowance can be made 
for the effect if the presence of the zones is known.

Surveys and Survey Compilations

A compilation of new data on the Cavendish township geo 
physical test site including detailed UTEM, HLEM magnetic and other 
surveys has been produced by Macnae, (PAG 12).

A UTEM survey was carried out and compiled with existing 
HLEM and Crone PEM surveys for a test site in Thomas Township in Northern 
Ontario near Timmins. (Macnae S Walker, RAG 22). Ihe area has now been 
reserved by the Ontario Ministry of Natural Resources and should be 
very useful for testing new methods. The conductor is a strongly con 
ductive graphitic pod situated beneath 285 feet of overburden. The 
site makes an interesting contrast with the shallow conductors at 

Cavendish.
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RAG#9 Eadie "Stratified Earth Interpretation using Standard 
Horizontal Loop Electromagnetic Data"

INTRODUCTION

Then* arc several important uses of layered earth interpretation in 
standard electromagnetic prospecting for massive sulfules. One is the 
determination of the conductivity of-the overburden and bedrock in order to 
estimate their influence on any massive sulfide conductor in the area. A second 
is the estimation of the overburden thickness, which should be compared 
with tin; depth to top calculated for any conductor. A third use is where 
a horizontal conductor is the prime turret.of the exploration programme.

Layered earth interpretation with data from a standard horizontal loop 
E.M. system has been difficult because of the lack of suitable type curves in 
the literature. The best sot is given by F'rischknecht (1967). but these 
deal at most with two layer situations ( ie.. a layer over a 
halfspace ). and display the curves in phase tind amplitude components 
rather than the in-phase and quadrature components measured by most 
horizontal loop units.

This paper provides sets of phasor diagrams for several two layer and 
three layer (coils elevated over a two layer case) situations that are often 
.encountered by the exploration geophysicist. The display is designed in order 
to make the interpretation quick and accurate.

The computer programme used to generate the interpretation diagrams is 
presented. It is an extremely simple numeric.il evaluation of the layered earth 
problem (Koefoed el al.,H*72). and il can be used by the interpreter for 
cases which are more complicated than the situations presented here.

DATA COLLECTION

The data necessary for a layered earth interpretation car. b*? easily 
collected while carrying out a standard horizontal loop E.M. survey for a 
conductive orebody. However, certain steps must be taken to ensure that the 
data quality is sufficient for the layered earth interpretation.

1) Data must be collected in a region which is truly stratified; it must 
be at some distance from any lateral inhomogeneity. The ideal area is 
one where the response is almost constant at all frequencies ever a distance 
of at least three coil spacings and similar readings are obtained on adjacent 
lines If no such zone exists on a grid, readings c-.m be averaged over a 
relatively flat area at each frequency but data derived in this maun-jr 
must be interpreted with caution.

2) Pita must be collected at the maximum number of frequencies 
possible with the instrument used.

3) The instrument must be adjusted so'lhat in free air it woi.KI record 
a zero reading at all frequencies and at all coil separations. This is vet y 
simple with some of the more modern KM. equipment such as the Apex M*ix-Mi:i II. 
which have calibrated compensation knobs.
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RAG810 Villegas-G. "On the electromagnetic response of non-uniform
overburden layers:-scale model experiments"

ABSTRACT

The first problem the interpreter of electromagnetic data in min 
eral exploration is required to solve is to differentiate between anomalies 
caused by metallic conductors in the bedrock and those caused by any other 
feature. Many subsurface conductors other than ore deposits are conductive 
enough to cause electromagnetic anomalies. One of the main sources of such "ge 
ological noise" is the overburden layer or inhomogeneities in it. In this 
thesis the electromagnetic response of these inhomogeneities are investigated 
by means of scale model experiments with the horizontal loop technique of 
geophysical, prospecting. Several characteristics of the response that will help 
to distinguish the electromagnetic response of a non-uniform overburden layer, 
from that caused by a bedrock-mineralized conductor are reported. To recognize 
these characteristics, survey data at several frequencies or coil separations 
are required.
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RAG#12 Macnae "The Cavendish Test Site: A UTEM Survey Plus a 
Compilation of Other Ground Geophysical Data"

ADSTRACT

This roport presents data from three recent University 

of "Toronto surveys at the Cavendish geophysical test site, 

namely UTEM^horizontal loop (HLEM) and ground magnetic surveys. 

Interpretation of the UTEM survey has clearly defined the 

presence of a short strike-length pod of high conductance within 

the regional zone A conductor, present on tin c C. The pod is

interpreted to have a conductance in excess of 400 Siemens, compared.
* 

to about 10 Siemens for the regional zone A conductor extending

across the grid. HLEM data interpretation strongly confirm 

this conclusion. Zone B is interpreted to have the top of its 

main conductivity at some depth. This conclusion, if true would 

indicate that the crosscutting westerly dip for zone B postulated 

by Williams et al. (on the basis of one drill hole that did not 

intersect sulphides) may no longer be necessary to explain the 

drill data. The detailed magnetic field data collected, when 

contoured, show a very different picture to that of earlier data. 

On the basis of UTEM late-time limit interpretation it was pos 

sible here to determine the nature of the source of the near 

surface static magnetic anomalies i.e. whether induced or remanent 

magnetization is predominant. The second part of the report 

presents a compilation of ground geophysical data at Cavendish, 

obtained from a variety of sources. This data set is by no 

means complete, and clue to the constraints of the original surveys, 

no valid in ter-system comparisons can be made. A reference list
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of other, easily available, data on the Cavendish test sit', is 

also included. In an appendix the vector diffusion process of 

EM induction is illustrated in the UTEM K field case for the 

Cavendish test site.
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RAG#13 Macnae "An Atlas of Primary Fields Due to Fixed Transmitter 
Loop EM Sources"

INTRODUCTION

It has long been known in exploration geophysics that 

any fixed transmitter EM system has "blind zones" for thin, plate 

like conductors. These occur whenever the primary field is nearly 

parallel to the plane of the conductor, with the result that very 

little current is induced. The body may then escape detection, 

particularly if noise or other conductors are present. Recent work 

in borehole EM has revived interest in this topic. As well as this 

interest in the shape of the primary field, knowledge of its amp 

litude is also very important in order to asses the relative strength 

of secondary fields caused by induction, and in the determination 

of optimum loop sizes.

Although the fields from a current carrying loop or
1* h

line segment are easy to calculate, and were derived in the 19 

century, it is not feasible to do this calculation quickly without 

a computer, nor easy to predict the exact shape and amplitude of 

the primary field without calculation. Thus, in the hope that a 

set of calculated values may prove useful in the field, this atlas 

has been compiled. .
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RAG#14 Dyck "Operating Manual and Documentation for Interactive 

m Modelling Program PLATE and SPHERE"

1. INTRODUCTION

A FORTRAN computer program is provided on the DEC VAX 11/780 
system to complete the response of any common EM prospecting system 
to a conductor in the form of a rectangular thin plate. Host rock 
and overburden conductivity are assumed to be negligible, so only 
simple eddy current induction occurs in the conductor. The program 
can be run either interactively or in batch mode. Results are provided 
as listings in data files to be pjrinted or as graphics for output on 
the Versatec plotter.

1.1 Computational Method

Annan (1974) has devised a numerical method for determining the 
EM response of a vertical rectangular thin plate conductor for any type 
of EM source. The method is a considerable improvement of the one used 
by Lamontagne and West (1971), but the basic idea is similar. The 
current system induced in the plate by the EM transmitter is found first; 
then the secondary field produced by the curretn system is calculated. 
Lamontagne and West describe the current system by a rectangular network 
of point values on the plate. In contrast, Annan first works out a 
system of "eigen currents" for the plate and then describes the induced 
current system as a summation of these eigen currents. Finding the set 
of eigen currents is complicated, but only needs to be done once for a 
plate of given length-to-width ratio. After that, any induced current 
system can be described in terms of only 10-20 coefficients in the eigen 
current summation. This is to be compared with the several hundred 
point values of current that arc required by Lamontagne and West's 
method. Another great convenience of Annan's method is that each eigen 
current has a frequency response exactly like a simple loop circuit. It 
is therefore quite easy to calculate responses for a broad spectrum of 
frequencies or for time domain EM systems. An example set of eigen 
currents for a 1X2 plate is shown in Figure 1.1.

Annan has made available the set of computer programs he wrote 
to implement his method. They have been expanded to handle various 
geometries of the plate and the coil configurations of practical 
EM systems, and to provide storage of intermediate results. The 
waveforms of several common time domain EM systems have been accommodated. 
The whole package is thus a comprehensive modelling system. G. Lodha 
implemented the modelling system on the U. of T. IBM 370 system and 
used it for several studies ( Lodha and West, 1976). Users of the 
present program may wish to refer to his results. .The VAX version of 
the system was written by A.Dyck. It has the great advantage of 
interactive data entry and is much easier to use. It was particularly 
designed with drill hole exploration methods in mind, as it is very 
difficult to provide type curves for all the situations which can arise 
in the drill hole situation.
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RAG#17 Hblladay "YVESFT and CHANNEL: A Subroutine Package for
Stable Transformation of Sparse Frequency Domain 
Electromagnetic Data to the Time Domain".

ABSTRACT

It is often necessary Lo transform fr'MJutnic-y domain (KP) response data 

for oloct ront.igiiet ic (RM) prospecting instruments near a system of conduc 

tors into the lime domain (TD), in order to estimate the response of a TD 

EM system to the same system of conductors. Straightforward approaches 

utilizing interpolation and Fourier transform techniques are expensive and 

sensitive to data error, lamontagne (1975) introduced a method in which 

the FD data is fitted by stabilized lonst squares techniques with a finite- 

set of "basis funotions" for which the Fourier transforms (FTs) aro known. 

The TD response of tho system can then be synthesized by performing a sum 

over tho. FT s of the basis functions using the same weights determined for 

the FD fit. Larnontagne's method has been implemented in a subroutine pack 

age including two alternative subroutines called YVESFT arid CHANNEL which 

calculate the TD response of a system to a variety of primary field wave 

forms. CHANNEL calculates point-sampled impulse and step responses, and 

windowed UTEM, INPUT, PEM and SIROTEM responses in negligible computer time 

using analytical rules, and can also calculate the system's response to an 

arbitrary periodic waveform using a more time-consuming numerical approach. 

YVESFT is a smaller, somewhat, simpler program which can calculate 

point-sampled impulse and stop responses, and windowed stop and UT F, M res 

ponses using analytical formulas. Holh paekagos are wril.ton in VAX 11 KOR 

TRAN, and aro Tully documented both intornally and externally. The run- 

tines have been extensively tested against nunn'fir-al an fi analogue u odHs 

and found to l)f v fast, a^-'.nral'* .in-l --labU-
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RAG#18 Macnae "Geophysical Prospecting with Electric Fields 
from an Inductive EM Source"

ABSTRACT

It is possible when carrying out E!,! surveys for mining 

exploration to measure the electric (E) as well as the magnetic 

(IT) components. Such measurements have been made at several 

sites with the ITEM time-domain, fixed transmitter EM system. 

The object of this thesis is to provide a comprehensive basis 

for the interpretation of such data. It is shown that three

distinct EM phenomena are involved, which have clearly separahl-
*

effects on data recorded with a time-domain, step-response sys 

tem such as ITEM.

At low enough frequencies (in frequency domain), or at 

sufficiently long times after a step change in primary E field, 

the observed electric field consists of the divergence-free 

primary E field and a curl-free secondary E field that arises 

from charges induced in regions where the conductivity changes. 

The response at the limit, called the resistive limit E (RLE) 

field response has -been calculated for a number of geologically 

reasonable bodies. RLE model responses can be found which fit 

late-time UTEM E field data in many cases. Additional geolog 

ical information, particularly about resistive features is ob 

tained from the RLE response that is not interpretable from 

the magnetic EM components alone.

EM prospecting conventionally uses a magnetic receiver to 

detect the secondary fields of induced current flow, and inter 

pretation of the conductivity structure of the ground is per 

formed using the time or frequency dependent nature of the res 

ponse. The secondary induced currents create a secondary
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divergence-free electric field which through boundary inter 

actions also contributes to the secondary curl-free E field 

although this latter contribution is usually small. Divergence- 

free E and H field anomalies (when normalized to their respec 

tive primary fields) are not of identical magnitude or form, 

but are related to the geometry of the induced current flow. 

Simple circuit estimates, together with limited scale model 

ling were used to predict the E field inductive anomalies for 

some simple models. These results were used to interpret UTEM 

survey data, and it was found that by including the F fields 

that estimates of the geometry of secondary current flow could 

be improved over those using H field data alone in some cases. 

Conventional induced polarization (IP) surveys show chat 

many earth materials have a frequency dependent conductivity. 

The effects of polarizable bodies of simple shape on E fields 

were calculated for an inductive EJ.f source field. The predicted 

effects are able to explain observed anomalous late-time HTEM 

E field data quantitatively. As in the case of NflP (IP surveys 

using a grounded transmitter and magnetic receiver) no IP anom 

aly is generated in the resistive limit by horizontal layers 

of polarizable material. Due to geometrical complications, and 

because the UTEM sampling times are designed to define EM time- 

decays and do not cover a very wide time range with respect to 

IP effects, characterization of fundamental IP parameters can 

only be done in special cases.



RAGU9 Hanneson "The Horizontal Loop m Response of a Thin Vertical . 2 5 - 
Conductor in a Conducting Half-Space"

ABSTRACT

The frequency domain electromagnetic response of a thin 

vertical tabular plate in a conductive two-layer earth 

can be obtained by solving the electric field integral 

equation using the method of point collocation with global 

test functions. When it is assumed that the components 

of the scatter current perpendicular td the plate edges 

vanish at the plate edges, and when test functions are 

chosen which satisfy this condition, EM responses can 

usually be obtained for plates ranging from the resistive 

to the inductive limits. For highly resistive host media, 

numerical failure occurs when the plate conductivity is 

high enough that magnetic effects predominate. The solution 

is valid over a sufficiently wide range of parameters as 

to permit the computation of horizontal loop (Slingram) 

profiles over a plate in a layered earth. Suites of hori 

zontal loop Argand diagrams are presented which illustrate 

the peak (in-phase and quadrature) anomaly values for a 

plate imbedded in a conductive earth. The suites show 

anomaly enhancement and phase rotation due to the conductive 

host and can be used to obtain, from field surveys, estimates 

of conductor depth and conductivity-thickness which are 

independent of the prospecting frequency.
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RAG#20 Vallee "Scale Models on Transient Response of Multiple Conductors"

ABSTRACT

The multiple conductor model is used to explain 

characteristics of the transient response of extensive .conductors 

near a large horizontal transmitter loop. The transient response 

of two interacting circuits can be expressed in terms Of a sum of 

exponential decays. Scale models of two extensive conductors 

near a large transmitter loop show the samo response 

characteristics as a simple sum of the two individual conductor 

responses. A large conductor behind the transmitter can affect 

the response of a conductor surveyed on a profile line. On the 

other hand, a conductor between a second conductor and the 

transmitter blanks the second conductor. Scale models with 

conductive solution show that a conductive medium increases the 

interaction between two conductors at early times. Some UTEM 

field survey responses are compared to results of scale models of 

extensive conductors. In a first case, the late time anomaly can 

be fitted to the response of scale models in free space. The 

early- times characteristics are the same as observed over 

conductors in electrolytic solutions. The data of the second 

case can be fitted qualitatively to the response of scale models 

in fri-e air.
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RAG#22 Macnae S. Walker "The Thomas Township Test Target: An Example
of BM interpretation using simple models"

ABSTRACT

The Thomas conductor, located near to Timmins, Ontario, is a 

short, wide, graphitic zone located under about 90m of poorly 

conducting, glacially deposited overburden. Due both to its 

ease of access and the large quantity of data that has already 

been collected over it, it has the potential to become a 

standard geophysical test site.

Joint interpretation of moving and fixed transmitter EM data, 

together with previous limited drilling have accurately defined 

the geometrical and electrical structure of the conductive zone. 

The interpretation study showed how simple models such as a 

thin plate or sphere were able to accurately fit the observed 

secondary EM fields, but that a good fit did not necessarily 

imply that a good interpretation had been made. In particular, 

for fixed transmitter systems, interpreted plate conductors 

dipping perpendicular to the primary field may have significant 

thickness.
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RAG#23 Dyck "A Method for Quantitative Interpretation of Wideband 

Drill-Hole EM Surveys in Mineral Exploration"

ABSTRACT

Drill-hole geophysical surveys are an obvious means of

extending tne searcn for massive-sulphide deposits to deptns

wnich are inaccessible to conventional surface exploration

techniques. The present investigation combines field and

model studies of an CM prospecting method which utilizes a

large, fixed transmitter loop with a downhole

axial-component magnetic field sensor. Such a system is

snown to be well suited to the tasK of detecting deeply

buried massive-sulphide conductors located in resistive host

rocKs at appreciable distances cram tne drill hoLe. The

thesis proposes a technique whereby drill hole survey data

collected with a wideband large-loop EM system can be

routinely interpreted on a quantitative basis. Systems using

impulse-like, step-function or frequency-domain waveforms

are considered.

Tne interpretation technique is based on forward .SM 

modelling using two simple .conductor shapes: a thin, 

rectangular plate and a two-layer sphere. The analysis is 

facilitated by "eigencurrent" decomposition of the induced 

current vortex into-a set of non-interacting loops with 

simple RL-circuit benaviour. The solutions have been 

implemented in interactive computer programs which are fast, 

inexpensive and sufficiently versatile to accommodate the 

configurations and waveforms used in many practical EM 

systems.

The diffusive nature of the inductive orocess dictates



that both stationary (spatially dependent) and dynamic (time 

or frequency dependent) properties are important in the 

diagnosis of three-dimensional targets. Model fitting using 

the stationary characteristics of the anomaly profile allows 

a first estimate of target parameters such as location, 

shape and attitude. Direction to the conductor may be 

difficult to determine unambiguously. The dynamic properties 

of the eddy currents, which may be observed with particular 

sensitivity near null points in the anomaly profile, are a 

useful basis for refining the interpretation. As shown by
* 

*

scale-model experiments, the dynamic aspects of the response 

are affected by departures from the simple models. 

Mineralization whicn is significantly tnicxer away from the 

drill nole may reveal itself in field observations through 

such effects.

Field studies carried out at test sites in the Sudbury 

and Moranda base-metal mining areas near known deposits 

indicate chat many of tne important effects predicted by the 

model studies are, indeed, observed in nature. The results 

presented in the thesis are intended to serve as guidelines 

during the model-fitting process and to help exploit the 

inheren.t advantages of the large-loop EM method. It is 

recommended that computer modelling be applied both at the 

design and at the interpretation stages of a survey. 

Simulation of a three-component system suggests that such 

measurements would be a significant improvement, as the two 

transverse components can help resolve ambiguities in the 

location of tne target.
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FIGURES
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Figure *t Phasor diagrams of HLEM anomaly amplitude for the same plate conductor as in Figure T. shown as a function 
of up and D/L. Results for three different host media are shown: a uniformly conductive host (aH ~ 4), an insulat 
ing host medium, and a conductive overburden (01=2.6, D/L **0.05) over a poorly conductive host medium 
(OH ̂  0.5). Taking the free space case as a reference, the conductive host causes a strong enhancement of 
the anomaly along with prominent phase rotation, whereas the conductive overburden causes a phase rota 
tion with modest attenuation.



G.F. WEST

K

w z o o.
Cft

X/L

X/L

X/L

hz

444 hz

888 hz

X/L 1777 hz

X/L 3555 hz

IN PHASE 
QUADRATURE

COMPUTED OBSERVED
h 4- 4- 4- 4-

PLATE CONDUCTIVITY ~ 41 S/M
LAYER CONDUCTIVITY - .068 S/M
HOST CONDUCTIVITY - .0096 S/M
FREQUENCY - VARIABLE
PLATE SIZE (LENGTH x WIDTH x THICKNESS) ^ 450 M x 225 MX .75 M

COIL SEPARATION 
COIL HEIGHT 
LAYER THICKNESS 
PLATE DEPTH

= 150 M 
" 0.75 M 
- 7.5 M 
~ 30 M

FlgunS" A field example of multifrequency HLEM from the Abitibi area of Ontario with fitted model response. Note the 
sign reversal of the quadrature anomaly at 3555 Hz.
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Figur*6 A UTEM survey at the Thomas Township test site showing profile results for the secondary vertical magnetic 
field (later time channels 5 - 2 only) and a vector map of the late time electric field. The effect of the bedrock 
conductor at 285 feet deoth is evident. A model calculation for the E field data /s included.
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Figure Example of a drillhole PEM survey on the Gertrude sulphide zone at Sudbury, Ontario. The target zone is easily 
detected by the survey profile (a). Model studies are shown for comparison (b,c,d) which help define the posi 
tion and shape of the target. Locations of the actual and model conductors are shown in (e). The transmitter 
loop positions are shown in (f) (reduced scale).
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Figun 3 -UTEM vertical secondary field profiles from two different loops over a conductive graphitic zone in the base 
ment of the Athabaska Basin. Estimated depth-to-top is 285 m. The zone is clearly revealed by the crossovers 
of the profiles, but interpretations based on single conductor models disagree on the exact position of the con 
ductor ( 50m). The apparent anomaly offsets are due to the presence of similar graphitic zones on the back 
sides of the transmitter loops which distort the base levels of the profiles in a highly systematic manner.


