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1 - The Nature of the Mineralisation

Now this relationship also holds true for all lead-zinc

Dear Kerry, Russell and Andy,

TELEPHONE:4515367
TELEX: 268,)q

TELEGRAMS: SC1NTREX, SYDNEY

6TAAMQAE PLACE,
KILLARNEY HEIGHTS,
N.S.W.2087

Co. Ltd.,

Sydney

SCINTREX PTY. LTD.
GEOPHV$ICALCONSULTANTSANDCONTRACTORS

Mining & R'way

Tasmania

TELEPHONE: 21 6934
TELEX: 92353

TELEGRAMS: SCINTREX. PERTH

Without "naming names", you will be aware of my considerable

knoWledge of the geophysical nature of known lead-zinc-copper

occurrences in Tasmania, and indeed, in Australia. In general,

these deposits cannot really be considered to be "conductive"

as a whoLe in the conventional sense. Pyrite-lead-zinc assemblages

are not generally conductive, and such bodies, even when the

conductive sulphides make up to 20%+ of the volume, have bulk

resistivities of tens to hundreds of ohm-metres rather than

fractions of ohm-metres. However, the addition of copper to
such an assemblage (i.e. significant pyrite 15%+), has the effect

of increasing the conductivity markedly.

In your own experience, this can be seen in the results from

Henty Fault zone, and Cape Hornp, where copper is related to

conductivity. It is said that this is true also at MacIntosh

River where the "copper body" is very much less' resistive than

the lead-zinc body.

This is a very preliminary note on the above subject with some

bqckground information on the· subject.

re: HeliCOPter EM Surveys in the

Mt. Read Volcanics

Mount Lyell

Queenstown

Attention: Mr. K. Reid, Chief Geologist

Mr. R. Mears, Senior Exploration Geologist

Mr. A. Walters, Geologist

6th June, 1977

1031 WELLINGTON STREET,
WEST PERTH,
W.A.6005
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mineralisation in Broken Hill, Western Australia, Queensland, etc.

That is, pyrite-lead-zinc mineralisation when lean in copper, while

being less resistive (i.e. 10 - 100 ohm-metres) than the enclosing

rock types (generally thousands of ohm-metres) are not conductive

in the electromagnetic sense.

2 - Conclusions from Above

i ...•.•. It is therefore concluded that an airborne EM system will

only locate those bodies which are truly "conductive", which based

on extensive down hole and core measurements clearly means those

bodies which carry copper.

ii. ••.••. It also follows that because the bodies are not "super

conductive" a higher frequency should be used to energise them.

This is more fully explained below, but in brief, "the higher

the frequency used, the less conductive the zone requires to be

'to produce a significant response".

iii .••.•..As one experience within the Mt. Read volcanics shows,

other geologic units can produce anomalous responses in most respects

similar - namely, shales.

iv.•.•••. Also button grass plains and some moraines are seen as we~1

conductive sheets.

In summary then, the argument for using HEM will be in a search

for the copper bearing pyrite-zinc-lead bodies and should be a

"first pass" operation only, and should not be considered to rule

out the occurrence of pyrite-lead-zinc bodies Zean in copper.

3 - Practical Considerations - Terrain

Much of the area you wish to cover is uridoubtedly rough from a

terrain point of view. Now it is essential that the EM system

to be used should be placed as close to the ground as possible.

This necessarily means a helicopter in Tasmania. Now there are
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two possibilities; Turair, which uses a fixed loop laid on the

ground by the chopper, and operates at 200 cps or 400 cps, and

HEM-70l which operates on in phase and out of phase at 1800 cps.

In a previous note (copy enclosed) I have gone into details on the

difference between Turair and HEM. In that memo, I came to the

conclusion that because of the terrain problem, Turair would be

the superior method. However, there may be merit in using HEM at

the higher frequency, providing a number of other measures are

carried out also .••

a •.... close line spacing of 100 metres, bearing in mind the

essentially limited strike manifestation of these deposits (e.g.

MacIntosh River). As HEM could be as much as ha~f the Turair cost,

this could be considered cost effective.

b ..... in areas where the terrain does not permit terrain clearance

sufficiently low for adequate coverage in both directions, the

survey may have to be flown in one direction only.

c •••.. in certain "shadow" areas, difficult to get to by any other
means, lines should be flown parallel to terrain (e.g. in the

Henty River area ?)

In the letter referred to above, there are some comparable cost
. *est1mates of about $11.20 per kilometre for HEM-70l and about

$25~00 per kilometre for Turair.

I will talk with my colleagues in Perth and follow up with a further

note and contract proposal for your consideration in the next two

weeks. It will take some time to get accurate costings, but I think

the above estimates will do for budgetary purposes. Not included

is mobilisation, but perhaps we can get one or two others interested.

Best personal regards,

~~ .

A.W. HOWLAND-ROS~
MANAGING DIRECTOR

AWHR:LK



1 - Basic Considerations

I set down some of my thougbts on tbe subject based on work carried
. out over similar deposits not ~nly in your region, but elsewbere.

29,i005

Sydney

Mr. K. Reid, Mr. K. Wells

Mining & R'way Co. Ltd.,
Tasmania 7467.

Attention:

I was pleased to be able to'de~te wltb you the pros and cons of the
various geopbysical approaches to apply In your forthcoming exploration
for Rosebery/Bercules type deposits in West Tyndall.

Dear Kerry and Keith,
re: '!be searcb for Rosebery-Bercules Deposits in

tbe 50-70 Square lIiles of West TYndall

llount Lyell
Queenstown

9tb ectober, 1974

(i) Although the sulphideB invariably bave a "masB!Ve" appearance,
aB often aB not tbey are not electrically conttnuOUB, and
therefore do not conduct well and do not form ~lectromagnetic

targets •

(ii) When tbese deposits are conductive, they are " ••ak" 'b
"mode••te" in strength, as would be expected IrOJA til,

b) The TYpe Mineralisation
'!be geopbysical cbaracteristics of the type mineralisation are as

follows:

a) The Area
'!be facts as I understand tbem are:

(i) '!be area is rugged
(ii) The area of,lnterest covers 50 - 70 square miles
(111) lIucb of the area would be covered witb moraine and/or

non-residual soils.

I
-j

I
I

••
I-

••
I

••
l-
I

•
I
I•'

I
I



I ~~
~.

]

~

I
I
I
I
I
I
I
I)
1
I<c
I
1
1
I
I..)
I,
I

294006

Page - two

mineralisation. ('nIe. phrase "weak" refers to their conductivit.
and not the~ of the anomaly).

(iii) Quite freq~ently only a portion of the body will In fact
conduct sU'ficiently well to form an electromagnetic cond~ctor

therefore frequent line spacing is a considerable advantage.
It i8 not logical to use the usual concept of "line spacing
of 2/3 of the strike lengtb of body", but "2/3 of the expected
strike length of the conduction wi thin the body". 'nIis is a
very important consideration,£foriaitbough these bodies are n~

as conductive as visual inspection may suggest (see (i) above)
they are often conduc~ive in part.

(iv) 'nIe deposits are surrounded by a significant disseminated
pyritic halo as seen via their associated induced polarizatio:

responses, particularly along strike, but also across strike.

(v) Although not a geophysical characteristic, but certlinly of
great significance, is the fact that all bodies of this type
carry merc~ry .ithin the economic portion of the mineralisati·

within the range 5 ppm to in excess of 50 ppm. In Canada,
Europe and apparently Australia, mercury can be quite clearly

detected within the non-residual soils and moraines in
quantities 10 to 100 times greater than the detection limit

the HGG-3.

.;. The AvailablE! Airborne Systems W t
Assuming that one phase of the searcb programme is to e~plore for
either (1) 'nIose Pb/Zn/Cu bodies Which are conductive and/or (2) t~

bodies which show some conduction within their strike length, the
following airborne electromagnetic systems are available in Austral­
a t this time:

(i) Scintrex HEM-701
(11) McPhar

(iii) Geoterrex Input
(iv) Scintrex Turair

Each system has characteristics which make it eminently suited for
the detection of depe*t*s having. certain geophysical characteristic
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and these are reviewed in detail in the attached list of papers.
Very briefly summarising their characteristics, the Scintrex 701
and McPbar 4~0 type are of similar character in that they are both
moving source systems, where the transmitter and receiv~r are carried
in the helicopter, and both are frequency .domain systems. Tbese
systems are reviewed in detail in Enclosure I (pages 2 and 3,etc.)
The Input system employes a large aircraft (Canso) with a towed bird.
(See also Enclose I, pages 2 and 3)
("~~ " .)'-~ c,h D ~ -,67'"l;§" <,.@ ~p.~...e ,c2,o,..'<./ &v".:J'
The essential problem with all the above systems in the Tasmanian
~I?:.~ is that the transmitter/receiver system must be within
200-300 feet of the target mineralisation or the system cannot respond.
Bearing in mind the necessary terrain clearance problems, the helicopt~

is unable to maintain a bird/surface clearance of 100 feet, which woul,
be essential for penetration of 200 feet below surface~ Any increase
in height above this limit would reduce the search depth accordingly.

Turair, however, is fundamentall~ quite different as the system was
developed for the sole purpose of deep penetration in areas of rugged
terrain. The transmitting loops are laid on the ground as at Lake
Selina and only the sensing device i8 towed by the helicopter. The
importance of this distinction is reviewed in detail in the
accompanying papers, but .s summarised in the diagrams set out OOlow:-

Moving Source Systems (i), (ii) and (iii)

.12.,,":. (!Cfo...oJ c, .... l
"Ix - 'Ii" '"r"t(" (->',/
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In tbe above the transmitter (red) sends out the signal whicb
energises tbe body at deptb (black). The body's response (green)
tben is monitored by tbe receiver coil. The response tben will tend
to vary as lid4 to 1/d6 , wbere 'd' is the distance between the
receiver/transmitter and the energising system.

In the case of TUrair, bowever, tbe way in which measurements are
taken are quite different, as the following diagram shows:

TUrair (Fixed Source) System (iv)

In this case the energising source is on the ground and a strong
energising field is guaranteed to a depth of 500 metres by the large
motor generator used. The only variable now, is the distance of the
receiver from tbe body, and in this case the response will be as 1/d2 •

Where the differences in response become critical is for deeply buried
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bodies, and in areas where the terrain simply precludes the chopper
from getting a moving source system close enough to the ground. By
way of illust~ating this point, for a moving source system if the
distance is doubled the signal strength drops to 1/16tb to 1/32nd of
its strength, while for fixed source systems the falloff is onl1i
This is quite clearly illustrated in the example over Wbundoo (W.A.)
shown in Enclosure 2, page22, a discovery in Manitoba, Enclosure 2,
page 19 and--in- Enclosure 4. In a nutshell, tbis is wby you should
use Turair ratber than a moving source system if EM is to be considerec
jVY<llJ.l'---tt~:ai.n.--OQl~b-tj.eDs. /...J~ :h:>.............-a#-.:., ~d./" &ee"o/..{'

tt7eW?J~ /~ fY""""'" ~:d'<z-......,I,..,....."
--- -------------.1

I could "rave on" further, however, I've really covered the most
important points, for further details please see the enclosed papers.
I strongly recommend that you read Enclosures 1, 2 and particularly 3,
(The latter because it is an independent view by Cominco"which in
the current MacIntosh discovery is significant - apparently tbe local
brancb haven't seen tbe paperf)

2 - The Recommended Approach
After our conversations in Queenstown last Thursday, I have given
considerable thought to the problem and would make tbe following
recommendations for your programme. These employ t_o qUite distinct
techniques for reconnaissance work and should be carried out
concllrrently.

Mercury Reconnaissance SUrvey - As our conversations revealed, across­
strike walking traverses will bave to be cut for mapping purposes
over the area of interest. It would therefore be a simple excercise- . .
to collect mercury soil samples at 50 metre intervals along these
traverses as they are cut. I would suggest a 2 kilometre interval
between traverses to commence with, and then come back and put in.
intermediate traverses at 1 kilometre intervals. I would suggest that
this work be commenced as soon as possible so as to give as much
consideration to additional follow-up work as early in the season as
possible. Samples can be run by us on the aainland or in Tasmania
When we are there.
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Clearly then, Turair is the only system which meets these specificatiD'

I seem to remember your estimate of the traverse cutting at about
$7500.00, while I estimate the analysis of the samples at about
$500'.00 at 100 metres intervals and at the recommended 50 metre
station intervll,, $1000.00

}'fy recommendation therefore is that if airborne EM is to be used,
then make sure what is done will be effective. In other words I
favour using BUrair, but would advise against the other three systems
including our own Scintrex HEM-701.

analysis is $180.00

An average. of 180

Basic consideration suggest,. and practical survey work confirms, that
anomalous mercury in the soils will be seen over a wide area
surrounding ~ deposit and in certain conditions, down slope of a
deposit. The target size will be at least 300 metres wide and
1 kilometre to Ii kilometres iq length.

3 - Costing of the Above Proposals

~3~rcury Survey: The cost of in-situ mercury
per day for the hire of operator and equipment.
samples can be analysed per diem.

Turair Survey - There certainly is a case for using an electromagnetic
method in the search for Rosebery/Hercules type mineralisation on
the grounds tha t
(i) about half of the bodies are conductive ~o~.o.emdeg~eeiand/or

(ii) some of the bodies are conductive over some sections within the
bodies.

Working on the above premises then, any airborne EM survey must
(i) have lines spaced at such a distance apart as to maximise the

detection of type (ii) above and•
(ii) use a system which will not be unduly influenced by the

topography in such a way to render the data acquisition
ineffective.
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In both cases I would advise you to consider the data acquisition
and the data processing phases separately.

I have also assumed that you would also require measurements of the

magnetic field to be made. I certainly advise this.

Should you wish to adopt this somewhat unconventional approach we

could amend the Turair contract accordingly, as it at present includes

flight path recovery.

\ \ \

of

Data Acquisition Cost - HEM

HEM-701 type surveys are of course considerably cheaper as they involve
less flying due to no loop laying and of course no wire. A contract

proposal for this is enclosed

Helicopter charges vary between $200-$240 per day plus $120-$180
per hour. Inquiries made with regard to·· Tasmania suggest ·a rate

$200 per day and $130 per hour with a small mobilisation charge.

A precise (within ZlOm) positioning system can be hired which will

literally pin point anomaly positions. The additional cost of such

a system is estimated at about $6000.00 (See attached explanatory

material) •.

Personally I consider the excercise of'fiight path recovery, analysis,

drafting etc., a futile operation if there are no significant anomalies
I suggest you process only those areas which are indicated to be of

interest.

b - A contract and cost estimate in enclosed both for Turair and

~making the following assumptions:

(i) The area to be flown is 50 square miles
(ii) The line spacing is 400 feet, i.e. the total line mileage is

about 660 miles.
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Therefore the data acquisition can be carried out over the 660 line

miles at a cost of approximately $40 x 660.- $26,400.

I sincerely trust that the above analysis together with the costings

and contracts will assist you in your deliberations.

or approximately $25.00 per kilometre ($40.00 per line mile)

for data acquisition and flight path recovery, For more intense

line spacing this figure would of course increase.

$ 800.00

$ 890.00

$ 4320.00

$ 750.00

$ 6760.00

$ 1500.00

$ 4000.00

$ 1000.00

. $ 4740.00

$11240.00

,

$1100

$3640

In both the above, mobilisation is additional and final report costs

can be estimated at $1000 - $1500, providing results warrant. It is

also assumed that the magnetics will not be contoured.

Data acquisition to compilation stage ••

$11.20 per line kilometre ($18.00 per line mile)

Daily charge

Helicopter charges $240 per diem & 5 hours at $130

Mileage charge 270 km at $16;'00 (400' line spacing)

Cost of wire ( 4 x 3 km)

Data Acquisition Cost - Turair

The data acquisition cost based on recent surveys employing the

enclosed format was·as follows: (per loop)

~ge - eight

Helicopter

5 days at $220,OO/day

28 hours at $130 (inc fuel)

(35 km per hour flight time)

. ~t Estimate (1000 Kilometres)

5 production and standby days at $300.00

1000 km at $4.00 per kilometre

Flight path recovery at $1.00 per kilometre
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studies I

1 - Airborne Electromagnetic Systems, Bosschart & Pemberton
2 - Turair, Bosschart and Seigel

3 - Deeply Penetrating Surveys in Northern Manitoba - Tikkanen
4 - Turair- The State of the Art
5 - Advances in Deep Penetration Airborne EM Methods, Bosschart,Seige
6 - Compar~son Scintrex HEM-701 and Input

7 - The Scintrex HEM-701 EM System in Perspective, Bosschart,Campbell
8 Mini Ranger System

Very best of

Enclosures:

A.W. Howland-Rose
Managing Director

AWHR:LK

Summing up, a thorough approach would include mercury soil sampling
and Turair. I don't favour HEM as even if the target is conductive,

--::> .
the terrain m'ay well ;).1lgii.......1 ts detection.
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R.A. Bosschart.·

MINING IN CANADA-May 1969

R. H.• Pemberton. • :If
."1'\;

J
ent solutions have been used to overcome this prob.;.
lem: the rigid boom and the towed bird system. In the·
first. transmitter and receiver are attached to a me­
chanically rigid structure: the airframe. or a towed
boom. Coil separations are of necessity limited. usually
between 20ft and 70ft. but because of the high me­
chani.cal rigidity, secondary fields can be measured in
complex components with great accuracy. In some
systems the noise level is lower than 5 parts per mil­
lion of the primary field at the receiver. even when the
structUre is moving at normal airspeeds under average
turbulence conditions. -

In the towed bird systems the transmitter is at2
lached to the aircraft and the receiver usually towed
behind and below on a 400-S00-ftlong cable. The rel­
ative movement between the two during flight results
in random real component distortion that is at all times
too high to permit the detection of the real component
response of subsurface conductors. In order neverthe­
less to obtain diagnostic information. some systems
measure the largelv unaffected imaginary (quadrature)
component at two discrete frequencies (Hunting Can­
so. lockwood, McPhar) or compare different compo­
nents at the receiver which are affected at the same
rate by the movements of the rec;:eiver platform relative
to the transmitter (Inca. ABEM Rotary Fieldl. In the
only time·domain AEM system (INPUT) the move·
ments of the receiver are of little significance. because
transmission and reception are separated in time.

RIGID BOOM SYSTEMS
All present rigid boom systems measure complex
components at a single frequency. The difference be­
tween systems is mainly in coil configuration. coil se­
paration. and in operating frequency.

The Nucom system. The Nucom system (Fig.lal de­
veloped by American Metals in 1955. was the first

. rigid boom system. It employed a 20-ft bird towed on
a 100-ft cable by a helicopter. containing transmitter

The first successful airborne electromagnetic (AEM)
system was introduced in Canada in 1950. and by
1955 a number of systems were in operation. This
new prospecting method - produced remarkably rapid
rewards and proved its value by leading in succession
to the discoveries of the Heath Steele ore body in New
Brunswick (19531. the Thompson nickel deposit in
Manitoba (19551. the Mattagami Syndicate copper­
zinc deposit in NW Quebec. the Poirier and Joulel
copper-zinc deposits in the same area 119581. the
Texas Gulf copper-silver-zinc deposit in Kidd Township.
Centra' Ontario (19621. and others.

Notwithstanding the adage that mine finding is a
combination of science. art and -luck. and not necessar­
ily in that order. and that the AEM methods employed
were not 'equally valuable or in all cases properly em­
ployed. the. record has been impressive enough to es­
tablish AEM surveying as a first line base metal pros­
pecting tool. As a result we have. to date. seen the
development of some 24 different AEM systems.

As seems to be traditional in .the geophysical indus·
try. the basic nature of these systems is hidden behind
8 colourful array of abbreviations and code numbers
which are incomprehensible to the uninitiated. Al­
though many systems differ in minor details only.
some differences are of crucial significance and have
to be fully understood in order to evaluate the suitabil­
ity of methods for particular search problems. Several
writers le.g. Pemberton. 1962; Ward. 1957. 19671
have sorted and classified the different systems. and
their pattern will be followed.

Ba~ically most of the AEM ~ystems employ moving
source configurations comparable to moving source
systems' used on the· ground. such as the horizontal
loop system. The main factor limiting the sensitivity of
these ground systems. i.e. noise arising from the differ..
ential movement between fransmitter and receiver. is
even more significant in airborne systems, where
appreciably higher sensitivities are required. Two differ·

•Scintrex Limited.

294016

Applications and limitations of

AIRBORNE

ELECTROMAGNETIC SYSTEMS·

in mineral exploration
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MINING IN CANADA-May 1969 airborne EM

and receiver in a coaxial configuration with the axis in
the direction of fhght and measured real and imaginary
components at a frequency of 1000Hz. The nOISC level
was relatively high, resulting in limited depth of explo·
ralion. The syscem is no longer inactive use.

The Aefomaglletic Surveys (presently LockwoOd)
helicopter system. rha Aeromagnetic Surveys helicop­
ter system was developed shortly after the Nucom sys­
tem and is very similar. "the only difference being a
higher (4000Hll operating Irequency. In 1962 the coil
separation was increased- to 30·ft whereby the sensitiv­
ity was increased. The system is in active use, al-'
though the high operatiflg frequency limits its applies·
bihty in rhe presence of conriuctmg overburden,

The Mullard svstem. Rio Tinto Mining introduced the
MuJlard system in 1956. Transmitter and receiver are
mounte,d in a vertical coplanar orientation on the wing­
tips of a, DeHavilland Otter STOL aircraft (separation
621tl (Fig.1b) and the system measures complex com­
ponents at an operating frequency of 320Hz. After four
years operation it was taken over by Canadian Aero
Service. It ;s now operated by Canadian Aero Mineral
Surveys limited. A second unit is at present operated
by Scintrex limited.

The Canadian Aero S-55 system. The Sikorsky S-55
helicopter mounted system was introduced at the
same time as the Mullard system. Transmit and re­
ceive coils were mounted coaxiallv in the flight direc::·
ti-on fore and aft of 1he helicopter. wheleby a separa­
tion of 60ft was achieved (Fig. 1c). Operating frequency
was 390Hz. and the parameters measured are real and
imaginary components. Although excellent. the system
was obsoleted because of the high cost and poor per­
fOlmance of the S· 55 helicopter compared with mod·
ern turbo-helicopters.

The Varian TGS sysrem. The Varian TGS system.
first employed in 1959. was very similar to the 5-55
system. The coaxial transmit and' receive coils were
mounted on a 50·ft rigid boom carried between the
skids 01 a Bell G-2 helicopter {Fig. 1dl. Operating Ire'
~uency was 400Hz. and complex components were
measured. Allhoughvery successful. the unit has not
)Ben operated since a fatal crash a few years ago in
Nhich a geophysicist and a pilot were killed.

The Scintrex HEM·701 sysrem. The Scintrex heli­
::opter system. introduced in 1967. is similar to the
'Iucom and lockwood systems (Fig.1 al but lor a dil­
'erent frequency (l600Hl) and a lower noise level (3-5
)pml.

The Barringer system. The Barringer helicopter sys·
:em. although superficially simitar. differs from other
iystems in employing a zero coupled coil configuration.
fhe transmit coil axis is aligned in the flight direction.
:he receive coil axis is vertical. Operating frequency js
100Hz, and complex components are measured, .

rOWED BIRD SYSTEMS
Towed bird systems include both continuous wave and
:lulse·transient electromagnetic systems. The contin·
JOUs. wave systems measure either differential complex
::omponents. imaginary (quadrature) responses at two
:Jiscrete frequencies or. as in the case of the Input sys­
tem. timl9 varying characteristics of secondary electro­
magnetic field enects.

294018
The Inco system. The International Nickel Company

of Canada introduced the first operating AEM system
in 1950, The tnco system utilizes a transmitter as well
as a receiver consisting of two orthogonal coils. which
Bre coupled coaxial and coplanar respectively. Typical­
ly. three frequencies within a. range of 100Hz to
2500Hz are transmitted. and the measurements 8t the
receiver include the amplitude difference between the
received signals as ~ell as direct amplitude changes in
the coplanar and coaxial coupled co;ls, Phase relations
may be recorded as well. to aid in the interpretation of
the response recorded on the main channel. The re~

ceiver is towed on a 500-fl cable resulting in 8pproxi~

mately 400-ft horizontal separation in flight. Misalign­
ment noise is the main limiting factor and precludes
utilization of the system in turbulent weather. Under
favourable conditions the depth of exploration is good
and the data permit a determination of the relative
merits of detected conductors. The system has recentlv
been adapted to Twin Otter jet turbine aircraft.

The AHEM system. A.B. Elektrisk Malmletning in
Sweden in '955 developed the "rotary field" system.
This system was flown in Canada in 1956 by ABEM
ICanadal ltd. and later. until 1960. by lundberg Ex­
plorations. The preferred version of the system requires
two separate aircraft. one carrying the transmitter and
the other the receiver (Fig.2b). Relative in-phase and
imaginary responses at 880Hz are measured in two
orthogonal transmit. and receive coils. usually separated
by a distance of 5OO·800fl. Under favourabie condi­
tions good depth penetration is obtained. Operational
costs are relatively high because two wcrah have to
be employed. The system is in active use.

The Hunting Canso. In 1956 Aeromagnetic Surveys.
predeCessor of the Hunting Survey Company. intro~

duced into Canada a dual frequency imaginary compo~

nent measuring system which had been developed in
Finland. This. system~ which used exciting frequencies
of 400Hz and 2300Hz. comprised a horizontal ·trans­
mitter and a verticat receiver with its 8)(is in the flight
direction. towed in a bird on a 4oo-500ftcable
(Fig.2al. Sensitivity of the system was approximately
2000 pans per million. The limitations 01 quadrature
measurements. particularly the failure to detect mas~

sive sulphides. obsoleted the system and it was
phased out of service in Canada by 1960. Lockwocd

x·. -Survey Corporation .has,attempt~ in 1'968 to. r~Vivl~it
by offering a transistorized version 0 the onglna lOp

strumentation. mounted in a smaller aircraft Otherwise
it has remained the same.

McPhar F'400 system. During the latter part of
196B McPhar developed a dual frequency out-of-phase
measuring system similar to the original Aeromagnetic
or Hunting system except for the exciting frequencies.·
The McPhar F-400 version operates at 340Hz· aod
1070Hz. The receiver is carried in a bird towed at the
end of a 400-ft cable. The principal difference beto.veen
this system and the Hunting Canso system ·is that the
transmit coil 'is in a vertical position so that the trans­
mit and receive systems are flown in a maximum cou-
pling configuration. .

INPUT system. The Input system constitutes 8

rather radical departure from the conventional contin­
UOUS wave inductive AEM system. The unit. a-t present
mounted in a Canso (pBY) fixed-wing aircraft (F.g.2cl.
utilizes a large horizontal external transmitting loop
through which an electromagnetic pulse of
1.5milliseconds duration is generated at· a repetition
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rate of 3.5ms. After the cessation of this pulse. the
time varying characteristics of the decay of the eddy
currents and their associated secondary EM fields are
measured. The receive coil. with its axis in the direc­
lion of flight. is carried in a towed bird at the end of a
500-h cable. The voltage obtained in the receive coil is
sampled at six increasing delay times which vary from
300microseconds for the first channel to
1900microseconds for the.sixth channel (Fig.2d). The
responses of bodies of lower conductivity appear only
in the first two or three channels. those of high con­
ductivity sources become detectable in the later chan­
nels.

The Input system has overcome one of the basic
handicaps of continuous wave AEM systems. namely
the necessity of measuring weak secondary fields in
the presence of primary excitation fieJds which are
many orders of. magnitude stronger. The transient sec­
ondary field effects are separated in time from the
primary field and orientation variations between the
transmitting and receiving coils do not affect the limit­
ing noise levels of the system.

PASSIVE AND FIXED SOURCE AEM SYSTEMS
Two types of airborne systems can be called passive
because they employ external Ii.elds as the primary
source. The AFMAG system employs the natural audio
frequency· magnetic fields arising from atmospheric
discharges and several recently developed systems use
the ·signals transmitted by military VLF. radio suitions.

fal The AFMAG system. The airborne version of the
AFMAG system (Ward. 1960) records. the tilt of the
plane of polarization of natural magnetic fields ariSing
from atmospheric discharges at two different frequen.
cies. For instance. 90 and 330Hz (fixed-wing version).
150 and 590Hz {towed bird version) have been used.
Notwithstanding initial high expectations the system
has proved to be unsuitable fat the location of sulphide
bodies. It is at present used occasionally for structural
mapping.

fbI VLF systems. Since the e$tablishment of a
world-wide network of powerful VLF radio transmis·
sion stations ·with frequencies ranging from 15 ~­

27kHz several ground .and airborne receiver 5yster.·
have been developed in an attempt to utilize the~·

fields for the mapping of ground conductivity. Typicall\o­
they measure relations between pairs of field compo-

. nents. e.g. the ratio of horizontal and vertical compo.­
nents (McPhar KEM). the relalive phase angle fRonka),
the ratio of tvertical). electric· and (horizontal) magnetic
fields (Barringer Radiophasel. or the gradients of phase
and amplilude of the horizontal field (Scintr•• Deltair).

These and several similar systems have only recently
been introduced and some are still in the experimental
phase.

SEMI-AIRBORNE SYSTEMS
Methods utilizing a large fixed source on the ground.
combined with an airborne receiver. have been used
off and on. In the past the source was usually a long
grounded wire and only the amplitude of the horizontal
component was measured. As a result geological noise
was high and resolution poor.

At present. experiments are be.ing carried out with
an airborne Turam system using large inductive
sources and measuring amplitUde and phase gradients
from a light helicopter. which is also utilized tolay out
the primary loop. It is expected that this system
(Scintrex Turair) will have considerably better penetra­
tion (600ft) than present airborne surveys (rarely better
than 300ft) and will have an application in areas with
very heavy overburden. rough topography or tall forest.

SIGNAL AND NOISE
Although AEM methods are employed on a limited.
mostly experimental. scale for the mapping of geologi·
cal features. e.g. in aid of ground water exploration.
their primary application is in the search for base met·
als. Thus. in· the present context. signal is referred to
as the response of target conducfors fmineralized bod­
ies), and noise as all other recorded responses. Among

. the latter the two most important sources Bre system
noise and geologic noise. System noise may arise from
many parts afthe aircraft or installation. but the main
cause is usually configuration instability. which results
in variations in mutual coupling between transmitter
and receiver which creates random noise. mainly the
real component. Geologic noise may arise from any
geological conductor. The most common source of
geoJogic noise on the Precambrian Shield is conduct·
ing overburden.

To evaluate individual systems. their response over a
variety of expected conductor arrays should be investi­
gated. Data for a proper comparison of all relevant
characteristics are. however. rarely available and we
usually have to be satisfied with an evaluation based
on the. theoretical response above one of the more
common conducto.' arrays. Most useful is perhaps to
examine the combined response to an "homogeneous
ea"h'~ model (overburden) and a "conducting half
plane" model (steeply dipping mineralized zonel.

The response of AEM systems over the former is
governed. by the induction parameter a = pw.r (p2 + h'l
and over the latter<r=p..." (p' + h')1I'(Ward. 1967) (in
which J£ = permeability. ~ = conductivity. III =
frequency. ' = half plane thickness. p = coil separ·
ation. h = height). Thus the height h 01 the system
above the .conductor as well as the coil separationp
and thefrcquency Col are operating parameters i.e.
characteristics of the systems that can be varied to
modify the response. Since ·the values of p and hare
much larger for towed bird. systems than for· rigid
boom systems. the induction parameter of the former
above OVerburden is in typical cases 30 to 40 times
larger than for rigid boom systems using the same fre­
quency. but only 5 to 6 times larger above the miner·
alized sheet.

In practice this means that above this common type
of conductor array geologic noise is much lower in
rigid boom systems. which therefore have ·a much
more favourable signal to noise ratio than towed bird
systems. Figure 3 illustrates this point. In this example
the rigid boom system has been given a frequency five
times the frequency of ttM;! towed bird system so that
the mineralization has the same induction number in
both systems. The overburden response in the towed.
bird system faUs in an area where real and imaginary
components have appreciable amplitudes. The same
overburden gives rise to very low real and imaginary
amplitudes for the rigid boom configuratipn. notwith­
standing the five-times higher frequ~ncy.

When geologic noise is low. system noise will take
over as the main factor limiting signal detectability. It
primarily affects .the real part of the field (amplitude or
in-phase component) and in towed bird systems.
where instability is an inherent problem. methods other
than the direct comparison of real and imaginary com·
ponents have to be used for the determination of con­
ductor characteristics. In the Inca and ABEM methods
components at the receiver are compared without di­
rect reference to the primary field. In the former the
differences between amplitudes of threefreQtlencies
are measured. in the latter the difference between real
and imaginary components in two onhogonal coils. A
more common solution. which was introduced in the



The Input system. when it measures the time deriva­
tive of the decay function with a sampling time of
2milliseconds and a repetition rate of 3.5mscan be
compared to a broadband imaginary component mea­
suring system with the fundamental' repetition rate of
285Hz as the lowest represented frequency. Thus. the
system can be expected .to have. as the two frequency

_imaginary systems. a.limited. window of acceptable
conductivity.width products. Because of the lower fre­
quency. higher conductivity-width products will be
accepted. but a more important difference can be ex­
pected to result from the much better signal to noise
ratio.

System noise is very low. although apparently at­
mospheric and airframe noise may reach nuisance lev­
els in the last channels. Geologic noise created in the
higher frequency ranges, is.separated·in stages. through
the different sampling gates· and the response from
target conductors has to overcome only the noise level
at the representative frequency of the gate.

The. factors p and h for this system are relatively
large and. ,depending on the conductivity of the over­
burden. geologic noise may still be a factor to consid·
er. even at the last gate.

The response of target conductors decreases with
increasing conduetivity-widthproduet and it depends
on the cQmbined level of geologic and system noise at
the last gates whether. the signal will be detectable.
Uttle information is.·available regarding these signal to
noise levels. but the system generaUy appears in es­
sence· to have limiting factors similar to conventional
systems.. Experience has indicated that it is capable of
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Fig.3. Signal to noise relations; towed bird
and rigid boom systems

Hunting Canso wsteril and after its demise revived by
Lockwooll and in the F-250 and F-400 McPhar sys­
tems. is to compare the imaginary component at two
different frequencies. This approach has the advantage
of simplicity; the imaginary component is relatively
unaffected by instability. and it can be directly referred
to the primary field.

A distinct disadvantage is that the range of detecta­
ble conductors is limited. As Ward (1967) puts it.
these systems have a .narrow "window" of acceptable
conductivity-width products. Above a certain value of
the latter the response of both operating frequencies.
disappears below the noise level. Although not to the
same degree. all imaginary component systems are
blind to geological .conductors of high conductivity. in­
cluding many, massive ore-bodies. In addition. the abil­
ity to discrir:ninate. within this:· narrOW window. be­
tween mineralization and conducting overburden. is
more restricted. in comparison with methods measur-
ing real components. .

System noise is usually specified in parts per million
of the primary field at the receiver. (Typical noise fig­
ures given for towed bird systems fall between 500
and 4000ppm and for rigid boom systems between 3
and 50ppm.) These noise figures thus are a function of
a particular. configuration. and unless they are con­
verted to some common base. offer linle basis for di­
re~t comparison. Moreover. such noise leve's are
usually established under favourable conditions.. As in­
dividual systems behave quite differently in turbulent
air these figures are also of questionable value in. eval-
uating true operational noise levels. .

294020
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• working subsurface exploration depth of at least
300ft. Under favourable conditions it mav perhaps be
capable of greater penetration.

SIGNAL RATE OF FALL-OFF
The signal rate of fall-off with increasing height of a.
particular system deserves more aUention than It is
usuallv given. Rigid boom svstems inherentlv have a
steeper rate of fall-off than towed bird systems, but
appreciabla difference also exists between mambers of
each group. mostly as the result of coil configuration.

In general. maximum coupled systems (coaxial, co­
planer) have a more favourable rate of fall-off over
steeplv dipping bodies than minimum coupled svstems
(plane of receive coil perpendicular to plane of transmit
coill. Hedstrom (t 959) has shown the difference be-

tween the Rotary field sVstem and the Hunting canso
system based on model experiments (Fig.4al. The for­
mer system is fullV coupled, the Ialler approaches a
minimum coupling.

A similar difference has been observed in the results
of test flights over tha Whistle Mine with two superfi­
cially rather similar rigid boom systems. The Barringer
Helicopter EM and the Scintrex HEM-701 svstems
(Fig.4b). The former system is zero coupled. the la"er
maximum coupled. The rate of fall-off curves represent
information published bV both companies after these

. tests. A lower noise level (t -3ppml is claimed for the
Barringer.'system. versus 3-5ppm for the Scintrex sys­
tem. but since the rate of fall-off for both svstems
seems equallv steep at this low signal level this will
not result in much gain. 1" fact these curves indicate

o

Fig.4. Signal rata of fall-off of maximum cou­
ple~ .and minimum coupled systems.
A: HuntiRg canso vs ABEM. B: Barringer vs
Scintrex HEM 701 svstem
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INTERPRETATION
Airborne surveying is usually regarded as a reconnais­
sance function and the significance of quantitative in­
terpretation at this stage is often underestimated.
Usually. however. far more conductors will be loca~ed

than can economically be examined on the ground.
and it is highly desirable to distinguish potential" ore
conductors from probablv uneconomical conductors. jn
order to narrow down the number of targets for subse­
quent ground follow-up.

Such a discrimination may be aided by a compari­
son of pattern and location with other· geophysical or
geologica'jnformation. but the most.relevant basis for
discrimination are the conductivity-width products of
the individual conductors. The ability to readily yield
this information is of major· inportance in evaluating
airborne systems.

The results of rigid boom systems measUring real
and imaginary amplitudes. can be easily interpreted in
terms or conductivity-width products bV means of Ar­
gand or similar diagrams (Fig.51 and the obtained
values can in most cases be used directly for conduc­
tor discrimination.

The resUlts of- towed bird systems. are usually more
difficult to 'interpret. Schemes of varying complication
8nd IlsefulneS5 h.... been designed and published for
most methods. Because the survey height h is often
smaller than the separalion p. h has a rather larger
etfeetonthe induction parameter~ and the results have

RESOLUTION
The resolution of AEM systems. i.e. the ability to dis­
tinguish adjacent sources. decreases with increasing
height and coil separation: height being in the majority
of cases. the main determining fa-ctor. Rigid boom· sys­
tems thus can be expected to have better resolution
than the other airborne syste ms.

TERRAIN PERFORMANCE
Terrain performance is. of course. mainly determined
by the aircraft type. particularly its rala of ctimb.
Towed bird systems are inherently unsuitable ·for use in
other than relatively flat topography. Helicopter sys­
tems. panicular1y when' carried by the present powerful
turbo jet helicopters. can be used successfully·in al­
most any kind of terrain. They are. however. somewhat
slower and more e~pensive to operate.

level. In this way only the free air rate of fall-off and
the most favourable system noise are taken into ac­
count. Needless to say. this is not necessarilv equiva­
lent to flying at low survey altitudes. in more turbufent
air, and with the full spectrum of geologic noise pre-
sent. Under the laner conditions it would appear that X'
none of the present-day systems achieve 8 working
depth of exploration significantly better th.n 300ft
subsurface and many have considerably less useful
penetration.

Ilt!cause they are least susoeptible to turbulence and
geologic noise. the low frequency rigid boom fixed­
wing and helicopter systems .ndthe Input system will
gi... the most consistent exploration deplh under •
wide variety at conditions. The high frequency helicop­
tei systems are more sensitive to geologic noise and
their pene-tration may be reduced in overburden areas.

Towed bird systems such .s the Inco and ABEM
methods are very sensitive to turbulence. For this rea­
son the receiver in the latter is preferably mounted on
a second aircraft rather than in a bird. Aft the towed
bird imaginary component systems are particularly
sensitive to geologic noise. which may· in many cases
drastically reduce the exploralion depth.
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that not much Iunher penetration can be achie...d
with present rigid boom systems by decreasing the
svstem noise lewd.

Both examples demonstrate the advantage of maxi­
mum coupled systems in this respect. It should be
noted however that before any conclusions as to the
difference in penetration can be made. the geologic
noise characteristics of the systems should be taken
into account as well. •

DEPTH OF EXPLORATION
It is customary to present .s the depth of exploration
of an AEM system the maximum height at which the
response of a near surface conductor at increasing
flight altitude is still clearly detectable abo... the noise

Fig.5. Interpretation di.gram for AEM data.
A: Argand diagram ABEM. B: Newmont-Aero
interpretation diagram
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Fig.S. Response of AEM system over half
plane with increasing transmitter-receiver se­
paration and frequency
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CAVENDISH TOWNSHIP TEST FLIGHTS
It is rarely possible to compare the results of different
AEM methods over the sa me target. A series. of con­
ductors in cavendish township. Ontario has recently
been used by several companies to test AEM equip­
ment (Fig.7). The main interest in this test area is its
proximity to Toronto, otherwise it is rather inadequate
to test system capability. The conductors. occur in a
series of parallel bands in an area mapped as lime­
stone. They are relatively small. shallow and of me­
dium to poor conductivity and their nature unknown
to the writers. The overflights are as closely compara­
ble as possible. but particularly in view of the small­
ness of the targets.. significant differences may nev·
ertheless .f>eexpeeted~Certain general observations
can be made. however.

Conductors A. B. and C are clearly shown as indivi·
dual zones in the F-400 towed bird and HEM·701
rigid boom systems. In the Input results 8 is not
clearly detectable. which may be caused by different
traverse location. Conductivity of A and C can be de­
termined from· all these systems. with comparable re­
sults. 8 shows a much poorer conductor in the HEM­
701 than in the F·400 trace. The conductivities of A.
Band C fall well within the two~frequency imaginary
window.

It is lehto the interested reader to try and locate
these conductors on the AFMAG and VlF traces. On
the latter. indeed•. anomalies occur which roughly coin­
cide with C and A8: but this is hardly surprising be­
cause diStotlion is virtually continuous throughout.
Without previous· knowledge as to their occurrence
these conductors could not heve been selected. For all
practical purposes these anomalies faU within the geo-
logic noise. .

It should· be noted that the data shown have been

•

Not even the widest conductivity contrast in geologic
materials. except perhaps in a narrow range of very
high resistivities, will affect this over-saturated re·
sponse. Amplitude variations recorded in these sys­
tems will be almost entirely due to dimensional and
geometrical factors. to transitions from conducting to
non·conducting materials. or to system noise.

Under usual glacial clay overburden conditions the
penetration of VlF signals will be very small. Condi­
tions have to be. favourable indeed to map subsurface
features. Significant applications in mineral exploration,
no maner how indirect. are not credible and. even the
usefulness of VLF measurements as a tool for struc­
tural mapping seems questi~nable.

to be corrected accordingly before lhey can be used
for conductor discrimination. Generallv interpretation of
towed bird data requires mOre experience and expert
knowledge.

Input results appear to be readily interpretable in
terms of relative conductor merit. Persistence tt..'''·Jgh
the consecutive channels can be taken as a reliable
guide. Determination of conductivity-width products
hes. to the writer's knowledge, not been attempted.
and it would seem in view of the inherent discrimina­
tion of the system. unnecessary for routine interpreta­
tion.

LIMITATIONS OF AFMAG AND VLF SYSTEMS
So far, little has been said about the capabiUty of the
AFMAG system and the new VlF systems.

Applications and limitations of AFMAG. based on
considerable experience with the method. have been
discussed in an aniele by Ward et al in 1966. Among
the limitations. it was found that the system responds
to broad surface resistivity variations. sulphide deposits
were difficult or impossible to locate because of the
small response relative to the many faults. shears and
carbonaceous horizons that were delineated. and dual
frequency interpretation was found to be meaningless
in distinguishing conductors of different conductivity·
width product.

These findings bea( out conclusions that can be
drawn .from a consideration of the response curves
shown in Figure 6. Since the transmitter receiver se·
paration p is infinitely large. it would be expected that
notwithstanding the low frequencies the induction par·
ameters over both homogeneous earth and half
plane would be large enough to move the response of
the entire conductor array over to the saturated part
(far rightl. where the real response is flat and the ima­
ginary pan negligible. Conductivity. except when ex­
tremely low. wilt have no effect on the response and
thus. inversely. it is impossible to. distinguish any part

. of the conductor .array. be it massive mineralization.
overburden. shear zones or formational conductors, by
means of the response characteristics. The observed
amplitudes will. of course, be controlled by size and
geometry.· Frequency reduction. to move the conductor
array back into the area of diagnostic response would
have to go considerably lower than the present range
of the system. and this seems impossible.

It is wonh remembering that initally AFMAG was
intended and expected to be a new tool for the explo­
ration for massive sulphides with an exploration depth
far in excess of conventional methods.

The experience with AFMAG seems to heve largely
been lost on the present promoters of VlF radio sys·
terns.

Typical statements. recurring in the descripti·ve
write·ups of VLF systems are e.g. " ...conductivity-size
and attitude can be estimated from the shapes of the
dip angle profile and the relative amplitudes;. :. "The
technique...operates in the VLF band where high sen­
sitivities are obtained to variations in rock conductivi·
ty". "It is apparent that there is a wealth of informa·
tion to be obtained from terrain conductivity measure­
ments and. equipment that can map such conductivity
has multiple applications in geophysical surveying. engi­
neering assessments· and mineral exploration". " ...has
proven its ability to pick up anomalies at greater depth
than conventional geophysical methods".

The VlF systems are comparable to AFMAG except
for 50 to 100 times higher operating frequences. The
relevant .induction parameters are thus accordingly
larger, moving the response still further into saturation.
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Fill.7. T.st flights with different AEM systems
over target ~nductors in Cavendish Town·
ship. Ontario.
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· Complex component measuring rigid boom" systems
· such as the Mullard 101ler) system and the helicopter
; systems. and towed bird systems such as "the lnco.
: system. the ABEM system and the INPUT system have
· won general acceptance both on technical and eco­

nomic grounds.-. It would seem questionable whether
the recent revival of two frequency imaginary compo·

· "nent .systems will last. in view of their limited detec"
i Ii,,/> capability. The VLF "prospecting" systems will. in
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used bV the different companies as publicity material
and thus may be considered representative.

CONCLUSION
AU present AEM systems have their limitations. and
their applicability varies with geologic and topOGraphic' .....
conditions. Some methods are more versatile than
others. but no single present method, will solve all our
search problems.
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the writer's opinion, contribute confusion rather than
any tangible benefits to mineral exploration.

It should be stressed that the principII cost of In
airborne program is the actual flying cost and not the
amortization cost of tt.Je geophvsical equipment~ and
that ground follow-up is costly and should be taken
into consideration at the initiation of the program.
Thus. there is a good case for paying a premium dollar
for a premium AEM system.

Airborne geophysics has helped to find many new
ore bodies since World War II. but not enough new
mines are added annuallv to keep pace with the
world's increasing metal consumption. If we are to in­
crease our present fate of discovery existing systems
have to be refined and new and more effective tech­
niques added.
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F.ct
In lact. much 01 the lack of popul.rily

comes from the unllt.liability of the
AFMAG nal,,",1 field. rendering AFMAG
surveying cb8ncy and therefore- expensiYe.
The method is In excellent tool for
structural mapping, end hils been prowm
to be capable of recognizing massive
sulphide bodies of moderate size to •
remarkable depth. Its low frequency
enables it to operate in areas of high
conductivity end deep weathering.

The -' VLF-.. method .Iso rest50nds to
ma~ SUlphide bodies 8t considerable
depth. and is useful· for·' both structural
mapping snd mineral oploration in all but
the highest conductivity areas. Even in
parts of the Canadian Shield where glacial
overburden .is typically 50 - 100 feet
thick. the VLF method appears' to have
useful apPlication. By- comparison of
directionaTld amplitude of the two phase
components we may well be able. to
distinguish certain geometrical pare·
meters.

Because of the extremely high values
of response parameter. bQththe AFMAG
and VLF methods naturally respond
.'mO$1' equally to all· geological con­
duc:tur& of large dimensions. To help
distinguish betweerr t~se··· anomalies.
Iteps are being taken to computerize
methods of data reduction .and analysis.
This will allow the interpreter to screen
the anomalies f.pidly for cenain pre·

(

111 I
TIC SYSTEMS

systems and the airborne VLF systems. of
greatest interest to readers. are only given
limited description.

Following the classification and descrip­
tion 0' systems. the writers judge
methods individually against a series of
criteria such as depth of eJlPloration,
resolution and interpretation. They then
compare systems and give them an
oYers" fating for mineral expkmnion work.
In this area they are of course'entitted to
their opinion. 8S it ;$ diffieultto agree on
the relative imponance of the various
operating parameters. Howedr. opinions
should be based on facti. and it is on the
basis of :some rather questionable obser~

vations that the writers conclude:
1. . That natural field or passive systems

such .•~AFMAG end VLF h.... fittle
application in structural mapping Ind
no application· at all to base metal
prospecting;

That· imaginary component· 'quad-
.rsture) systems are obsolete and
inferior to rigid~boom systems for
mineral exploration.

Let us examine the observations on
which these conclusions are based:
t. Observation

Lack of .. popul.ritY ·01 tho AFMAG
system is anributed by the writers to the
inability to distinguish' between good
conductors and poOr corKIuctors. and .150
because -,"it has proven unsuitab$e for the
location of sulphide bodies",

I exploration (

Applications and limitations of

by R.A. Bosschart and R.H. Pemberton.
Scintrex Ltd., Toronto.

AIRBORNE

The following commenrs have been
nrceiNd by Mining in Canada in response
to the article on Airborne Magnetic
Methods ·by RA.' Bosschan and R.H.
Pembsrtoft which appeared in our Ma.,.
'969. issue (Page , 9/. T,", lWtbon· lepl~s
to these rebuttals win be published in t.
next issuB.
From N. Paterson•• Toronto consulting
geophysicist:
There is no subject that can cloud one's
objectivity more then airborne E.M. Why
this is SO is not clear, for the most
one·sided opinions .re- often expressed' by
those of broad experience who have
nothing to lose through impartiality.
late-tv. in reviews published by
Mclaughlin. Ward. and others. we have
seen II trend towards objectivity that has
been mosi refreshing. The article PI the
May issue sets B new low in one·sided
reponing that cannot be allowed to stand
on record as an· acceptable statement of 2.
geophysical opinion.

The review of airborne E.M. methods
by Mining in CSMda is timely in View of
current mcreased activity and recent
instrumental developments. The' classifica­
tions. of systems and their physical
descriptions are adequately eet out in the
article. Most of this material. can be
foun4 however. in mOre detailed articles
such 85 those by Pembenon. Ward and
Mclaughlin: The newer systems. par­
ticuiarly the new helicopter rigid-boom
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scribed geometric characteristics as well
8S corre.lation with topographic. geologic.
or other geophysical parameters. Alter·
natively. the interpreter may wish to
"filter" his data in order 10 present I
series 0' maps emphasizing conductors of
different apparent sirike. dip. depth. ver·
tical dimension. or any combination of
these. In structural mapping. tbe lack of
selectivity of these systems may in 'act
be their greatestadvilntage.
2. Obse"'8tion

The writers present an interesting
comparison of results over a series of
conductors in Cavendish Township.
Ontario. The AFMAG and VLF results.
obtained and published by McPhar..show
• remarkably· close correlation with the
known geology. and· the results of 8
towed·bird airborne E.M. survey. No
correlation is recognized by the writers.
who anribute the anomalies to "geoloOic
noise"; furthet. they sta-re that the nature
of ,he conductors is unknown to them.
FaCl

As one who is wen acquainted with the
area and with the variousE.M. systems
employed in this comparison. I can state
unequivocally that the anomaliet are real
and that they would have been recog·
nized in 8 reconnaissance survey.
Furthermore. c:ertain other anomalies
some distance away from the main zone.
thot show on both AFMAG and VLF
records land, on the imaginary component
towed·bird ·survey also). but do not
register on the rigid-boom helicopter
survey. are also real and may in fact be of
economic significance.

So fitr 85 the nature of the anomalies is
concemed~ at least two have been drilled,
and sulphides have been proven to be the
cause.
3. Observation

The writers refer to imaginary coma
ponent towed·bird systems such as _the
Hunting/lockwood and McPhar two·
frequency systems in such terms as
··obsolete". "phased out service". service"
and "demise". and question whether "the
recent revival of two-frequency imaginary
component systems will last".
FoCI

In fact. the popularity of these systems
has been gaining rather than dropping
during the period mentioned by the
writers. Here are a few pertinent facts:
• The method. first invented in Finland. is
still in use by this country's Geological
Survey for r~ine mapping and explora­
tion work.
• The method was selected by the
NewmontlSherritt Gordon interests as
their "in-house" system for reconna-is·
sance surveYs in the Canadian Shield,
over the rigid-boom method actually
deVeloped by Newmont. The system has
succeeded in discovering the Fox Lake
arebody and' several other deposits of
potential interest. .

• A majDl U.S. mining company with a
rapidly expanding and highly sophisticated

exploration program. after careful study,
rated the two·frequency imaginary com·
aponent method first in .their choice of
preferred E.M. systems for reconnaissance
work.
• McPhar Geophysics. pioneers in cana­
dian E.M. technology. as recently as 1968
chose· the same method over other
possible methods for their F-400 series
airborne E.M. system. Obviously this
contractor does not share the opinion of
the writers regarding obsolescence.
4. Observation

The writers raise the old bogey. long
since e~posed and discredited. that ima­
ginary component systems are incapable
of detecting "good conductors".
FaCl
In 1959. I presented theoretical.
experimental and field evidence that· such
a claim was ridiculous· and challenged
critics of the method to mention a single
massive sulphide body that had too high
a conductivity to respond. Needless to say
the challenge has not been taken up.

It is cenainly true that the imaginary
component of the electromagnetic
response has a limited ·'ape.rture··. but by
the use of more than one frequency. this
aperture can be made arbitrarily large.
The effective aperture of the Hunting­
(Lockwood system. in terms of the
conductivity-width product of a half plane
conductor. is 0.1 to 250 mhos. Tests with
the method over 15 massive sulphide
orebodies in canada shOw a total spread
of· from 2 to 12 mhos. Experience with
electromagnetic systems on such excel~

lent conductors as the Texas Gun deposit
at Timmins and the West McDonald
orebody at Noranda. suggests that the
practical upper limit on conductivity-width
is about 50 mhos. well within the central
part of the imaginary component response
curve.

To readers of MINING IN CANADA a
statement such as "the limitations of
quadrature measurements. particularloy the
failure to detect massive sulphides.
obsoleted the system" is bound to cause
a reaction. It would be interesting to

. know how many massive sulphide bodies
have been drilled by readers as a result of
surveys by this system since 1955.
5. Observation

The writers make' the common mistake
of confusing unwanted geologic response
with unwanted geologic anomaly. They
point out that towed-birct systems typi­
cally respond to over~burden thirty times
better than do rigid-boom systems.
whereas anomalies from vertical sheets
are only five times bener.
foCI

What they fail to mention is that
overburden response is not in itself a
problem. but variation. in response at
swamp edges. buried bedrock ridges and
channels. in the bandwidth of orebody
anoma lies is a very ~rious problem
indeed. These geologic anomalies ale
caused by -departures from a half-space

conductivity model and. are noticeable on
systems of all geometries. Certain rigid­
boom systems produce anomalies over
swamp edges that are more difficult to
recognize than the broader feature
obtained over the centre by a towed·bird
configuration.

The reason for lower geologic noise in
most rigid-boom systems has nothing to
do with coil geometry, but is the result of
a smaller coil separation, leading to a
lower response factor and a lower
response to the poorer cOnduCtors.

Geologic anomalies. particularly those
arising from the overburden or weathered
layers, are certainly a problem in airborne
electromagnetic surveying. The best

means of handling the problem i8 to
lower the frequency as much as possible
and to record sufficient frequencies or
components that the geometric and con­
ductivity parameters of the conductors
can be effectively distinguished and sepa­
rated.

. 6; Observation
The writers criticize towed·bird systems

for their rapid decrease of anomaly with
height. and attribute t'"is to the effect of
minimum coupling between coils.
Fact

In fact. all imaginary component
systems known- to me are maximum
coupled. The decrease in anomaly with
height is almost entirely a function of coil
separation rather than geometry. (the
example used by the writer$ is an
exception: the other pair of minimum
coupled coils in the Barringer rigid-boom
system produces the same 1all,-off with
height as does the maximum coupled
pair). Since towed-bird systems have
larger coil separations than rigid-boom
systems. the fall-off is tess rapid and the
penetration is greater. The two-plane
ABEM system has the greatest coil
separation of the active field airborne
systems and therefore suffers the least
attenuation with height. Natural field
systems such as AFMAG and VLF have
very little decrease in anomaly with
height. except in the case of retatively
small conductors.

Issue could be taken with a number of
other statements by the writers. but -the
above points would seem to be the most
serious. In conclusion. I wish· to say ~hat

my comments are prompted out of a
desire to put certain facts clearly .on
record. There is sufficient confusion at
present surrounding the choice of geo~

physical methods. thiilt unneces~ry and
inaccurate criticism of proven techniques
must be avoided at all costs_

From V. Ronka, president of Ge~nics ltd.
Toronto:

I feel it necessary to camment on the
article for two reasons~;"One is the



R.A. Bosschan and Mining in Canada are to
be complimented for the excellent article
appraising in objective terms ·the many
airborne E.M. systems available- to, the-. , ..
Canadian .. mining industry. The discussion
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disturbingly low technical and general
accuracy and the regrell.able lack of
objectivity ina paper claiming to be a broad
review of airborn EM methods. The lack of
objectivity is. of course. quite

understandable when the reader is aware
that the author is 8n employee· of one of
a number of companies engaged in the
hotly competitive geophysical instrumen·
tation and services industry. lJnfonunately

the author's comme~al association was
not indicated anywhere. Indeed. his name
did not even appear with the article itse'~

and he was only identified in the index.
With regard to greater objectivity I can

only suggest that Min;ng in Canada
restrict future articles of this nature to
authors with a somewhat more impartial
and less commercially biased ytewpoint.

The second reason for my comment is
that the author has vehemently attacked
two particular methods with which I have
been closely associated. the. airborne
dual·frequency imaginary component EM:.
system and the VlF·method of elec~

tromagnetic exploration.

With regard to the dual-frequency
system I shall not subject the reader to
involved technical discussion. but state
that the. author's main assumption Ithat
hoary. old. discredited argument) that
imaginary component systems are
incapa~le of detec~ing good conductors is
quite incorrect. Extensive B.xperience and
tests have shown that natural orebodies
have much flatter response curves than
the ones shown in the article. The
arglJment that massive ores would _not
shOw up with this system has simply not
been borne out in practice.

Surprisingly the author praises the
merits of the INPUT system which is In

.effect equivalent to a mullip'le-frequency
imaginary component system and has 8

similar coil geometry.

As a final word on the two-frequency
system. it certainly appears to have had 8

. much greater success ratio in mine
location than those boosted by the article.

It is on VLF'systems that the author is
least factual. To literally hundreds of VlF
equipment users. including a high propor­
tion of major mining and exploration
companies. the VlF-method _most cer~

tainly does not "contribute confusion ,_.
rather than any tangible benefits" but has·
proved to 'be an -effective and valuable
electromagnetic tool. - Regardless of the
author's personal conclusion, -the fact is
that VlF has established itself as one of
the major geophysical methods.

There are limitations as well 85

advantages to the VlF~method.as there

are to any geophysical method. It is the
proper appreciation of the principles of
data interpretation which must contribute
to the success of any method. The author
draws certain conclusions from a VlF
profile· flown over a series of conductors
in Cavendish Township. Ontario. What the
author refers 10 as "geologic noise", the
professional interpreter woukl call
anomalies and search for the geological
",eaning of the data. The author ignores
the possibi6ty that the VlF·me'hod may
have located real conductors .that the
other· methods missed. Evidence strongly
suggests that these conductors do exist in
the area flown.

Atso the Cavendish VlF profile shown
measures in effect only thein-phase (real)
component. of the vertical magnetic field
and does not indicate. the complete
parameter capabilities of VLF systems.
For example· Geonics·VLF equipment
measures both the in·phase freaO and
out-of-phase (imaginary) component of
the vertical magnetic foald. Both together
provide. the geophysicist with· an essential
aid to Vlf interpretation.

There are quite a number of other
statements in the article that warrant
detailed rebuttal to COlrect the Buthor's
rather one~sided opinions. but I'shall just
mention one more-his particular em­
phasis on the merits of a frequencyof 1600
Hz for use in helicopter towed-bird EM
systems. An identical but competing
system (which incidentally I designed in
1955 and has been in operation ever sincel
is criticized for its frequency of 4000 Hz
which according to the author "limits its
application in the presence of conducting
overburden.". Actually in practice this
diffe-rence in frequency has quite a
negligible effect. Again the author falls into
the same error mentioned in the dual­
frequency argument sinCe he neglects the
factor that most natural orebodies have
much flatter response curves than he
indicates.

There are not too many articles concer~

ning geophysical methods· and instrumen~

tation published in canada. and Mining in
Canada is to be commended for initiating
these. However~ the mining and explora~

tion industry would be beuer served if the
artides presented a broader view of
professional opinion.

From D.M. Wagg and A.R. Rattew.
Geoterrex Ltd.• Onawa.

."

of signalaAd noise. signal rate of fall·off.
depth 01 exploration. and interpretation
puts the critical considerations clearly
before the reader. Those of us who are
involved intimately in the application of
airborne E.M. can appreci"ate A.A. Boss­
chan's candid approach. We are sure that
we will frequently have occasion to refer
users to this article.

There are II few specific points which

we w9uld like to make:

I.-The second MuUard system. (pogo
21 t was developed jointly by Scintrex ltd.
and Geoterrex Ltd. and is also available to
the industry through Geotctrrex.

2. -Our recent experience operating the
Barringer INPUT system in Africa enables
us to add something regarding geological
noise. penetration capability and interpre­
uition.

Conductive soils are much more
common in Africa than in the canadian
Precambrian. so the geological noise level
is typically higher. We find, however, that
on the basis 01 conductivity discrimination
Incr-the use of anomaly shape criteria. we
can effectively differentiate the co1fdUClor
types and select sulphide targets. The
broadband aspect of INPUT is on
advantage in the sense that it provides
the interpreter a great deal of information
to work with. It seems that. with the
exception of large salt concentrations.
surficial conductivity rarely results in •
geological noise lev" which is serious
enough to inhibit the effective use' of the
system;

We have established under actual
survey conditions that the maximum
effective penetration for our particular
INPUT installation is 650 ft subsurface.

'The target was a shallow plungi'ng. long.
highlyconducti~ massive sulphide body
in a resistive, environment. It was followed
down p}unge to a· drilled depth of 650 ft.
In areas of higher geological noise level
and for poorer targets,. the effective
penetration is certainly less. but we have
concluded that in many environments the
"working penetration" of INPUT is sub­
stantially in excess of 300 ft.

3.-While agreeing that the resolution
capability of INPUT is inherently inferior
to that of fixed-coil systems. we contend
that any experienced INPUT interpreter
would recognize the profile over Band C
in Fig. 7 as a clear signature of a double
conductor. •

,
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Applications and limitations 'of
airborne electromagnetic systems
in mineral exploration.

by R.A. Bosschart and R.H. Pemberton. published in the May 1969
issue of Mining in Canada. brought forth detailed critiques by several
readers.. The rebuttals were published in the July/August issue of
Mining and Canada.
In this issue we give the authors the opportunity to answer the
criticism.
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I
I
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Reply to N.R. Poter_

When we prepared our paper. Applica­
tions and Limitations of Airborne Elec­
tromagnetic Systems in Mineral
Exploration. W8 found surprisingly dive·
rging opinions .s to the capabilities 01
the different airborne' electromagnetic
Iystems. We confess to having pur­
posely taken 8 rather conservative
stand. in particular in regard to some
recently introduced systems. in order to
stimulate comments on this very current
loplc.

While we thus appreciate Dr.
Paterson's eagerness to make his contri­
bution. we regret his negktct of the
ground rules .of objective discussion.
Our concfusions were based on a
careful consideration of properly resear­
ched material and our reasoning was
explained and illustrated. so that it
could be followed lod verified. Yet.
rather than suppon his objections with
evidence of comparable substance. he
has merely labelled our conclusions
"observations" end his own gratuitous
statements "faet" and further lightened
his effort by misquoting us whenever
convenient.

Re 1.The first "observation" may $8rve
a. an example. We quoted verbatim
from Word et II 1988. "0 0 , • Among
the Umitation,it WI' found that . . . .
.ulphide deposits went difficuh or
imposiible to locste. etc ... "which 'has
significantly different implications than
Dr. Paterson's reading.

Under the heading ·'Iaer we are told
thol "0 • • The (Af"",gl method is on
excellent tool. for structural mapping
and has proved 10 be capabte of
recognizing mas5ive sulphide bodies of
moderate size at remarkable depths. hs
low frequency enables il to operate in
areas of high conductivity and deep
weathering:' A similar. if somewhat
deflated claim is made for VLF
methods.

Surely such statements require the
6UppoIt of unambiguous evidence. They
imply excellent selectivity. which .. we
have demonstrated to be imposSible
when the induction parameter is very
large.

In the next paragraph we find "....
Because of the extremely high values of the
response parameter. both the Afmag and
VlF methods naturally respond almost
equally well to all geological conductors of
large dimensions.. :. and somewhat
further". . . the lack of selectivity of these
systems may .in fact' be their greatest
advantage."

Logic is pot Mr. Paterson's fone. If
we are to believe him. these systems
have (a) the advantage of being selective
and (bl the advantage of being non­
selective.

Re 2. We defined signal and noise
within the context of mineral explora­
tion. Whether any of the anomalies in'
Cavendish Township were "real" or
"recognizable"was never a criterion,
but rather whether they represented
··signal" or "noise'" as defined. Con­
ductors A. B and C which· reflect

sulphide mineralization were clas$8d as
signal.' the remainder as (geoJogicall
noise. The VlF result. ··show· a remar­
kably close correlation with the known
geology" because they strongly respond
to all geological conductors and this is
precisely why the signal from target
conductors is masked. The method is
"out of focus" for mineral prospecting.

The location and nature of the
conductors which were presumably not
recorded in the HEM survey have not
been specified by Dr. Peterson and the
statement as such is meaningless. We
hope he noted the different horizontal
scale of the HEM traverse. which
covered little more than· conductors A.
Bonde,
Re 3. Be~een 10 and 15 years ago the
two-frequency phase-shift (Hunting­
Canso) system was employed for 90%
Of more of all contraetAEM surveys in
Canada. During some years p05sibly as
much as 100.000 line miles may have
been flown with this system.

This present year AEM contract
surveys will amount to more than
150.000 line miles. of which some
100,000 line miles will be flown with
compte. component rigid boom
systems and the remainder with the
INPUT towed bird system. .To our
knowledge. no substantial mileage has
been contracted for imaginary com­
ponent system. and it seems unlikely to
even exceed 5% of the total.
Re 4. The 1959 publication Dr.
Paterson refers to was. like his present
one. • series of comments on a paper
on airborne electromagnetic methods; in
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that particular case by Messrs. Heds­
trom & Parasnis. These writer. iI';~

the .."", "old bogey" that the two
frequency phase-shih system was
incapable 01 detecting· bodies of high
conductivity. few ...ders of the 1958·59
discussion will. we think. agree with Or.
Paterson that he managed to: expose and
discredit this contention and proved it
ridiculous. As to the unanswered "chal­
IengeO\ Or. Paterson. in those com­
ments. conceded that large bodies of 1-2
otnncm resistivity would give very Jin..
out-of-phase response. but concluded
that such bodies did not normally occur
in nature. He did not know of any
conductors which had failed to respond
to the Hunting airborne method because
of too low 8 resistivity.

In 1961 we published • paper. de.·
fing in panicular with the resistivities of
geological conductors. in which we­
demonstrated with examples of seven
sulphide bodies in Ontario and Quebec.
that conductors of such low resistivities
are of frequent occurrence. The paper
was-- not intended to discredit 8 useful
prospecting method and we. therefore.

. did not emphasize that alt seven tul­
phide bOdies had been traversed by the·
Hunting-Canso airborne system and trnIt
none had caused a detectable response.
We thought that someone· as keenly in­
terested as Dr. Paterson and 8S we" in­
fanned about the- areas covered by the
airborne surveys. would be abktto draw
this conclusion himself.

Similar eximplet can be found in
other _areas. for instance. 8 comparison
of me airbotne results with the results of
later ground follow~up and the 10000tion
of presently known mines in New
Brunswick. reveals a number of
undetected sulphide bodies. \

Perhaps the inherent shoncomings of
this method are best .illustrated by the
discovery history of the Poirier mine.
An atea including the ore deposit was
covered by a two frequency phase-shift
airborne survey in 1958. A fair amount

of conductive distortion was recorded.
which was apparently caused by the
overburden. No conductors of sig­
nificance were indicated in the locatiOn
of rhe presenr mines and accordingly,
no ground follow-up was undenaken in
this area.

One vear tater the same area was
·flown with the MuUard-Rio Tinto
system and five pronouAced anomalies
were obtained lBoniweli a<lCL DUjerdin.
1964) which led directly to the discovery
of the Poirier mine.

It cannoi· be flalJy stated- tha" in- any
of the above examples the body had
"too. high a conductivity to re$pond"
These conductors probab'y aU caused
some response. but in all CBstJ' this
response was too small to be detected
above the local geologica' noise level

We agree that theoretically -the
window of- detectable conductivity-width
products of rnultifrequency imaginary
systems .can be· made arbitrarilv targe.
b:ut in this case we are d~aling with one
particular version and its char.acteris~ic5

In this version the upper limit. in practice. is
around 50' mhos which. combined with a
high sensitiVity to overburden-conduction.
reduces its capability as a tool for mineral
prospecting.

R. 6, The mistake of confutiin.g
"unwanted geologic response" with
··unwanted geologie anomaly" must be
common indeed. We hope one day Dr.
Paterson will reveal to us how to
distinguish the two, oot as bOlh are
"unwanted.~·we are prepared to wait.

Equally difficult to relate to our
statements concerning the difference in
overburden response between various
AEM systems is the soliloquy that
follows this strange remark. We wonder
whether Or. Paterson actuaUy -read this
part of our paper.

Rather than try to son out the truisms
and errors;' ·we refer to fig. 1.· which
shows the results of test surveys with a

towed bird and rigid boom system Ithe
towed bird Rotary Field system CT-R
separation 800 ft. frequency' 800 Hz)
and the rigid boom Rjv.Mullard system
IT-R separation 82.5 It. frequency 320
Hz! respectively) obtained by Mako'
wiecki. King and Cratchlev over a
seque~ of bedrock and overburden
formations in Ent Africa. These results
clearly illustrate the difference in re­
sponse. which ;s ma,nly due to the 10x
larger separation. A minor difference re­
sults from the 2x higher frequ6ncy of the
A8EM system.
Re G. Point. 6 is again a misquotation. We
did not criticize towed bird systems
anywhere for their rapid decrease of
anomaly with height. Further..where we
compared the two rigid boom systems we
referred to the field results over the Whistle
Mine published by Barringer Research.
which were obtained with a system
comprising only one pair·of zero coupled
coils. If other tests indeed showed identical
rates of fall-off for· maximum end rerO

coupled coil. pairs. theV· would be of
. extraordinary- iriterest and we wonder why

Dr. Paterson does not show them. Of
course. we woufd then be lett without an
explanadoo why the maximum coupled
HEM 701 system displays so much more
favourable a ratt;J of fall'off.

We are frankly disappointed that Dr.
Paterson's comments did not shed any new

-, light on present day AEM systems. but
concerned mainly a version of the
multi· frequency imaginary AEM method,
Without denying its unquestionabkt merits
as a pro5P8cting' .tool- -in, the ·past.. this
system appears to us to - have- been
overtaken mrecent years by more capable
systems. with fewer limitations.

Reply to V. Ronka

It is a time-worn stratagem to avoid •
confrontation with verity by attacking
the motives and integrity of an
opponent, in the expectation to discredit

I
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his ideas by inference. Mr. Ronke in
his opening remarks concerning our
commercial bias and our unwillingness
to identify ourselves. makes an ins,x·
cusable. it inept eHort to subvert. rather
than ans~r the Questions raised in our
anicle.

Mr. Ronkatiuddenty becomes reti.
cent. however. when it CO",,, to fac::ts.
He does not want to bother the reader
with "involved technical discussion. ,.
But pe,h.ps' fe_de,. of technical articles
would 'ather be- bothered witfl "involved
technical discussion" than with pla­
titudes. He Yaguely refers to "extensive
experience and tests" which he purports
to have shown that "natural ore bodies
have much 'lstlet' response curves than
the ones shown in the article" and
further echos Dr. Paterson's statement
that ..the argument that, massive ores
would not show up with this system has
simply not been bome out in our practice."
Why does Mr. Ronka not show this
"extensive experience and tests" and
these "much natter response curves?" If
the latter ,are indeed materially different
from ours (and th~s from most response

,curves shown in 'ihe geophysica' fite­
raturgJ he hes made II discovery with
far reaching implications and he should
not keep trusta him.telf.

It he had actually studied the results
of .U surveys carried out with the
Hunting~canso method in canada, and
compared these, with 'ater ground fol­
low-up surveys and the presently Jcnown
foc:ations of sulphide' bodies. '5 his
smug statement concerning the infat.,.
IibiJity of the method would imply. he
would not have missed the many exam~

pies we ~ve Quoted in our reply to Dr.
PaterlOn. A review of the results in the
areas we have mentioned. may help him
regain some objectivity.
The INPUT system

After his accusation of commercial
bi.Bs it must be a surprise' to Mr. Ronka
that we recognize the merits of the
INPUT system. The statement that the
Hunting~canso system can be equated
with the INPUT system because both
nave the same coif configuration and
can be cfassed as multi ffequency
imaginary < • component systems. is a

Refe,ences:

J.B. Bornwell and R.A. Dujardin
"Discovery lind Exploration nf the Poirier
Or. Deposit" C.I,M.M.; Bufletin Sepr.
1964.

represenurtive. sample of Mr. Ronke's
abilitv to judge the capabilities of
airborne EM systems.
HEM systems
Except in the brief method description,
we have not ·mentioned. let alone put
'·particular emphasis~, on the fAJ·

Quencies of helicopter EM system.. It
is. however. not difficuft to observe
from our response cutVes. the advantage
of the 2.5 times lower frequency of the
Scintrex system. In the case of over­
burden of medium conductivity the
in~phase response can easily be 2 • 2~

times larger in the 4000 Hz system.
hardlv a "negligible effect". Sur presu­
mably Mr. Ronka refers to his own
"much flatter response cU1Ves" which
he does not P1oduce.
VlF systemt

In his defense of the system he
pioneered. Mr. Ronka is. if possible.
still less $pacific, and he barefy' 'rises to
the level of his own sa'" promotion
literature. We leam that "To JiterallV
hundreds of VLF eQuipment users . • .
the .VlF method • . . has proved to be
an .effective and valuable electrom8g~

netic tool" and .. ~ . . the fact is that
VLF has established itself as one of the
major geophysical methods", As to the
Cavendish Township results. Mr.
Ronke. like Mr. Paterson. misses the
d6finition and significance of '·signal"
and "noise" in mineral prospecting end
.Iso talks about "real" conductors.
·'Aear' conductors include such ~sources
8S fault zones. overburden, lake bottom
sediments. telephone lines and rails. for
instance. as well as sulphide deposits.
We did not re-ally ignore the .possibility
that the Vlf method may have located
"tea'" conductors that other, methods
missed. We are convinced of it: in fact.
we even maintain that it sees linl. else
than conductors other methods miss and
that this is the very reason why the
method it not $Uitable for mineral
prospecting.

CONCLUSION
In our article we expressed doubts as

to the validitv of VLF surveys for
mineraJ prospecting. We demonstrated
clearly why we entertained these doubts.
The response at those high "alues of the

LZ. MackowiecQ. A.J. King and C,R. Cultchley
"A CDmparison of Selected G"'IJhvsir..J
M,lhods in Mineral Explonrtion" ..
Occasional Paper 112 Geophysical Divi­
sion. Overseas Geofogical Surwv

indUCtion parameter 'infinite separation.
very high exciting frequencyl is close to
saturation and has. therefore. Jost its
value as a means to discriminate bet­
ween bodies of different conductivity
Dimensional and geometrical relations
govern the response under these condi·
tions.

Two protagonists of the VlF method
have rushed to its defense; one of them
the designer of the first VlF ;nSl'u~

ments. They have shown considerable
annoyance that the applicabilitY of the
method was being Questioned. as if thi~

were blasphemy. But they have not
anel1lpled to answer our Questions.
Where ate the firm criteria to establish
the range of applicability of the method?
Can any of the ··experts'· contribute
response diagrams Of demonstrate in
any other waV ;n what ranges conduc­
tivity discrimination will be feasible and
where not? Or. failing this. demon$trate,
not suggest. hOW information concer~

ning the geometric Characteristics of
target conductors can be obtained. and
sobsequently how. on the basis of such
information. potentially desirable and
undesirable conductors can be djstin~

guished? How. \.Yithout this knowledge. can
we claim that these methods have an
application in mineral prospecting?

Aeplv to D.M. Wegg and A.A. Rottew

We apologi:re for having omined Geo­
terrex ltd. in connection with the
second Mullard system.

The writers refer to experience with
the INPUT _ system in Africa which
demonstrates the advantages of the
broadband aspects of the method as
weR as its great potential penetration.

Convincing case history showing these
particular capabilities of the INPUT
rnethod. has not been published 85 yet
and we hope that the writers will fill this
gap within the near future.

R.A. 80sscharr '·0" the Occurrence of Low
Rfls;srivity Geological Conductors"
Geophysical Prospecting Vol IX {19611
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To conduct effective electromagnetic prospecting under these
conditions requires exploration depths far in excess of 100 m, as well as the
ability to maintain small terrain clearances in areas of rough topography. It
is unlikely that the needed gain in capability can be attained through improvement
of the. classical AEM methods.

The stable configurations inherently have small transmitter ­
receiver separations and are mounted on helicopters or light STOL fixed-wing
aircraft, or suspended on a rigid boom below a helicopter. The unstable
configurations tend to have larger transmitter - receiver separations and
are mounted in larger aircraft; trailing the receiver' in a bird on a tow cable
(Figure 1).

Two passive and a number of active AEM sys~ems are in use
at.pres.ent. The passive field methods (AFMAG, VLF) provide, in practice,
neither adequate exploration depth nor sufficient discrimination fOJ;" direct
exploration and they can be left out of consideration. The active systems are
all of the moving source and receiver type, in stable or unstable form, i. e.
transmitter and receiver are either in a mechanically rigid configuration or else
differential movement is permitted to take place between the two.

In Canada, although much of the Precambrian host rock has
only light glacial cover, platform deposits of Paleozoic and younger ages cover
the' basement southwest of Hudson Bay and southwest of a line joining the Great
Lakes. and Great Bear Lake. Topographic relief is, for instance, a major
obstacle to airborne prospecting in British Columbia and some areas in Eastern
Canada. In the Western United States, pJ;"oblems, of deep oxidation are often
added to those of relief and cover and still further southward in subtropieal and
tropical countries, a heavy residual soil cover and deep oxidation frequently
occur in combination with rough topography and a high tree cover.

29,1033TURAIR

A

SEMI-AIR:BORNE ELECTROMAGNETIC METHOD
FOR DEEP MINERAL EXPLORATION

INTRODUCTION •

The applicability of airborne electromagnetic methods to base
metal exploration has been well established by the record of ore bodies discovered
by these methods over the past two decades. The main fa,ctors limiting the
effectiveness of these methods are their useful depth of exploration, the
surface topography and the nature and thickness of the materials overlying the
potentially ore-bearing rocks. In many areas, deep overburden or weathering,
sometimes combined with topographic relief or high tree growth, keep the
horizons of interest beyond the range of the classical electromagnetic prospecting
systems. The best of these achieve, under favourable conditions, a penetration
of little more than 100 m subsurface and in rough terrain this depth is
considerably reduced.
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Unstable
Electroma gnetic
Measuring Configuration.
Towed Bird System
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If we consider their capabilities, leaving aside such matters as
discrimination and resolution, stable configurations obviously have the edge in
terrain performance. In the better systems, instrumental and mechanical noise
are now at the lowest levels obtainable with present components and materials.
Beyond a depth of·IOO m the response rate of fall-off is between the third power
(for sheet-like bodies) and the sixth power (for spherical bodies), so that
even marginal improvelTlents in penetration can only be achieve,d through
major reductions of the already very low noise levels. This configuration seems
to have been developed close to its ~timate penetration potential.

Unstable systems have a less favourable teJ:rain. p.ez:formance,
but they are often credited with better penetration because of the larger
transmitter - receiver (T-It) separations. This concept is often based on studies
of the characteristics of this configuration in free space. It can be shown
experimentally that the response of a conductor (e. g. steeply dipping half
plane) can be increased by increasingJh.e T-R separation and it has,. as a
result, become a well established concept that large separationsc·an be equated
with deep penetration. The idea is shown in a popular form, which could be
called the" skipping rope" concept, in Figure Z.

In this view only large separation systems are pi<:tured as
capable of significant depth 0£. penetration and the problem of deep exploration
is reduced to simply developing systems with large T-It separations. The
idea was carried farthest in the ABEM two plane Rotary Field system which
could be employed at a separation as large as 400 -500 m. The expected deep
penetrations were, however, never achieved either by the Rotary Field or by
other large separation methods. The basic concept has.a major flaw, namely,
the infrequency of free space conditions. The geo_electrical analogy between
the initial model and actual geophysical conditions is, in practice, quite inadequate.

The model of a target conductor in free space rarely, if ever,
applies. Usually, and certainly· where large exploration depths are needed, the
target conductors are surrounded or overlain by material of finite resistivity,
which also responds to· the electromagneticenergization. With increasing
separation the response parameters of both the target conductor and the
medium or cover increase but because of the geometry the latter increases much
fa ster.

The response parameter of a slteeply dipping half plane in a
moving Source configuration is~wclt y.Z+hZ)2 (Waid, 1967) in which

".. =permeability, w =frequency, &=conductivity, t =half plane thickness,
/"= T-R separation and h = height above conductor.

The induction number of a homogeneous earth is.....w t"y Z+h2 )
(Ward, 1967).
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If we increase the separation/from 10 m to ISO m (which,
in practice, also necessitates an increase of h from e. g. 40 m to 120 m)
the half plane (signal) response parameter increases five times, whereas the
homogeneous earth (geological noise) response parameter increases some
20 times.

The geological environment of the target and its geo-electrical
characteristics will, therefore, determine whether an increase in T-R
separation will increase or decrease the signal/noise ratio. If the environment is
conductive the signal to noise ratio will, at a certain point, begin to decline with
further separation and the exploration depth will from thereon diminish.

In other words, for every search problem there is an optimum
. separation which will result in the best signal to (geological) noise ratio,
as there is an optimum frequency; or, more generally, for every search
problem there is, . within the range of dimensions anQ. frequencies we are presently
considering, an optimum separation x frequency product which will result in
the best signal to noise ratio and, therefore, the best penetration.

The following example is shown to illustrate the deterioration
of the signal/noise ratio which in a common geological environment may
resul.t from an enlarged T -R separation.

Figure 3 (Mackowiecki et al) shows two test traverses over a
sequence of geologic features, with the ABEM Rotary Field system (.,,, = 260 m,
h" 100 m, 800 Hz) and the Rio-Mullard system (1"= 26 m, h = 60 m, 320 Hz).
The signal level of the response of a conducting half plane at a depth of 10m
subsurface is indicated, as well as the tolerable noise level, (i. e. when
the noise exceeds this level, the conductor becomes for all practical purposes
undetectable) •

It can be observed that this large, shallow target would be
undetectable in more than 90% of the Rotary Field traverse because of the
high geological noise level. In the Rio-Mullard survey it would be detectable
over the full length of the traverse because the geological noise is well below
the tolerance leveL The Rotary Field system has a separation x frequency
product far too high for the geo-electrical conditions in this area and the focus
has shifted to a very unfavourable signal/noise ratio.

The focus could be improved by either shortening the separation
or lowering the frequency or both, as the Rio-Mullard results demonstrate.

,
The above considerations show and practical experience in recent

years has confirmed, that the depth. of exploration of classical moving source
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AEM systems in a normal geological enviromnent is limited and that no
easy remedies, such as simply increasing the coil separation, are available.
Even if we assume that unstable moving source systems can and will be further
improved, for instance by measuring in-phase comp'onents and employing lower
frequencies, these improvements will not happen overnight and they will
result in only modest gains in penetration. The large gains that deep exploration
requires can only be achieved through a different approach,

I
I
I



- 7 29,1039

THE TURAIR METHOD·

It has long been recognized in the ground application of
electromagnetic' methods that much greater exploration depths can be obtained
with systems using fixed energizing sources than with moving source and
receiver systems. This advantage is mainly due to differences in scale
between the two types of survey configurations.

The length of the receiver traverses in a fixed source survey
suggests, to many people, large transmitter-receiver separations, but actually
the latter are relatively small compared to the size of the energizing layouts.
If we, for instance, consider an inductive Turam configuration, the
measurements are carried out within one transmitting loop diameter and thus
in an almost uniform primary field, which falls-off at a rate little more than
the inverse first power of the distance. In FIgure 4 the relative response rate
of {all-off with depth of typical moving source and fixed source methods are
compared. III the former, the fall-off is inversely as the 3rd power at a depth
equal to the coil separation. In the latter method the response falls -off at
a rate between the 1st and 2nd power.

Figure.4·
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In a moving source configuration, the largest target conductors
are hardly more detectable than the smaller ones. The fixed source
configuration has the advantage that the larger the conductor, the stronger
will be its response and the greater the depth at which it will be detectable.

29,1040
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A representative range of target conductors (strike length
varying from 100 to 1000 m) is shown in Figure Sa. In moving source
configurations, all or most of these represent conducting half planes, but
at the different scale of the fixed source configuration, they all appear
as finite bodies. As a result. their response to moving source configurations
does. not vary appreciably with size but in a fixed source system the response
may increase more than 400"/0 over this range (Figures Sb, c).,
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Another advantage results from the energization pattern
and is particularly significant in areas of thick cover. Under such conditions
a moving source system tends to emphasi;z;e overburden conductors because
these are much closer to the source and the energizing field falls off at the
3rd power of the distance. In a fixed source system the energizing field is
of almost equal strength at the location of near-surface or bedrock conductors
(Figure 6) and overburden conductors are not emphasized by the energizing
pattern.

MOVING SOURC~

FIXED SOURCE

Figure 6

Further, ·if the cover is extensive and homogeneous in thickness
and conductivity, the electromagnetic response of this cover is constant over
its entire area for a moving source configuration (assumiag a constant terrain
clearance of the airborneeiectromagneticsystern). With fixed source energization
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FIELD RESULT
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most of the current drains toward the edges and may leave the central
portion almost neutral. Figure 7 shows this for a relatively limited horizontal
conductor, both in the form for field measurements and in a model duplication.
Only the edges are distorted; toward the centrlll portion very little distortion
is apparent.
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Figure 7

To combine these inhe'rent advantages of the fixed source
configuration with the speed and efficiency of airborne measurements, the Turair
system employs transmitting layouts of large dimensions on the ground and a
receiver system carried by a helicopter or light aircraft. Traverses

~
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are usually flown across this source. as shown in Figure 8. i. e. measurements
are made both outside and inside th.e transmitting loop.

The receiver system measures the horizontal gradient of the
vertical and/or horizontal field by means of pairs of .coils mounted in a. bird
towed by a helicopter. or attached to a fixed-wing aircraft.

Inductive primary sources are generally preferred. Grounded
sources will usually.cause galyanic current to flow through the investigation area.
which wnl tend to ~esult in ipcreased overburden response. Moreover. as this
current is in-phase and of random quantity and direction, it will impair
quantitative interpretation. particularly conductor discrimination based on
amplitude/phase relations;· -.,

Typical transmitting loop dimensions are 3 x 3 or 3 x 5 km. When
a helicopter is used to carry the receiver system. it is also employed to .
layout the transmitting loop from the air. For this,purpose. a special cable
dispensing device has been developed. Alternatively. the loop can be laid out
by vehicle, where the country permits or by hand. and a light fixed-wing
aircraft used to fly the receiver •. A motor driven generator. supplying
2-4 amptr of <:urrentis"used·to·energize·the loop. Any frequency between
100 and 800 Hz can be selected to suit the geologic conditions in specific areas.

Figure 8
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In exceptional areas, grounded sources could be useful, for
instance, to conductively enerj(ize bodies which, because of their geometry,
cannot be sufficiently energized inductively to become detectable.

RECEIVING SYSTEM

The receiving system comprises two coils or two pairs of
coils rigidly mounted in a coplanar and/or coaxial configuration. The separation
may vary from 3 - 10 m. The ratio of the field strengths and the phase
differences of the alternating magnetic field at the two coils are measured by
means of a compensator and recorded in analogue or digital form. The sensitivity
of the receiving system is 0.1"/0 amplitude and 0.1 0 phase difference.

The receiver is normally flown at a 30-50 m ground clearance.
It should be noted that since the response rate of fall-off is low, the receiver
elevation is not critical. In fact, when near-surface conduction is high, the
signal to noise ratio and thus the detectability of deep conductors can often be
improved by increasing the terrain clearance.

INTERPRETATION .

The field results of Turair measurements are basically similar
to the results of ground Turam measurements, which gives the Turair method
the benefit of proven and established quantitative interpretation procedures. 0
(Bosschart, 1964).

In fixed source configurations, response parameters are simpler
than in moving source configuration; neither transmitter-receiver separation,
nor the height above the condllctor have any effect on the character of the
response at this scale. A·typical Turair response diagram is shown in Figure 9
which shows the variation of real and imaginary components of the response with
the factor Felt IF =frequency, cl =conductivity, t =thickness), for a tabular
"thin" conductor of finite dimensions. A Turair coil separation of 5 m has
been assumed as well as a depth of burial of 100 m to the upper edge of a 300 m
square, tabular body dipping at 60 0 from the horizontal.

It has been shown earlier (Bosschart, 1964) that the conductor
size variations affect the response characteristics and that they do so in a manner
different from variation of the response parameter and that, therefore, a size

. factor cannot simply be incorporated in the response parameter. Thus, in order

•
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to determine 6 t values from field data;' composite nomogram.s have, ,to be
,em.ployed which incorporate size as well as response parameter-variation.
For the direct interpretation of Turair anomalies, a series of response
diagrams for tabular "thin" conductors of dimensions ranging from 100 In

strike length 'x 'lOO'mdepth-extent. to infinite dimensions have been combined
into a complex Argand diagram which is shown in Figure' 10. Whereas this
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diagram applies for a particular coil separation and height of flight, the value
of .:: t can be derived directly from the relative amplitudes of field strength
ratio and phase anomalies for all coil 'separation and heights of night. The
strike length of the conductor (which for bodies of more than 1/2 L depth extent is the
determining size fat:tor), can be determined from the anomalous pattern and
is significant in determining it. Geometric changes such as depth, strike
and dip, affect the amplitudes but not their mutual, relations and thus have no
effect on the determination of the d t product.

FIELD RESULTS

The Turair results shown below in Figures 11 to 16 were selected
because the anomalies were followed up on the ground and subsequently
drilled; because sulphide conductors were found and the initial interpretation
was confirmed in, detaU and. most important in the present context, because
these sulphide bodies were detected under a cover which is impenetrable to any
other AEM method and barely within the range of the Turam ground EM method.

The survey was located on the projected SW extension of the
Manitoba nickel belt, where the basement is covered by more than 100 m of
Paleozoic formations (limestones, dolomites, sandstones, etc.) and relatively
shallow Quaternary deposits.

Figure 11 is the record of a 400 Hz Turair and magnetometer
traverse across a 3 km x 3 km source. The location of the la'tter is marked
by two Zones of very strong field reversals. Two distinct anomalies occur
on this record, both indicating good conductivity. The first one, a small anomaly
inside the. loop, 'is due to a source at a depth less than 50 m, i. e. in the PaleozoiC
and of no immediatei:':"terest. The second anomaly is much stronger and shows a
depth of approximately 240 m (or 200 m subsurface) and a d t value of 180 mhos,
indicating very high conductivity. There is a coincident magnetic expres sion of
170 gammas yielding the same interpreted depth.....Figure 12 shows a parallel
traverse 1/2 mile outside the same transmitting'loop, where the primary field
gradients are almost constant. The anomaly ,in the centre portion is probably
caused by an extension of the conductor shown in Figure 11. The 'indicated
depth is approximately 270 m' (or 230 m subsurface) and & t =,16 mhos, indicating
much lower conductivity. The field strength ratio shows a distinct current - return
current pattern which suggests a ~ide~ banded conductor. The anomaly has a
coincident 70 gammas magnetic expression, indicating the same interpreted
depth.

This c~nductive zone, which extends over a number of traverses,
some of which are shown in Figure 13 was investigated on the ground bya
magnetometer and Turam EM survey. The ground survey generally confirmed the
conductor and the interpre'tafion of the' airborne traces. It is, however, worth
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noting that the ~round Turam survey, although a 60 m coil separation was used,
produced rather inconclusive results because of the near surface field distortion
(Figure 14) which renders the signature of the deep conductor difficult to
recognize. In fact, the ground EM results would not by themselves have formed
a sufficiently reliabl~ basis for further exploration. In contrast, the geological
noise is hardly noticeable in the airborne results which consistently show a
high (approximately 10: I) signal to noise ratio, notwithstanding the 30-40 m higher
elevation of the receiver"
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The drilling results of both traverses with the relevant
airborne and ground sections are shown on Figures 15 and 16.
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The first hole intersected, at approximately 210 m depth, a 3 m .
wide zone of concentrated pyrite-pyrrhotite mineralization under 160 m of
Paleozoic cover, thus confirming the high Ci t value and the depth calculated from
the airborne data. '

Drilling of the second anomaly intersected a 120 m wide zone
consisting of, in ~equence, a narrow band of sulphides, a 50 m wide zone
of partly serpentinized amphibolites, another narrow (1 m) sulphide zone,
40 m gabbro and a 3 m wide zone of pyrite-graphite mineralization under"
185 m of Paleozoic formations. In addition, the upper 30 m af the basement
were weathered and leached bringing the total cover to a thickness of 215 m.
These results again confirmed the depth and the low <I t value calculated from
the airborne data, as well as the wide, banded nature of the conductor.

Some examples of surveys in Western Australia are shown in
Figures 17 and 18 and these display characteristics different from the previous
examples. In all these surveys, the energizing loop was laid out around the target
area and th·e measurements carried out inside the loop. Damping of the
electromagnetic field in the weathered cover is often too high for reasonably long
traverses to be measured outside the loop. In both locations' the anomalies are
characterized mainly by phase distortion, with much less distortion in the field
strength•. Conductivity of the mineralized zones generally appears to·be low.

Figure 17 presents two traverses, in opposite directions, over a
conductor in a host rock of ultrabasic formations of Archean age. The indicated
depth is· approximatelY' 90 m subsurface which is probably the depth of oxidation.
The conductor displays very low <I t values, 3.5 mhos and 2.5 mhos
respectively. This conductor has not yet been further identified and could equally
well be an ionically conducting fault zone or poorly conducting sulphides. The
reversal of the amplitudes between the two traverses is due to the opposing directions
of measurement.
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Figure 18 presents a survey over known conditions, the Whundoo
deposit in NW Australia. Although the mineralization consists of a 10 m wide
zone of Cu, ·Zn: 'pyrite mineralization, the conductivity appears to be very
low (& t = 2 mhos) possibly due to the fact that the sulphide mineralization
occurs in the form of discrete lenses. Traverses were made at increasing
altitudes from 60 m to 165 m bird altitude, a level where the F.S.~. distortion
has largely disappeared, but the phase difference anomaly is still clearly
discernable (Figure 18) for the surface materials. On this basis, one may
estimate the effectiveness of the standard AEM systems in detecting this target.



THE MERITS OF DEEP EXPLORATION

OPERATIONAL EFFICIENCY

Under average conditions a primary field loop of 3 x S km
can be laid down by helicopter and the transmitter positioned within little
IYlore than one hour. By vehicle or by hand more time is required,

,,:-, "T~e Turair s,ysteIn bas been developed for the specific p':!rpose
of deep electromag'1-etice,Jqlloration;' It h!ls,been shown that a sufficiently
significant increase in capability 'cannot be achieved through improvement of
the classical moving source AEM methods, which have beendeve10pea close to
their effective penetration potential. To attain substantial improvement in
exploration depths, electromagnetic techniqu~s employing fixed primary sources
have to be used.

294055- 23 -

Earlier resistivity measurements in the area gave values of
about 90-100 ohms. The surface &t would reasonably be estimated to 'be
between 0.2 and O. S mhos. i. e. the difference between the target conductor
and cover &t is l~ss than one order of magnitude, In an unstable moving source
configuration the response parameter of the cover would actually be larger
then of the target conductor and it would. therefore. be unlikely that the
deposit would be detectable at all with such a system. unless a much lower than
usual exciting frequency would be used. In a stabie ,moving source system the
response parameter of the cover could be slightly smaller than of the target.
and the latter might just be detectable at'a lower receiver altitude. Neither
system would be an effective exploration tool in this environment; even if the
depth of oxidization would stay within 60 m throughout the area,

There are two aspects of this increased depth of penetration.
The first and more obvious, relates to areas' of heavy' overburden, thick sediInentary
cover, oxidation' Or bad topography. The results obtained thus far in such
areas of deep cover, have confirmed the feasibility and effectiveness of airborne
fixed source gradient measurements and they have, moreover, shown that the
airborne applIcation has considerable advailtages in sensitivity and penetration
over ground fixed source measurements because of a strong.. reauction of

A line spacing of 200 m, has been found rnost efficient for the
majority of search problems, Economic ,ore deposits may have strike. ' . .

lengths of 200 m and even less and to detect such, targets. particularly when
they are deeply buried;~'equiresa line ,spacing not much larger than the
minimum strike 1ength.More9~e"r. lar gex: 'line spacings do not represent
significant savings because less profile can be measured, per loop layout.
Subject to local conditions some 200-300'line km of profile (at 200 m intervals)
can usually be surveyed from one s,ource loop; the'tota1 operation of positioning
and measuring covering about one day's field work.
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the geological noise level. For instance, the results in Northern Manitoba,
in places where relatively homogeneouB overburden conditions prevail, show that
the Turam method could detect bedrock conductors under a maximum of ZOO m
of cover. Over the same conductors the Turair anomalies show a better than
6: I signal/noise ratio, indicatin~ that they would be detectable to a depth
approaching 300 m. The maximum c;lepth reached in the same area with an
AEM moving source system (INPUT) has been lZ5 m (Tikkanen, 1970).

An equally important aspect of the ability to achieve significantly
greater depths of exploration is the possibility of discovering truly "blind"
ore bodies, even where little overburden exists. Up to the present time our
primary concern in airborne electromagnetic prospecting has been the ability
to penetrate the unmineralized covering formations or oxidization zone and to
be able to detect bodies outcropping at basement suface. It iii worthwhile,
however, to examine the significance of the Turair method in terms of the
probability of detecting sulphide deposits at depths in excess of those achievable
with other AEM systems, even where the latter systems adequately penetrate
the overburden.

For a multi-million ton massive sulphide base metal ore body,
which is to be mined by underground methods, there is little effective difference
in the mining costs per ton whether mining starts at the base of the overburden
or at 1000' in depth, As the history of exploration on the Lake Dufault property
in Quebec has demonstrated readily, rich ore deposits occurring at even one­
half mile in depth are very desirable prizes inde~d and fully warrant being put
into production. An exploration depth of 300' imposed by the airborne
electromagnetic systems currently available, is certainly not the maximum depth
to which one would like to explore under present day economics of underground
mining.

It is legitimate to ask, however, what is the probability of
additional ore deposits being round by an airborne electromagnetic technique
which has a significantly greater depth of detectability of 300'? The appropriate
probability considerations are related to (a) the mode of origin of the ore
deposits in question, (b) the Size, shape and physical properties of the ore
deposits, (c) their present attitude (dip and plunge directions) and (d) the
thickness of overburden or later formations overlying the favourable horizon and
(e) the amount of "geologic noise" in the area.

Some assumptions have to be made about these factors in order
to arrive at the appropriate probabilities. The first assumption is that the
ore deposits are es sentially strata bound (meaning generally of tabular form
with a thickness far less than their other two dimensions in the plane of the
favourable horizon)~ of roughly equal dimension in this plane and highly
conducting. Such deposits would include the majority of the massive copper-zinc
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and nickel deposits in Archean rocks (see "Metallogenic Relationships in the
Abitibi Belt, Canada; a Model for Archean Metallogeny" by Hutchison,
Ridler and Suffel, C.I.M. Bulletin, April 1971, pages 48-57) and massive
lead-zinc deposits in carbonate rocks of the Paleozoic age, throughout the
world.

As more information is developed from each mining camp
containing one of these types of deposits, the emerging picture reveals that the
deposits are associated with a particular stratum or strata and are probably of
volcanic exhalative origin laid down in shallow seas and subjected to later
burial and metamorphism. A series of such deposits commonly occurs in an
area, laid dowh originally on a gently undulating surface but later SUbjected to
structural deformation to a greater or lesser extent. In most Precambrian shield
areas of Canada, for example, the once essentially flat lying horizons are now
very steeply dipping. The ore deposits are assumed to lie in a random distribution
on the original horizon or horizons in which they were laid down, to have been
subjected to random structural deformation and to have been cut by a perfectly
random surface which, today, forms the present bedrock surface. The surface may
then be covered by later sediments' (e. g. Paleozoic) and by a skin of overburden
of greater or lesser thickness.

The analysis of a large number of massive sulphide base
metal deposits of the Canadian and Baltic Precambrian Shields, as shown on
Figure 5a, indicates that such bodies have a median strike length of about 1000'.
Since the present ground surface is a perfectly arbitrary one in respect of the
original surface of deposition, on a statistical basis, one may assume that the
bodies are issentially equi-dimensional in plan and dip extent. The old mining adage
of 'as in strike so in dip' is proba'bly based upon" seat of the pants"
experience with this fact. In the case of an individual deposit, the present
surface strike length may be much greater or much less than its dip extent, however.
We will, therefore, use as a mathematical model a series of highly conducting
bodies approxiznately 1000' in diameter, randomly distributed in a more or less
contorted plane. 1£ the average thickness of such a body was 50' this would
represent approximately 5 million tons of ore. This contorted plane lies in a random
location relative to the present ground surface.

Under normal conditions, a Turair anomaly of the order of .20/0 or
greater in field strength ratio is usually sufficient for detection purposes. The
typical 1000' diameter highly conducting tabular body discussed above, is shown
in Figure 19 to give rise to .40/0 field strength ratio anomaly at a distance
equal to its diameter above its nearest edge if steeply dipping. A Turair anomaly
of the order of 0.20/0 is to be expected at a depth equal to twice its diameter
(2000') if flatly dipping. Under conditions of reasonable geological noise, it is
fair to say that the typical massive sulphide ore deposits which we have defined
above are detectable to at least 1000' in depth of burial above their uppermost
point regardless of its orientation.
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Figure 20

Let us now compare the relative probability of the top edge of
such a body coming within 1000' below the ground surface with the
probability of it coming within 300' of the ground surface (Figure 20).
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The probabilities for Turair are improved still further by the
presence of overburden. The resultant probabilities may be expressed by
multiplying the appropriate non-overburden probabilities, referred to
above, by the relative vertical thicknesses of bedrock which are included in the
achievable. depth of penetration of each .of the respective systems. In the case

.We will asswne that the body, if it comes to the present bedrock
surface, is at least one-half intact, that is that no more than half has been
removed by erosion, 'so that a substantial body still remains; The relative
detection probabilities of the Turair and. the standard.AEM systems may be
established by comparing the probability of the ground surface cutting within
1000' of anywhere between the upper edge and the mid-point of the body
with the probability of it cutting within 300' of the same region" ignoring for
a moment, the effect of overburden or later sediments whiCh are devoid of
probability of containing these ore deposits. The relative probabilities then become
(1000' + 500' sin 8) I (300' + 500' sin 8) where 8 is the dip of the body out of the
horizontal. This relative probability factor is equal to 3.3 for 8 =00 , 2.1 for 8 =45 0

,

and 1. 9 for 8 = 900 • On this"simplebasis, ignoring the effect of overburden, there
is at least an equal chance for a sulphide deposit to lie between 300' and 1000' in
depth as there is between 0' and 300' of the ground· surface.
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of the Turair this would be (1000' - H) where H is the thickness of
overburden in feet and in the case of standard AEM systems (300' - H).
In an area containing ,150' of barren cover of any sort, a further probability
bias of the order of 5.7 in favour of Turair will result.

In summary, at least twice il-I!:many "typical" ore bodies would,
statistically, be detec.table by Turair to 1000' depth as by standard airborne
electromagnetic systems to 300'.<!epth, ..even where no appreciable overburden
is present. If substantial overbur.den cov~r exists, this detectability ratio
can reildily.achievEC a factor of 10. There are ill)lIleqia te implications in
respect of the merits of renewed exploration in area,s'where such deposits are
already known and where the favourable horizons have been reasonably well
established and can be defined as to their surface expression with some assurance.
It is not at all necessary to restrict such exploration to areas of thick
overburden qr other sedimentary cover, although appreciable thicknesses of
barren cover would greatly enhance the relative probability. of detection by
a Turair system.

Because of its lower efficiency an'd ~obility the Turair Inethod
is not econoInical1y cOInpetitive with other AEM systeIns when the search problem
requires only relatively Inoderate exploratio~ depths. Its application is Inore
useful (1) where the capability of other systeInsis liInited because of extreme
overburden, sediInentary cover, weathering or topographic relief or (Z) in
areas of special geological interest where the increased depth capabilities
increase the probability of discovery of (blind) ore bodies. Because of the fixed
source configuration the TurairInethod is less affected by near-surface conductivity
then Inoving source Inethods and itcan, moreoy,er, be applied with Inuch lower
exciting frequencies (100-800 HZ). As a helicopter-borne system it can operate
in mountainous terrain where itfurther has the significant.advantage over other
AEM methodjl that the height over target has (I) lesseffeC't'on the exploration
depth: and -{Z}.no effect on the response ,para~l;'ier. '

,The data 'obtained' can be interpreted accuratelY..in terIns of
current axis location (subject to flight path recovery), depth and conductivity-width
values, using well established techniques.

r'

In brief, tbe T-urair, Ifleth,od has provided a very ,useful tool for
reconnaissance exploration for,deeply-,puried base metal deposits.
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TURAIR - THE STATE OF THE ART

" .;.

The applicability of airbor:ne electromagnetic.methodsto base metal
exploration has been well established by their discovery record the past two
decades.

TURAIR costs compare very favourably with any other airborne EM method
when one considers the total volume of rock explored. In c.omparision with ground ..
methods on projects' of, for example 50 line miles, T,uRAIR can be less expensive,'
yield data quickly and probe deeper. . .

.~..~
requi're the need for greater exploration depth, such systems are not adequate.
The same applies in established,.mining camps when the exploration geologist needs
to probe to depths much grea.ter' than any previously executed electromagnetic surveys.

- ll,trong relief (British Columbia, Tasmania);
- h~avy ,..!,ometimes conductive overburden

(part;ofOi"ltar io' .and' Quebec);
- extensive thickness. of-Paleozoic sediments

(Hud,son Bay Lowlands, Manitoba); .....
- de~p weathering (S. W: United States, Tropics,

,,$ub- Tropics, parts of Australia);
-:'high trees (jungle)

In areas where

Differenc~';iriopinion occur in when to. use a particular system. In
practise the "conventional systems" (In-Phase/Out-of-Phase, Dual Frequency,.
Input) have proven to be able to detect economicaUy}'hineable sulphi~es up to
maximum depths of 300 ft. to 400 ft.

A tixed source system and esp.ecially its airborne version, TURAIR, is
them the answer. Due to different scaling factors TURAIR has, the advantage over'
conventional systems to extend exploration depths by a factor of.2 to 3.

During thc'l<l,st two years the electronicS of the TURAIR equip~ent, the
wire layout device i, operational procedures and interpretation techniques have been
improved to such an extent. that surveys can be executed with great ease.

I)
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Case histories from Ontario and Cuebec (heavy overburden), British
Columbia and Tasmania (strong relief, Manitoba (extens ive Paleozoic sediments),
S. W. United States and Western Aus,tralia'(deep weathering) prove that TURAIR is
capable of detecting targets up to depths of 600 ft. subsurface. Free air altitude
tes ts show s till clear res pon s es up to 1400 ft. height.... The signal to nois e ratio s
in the above cases are lO: 1 and 5: 1 respectively, suggesting that similar targets can
be readily detected to depths 'of 1000 ft.

I171 November 1977
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will reap the benefits of greatly
increased penetration into bedrock
- where it really counts!

Where should you use
Turair'"?

In some areas one or more of the
follOWing conditions prevail:
1. The overburden is especially thick; .
2. the host rock is covered by
younger rocks; 3. topography is
rugged; 4. the tree cover is high; Or
5. there is deep tropical weathering.
Turair Is a must for such areas.
Even where the above conditions do
not occur there may be reason to
expect blind ore deposits at depth,
for instance. on a favourable hori·
zon. Turair is the only reconnais­
sance system capable of finding sul~
phide conductors at depths beyond
400'.
If you have reason to be especialJy
keenan an area, give it a thorough
test - give It Turair.

Want to know more ,bout
Turair'"?

We would be pleased to discuss the
possible application of Turair to your
exploration problem. Chances are
we can show you results obtained

, under similar conditions elsewhere.

. What is the deepest sulphide body you
ever found by airborne electromagnetics?

If your answer is more that 200' you are
one of the few!

How deep?
Unlike other methods, the main lim....
tation on Turair's depth of penetra·
tion Is the size of the conducting
target. The bigger they are, the
deeper we can fiod them! Ideally.'
we can detect a tabular disc-shaped
body when its upper edge is as deep
as its diameter. Tests we have done
above out-cropping bodies show
clear responses at 1400' height.
On survey~ we have detected sui·
phlde bodies buried under 600' of
cover. ·The strength of some of these
anomalies confirms that they woul,
have been found at much greate
depths.

Not so long ago you could be happy with
this answer, knowing that this was as
deep as could be achieved. Areyou aware
that you can now get much more?

Is Turair'" expensive?
On the basis of cost per volume of
rock. explored; Turair Is probably
cheaper than any other method.
Since it is helicopter borne and
requires a ground transmitter. Turair
may cost more on a line mile basis
- but that is only part of the pic­
ture.
For moderate size targets (say, 5
million tons) Turalr's useful depth
of exploration and coverage between
lines is two to three times greater
than any· other system -and it is
even better for larger bodies. You
may pay more per line mile. but you

~\ ,
-,--.:

- -

Turai.-@ i~ the deepe~t
penetratinl!
elet:tr()D1al!netit:
~y~teD1 in the W()("ld.

A new approach
Conventional airborne electromagne~

tic systems have been developed
elose to their maximum penetration
capability. Under ideal conditions the
best among them may detect con­
ductors to depths between 300' and
400'. To break through this threshold
a new approach was needed.
Scintrex has developed an airborne
method which is capable of explora­
tion depths down to 1000'. We have
called our new method TURAIR'".

What is Turair'"?
Turairis airborne Turam.
You know that Turam is the deepest
penetrating ground electromagnetic
method and the only one that per­
forms well In rugged topography_
Turair has even oetter response
characteristics and sensitivity plus
the speed and economy of airborne
surveying.
We have nown many thousands' of
line miles in Canadian and Australian
Precambrian terrain. Turair has also
been fJown successfully in rugged
mountainous terrain in British Colum­
bia. western U.S.A. and Tasmania,
where most conventional airborne
electromagnetic systems have dif­
ficulty flying close enough to the
target to achieve detection. .

-

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I

I

I

•



The Scintrex
HEM-701

'.Helicopter-borne
. Electromagnetic

System in Perspective

--

'-

....--

.'0'.

'-;,

1
1

1

1
1

1,-
1

1

1by R Bosschaa:jf?(ci;,~!~tnr
I and G. Campbell-

1
I



I
-j

I
I-
I
I
I
I
I
I,
1

"I
"1

I
1
1
I
I J

J
I
~

THE SCINTREX HEM-701 ,
.;. HELICOPTER-BORNE ELECTROMAGNETIC SYSTEM

IN PERSPECTIVE
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INTRODUCTION

The Scintrex HEM-701 system is a helicopter-borne moving source
electromagnetic prospecting system measuring in-phase and out-of-phase
components of a 1600 Hz field. Transmitter and receiver are mounted 10 m
apart in a rigid coaxial configuration in a long tubular bird, which is towed
about 30 m below the helicopter (Figure 1).

Figure 1: HEM-701 System in Flight

)
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294067
During the past four years, the system- has been extensively used for

base metal exploration in many areas _around the world and its capability
under a wide variety of conditions is by now well established.-

- -Some advantages, such as terrain performance, appear to be generally
recognized,_butothers, e. g. the high resolution or the low sensitivity to
conducting overburden, seem not to be well understood. Moreover, appearances
have helped create a belief that'-C_Cl-mpared to other AEM systems, helicopter
electromagnetic systems are-lightweight, second order e.icploration tools, which
can achieve only limited exploration depths. ,

The purpose of the present article is to compare the performance of the
HEM-70 I system with other AEM systems under normal survey conditions.
This may seem obvious, but it has become customary in recent years to
compare AEM systems on the basis of an artificial combination of a free space
environment and an- arbitrary noise level. As the presence of a conducting cover.­
or host rock has a difi~l'ent effed; ,on different AEM systems, the extrapolation
of free space performance to a norInaI field survey for the purpose of comparison
is usually misleading and it is particularly so when short separation and large
separation methods are compared.

GENERAL

Active EM systems traditionally fall into two distinct groups, namely,
stable ("rigid boom") and unstable ("towed bird") systems (Figure 2). The fonner,
including the Scintrex Otter equipped with the Rio-Mullard EM system and the
Scintrex helicopter-borne HEM-701 systems, employ a transmitter and receiver
mounted on a mechanicall'y"rigid"structure, such as the airframe, or in a tubular
survey "bird" and are normally flown at terrain clearances of 30 - 60 m.
Unstable configuration systems, viz INPUT, 2 -Frequency P-ha&eShift and Rotary
Field systems have the transmitter mounted on the _aircraft and a receiver
towed below and behind the aircraft on a long (usually::::: 120 m) cable; normal
terrain clearance is 135 - 150 m.

In comparison with the helicopter systems, it is tempting to portray
the unstable.sy~einsall_powerful, heavyw,ei-ght and, therefore, _more effective
exploration tools, inferring:that their large transmitter -receiver- separations
as opposed to the short separations -of the stable systems (9 - 19 m) indicate a
much greater depth penetration potential.

The capability of airborne electromagnetic methods is, however, determined
by other factors.

Page 2
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STABLE CONFIGURATION

(RIGID BOOM I

h =--150m

p.. =75 m

Power and Weight:

Airborne electromagnetic prospecting is not a brute force problem.
In continuous wave systems the application of power to the" energizing field
will proportionally increase noise as well as signal. Since the exploration
depth depends on the signal to noise ratio, It can only be increased by
independently enhancing signal or reducing noise. Modern electronics provide
extremely light and sensitive transmitter -receiver combinations, which eas ily
bridge the required distances. Power represents weight and bulk. In modern
systems power is, therefore, kept as low as is compatible with a proper
functioning of the measuring system. Thus, in the HEM-70l system, full use
has been made of state-of-the-art electronics to achieve a combination of high
sensitivity and low weight•

UNSTABLE CONFIGURATION

(TOW E D BIRO I

Figure 2: Typical Stable and Unstable Airborne
Electromagnetic Systems
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Po "120m

. ","
~

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I . ",", '~.-.

I
I,



294069

'.

Page 4

Transmitter - Receiver Separation

Experience with the earliest geo-electrical methods, which were ..
galvanic or potential methods, showed that generally their penetration' . +

increased with expansion..of the, measuring configuration.,,·'When, at a: 'later
stage, electromagnetic methodS""came into use,. this concept was initially
transposed without questioning to the new..techniques, including airborne
electromagnetic methods.

The nature of the electromagnetic response of geological conductors in
different measuring configurations, as well as the field evidence accumulated
in recent years shows, however, that the old rule of thumb, simply relating
penetration to separation, does not hold.

Potential Depth of Exploration:

Helicopters can operate at low terrain clearances in areas of strong
topographic relief. The HEM-70l system has been used successfully in the
most rugged parts of the Cordilleran.

Unstable systems generally have to employ large fixed-wing aircraft
because they require large transmitting coil.=oments. to function. For in.s.tance,
the INPUT system requires a transmitting coil surface and concentrations of
power in the pulses that can only be obtained by using relatively large aircraft
such as the PBY Canso or the Skyvan. Such aircraft have a low rate of climb,
which is compoundE!d by the presence of the towed receiver and they can, of
course, only be used for s.urveys in relatively level terrain.

To the contrary, in many typical target environments, short separation
methods are superior-to large separation systems in both depth of exploration
and in resolution.

.Cr"" The potential depth of exploration of different AEM'methods is sometimes
estimated, for the purpose of comparison, by.. representing the target conductor
as a vertical sheet of infinite·dimensions (halfplarie) in free air and comparing
this response with an estimated operational'noise level of the measuring system.....
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On this basis, figures"fbr potential exploration depths have been arrived

at, which vary as widely as 69 m (Ward 1967) and 285 m (Paterson 1971) for the
INCO system, 100 m (Ward) and 370 m(paterson) for the Rotary Field system,

J
89 m (Ward) and 60 m (Paterson) f01' theHEM-70l system. Typically most of
the variation is in penetration estimiLtes for large separation systems, where
less agreement is found regarding noise levels. It is noteworthy that no field

J) evidenc',i'has ever been produced to support penetration beyond Ward's conservative
., ...... estimate's',nrlthough most o£.these.. syste1l'1S.have.been·.actively us.ed for more than

J
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a decade. In fact, the free air case rarely applies to actual field conditions
and the exploration depth of stable and unstable systems is differently affected
by a change to a geo-electrically more complex environment.

The Natural Search Problem

In nature, few target conductors occur in a non-conductive environment.
In many potential exploration regions, the target conductors are covered by
an extensive horizontal conductive layer, e. g. glacial till (in northern regions)
or a deep zone of weathering (in tropical regions). Thus, the typical search
problem is more accurately represented by a combination of horizontal and
vertical conductors. The detectability of target conductors with stable or
unstable measuring configurations is in that event considerably different from
the free air case. From the mathematical expressions of the response of
horizontal and vertical conductors it can be seen that the horizontal conductor
produces a much stronger masking effect in large separation systems than
in short separation systems (Bosschart and Pemberton, 1969).

Most useful is perhaps to examine the combined response to a
"homogeneous earth" model (overburden) and a "conducting half plane" model
(steeply dipping mineralized zone).

The response of AEM systems over the former is governed by the
induction parameter a =pwC(pZ + h Z) and over the latter a =pwG"t(pZ + hZ)t
(Grant & West, 1965) (Ward, 1970) (in which p = permeability, er;: conductivity,
w =frequency, t =half plane thickness, p= coil separation, h =height).
Thus the height h of the system above the conductor as well as the coil
separation p and the frequency ware operating parameters 1. e. characteristics
of the systems that can be varied to modify the response. Since the values of
p and h are much larger for unstable systems than for stable systems, the
induction parameter of unstable systems above overburden is in typic<j.l cases
30 to 40 times larger than for stable systems using the same frequency, but it is
only 5 to 6 times larger above the mineralized sheet. Or, in other words,
larger coil separations and heights result in a converging of the induction
parameters of the formations representing signal and noise respectively, smaller
separations and heights cause diverging of the induction parameters. In practice,
this means that in stable systems (e. g. HEM-701) geologic noise is generally
much better separated from the target response than in unstable systems.
Figure 3 illustrates this point. In this example, for the purpose of comparison,
the stable system has been given a frequency five times the frequency of the
unstable system in order to give the mine ralization the same induction number
in both systems. The overburden response in the unstable system falls in an
area where real and imaginary components have appreciable amplitudes. The
same overburden gives rise to very low real and imaginary amplitudes in the
stable configuration, n,otwithstanding the five-times higher frequency.

Page 5



I
"")
]

1
]

]

]

]

]

]

29,1071

Briefly, conducting overburden is much more transparent to short
. separation stable systems, such as the .J;JEM-70l or the Rio-Mullard system.
than to large separation unstable systems such as the INPUT , .. Rotary Field
or Z-Frequency Phase Shift system. .

Response Amplitude, Potential Value and Detectability

A particularly significant and often overlooked difference between methods
measuring both amplitudes and phase components and methods measuring phase
components only. is that with the former the main component (amplitude)
increases with increasing potential economic value of the target conductor
(concentration. thickness. size) (Figure 3). The same figure shows that with
phase measuring' systems. after an initial rise the phase response begins to .
decrease with increasing potential value of the conductor. In practice. this point
is for all present systems' reached at modest conductivities' and dimensions.
Not 'only may highly conducting large bodies become entirely undetectable, but
even before that point is reached the exploration depth for such targets is gradually.
reduced beCause·· of the diminishing respons,~: ....

' .. !:

,Figure 3: Signal/Noise R~Iations Stable an!l-lJnstable Systems.

1
]

]

1
]

]

]

1)

.' " .. "

-~-"-,,-
I "­
I
I
I
I

"- .....-- _. - !!.A!.

]

I
I

rage 6



29,1074

I
I
I
I
I

All unstable configurations, with the exception of the Rotary Field
system, but including the INPUT method, are subject to this significant
liInitation.

Field Experience·

The above conclusions, which were based on theoretical considerations,
have been borne out in a number of AEM surveys where large separation and
short separation methods were both used and where appreciable overburden
or weathering was present.

For instance, test surveys with several different AEM systems in
Kenya (Mackowiecki, ef all have shown that the short separation (24 m)
Rio-Mullard system was far more effective under the geological conditions in
that area than the Rotary Field system (separation 240 m). The latter showed
exces sive sensitivity to surface conduction whereas the Rio-Mullard system
showed virtually no geologic noise. An example of one traverse with both
sY,$t~ms is shown in Figure 4. on which for comparison also is shown the
response of a large conducting body at 10 m subsurface. This conductor,
which can be considered a typical target, is detectable throughout the short
separation (Rio-Mullard) traverse, but it is undetectable in most of the large
separation (Rotary Field) profile.

)
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Figure 4; A Comparison Between the Response of a
Stable and an Unstable AEM System over
Lake Marsh and Alluvium--Seita, East
Africa
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To illustrate the difference in resolution, a comparison of the INPUT
discovery anomaly over the Sturgeon Lake' deposit (QJitario) with a later
HEM-701 test survey is shown in Figures 5,'(iaI!:d 1~'

The resolution of AEM systems, i. e.their ability to distinguish between
adjacent bodies and detect conductivity differences independent of,linear
dimensions, improves with decreasing terrain clearance and colI separation.
Stable systems, therefore, provide inherently better resolution than unstable

.:"..- '"...

'" ~ .Resolution

The short coil separation and small terrain clearance of the HEM-701
system enhances resolution. The orientation of the coils (Tx - RxLminimizes
the response of horizontal conductors (e. g. overburden, swamps) and emphasizes
the response from steeply, dipping conductors, which are usually of potential
interest.

ones.

During "Operation Hard Rock" in India, where both the INPUT system
and the stable configuration Aero Canso system ,were used, it was found that
in areas of significant cover the INPUT system was usually more severely
restricted by the presence of overburden than the Aero systeln~"'InSurinam
and Guyana where a number of areas were surveyed with the INPUT system
the penetration has generally been disappointing. In this weathered tropical
environment the depth of exploration was rarely found to exceed 30 m and
these surveys did not result in any mineral discoveries ...

Unstable 'systems, because of their scale, tend to emphasize large
conductive features while sacrificing resolution. Often the diagnostic criteria
are affeet~d by conductor'Size, ,which may result in the downgrading of the smaller
discrete conductors. As massive sulphide' deposits are generally among'the
latter; this is an undesirable feature;" Most 'unstable systems will not.yield a
significant anomaly over conductors having strike lengths under 120 m, which
rules out the detection of an important category of potential"ore deposits.
This lack of resolution of unstable systems, besides involving the risk of missing
o're bodies entirely, always necessitates more intensive and costly ground follow-up.
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Figure 5: Sturgeon Lake INPUT Discovery Anomaly
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Figure 6:

Sturgeon Lake HEM-701
Test Survey Results
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:F:'igure 8 shows the rate of fall off curve derived from overflying the
ore zone at various altitudes, which indicates that the HEM-701 can detect
similar small conducting bodies in the same environment at depths of up to
75 m subsurface.

Whereas the INPUT anomaly is single. the HEM-701 anomalies clearly
resolve two conductors (60 m apart) in keeping with the true configuration
of the ore body, which comprises two bands of concentrated mineralization.
The HEM-701 data shows strong, clear responses in both the in-and out-of -phase
channels, indicating that this system is properly focussed on target conductors
of the conductivity and size of this type of ore deposit.
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DETECTOR - CONDUCTOR SEPARATION

Figure 8: Sturgeon Lake HEM-701 Rate of
Fall-Off Curves
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A second example of the high resolution of the helicopter system is
shown in Figure 9. which presents a series of test flights with the HEM-701
over the Louvicourt deposit, Quebec. This conductor has a very small strike
length (40 m) and medium to poor conductivity. It is as a result undetectable
with an unstable AEM system and presents at best an elusive target for a
short separation st~ble system. The presence of a nearby power line compounds
the problem. The HEM-701 results show readily identifiable anomalies, well
separated from the power line response. The low in-phase/out-of-phase ratio
« 0.7) shows the poor conductivity of the body, the best sectio~ of which graded
only ten percent per volume of conducting sulphides (chalcopyrite and pyrite).

Interpretation of Data

The effectiveness of an airborne system is to a significant degree
determined by the interpretability of the observed anomalies. The interpretation
of in-phase and out-of-phase component data, such as obtained by the HEM-701
has been extensively studied and is well established. Conductivity width
products (crt) can be directly determined from the amplitude relations, e. g. by
means of Argand or similar diagrams, and there is extensive literature on· the
supject. Figure 10 shows a typical interpretation diagram, from which it is
possible to determine conductivity-width products and estimate the depth of
burial of the conductor. Use of the (Cit) parameters allows us to distinguish )
potential ore conductors from probably uneconomic conductors and thus reduce
the amount of ground follow-up work.

The interpretation of unstable configuration AEM data requires
generally more complex schemes and is inherently more ambiguous, because of
the aheady mentioned affect of size on conductivity discrimination and because,
with the exception of the Rotary Field method, the results r·efer to the out-of-phase
part of the response only, which is far less diagnostic. As to the INPUT
(time-domain) system, eliorts to establish a truly quantitative interpretation
procedure have not yet been successful. Thusmore of the weight of sorting
conductors has to be shifted to ground follow-up, resulting in higher costs and
more time losses in that exploration phase.

Multi-System Surveying

When the airborne EM measurements have to be combined with
other geophysical measurements (Figure II) the advantages of small
terrain clearance become particularly important. A magnetic survey flown )
with the sensor between 30 - 60 m shows considerably more detail of value "

Page 13
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Figure 9: Louvicourt, Quebec, HEM-70 1 Test
Survey Results
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IN PHASE IN ppm OF PRIMARY FIELD AT RECEIVER COIL.

Figure 10; Interpretation Diagram HEM-701
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" Figure 11; Typical MUlti-System Installation

in ore prospecting than one flown with the sensor at 120 - 150 m, the evaluation
with unstable configuration AEM systems. Many of the low intensity local
anomalies caused by significant pyrrhotite concep.trations as well as the
fine grain of the magnetic pattern oV'er contacts, alteration zones and other
potential loci of ore deposition are lost at the higher survey altitude.

Iff I

.,', Targets of economic interest in airborne, radiometric prospecting
are primarily high energy point sources of gamma radiation, the responses of
which decrease very rapidly as the source-sensor distance (altitude) is increased.
Both theory and practice have shown that the successful detection and recognition
of point sources in airborne radiometric prospecting demands a small terrain
clearance, generally not exceeding 100 m (Figure 12). Greater flight
altitudes cannot be compensated for by employing larger detector volumes
as both the signal (from the tar get source) and the noise (determined by regional
background level) will be increased at the same time.
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Figure 12: Radiometric Point Source and Background
Radiation Decline of Signal/Noise Ratio
with Increasing Terrain Clearance
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The inherent suitability for multi-system applications is another major 0
advantage of the small survey altitude of the HEM-701 system.

15
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In general, all auxiliary geophysical methods will tend to· lose much
of the resolutior. required for the detection of typical ore targeta at··
altitudes over 100 - 120 m.

Thus, detailed magnetometer and radiometric measurements caJ:l be
very well combined with helicopter Elll'surveys but they lose much of the~r

effectiveness when used at greater terrain clearances. Radiometric
spectrometer measurements particularly are incompatible with unstable
configuration AEM systems because the response of point sources disappears.
into background radiation at altitudes of 120 - 150 m.
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Operational Flexibility

The HEM-701 system can be installed and removed from chartered
helicopters in a matter of hours •. Often aircraft available close to the
survey area can be employed. thus saving the high cost of mobilizing specially
equipped aircraft over long distances.

Apart from its obvious application in major surveys over
large areas the combined systeIn lends itself well to detailed. (say 500 ft.
line separation) systematic surveys over comparatively small areas of
interest, e. g. a narrow, elongated contact zone, say 2 x 10 miles;' here,

,the system possesses a definition approaching that of the equivalent ground
survey and has a 40 - 50 times faster rate of production, while total costs
will be lower than those of the ground survey.

."

SUMMARY AND CONCLUSION

," The foregoing ,considerations show that, appearances notwithstanding,
the HEM-70I, system is a'II1ore versatile and under many geological conditions
a more powerful tool for bas~"in:~ta;hprospectingthan ostensibly more
powerful systems such as INPUT. Rotary Field.'2'~FrequencyPhase Shift
and other unstable systems.

In summary. the method has significant advantages ';n the
following respects; in weight and terrain performance; in signal to geologic
noise ratio and the resulting exploration depth in the presence of conducting
overburden; in spatial resolution and the discrimination between conductor
characteristics; in the direct relation between potential target value

'and res-ponse amplitude; in data interpretation and economy,of ground follow-up.
in suitability for'multi-system surveying and in operational flexibility.

January, 1972
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The helicopter-borne system is acknowledged to have the edge
in terrain performance, as witnessed by its successful operations in the
North American Cordillera, the Chilean Andes and the escarpment areas
in Southern Africa, where the demand for a Small terrain clearance in
rugged areas can only be met by using jet powered helicopters.

This comparison of the Scintrex HEM-70l and INPUT systems
is aimed at making known some of the less well'publicized merits of the
former system., The procedure adopted has been to realistically evaluate
the responses of both systems, to the geo-electric:al paramet"..; of the
target itself and to its geological environment, thereby avoiding the ideal
target in free air case, a situation which occurs only in laboratories and
case histories.

INTRODUCTION

The INPUT system has a much inferior terrain performance,
but it is often credited with better penetration because of its longer source
and receiver separation, and, in truth, because of its innovative appeal.

Based on its record of ore body discoveries during the last two
decades, airborne electromagnetic surveying has established itself as a
first line base metal prospecting tool. In principle, AEM syrveys aim at
mapping the distribution of sub-surface electrical conductors with a view to
directly locating (potentially economic) massive sulphide deposits, which
generally show highly conducting properties. The actual geophysical
instrumentation techniques employed in locating conductors from the 'air
are many and diverse, but most are of the classical moving source and
receiver type. Two of the most successful and widely accepted systems
(on a world-wide basis) are the Scintrex HEM-70l helicopter-borne rigid
boom system (see Figure 1) and the INPUT system.
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There are' several misconceptions as to the so called advantages
of a large separation between transmit and receive coils. Points
to consider are:
I) The assigned "free air" depth potential (neutral enviromnent)
II) The natural search problem (conductive overburden) and
III) The resolutil)n potential of a system.

INPUT is a time domain EM system. as opposed to other AEM
systems which operate in the frequency domain; for it to work
at all, high concentrations of power are required in the pulses,
and to supply this power requires weight and bulk, reflected in
the use of the Canso aircraft as transport vehicles. Now. in
continuous wave systems (viz HEM-701) the application of power
to the energizing field increases noise as well as signal; as the
exploration depth is solely dependent on the signal to noise ratio
a simple brute force approach is not adequate,· and the depth
potential can only be 'enhanced" by re latively decreasing the noise.
Thus •. in the HEM-70L system, power is kept as low as is
ccimpatible with the proper functioning of the measuring apparatus
(resulting in a light weight receiver-transmitter combination)
while full use of state of the art electronics' achieve's a high
sensitivity, giving exploration depths compatible with those of
INPUT. Sensitivity of the system is such that changes in
resultant field strength of as little as 3 parts per million,
(i. e. 0.0003"/0) can be detected and accurately m~asured.

a) POWER AND WEIGHT

b) .EFFECT OF TRANSMITTER-RECEIVER SEPARATION

A COMPARISON OF THE SCINTREX HEM-701 AND INPUT SYSTEMS

In comparison with the helicopter systems. proponents of the
INPUT method portray it as a powerful. heavyweight and therefore more
effective exploration tool. inferring that its large (450') transmitter-receiver
separation as opposed to that of the helicopter system (30') indicates a much
greater depth penetration potential. However, ,the following statements
place these points in perspective.

AEMsystems trad.itionally fall into two distinct groups.
namely the rigid boom and towed bird systems (Figure Zl. The former.
including the Scilltrex Otter equipped with the Rio Mullard EM system and
the Scintrex helicopter-borne HEM-701 systems. etc. etc. employ a
transmitter and receiver mounted on a mechanically rigid structure. such
as the airframe. or in a tubular survey "bird" and are normally flown at
terrain clearances of 100' - ZOO'. Towed bird systems. viz INPUT. have
the transmitter mounted on the aircraft and a receiver towed below and
behind the aircraft on a 10ng(INPUT = 450') cable; normal terrain clearance
is 450'.
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I) Free Air Depth Poten.tial

Proponents of the INPUT system claim a vastly greater depth of
penetration for their system as opposed to heli(:opter-borne
methods .. However, the old rule of thumb relating separation

. to deptJi potential, which was extrapolated unquestioningly from
early "geophysical ground galvanic (e. g. resistivity) surveys,
has been shown not to apply in the field o~ airborne electromagnetics.

Extensive research into EM responses, plus the field evidence of
recent years, has shown that the system's signal to noise ratio is
the determining factor.

The potential depth of exploration of different AEM methods is
sometimes estimated for comparative purposes, by representing
the target conductor as a vertical sheet of infinite dimensions in free
air, and comparing the response with the operational noise level
of the measuring system.

*Ward, in his recent comprehensive study of AEM methods, has,
using his free air case (i.e. target in neutral environment)
assigned potential exploration depths of 370 ft. and 300 ft. the
INPUT and the HEM-70l methods respectively.

Geophysical Contractors' claims for the depth penetration of their
airborne EM systems usually originate in the practice of overflying
a conductor of known depth, at gradually increasing flight altitudes,
till the target response disappears. The total distance between
EM sensor and conductor, at which a recognizeable signal is just
obtained, is then adjudged to be the penetration depth of that
system; this of course is taking the "free-air" case ad absurdum,
and the results pertain only to ideal cases.

However, in natur few targets occur in non-conductive environments.
and it appears that in many environments short separation methods
are superior to large separation systems in both depth of exploration
and in resolution.

II) Natural Search Problem

In particular we believe the Scintrex HEM-701 unit to be ideally
suited to the geological conditions existing in a large proportion of
mining districts in the world, namely a highly conducting near
surface material, generally having a limited thickness, overlying a
resistive basement (viz. zones of weathering, leaching, in Southern

Africa, S. W. States, highly conducting clays etc. in Australia).

*Ward, S.H. ~ AEM Methods, CCCMGG. Vol. 1, 1970
L....------~-------,lffl--~----'

)



29-1089
Our rigid boom close coupled system is less affected by this
conducting surficial material than is the INPUT system. Differences
in the response parameter for the HEM-701 versus the INPUT
system indicate that" the geological noise, which is directly related
to the surficial material, is considerably less for the former type
of systeIh. As a result, the response from any steeply dipping
mineralized zone under such a layer may have a signal·to noise
ratio of between 5 and 8 times better than that recorded by the INPUT
system - this deviation from the "free air" case results in a superior
depth potential for the HEM-701 compared to INPUT, due to the
deleterious "ma'sking" effect on the latter.

This rather surprising result is reached by acknowledging that the
typical search problem can be represented by a combination of
horizontal (overburden) and vertical (steeply dipping mineralized
zone) conductors. The mathematical expressions for the responses
of AEM systems over horizontal (homogeneous earth model) and
vertical (vertical dyke model) conductors have been derived by
Ward,· and are·thus: ..~. .

.,

Horizontal conductor, Response do.. =: ,(AWe> (f-+- n"')

Vertical conductor, Re sponse J,..::....u. ~ 5' t l f"Z-+- h:") -\:.

where .u. =permeability
(S" = conductivity
W =frequency'

/:.. = half plane thickne s s
P =AEM coil separation
h. = height of AEM coils above conductor.

The parameters height (h), coil separation (,) and frequency
( w) are the operating characteristics of the systems that can be
modified to vary the response.

Thus. for any AEM system we can define a "geological" or
"environmental" signal to noise ratio (SIN) by forming the ratio
of the vertical dyke response (signal) to the overburden response
(noise); Obviously, the greater the value'oiS/N, the less likelihood
there is of the dyke response being masked by the' overburden
response, and. the:greaterthe-effectivedepth of penetration.. .

=

=

SiN

where'd'

Vertical dyke response
Horizontal overburden response

.u.. w 6d td {.(>1.+ h '>.}'i..
..u.W Do Cop....... h. .... )

denotesdyke, and '0' denotes overburden

=SIN
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Comparing these SiN values for the Scintrex HEM-701 (H) and
INPUT (1), we can arrive at a qualitative figure of merit \
rating, M, which will be'a relative measure of the extent to which
target responses are masked by overburden responses in either
syste~. Assuming the same environment for each system,
then

L.--------------..-....fff 1------'
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l2. $"] '(2-

HEM-701 signal to noise ratio

INPUT signal to noise ratio

.". M -

=

For INPUT,

For the Sdntrex HEM-701

jH = 30 ft.

In this example, the rigid boom system has been given a frequency
five times the frequency of the towed bird system so that the
mineralization has the same induction number in both systems.
The overburden response in the towed bird system falls in an area
where real and imaginary components have appreciable amplitudes .
The same overburden gives rise to very low real and imaginary
amplitudes for the rigid boom configuration, notwithstanding the
fhie times higher frequency.

Thus, for the HEM-70l we have a signal to noise ratio some 5
times greater than for INPUT in the natural search problem,
indicating that above this common type of conductor array,
geological noise i", much lower in rigid boom systems. allowing
more ready identification of potentially economic targets.
Figure 3 illustrates this point.

M
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ill) Resolution

Additionally, in Surinam and Guyana. a number of areas
have been surveyed with the INPUT system. Ground follow-up
has indicated that the penetration has generally"been disappointing
Nowhere in these areas has the depth of exploration been found
to exceed 100 ft. subsurface. As is well known, these surveys
have not .resulted in any mineral discoveries.

Briefly. conductiving overburden is much more transparent to
the HEM-701 that to the INPUT system.

In contrast, the vertical coil orientation of the HEM-70l minimizes
responses from swamps etc .• while accentuating responses
from steeply dipping con';!uctors (usually of potential interest).

Resolution relates to the behaviour of a system with respect to
conductor length. and to the characte,ristic width of an anomaly.
both of which are favoured by small scale systems. The large
scale INPUT system strives to maximise anomaly amplitudes
while sacrificing resolutlbn; the largest anomalies are obtained
from broad scale features such'as swamps, and long bands of
stratabound sulphides and graphite; these regional-type features
are emphasized at the expense of the smaller discrete massive
sulphide conductors.

e. g. During "Operation Hardrock" in India, where Aero Service
Corporation utilized both "the INPUT and the Aero Canso systems.
it was found that the INPUT method was much more severely
restricted by the presence of overburden than the Aero (rigid
boom, short separation) method. In fact. mainly because of this
experience. Aero Service ,Corporation thereafter cancelled its
INPUT licence and has further' only employed rigid boom systems
in airborne surveys.

r .J -t ! 'l' .il...

While the INPUT system yields anomaly amplitudes dependent on
. conductor lengths. the HEM-701' yields anomalies equal in

amplitude over targets of identical conductivity. irrespective of
,.

individual strike lengths. Consequently the INPUT method suffers
from the disadvantages of downgrading discrete conductors
(of possible economic interest) pureiY,on the basis of length.
and in fact, due to the large scale, geometry of 'the 'system. INPUT
will not yield an anomaiy over conductors haveing strike lengths
less than 400 ft. (economic base metal deposits having strike
lengths smaller than this are quite common. viz. Tsumeb deposit.
(5. W. Africa).

L-------------..........-j.fft---~
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Fi~ure 4 shows a series of test lines flown by the HEM-701 over
the Louvicourt deposit. Quebec. This has a strike length of only
1ZO ft. but yields readily identifiable anomalies at regular survey J
altitudes; the low in-phase/out-of-phase ratio ( 0.7) testifies to the
poorly conducting nature of the ore Bone. (the best section of the
ore zone graded only 10% by volume of conducting sulphides.
namely chalcopyrite and pyrite.)

•

•

The effectiveness of an airborne system is to a significant
degree determined by the interpretability of the observed anomalies.
The interpretation of in-phase and out-of-phase component data,
such as obtained by the HEM-701 has been extensively studied and
is well established. Conductivity width products can be directly
determined from the amplitude relations by means of phasor
diagrams. and there is extensive literature on the subject. Figure
9 shows a typical phasor diagram. from which it is possible to
determine conductivity width products and depth of curial of the
conductor. Use of the IS" t parameters allows us to distinguish
potential ore conductors from probably uneconomic conductors and
thus decreases ground follow-up work.

Figure 5 shows the INPUT discovery anomaly over the Sturgeon
Lake deposit. Ontario. Canada, while Figures 6 and 7 show the
results of a Scintrex HEM-701 test survey over the same zone,
Whereas the INPUT anomaly is single, the HEM-701 anomalies
clearly resolve two conductors (ZOO ft. apart) in keeping with the
true configuration of the ore body. which comprises two bands
of concentrated mineralization. The HEM-701 data shows strong,
clear responses in the in/out-of-phase channels. indicating that
this system is focussed on finding mines, not mapping overburden.

Figure 8 shows the rate of fall off curve derived from overflying the
ore. zone at various altitudes, an.d indicates that the HEM-701 can
detect ore bodies in the same environment at depths of up to
350 ft .

The small scale HEM-701 has a high resolution which allows.
identification of multiple conductor bands as close as ISO' apart;
the INPUT system. because of its larger coil separation and
greater terrain clearance is unable to do this, resulting in ambiguitie
in interpretatim.

.

In addition. the INPUT system'·· usual preponderance of broad scale
conductors and the merging of these anomalies with those from
discrete conductors necessitates the familiar high costs of ground
follow-up along with the increased risk of missing an orebody.

c) INTERPRETATION OF DATA
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The interpretation of INPUT data is entirely empirical. and effons
to establish truly quantitative inte.rpretation schemes have as yet

··not been successful. Thi!!lack of quantitative interpretation is one
of the reasons why conductors generally have to be sorted by
·follow-up ground surveys.

•
A further advantage of the HEM-70l system is that the calculated
conductivity - thickness values are independent of flying height or .
depth of burial: weak responses from deeply buried strong conductors.
are not confused with weak responses from shallow poor conductor s
'because the former will have larger conductivity - thickness
products, (i. e. in-phase response> out-of-phase response.)

AIRBORNE RADIOMETRIC SURVEYING

Airborne radiometric surveys may either be oriented towards
the·direct detection of surface outcrops of uraniferous ores, or as a.
very valuable aid to geological mapping, wherein the relative
contributions· from the radio-elements are recorded and translated·
into tr~nd maps.

Targets of economic interest in airborne radiometric prospecting
are primarily high e~.ergy point sources of gamma radiation,
the responses of which decrease very rapidly as the source-sensor
distance (altitude) is increased. Both· theory and practice have
shown that the successful detection and recognition of point sour ces
in airborne radiometric prospecting demands a small sensor

.. terrain clearance, certainly not exceeding 300 ft. Greater flight
altitudes cannot be compensated for by employing larger crystal
detector volumes as both the signal (from the target source) and
the noise (determined from regional background level) will be
increased at· the same time;. Thus ,,,the addition of a gamma ray
spectrometer to the Scintrex helicopter- borne E. M. and magneto­
meter system produces a rrlUtually compatible exploration system,
in that. the spectrometer sensors, (installed in-board the helicopter)
will be flown at a mean terrain clearance of 200 ft., which is well
within the altitude range for useful radiometric measurements.

Spectrometer installations are largely incompatible with the INPUT
system, in that at the :'latters normal terrain clearance of 350 - 450
ft .. the respbnse.bf most radioactive point sources disappears into
the background radiation and the measurements lost much of their
purpose.

A Scintrex GISA-4 four channel gamma ray spectrometer is usually'
flown along with the baSic HEM-70l electromagnetic system.
The former provides outputs of net uranium. net thorium, net
potassium - 40.and total gamma radiations. Figure lO shows
a typical combin"d electromagnetic, magnetic and radiometric



Thus. we believe that the basic Scintrex helicopter-borne EM
system, allied with simultaneous recording magnetometer and
spectrometer units, and operating at low terrain clearance,
presents One of the most useful and mutually compatible rapid
mineral exploration systems available today.

geophysical record; note should be made of the radiometric
responses on channels 4 - 6 which amply de~onstrate the advantages
to be obtained in using4 channels of radiometric information. as
opposed to the one channel output of total count scintillometers.
The anomaly reflects a 'combined uranium-thorium source, lacking
in potassium-40, (i. e. not granites), typical of uraniferous deposits
located in the Mississagi conglomerates of the Elliot Lake area,
Ontario.

Apart from its obvious application in ~jor surveys over large
areas of imprecise geology. the' combined system lends itself well to
detailed, (say 500 ft. line separation) systematic surveys over
comparatively small areas of interest e. g. a narrow, elongated
contact zone, say 2 x 10 miles; here, the system possesses
a definition approaching that of the equivalent ground survey and
has a 40 - 50 times faster rate of production, total costs still
being compatible, if not lower, than those of the ground survey,
Additionally the portability of the equipment (allowing shipment
by conventional aircraft) combined with its ease of installation
into helicopters (maximum of two days) permits the use of local
helicopters (as opposed to major ferry flights) and results in a
minimum of mobilization costs.
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FIGURE 1. COMBINED ELECTROMAGNETIC, MAGNETIC

AND RADIOMETRIC SYSTEM, IN ALOUETTE IIHELlCOPTER.

THE EQUIPMENT SHOWN IS, FROM. TOP TO BOTTOM, A

SCINTREX GISA-4 MULTICHANNEL SPECTROMETER, AN

MFE SIX CHANNEL GRAPHlC RECORDER, A SCINTREX

HEM-701 ELECTROMAGNETOMETER, AND A SCINTREX NPM-l

PROTON PRECESSION MAGNETOMETER.
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STURGEON LAKE - A CASE HISTORY
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Advances in Deep ~ehettaclon

- 4irborne Blectrom'agnetic iV{ethods
R. A. BOSSCHART and
H. O. SEIGEL,'
Canada ;<

, . ABSTRAC1'

INTRODUCTION \f ''"
THE APPLIC~ILITY of airborne \Iectromagnetic methods to baBe Diet.\ explora­
tion has been well establish~ by their discovery reeord of the past two decades.
T.he main factors limiting the effectiveness of, these methods are, their useful
depth of exPloration. the surface topography and the nature snd thickness of
the mllterials overlying the potentialIy ore-bearing roc~. In many area., deep
overburden o~, weathering, 80metimes combined with topographic relief or high

The Tlu-air e1eetromagnetic m.thod haa been l1eveloped In retlponae to the need for
• recollDaissanc:e B)'ltem to detect the presence of massive sulphide. 'base metal deposits

, uader conditions of depth of burial or topogt'aphy ,;~ich are beyond the eapabiliU.. of
. Btandard airborne electromagnetic teehniques. The Turait i. a fixecl....ourc:e cradient de­

teetioa IYltOlll wherein the transmitter loop la often laid by helicopter and may be liP
to 16 kilometers in eir.amferea.e. Th. re••i,..r l)'Stem conalata of two similarly 'orl.nted
eoiIa, 2 to 5 of apart on a rigid boom, .lIpported by .Ither a helkoptei- Or fixed.wing air·
craft. Pun 'gt'adienta abd fi.ld .tr.ngth gradienta al'e meaaarad. D.pthi(of d.tection
of Iulphld. d.posita ia .x.... of 150 m.tera .ah.urf••• have already beene ".hieved by
the Tllrair,m.thod and theoretieally. for larg. tatgota. dopths'in .XCOll of,300 m.ten
are feasible under the proper .conditio... ..; ;, ,,;;

Bo.aa.o, of ilB fixed BOur.. eonfie-oration,' th. Tnrair method i. 1eaB'effeeted by
near-lunate -conductivity than moving~ouree,~ethod8 and it can, moreoYer~be .pplied
with lower exciting frequencies (100..800 Hzj~As a helkopter .ystem, ltcaa operate
In mO.lInt&laoa. t.rraln wh.ro it further hIB til••Ignlfleant adnntag. ov.r, other AEM
m.theid. tha,t the hoie-ht over target haa I..a' off••t on the ""ploratlon depth and po
effeet' on the ro.pons. parameter, Be"uo onta low.r effieleney and mobility it IB aot
eeouolnlcally' comp.titive with other AEM ay.tems when tho aeareh probl.... ,requires
only ~oderat~ exploration depths. ,,' " , ' .

, ::Afurlhe~ importeut .ppll.stion 'o(the Tursir method IB in' areIB, or apeelal geo­
.. ltigl";l laterest where the greater ""pJoralion depth incr..... the probability of di.·

cov.rine- blind orebodi... Statiatically. aa IB '.hown. at leaat twi.. a. maay "typical"
,• . orehodi•• 'will be d.t.dabl. by a Taralr 8y.t.m a~ by standard AEM Iystem.. e,.en

In the ab••n•• of overburden. When .ubstantlal barr.n eover I. preaont thla d.teetablIlty
_) ratio ,wll1 be many tim•• bicher. In are.. wh.re .alphide d.po.lta are already kDown
- ...d the favourabl. horlzona ha,.e be.d 1D0r.',or I... w.1I e.tabll.hed. this high d.tect·

abiUtY·.~ati:i,~rese~t8a_8t~01!~~:>~O~ren~wed explor~tion ~ith the Turatr'l;rstem.
~ . ~' ",
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tree growth, keep the horizons of interest beyond the range of the classical elec­
tromagnetic prospecting systems. The best of these achieve, under favourable
conditions, a penetration of little more than 100 m aubsurface, and in rough ter­
rain this depth is considerably reduced.

In Canada, although much of the Precambrian hoat rock has only light
glacial cover, platform deposits of Paleozoic and younger ages cover the basement
southwest of Hudson Bay and southwest of a line joining the Great Lakes and
Great Bear Lake. Topographic relief is, for instance, a major obstacle to airbome
prospecting in British Columbia and some areas in EaatemCanada. In the
Westem United States, problems of ~ep oxidation are often added to those of
relief and cover and still farther southward, in subtropical and tropical countries,
a heavy residual soil cover and deep :oxidation frequently occur in comhination
with rough topography and a high tree cover.

To conduct effective electromagnetic prospecting under these conditions re­
quires exploration depths fei in excess of 100 m, as well &8 the ability to main­
tain small terrain clearances Iti areas of rough topography. It Is unlikely that
the needed gain in capebillty can be attained through Improvement of the class­
Ical AEM methods.

Two passive and a number of active AEM systems are in use at present. The
p88sive field methods (AFMAG, VLF) provide, In practice, neither adequate ex­
ploration depth nor sufficient discrimination for direct exploration and they can
be left out of consideration. The active systems are all of ,the moving source and
receiver type, in stable or unstable forms, I.e. transmitter and receiver are either
in a mechanically rigid configuration or else differential movement is permitted
to take place between the two.

The stable configurations inherently have amall transmitter-receiver aapera­
tions and are mounted on helicopters or light STOLflxed-wing aircraft, or sus­
pended on a rigid boom below a helicopter. The unstable configurations tend to
have larger transmitter-receiver seperatlons and are mounted In larger aircraft,
trailing the receiver In a bird on a tow cable.

If we consider their capabilities, leaving aside such matters all discrimina­
tion and resolution, stable configurations obviously have the edie In terrain per­

, formllnce. In the better systems, instrumental and mechanical noise are now at
the lowest levela obtainable with present components and materiala. :iJeyond a
depth of 100 m the response rate of falloOff is between the third power (for
sheet-like bodies) and the sixth power (for spherical bodies), so that even mar­
ginal Improvements in penetration can only be achieved through major reductions
of the already very low noise levels. This configuration seems to have been de­
veloped close to Its ultimate penetration potential

Unstable systems have a less favourable terrain performance, but they are
usually credited with better penetration because of the large separation between
transmitter and receiver. Indeed, in free speee, the response of a typical target
(e.g. a conducting half-plane) relative'to the primary field increases with in­
creasing T-R separation. In practice, however, the free speee condition rarely
applies. Usually the target conductors' occur under a conducting cover (alluvial
or glacial formations, weathered layer, etc.) or In a conducting environment which
also responds to the electromagnetic energization. As a result of the geometry
the response from the environment, which is usually called geological noise, in­
creases faster with the transmitter-receiver separatiOn than the signal from the
target conductors. Thus the signal/noise ratio will begin to decrease beyond some
optimum separation, or, in a more general way, beyond some optimum value of
the separation x frequency product.
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I
As field experience has shown (e.g. Mackowiecki. King and Cratchley) this

optimum value is readily exceeded by most present unstable systema under quite
common geologieal conditions. Unstable systems, as a result. have not so far
provided us with very much greater exploration depths than stable systems.
Even if weassulDe that unstable moving source systema can and will be further
improved. for instance by measuring in-phase components and employing lower
frequeilcies. these improvements will not happen overnight and they will result
in oiily modest gains in penetration. .The" Jarge"gains thai deep exploration re­
quireS,ean only be achieved through a dlff~hmt approach. "

THE TURAIR METHOD

>: It has long been recognized in the gtound application of electromagnetic
methods that much greater exploration depths can be obtained with systems using
fixed energizing sources than with moving-aource and receiver aystema. This
advimtalie is mainly due to differences in scale"between the two types of aurvey
configurations. '". .

.'"; The length of the ~eiver traverses in a 11xed source suriey suggests. to
many people, large transmitter-receiver separations, but actually ~he latter are
relatively small compared to th~ size of the enerlfizing layouts. If:,we, for in­
stance. COnsider an inductive '1'uram configuration:; the measurements are car­
ried out within one transmitting' loop diameter" and thus in an almost uniform
primary field. which falla off at at'tate little more than the .inverse first power of
the distance. In Figure 1 the relative response rate of fall-off with depth of
typical moving source and fixed source methods are compared. In the former. the
fall-()ff is inversely as the Srd power at a depth equal to the coil separation. In
the latter method the response falls off at a rate between the 1st and 2nd power.

"

MOVING SOURCE

SOORCE

FIGURE 2 - Energizing pattern
of movinC'.source and fixed-source
configurations. Relative energiz­
ation distances to surface conduc­
tors (H,,) and target conductors
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FIGURE 1 - Rate of response" fall-off with
depth for typical moving-source and fixed-SQltrce
Bystems. .
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Statistics of tabular base metal o~e deposits in P~ec:ambrian Shield areas
indicate a median length of about 250 m. In moving-source configurations, all
such bodies over about 150 m in length give the same limiting response- M a
result, their response to moving-source configurations does not vary awreclably
with size, but in a fixed-source system the responsll will increase ste'adily with
increasing body size out to about 2000 m in length, with a potential'further in­
crease in amplitude of as much as 400%.

In a moving-source configuration, the larger target conductors are hardly
more detectsble than the smaller ones. The fixed-source configuration has the
advantage that the larger the conductor, the stronger will be its response and the
greater the depth at which it wiUbe detectable.

Another advantage results from the energization pattern and is particularly
significant in areas of thick cover. Under such conditions, a moving-source sys­
tem tends to emphasize overburden conductors because these are much closer to
the source and the energizing field falls off at the Srd power of .the distance.'
In a fixed-source system the energitlng field Is of almost equal strength at the
loc:ation of near-surface or bedrock 'conductors (Fig. 2) and, therefore, does not
enhance overburden response.

To combine these inherent advantages of the fixed-source configuration
with the sPeed and efficiency of airborne measurements, the Turair system em­
ploys-transmitting layouts of large dimensions on the ground and a receiver sys­
tem carried by a helicopter or light aircraft. Traverses are usually flown across
this source, as ehown in Figure 3, i.e. measurements are made both outside and
inside the transmitting loop,

The receiver system measures the horizontal gradient of the vertic:al and/or
horizontal field by means of pairs of coils mounted in a bird towed by a heli­
copter, or attached to a fixed-wing aircraft.

Primary Field
Typical transmitting loop dimensions range from 3 x 3 to 10 x 5 km, When

a helicopter is used to c:arry the receiver system, it Is also employed to layout·
the transmitting loop from the air. For this purpose, a special cable-dispensing
device has been developed. Alterna.tively, the loop can be laid out by vehicle,
where the country permits, or by hand and a light fixed-wing aircraft used to
fly the receiver. A motor-driven generator, supplYing 2-4 amps of current, is
used to energize the loop. Any frequency between 100 and 800 Hz can be selected
to suit the geologic conditions In specific a~eas. •

Inductive primary sources are:generslly preferred. Grounded sources will
usually cause galvanic cu~rent to flow through the investigation area, which will
tend to result in increased overbu~den response. Moreover, as this current is
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Interpretation ,
T~e' field results of Turair measurementll are basically similar to the results

of ground Turam measurements, which gives· the Turair method the benefit of
provel!)Qld estsblished quantitative Interpretation procedures (Bossclulrl, 1964).

IU.:,fixed-source configurations, response' parameters are simpler than in
movinlMiource configurations; neither transltllttsr-receiver separation.nor the
heighf ahove the conductor have any effect on the character of the response at

... 1. . . '.

,.:.: UH1'H. HII_14T • 100.
01"" .IOOM

"" "10"
OJ COIL IUAItAflO" .....

I."

,Of

,,.
.in-phase and of random quantity and direction, it wiII impair quantibitive inter­
pretation, particularW conductor discrimination based on amplitude/phase rela·
tions. .;, '

In exceptional areas, grounded sources could be useful, for il\Stance, to con·
ductively energize bodies which, because of their geometry, cannot be sufficiently
energized inductively to become detectable..,.' . , .

Receiving System :'!
I .... ." , ,
.: ' 'rhe receiving system comprises two coils or two pairs of coils rigidly mount·

ed' in a coplanar and/or coaxial configuration. The separation may vary from 3
to 10 m. The ratio of the field strengths and the phase differences of the alternat·
ing magnetic field at the two coils are measured by means of a compensator and
'recorded in analogue or digital form. The sensitivity of the receiving system is
0.1% amplitude and 0.1 0 phase difference. . "

Tbereceiver is normally flo~1i at a 30-50-m ground clearance. It should be
noted that because the response rate of fall"Off ijj iow;tbe receiver elevation is
not critical. In fact, wben near-surface conduction is high, the signal-to-noise
ratio i1hd thus the detectability of deep condllctors can lIften he improved by
inc_ing the terrain clearance. :
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this scale. A typical Turair response diagram is shown in Figure 4, whit ' "S

the variation of real and imaginary components of the response with the
factor fa t (f = frequency, a =conductivity, t = thickness), for a tabular "thin"
conductor of finite dimensions. A Turair coil sepatation of 5 m has been assumed
aa well as a depth of burial of 100 m to the upper edge of a 300-m-square, tabular
body dipping at 60· from the horizontal.

It has been shown earlier (Bosschart, 1964) that the conductor size varia­
tions affect the response characteristics and' that they do so in a manner dif­
ferent from variation of the response parameter and that, therefore, a size factor
cannot simply be incorporated in the latter. Thus, in order to determine at values
from field data, composite nomograms have to be employed which incorporate
size as well as response parameter variation. For the direct interpretation of
Turair anomalies, a series of 'response diagrams for tabular "thin" conductors of
dimensions ranging from 100-m strike length by 100-m depth extent to infinite
dimensions have been combined into a complex Argand diagram. From this
diagram the value of a t can be derived directly from the relative amplitudes of
field strength ratio and phase anomalies for all coil separations and height of
flight. The strike length of the conductor (which for bodies of depth extent
more than lh their length is the determining size factor) can be determined
from the anomalous pattern and is significant in determining it. Geometric
changes such as depth, strike and dip, affect the amplitudes but not their mutual
relations and thus have no effect on the determination of the a t product.

Field Results
The Turalr results shown below In Figure 5 were selected because the

anomalies were followed up on the ground and subsequently drilled; becanse sul­
phide conductors were found and the initial Interpretation was confirmed 'in
detail and, most important in the present context, because these sulphide bodies
were detected under a cover which is impenetrable to any 6ther AEM method
and barely within the range of the Turam gronnd EM method.

The survey was located oil the projected SW extension of the Manitoba

,
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FIGURE 6 - Combined Turair and niagnetometer survey, Manitoba, Canada.
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nickel belt, where l i ment is covered by more than 100 m of Paleozoic for­
mations (limestones, dolomites, sandstones, etc.) and relatively shallow Quatern­
ary deposits.

Figure 5a is the record of a 400-Hz Turair and masnetometer traverse across
a 3 km x 3 km source. The location of the latter :is'marked by two zones of very
strong field reversals. Two distinct anomalies occur on this record, both Indicat­
Ing good conductivity. The first one, a small anomaly inside the loop, Is due to a
source at a depth less than 50 m, I.e. in the Paleozoic and of no Immediate in­
terest. The second anomaly is much stronger and shows a depth of approximatsly
220 m (or 180 m subsurface) and a 8 t value of 180 mhos, indicating very high
conductivity. There is a coincident magnetic expression of 170 gammas yielding
the same interpreted depth. Figure 5b shows a parallel traverse 'AI mile outside
a transmitting loop, where the primary field gradients are almost constant. The
Indicated depth is approximstely 250 m (or 210 m subaurfate) and 8 t = 16 mhos,
indicating much lower conductivity. The field strength ratio shows a distinct
current - return' current pattern which suggests a wide, banded conductor. The
anomaly has a coincident 70-gamma magnetic expression, indicating the same
interpreted depth.

The conductive zone of Figure 5a which extends over a number of traverses,
some of Which are shown in Figure Ga, was investigated on the ground by a mag­
netometer and Turam EM survey. The ground survey generally confirmed the
conductor and the interpretation of the airborne traces. It is, however, worth
noting that the ground Turam survey, although a 60-m coil separation was used,
produced rather inconclusive results because of the near-surface field distortion
(Figure 6b) which renders the signature of the deep conductor difficult to
recognize. In fact, the ground EM results would not hy themselVes have formed a
sufficiently reliable basis for further exploration. In contrast, the geological
noise is hardly noticeable in the airborne results, which consistently show a high
(approximately 10 :1) signal.to.noise ratio, notwithstanding the 30-40 m higher
elevation of the receiver.

The driiJing results of the traverses shown in Figure 5 with the relevant
airborne and ground sections are shown on Figures 7a and 7b.

The first hole intersected, at approximately 210 m depth; a 3-m-wide
zone of concentrated pyrite-pyrrhotite mineralization under 160 m of Paleozoic
cover, thus confirming the high 8 t value and the depth calculated from the
airborne data (Fig. 7a). ' .. .

Drilling of the second anomaly intersected a 120-m-wide zone consisting of,
in sequence, a narrow band of sulphides, a 50-m-wide zone of highly altered
amphibolites, another narrow (1 m) sulphide zone and a 3-m·wide zone of pyrite­
graphite mineralization under 180 m of Paleozoic formations. In addition, the
upper 20 m of the basement was weathered and leached,bringing the total cover
to a thickness of 200 ni. These results again confirmed the depth and the low
8 t value calculated from the airborne data, as well as the wide, banded nature
of the conductor (Fig. 7b).

Some examples of surveys in Western Australia are shown in Figures 8a
and 8b and these display characteristics different from the previous examples.
In all these surveys, the energizing loop was laid out around the target area
and the measurementS carried out inside the loop. Damping of the electromag­
netic field in the ,weathered cover is often too high for reasonably long traverses
to be measured outside the 100p.'.In both locations the anomalies sre character­
.ized mainly by phase distortion, with much less distortion in the field strength.
Conductivity of the mineralized zones generally appears to be low.
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----------Tlgiire lliPi'esents two traverses, in opposite directions, over a conduct<
In a host rock of ultrabaslc formations of Archean are. The Indleat<ed depth
approxlmatsly 90 m lubsurface, which II probably the depth of oxidation. TJ
conductor displaya very low 8t values, 8.5 mhos and 2.5 mhos respectively. Th
conductor has not yet been further identified and could equally weil be an loni.,.
Iy conducting fault zone or poorly conducting sulphides. The reversal of t
amplitudes between the two traverses Is due to the opposing directions of mea
urement.

Figure 8b presents a lurvey over known conditions, the Whundoo deposit
NW Australia. Although the mlnerallzatlon conslets of a lOom·wlde zone of C
Zn, pyrite mineralization, the conductivity appears to be very low (8 t =2 mhos
possibly due to the fact that the sulphide m1nersJization occurs In the form •
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discrete lenses. Traverses were made at increasing teiTain clearances from 60 m
to 165 m bird altitude, a level where the F.S.R. distortion has largely disappeared,
but the phese difference anomaly is still clearly discernible.

OPERATIONAL EFFICIENCY
Under average conditions, a primary field loop of 8 x Ii km can be laid down

by helicopter and the transmitter positioned within little more than one hour.
By vehicle or by hand, more time is required. '

A line spacing of 200 m has been found mOst efficient for theniajority of
search probleJll!l. Economic ore deposits may have strike 'lengths of 200 m and
even less, and to detect suchtarllets, particularly when they are deeply buried,
requires a line spacing not much larger than the minlmuin strljl;e length. More­
over, larger line spacings do not represent siplfleant savings because less pro­
file can be measured per loop laya\lt. Subject to local conditions some 200-800 lide
km of profile (at 200-m intervalS) ean usually be surveyed from one source loop;
the total' operation of positioning and measuring covers about one to two day's
field work". , , ,

THE MERITS OF DEEP EXPLORATION
The' Turair system h8$' been developed for the specific put:J?<lSe of deep

electromagnetic exploration. It hes been shown thllt a sufficientli sipificant
increase in eapllbility cannot be IIchieved through improvement of the classical
moving-BOurce AEM methods, which have been developed close to' their effective
penetration potential To attain substantial improvement in exploration depths,
electromagnetic techniques employing fixed primary sources have to be used.

Ther~'a,.. two, aspects of this increased depth ot' peiletration. The first ,and
more obvious' i'elatef to areas of heavy overburdell.,,'thick sedimentsry cover,
oxidation or roUgh topography. The results obtained thus far ill auch areas of
deep cover 'have confirmed the feasibility and effectiveness of airborne fixed­
source gradient measurelrlents and they have, moreover, shown that the airborne
application has conside~ble advantages in sensitivity and penetn,.tion over
grouild fixed-source measurements because of a strong reduction iit ,the geolog­
ical riMse level For instance, the results in northern Manitoba, in places where
relatively' homogeneous "overburden conditions prevail, show that the Turam
method' could detect bedrock conductors'\!llder a maximum of 200 m of cover.
Over the same'conducto1'l\ the Turair anomalies show a better, than 6 :1 signa\J
noise ratio, indicating that they would be detectable to a depth approaching 300
m. The, maximum depth reached in the same- area with an AEM moving-source
system (INPUT) has been 125 m (Tikkanen, 1970).,

An equally important asPect of the ability to achieve significantlY' greater
depths ot,explorlltion is the ,possibility of discovering truly "blind" orebodies,
even where little overburden exists. Up to the present time our primary concern
In airborne electromapetic prospecting has been the ability to penetrate the
unmlneralized covering formations and to be able to detect bodies outeropplng at
basement surface. It Is worthwhile, however, to examine the significance ot the
Turalr method In ternis of the'l'robability of detecting sulphide deposits i at
depths in excess of those achievable with other AEM 'systems, even where the
latter systems adequately penetrate the overburden. ' ,

For II multl"l!lillion-ton massive sulphide base metlll orebody, which is to
be mined by underground methods, there is little effective difference in the
mining costs per ton wlt~ther'mining starts lit the base of the overburden or lit
1000 ft. in depth, As the history of exploration on the Lake Dufault property in
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Quebec hu demonstrated, rich ore deposita occurring at even 'h mile In depth
fuDy warrant being put into production. An exploration depth of 100 m, imposed

. by the standard airborne electroJnagnetic systems, is ceminly not the maximum
depth to which one would like to explore under present-day economics of under­
ground mining.

What lire the chances that additional ore deposita will be found by an air­
borne electromagnetic technique which has a significantly greater depth of de­
tectability than 100 mr The probability considerations are related to tha mode
of origin of the ore deposita in question and their resulting aize, shape and phys­
ical properties, as well as their present attitude (dip and plunge directiona). The
thickness of the cover overlying the ore-bearing fQrmations and ths amount of.
"geologic noise" it generates in the particular electromagnetic system are alao
important.

To arrive at the appropriate probabilities some assumptions have to be
made about theee factors. The first is that the ore deposita are eaaentiaDy strata­
bound dise-shaped bodies of good conductivity, randomly distributed In forma­
tions which, u the reeult of tectonic movement, have been tilted and later, as
the reeult of erosion, have been cut by an arbitrary plane. Theanalyais of a
large number of sulphide deposita of the Canadian and Baltic Shields baa shown
that the majority of the musive copper·zinc and nickel deposita In Archean
rocks would fit this description (Hutchinson, Ridler and Suffel, 1971) and so
would many musive lead-zinc deposita in carbonate rocks of Paleozoic age
throughout the world. The'}lattern fita the existing theory of a sedimentary,
probably volcanic-exhalative origin of these deposits in shaDow water, followed
by burial, tectonic upheaval, sUba~uent regional metamorphism and finally Ionll'
periods of surface erosion.

The original deposition horizons are thus cut by a perfectly random plane,
which now forms the present bedrock surface. An examination of the dimensions
of a larger number of sub-outcropping sulphide deposits shoWl that .they have
a median strike length of approximately 300 m, which confirms, considering the
random attitude, the usumed disc shape. Given an average thickneaa of 15 m,
such a body would represent approximately 5 million tons of ore and, assuming
good condUctivity, such a body, when steeply dipping, would give rise to a 0.4%
field strength ratio anomaly at a depth equal to ita diameter. With flatter dips
the anomaly will be larger. .

Under conditions of low geologic noise a field strength ratio distortion of
0.2% represents a detectable anomaly. Aaauming an average geologic noise level
of 0.2% (as in Figure 5) the typical musive Bulphide bodies" which we
defined; are detectable to at least 300 m depth of burial, regardleaa of orientation.

To determine the relative detection probabilities of the Turalr and the
standard AEM methods we compare the probability of the ground surface cutting
within 300 m of anywhere betw_ the upper edge and the mid-point of the body,
with the probability of it cutting within 90 m of the same region. (Of the bodies
cut by the present bedrock surface we leave out of consideration, for the Bake of
simplicity, those of which more than half has been removed by erosion.) This
resulta in (300 + 150 sin e ) versus (90 + 150 sin e), where e is the dip of the
body from the horizontal. For e '" O· the ratio is 3.8, for e '" 45· the ratio is
2.1 and for e '" 90· it is 1.9. Thus, iiI the absence of overburden there is at least
an equal chance for a sulphide deposit to lie between 90 m and 800 m depth as
there is between 0 m and 90 m of the ground surface. When overburden is
present its (barren) depth H hBB to be subtracted from the potential penetration,
i.e. in the case of the Turair system we would obtain 300·H, versus 90-H for the
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standard AEM system, resulting in a further probability bias in favour of the
Turair system. For instance, in an area covered by 50 m of overburden, the
relative detection probability of the. Turair system versus the standard AEM
systems would increase to approximately 5.7 (Fig. 9).
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Toronto, April 1970.

by G. D.TiHal'lel'l, Ass'1. Chief Geologist, Cominco Ltd.

DEEPLY PENETBATING .llURVEYS Di NORTHERN MANITOBA ...

G. D. Tikkanen, Cominco. Ltd.

SUMMARY:

The southwesterly projection of the »uJitoba nicke). be).t beneath

Pal.eozo1c cover provides an excellent area f'or- the application and testing

of', de~ penetra.ting. surv~s.,.,....

l;:xamples ot surv~ and drilling results shav that sulphide bodleu can"

be detected at depths of 400 to 500 1'eet.

INTRODUCTION:

Deeper searches have been ot great interest to man throughout the years,

ever since man :f'irst realized that valuable orea do not always crop oUt' a.t

the surface of earth, but can be hidden by soil or other types of overburden,

water, or even barren rock. The firat deep searches were likely made bY'

1'ollowing known orebodies underground, and diacovering.related hidden ores . ­

Geological underatanding andextraPolJrtion··led to searchea by pits and aha.fta

'fif'areas of interest. Eventually, developnent of the diamond drill and
,".

geophysical survey-a permitted widespread and relatively cheap searches,

bU't'UBual!y only to relatively shalloW depths •.

~'searches 1'or massive oz:near massive sulphide bodies have been

. Th~' whoie' 'concept 01' penetration is :t\mdamental to any discussion 01'

deeply penetrating surveys., One of the questions most 1'requently asked

of' geophysicists, concerning a surre,,-'1a: "What is the penetration" 'I

29,111 G



.~~:

I.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

-2-
294117

The apparently evasive and unsatisfa~tor;yanswers usually given this question

-Brean honest reply toa question that should not be asked in general terms,

but only in specific terms, when all par/lJ1leterll of the problem are defined.

L1mi~s cannot be put on penetration without definition of the target size.

its response parameters,electronic and geological noise, and the characteristiclI

of the survey method. To most geoph;rsicistll, adequate penetration, rather than

ultimate penetration, is the more useful concept since it implies that recog-

, nizable responses are obtained throughout the area of survey over the type of

target sought.

Although quite deep penetration, up to perhaps 300, 400 or 500 feet, has

been demonstrated for partiCUlar ground survey methods in the past, the air­

borne EM methodll, which have been so useful in rapidly searching very large

areas of Canada, have only recently advanced suff'iciently to provide useful

information at depths greater than about 200 feet. The 'purpose of' this paper

is to shaw drill"tested examples of responses from airborne and ground methodll

at depths dawn to 500 feet.

The projected southwestern extension of the .Manitoba nickel belt provides

8. good test aree, s1nce thegeoph;rsical. responses originate in the Precambrian
", - ... ; ,... ,

rocks, which'lie beneath Paleozoic dolomite and sandstone, which 1n turn ill

covered by unconsolidated overburden. Fig. 1 shows the location of' the area

of interest. Fig. 2 shows an isopachous map of the cover on the Precambrian

su.rtace.

The geology of' the Manitoba nickel belt has been described by Zurbrigg

and Mlnitoba government geologists. Essentially, sulphide bodies with and

without nickel occur in both ultrabasics and gneisBes. The orebodies show

a'rather remarkable linear arrangement. Apparent:ty there is Ilpat1al relationsh1p

'to a great zone of faulting.
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The nickeldeposits 01' the Mlnitoba belt are large,. although small

bodies also occur. The traditional search has been by electromagnetic

and magnetic methods, followed by drilling.

METHODS:

This paper shows applications 01' Input and Turair airborne electro­

magnetic methods, the Turam ground electromagnetic method, and the ord1llary

ground magnetic method....

The Input airborne method. &S flown by Questor Surveys"L1;d••. has been

de&CJ:ibedbyBaJ:rl~,.Resea:rchLtd. Essentially' :Lt.. is a time domain EM

method whereby a transmitted pulse in the presence of a conductor generates

a secondary field whose voltage is measured at sir time intervals after

ceBl!!ation of the pulse. The method has the advantage of good penetration,

'achieved by measuring the secondanr fields while the primary 1'ield is oft.

The Turair method, developed by SC1rrtrU Ltd'., is an airborne application

01' the old SWedish Turam method.' The ..Turammethod has been descr1bedin "

detail by Bosschart.

In both airborne.aJ1d ground applications a large loop is laid out on

.. , the ground. See Fig. 3."·The loop's long dimension could be a few, thousand .

feet or a few miles, with. the width perhaps halt' the length. A motor generator

,"connected to the loop generates.. a primary fie1d~ which in turn will cause .

secondanr fields where conductive bodies are present. Two cl'Osely spaced

. ,...coils are used·tO',·'Jneasure the gradient ·o!lt ,the combined'prima'1"y"'and secondary

fields, as .well as the phase shift between the coils. The primary field is

known and it$ effect can be removed. The uni1'orm primary field provides

good penetration.
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The ground s1;lrveys f:or Cominco were perrormed by Geosearch Consultants

Ltd., using Swedish ABEM equipment. The Turair surVey and associated. ground

Turamwas ~ormed by SCintrex Ltd., using their own equipment.

Ground lJIII8Iletic surveys were made using SCintrex MF-1 t:luxgate magnetometers.

RESULTS:

1) Interpretation:

The interpretation of: the Input airborne results was straightf:orward.
and direct for the area concerned.. The first· channel was often quite

disturbed, due to conductive overburden, but this disturbance diminished.

rapidly on the second channel. Obvious preference was given to well

defined six channel anomalies.

The interpretation of Turam results had to provide discrimination

between conductive overburden and real bedrock conductors. This is

relatively ea,sy,. based. on curve shapes and calculated depths. /tJI
. ..... '.~' ".

example of a response interpreted. as being caused by conductive over-

burden is shown in Example No.3, (Fig.6).

A second requirement of' the Turam interpretation is the accurate

determination of the location of the conductor. The location is cOllllllonly

that of the maximum response ot the reduced ratio, however when the

conductor is near the primary source, or quite deep, the location is

more accurately described. by the inflection point of the secondary

field.

The calculation of: the secondary field has been described. by Bosschart

and by Lavoie, and is summarized. below:
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be the primary field ,

be the normal primary field ratioa, .. RNn+i

be the observed 'field ratio .. RF 1.
, n+'l[

be the secondary 'field.

• Fn+l •-Fn

tn+l • 1OCl'f", etc.
Fn

...... .

.......- ..

. . .

.. ......

Fn + 'fn
Fn+l + tn+l

Vs .. t n • ~,
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Fn+l'" 'fn+l

..

calculation o'f Secondary Field:.... "

Fm Fn+l, Fn+2

Fn + t n

Fn

Fn+l

• '-",'

VTn " l.OO'f" .. Fn + 'fn
Fn

VTn+l· Fn+l + tn+l ... l~

Fn+l

• •

now: Vs = secondary field, expressed in 'f" o'f the field at the tirst point.

let: ,VT = the total field at each point. expressed in 'f" 01' the normal
field 'for that point.

let: n, n+l, n+2 .•••..•••••. indicate successive stations, awq 'fram
the cable.

and: " VTn+2 .. ¥Tn+l etc.

RIln+li

theri~ (l~rl!F'" the reducedratio"';';'RR
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pyrite at depths ranging from 250 to 300 feet.
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which have been ground-checked and drilled. The cause was graphite and

A third requirement of the interpretation is to select those conductors

having the best chance of being caused by sulphides. The conductivity can

. be detenn:l.ned from the ratio and ·phase responses, and in general the better

sulphide intersections are associated with the better conductors.

alBo: vN .. normal field at any p~int, expressed in ~ of the field at
the first point.

if: VNn. 1~ .. Fn
iii

then:

.by definition: VSn+1 ..

_2) Examples:

1. Input Airborne Electromagnetic .Survey (Fig. 4) :

The Input records show a typical line of data in the Minago River

area. The. first and second channels are rather disturbed at 'the right

side, caused primarily by conductive overburden. The trace shows anomaUea
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2. Turam Ground"EM Survey at Two Frequencies (Fig. 5): .

'Ibis figure illustrates TuraIn results at frequencies of' 220 c. p. s.
and·660 s.p.s. )bst surveys done by Geosearch Consultants Ltd. for

COIIIinco were perfonned at 660 c.p.s. The higher frequenCT shows larger

responses over weaker conductors. This is an advantage in areas where

the overburden is non-conductiYe .. but in areas of conductive overburden,

the response..from: the-' overburdenc i;s' also increased.

3. Turam Survey over Overburden (Fig.61:

The survey shows a typical response over overburden." The results

show steep gradients which are typical of conductive overburden.

4. Depth of CoVe"r 180 Feet (Fig. 71 : .•.

., This moderatel;ythickly covered conductor shows a very strong

response. The drilling showedit..to be pyrite and pyrrhotite.

The diagram shows the ratio, phase and the secondary field in

percent of the nonnal field at an undisturbed point close to the

cable, 'as well as the magnetic profile.

5. Depth of Cover 280 Feet (Fig.al:

" 'Ibis 'Conductor;' at.· a', depth of 280 feet, still 'shows a very strong
,. " ." • _ • ,c.

response. The drill hole showed it to be call"d' by graphite and pyrite.

6. Depth of Cover 320 Feet (Fig. 91:

'Ibis response is still well defined. The conductor was found to

be 'caused by graphite and pyrite zones. The location is 'more precisel.j'

given by the secondary field.

7. Depth of Cover 380 Feet(Fig. 10):

.:<This. example .shows that even at 380 feet, the Input method can

show a conductor, although it iii a Weak response. The ground Turam

response is well defined.

•



8. Depth of Cover 500 Feet (Fig.ll):

This ease shows the Turalr and ground Turam response from a
•

conductor of pyrrhotite at a depth of 500 teet. The survey was

done by Seintrex Ltd.

CafCWSIQNS:

. 1) Input and Turamelectroma.gnetic surveys have located conductors at depths

of at least 380 feet. At this depth th~ Input response is weak, and on~

margina~ greater depths could be expected. The Turam response is still

quite distinct, so that greater penetration, over a similar conductor,

could be expected.

2) Turair and Turam have located a conductor at a depth ot 500 teet. The

airborne response is strong enough to expect detectionot a similar con­

ductor at even greater depths. The ground Turam response is also still

significant at this depth.
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Theory predicts that the fixed source Turair System is capable of

much greater depth penetration than airborne electromagnetic systems

.which use moving sources. Altitude tests, wherein the free space distance

-,etween the receiver of an electromagnetic system and a given conductor

1 .. varied, are useful in indicating the maximum depth of burial at which the

conductor might be detected. In practise, because bedrocks and overburden

are always somewhat conductive, the depth of penetration is less than for

free space conditions.

Although normal survey is about 200' the records shown here

represent the 400 Hz responses of the Turair System flown at clearances

ranging from 500' to 1400'. The conductor is banded, about 2500' in

s . ike length and contains mainly pyrite, pyrrhotite and graphite. The

conductivity-thickness product of the best part of the zone is 10 mhos and

the overburden depth is less than 50'.

The anomaly is still discernable at 1400' clearance so that we may

conclude that the Turair maximum (free space) detection depth of this

conductor is in excess of 1400' (450 metres).

While no data are available for this conductor for other airborne·

electromagnetic systems, the free space detectability would fall far

short of 1400'. For example, the theoretical free space detection depth for

in-phase/quadrature systems would be between 300' and 400' depending upon

coil spacing, frequency and noise level of the individual system.
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allows this to be done automatically when peripheral
equipment is tieing used, so that the range numbers do not
change during the reading or recording time.
ECCi·:m.;!(:Al TO MAlfJTAlr1
Solilklate construction througllout assures high reliability.
Modular construction. with stripline interconnects that
terminate in IC plugs, are used to fecnitate repair .and
minimize down-time when trouble does occur.
STAfWARU fEATURES

(Solid-state construction including LEO displays
prOVides ease in maintenance, reduced spare costs, and
high reliability.

l Front panel calibration for each ilf lour reference
stations.
Operator selection of reference station's lang! to be
displayed.
Range display can be "frozen" for accurate manual
recording of display. .
Adjustable display update from 1 per second to 1
every 10 seconds.
BCD output toded for- identification of four reference
statinn ranges.
Updated range-on-command information 'available to
operator as immediate display. .

. t15 Vac or, 230 Vac, 50 to 400 Hz input power_
long life magnetron transmitting tube!;.

~f~et the Mini-Rangec" Ill, Motorola's versatile new solution
the short-range positioning problem.

l ke its field-proven predecessors, tile Mini-Ranger III was
·,-;igned to fill the need for a preciSll,' toSI.-elfective,
:<ort-range system for rapidly locating the position of a .•.•

•-.sel, aircraft, or land vehicle.
he basic Mini-Ranger consists ofa range console,
}eiver.transmitter, and omnidirettional antenna installed
,J the vessel or other motlile unit, and a pair of reference

,'lalions located at known ground or other fixed points up
120 nautical miles away.
~aturing dual·channel readnuts and other new capabilities

.Ad options. the Mini-Ranger 1lI is the outstanding
performer in the low-cest radar positioning field.
}e measured ranges' to two reference stations are
}Iultaneously and directly displayed in meters to a

dstance of 20 nautical miles with a protlable accuracy of
'} meters. By conventional trilateration techniques. tile :

j
'ilr can plot his precise.position at any instant. In addition

, this capability, the Mini-Ranger III provides a standard
BCD output for operating peripheral devices, such as digital
1nters or computers.
)e Minf.-Ranger III can be installed in helicopters.

e rplanes, and land vehicles, as well as on any type of boat.
'\ single system can be easily alternatedbetYRen different

JJ8S of vellicles. Operating at C-band, 8way from most
Mar frequencies, the system is virtually free from
nterference and the effects uf iltmOSllheric cunditlons.
'1~" TO '''"~. , ,

'a' t~i~IV ~~~b;ard installation, tile range console is
ounted in the pilot hOUSll, with the receiver·transmitter

~nd omni antenna mounted as a unit to a mast or other
}h point above the boilt's superstructure. Connecting the
~plied interconnecting and powersource'tllbles complete

lhe installation, ordinarily in two hours or less.
~te compact reference stations can be set up and put into
laration in minutes. Operating unattended, each reference

••1Ition can function for a weele. on two 12-volt automobile
betteries befure recharging. Operation can be further ." ,

",tended by the use of a low-current module available as an
tion with tile reference stations.

.-, ~ ,.. .. " ~,.;"

1Mini-Ranger III is put intu operation by turning the
werswitch to ON.

r reference stations are automatically selected by setting
.lIe Transponder Select switches un the range console to

l ir preset codes. The return pulses from the reference
lions are translated to range tn metelS and displayed

d rectly, in digits, on Ihe Range display. The Video
~ceived lights indicate when the range display is updated.
iher controls and adjustments are available tor.''tfeezing'~

""d "commanding" tile displays, and for· other special .
applications, including calibration. For example, the Hold

J
'SPlaV button is depressed when the operatorwishes to

eze, or retain, the last numerals on the displays Sll that ":.
t ev can be recorded or plotted. A back panel connection
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1. Rangt.Consofe

2. Omni Antenna

3. Receiver·Transmltter

4. Reference Stations

Power Sources. The standard 115·volt, 50 to 400 Hz,
power supply can be readily converted to 230·volt, 50
to 400 Hz operation by positioning aswitch on the
power supply module. By merely interchanging the
module, 24-volt dc operation can be achieved.
X·Band Operation. ,This option allows the customer
to use X·band transponders he may already own. Also,
by using a rotating scanner antenna, operating ranges
of 50 to 100 nautical miles may be achieved.
19·1nch Rack Adaptor. A kit is designed to mount
the range console in 19·inch racks.
Splashproof Transit Case. Designed to mount the
19-inch rack panel configuration of the range console,
the basic display can be supplied in a splashproof
transit case.
Range Measurement Units. The standard range
indication is in meters. Optional range readout units

/' are available for yards or feet.
Built-In Test Evaluation (BITE). This is a readily
installed feature for confidence test of the range
console.

The Mini-Ranger III was designed to fill a gap in the
short-range positioning spectrum - to answer a need in
channel surveying, geophysical exploration, estuarine
studies, harbor engineering, and related applications. Many
of its features and options were suggested liy users of
Motorola's previous Mini-Ranger and Range Positioning
Systems. In addition to innumerable satisfied commercial
users of the Mini-Ranger are the following U. S.
Government activities and services:

National Oceanographic and Atmospheric
Administration
United States Navy
U. S. Army Carps of Engineers
Argaone Laborataries

'-

";)'
~

40 Nautical Mile Range, Requires high gam antennas
for the reference stations. The same accuracy is
retained, i.e., a probable accuracy of ±3 meters.
Increased Accuracy. Requires addition of signal
strength indicator. Reports of I meter accuracy have
been received with this option. The signal strength
indication is available as BCD data.
Four·Code Commutation. Requires additional circuit
card and disp'lay code lamps. Automatic interrogation
of four reference stations in sequence is performed.
Range Averaging. The standard system averages five
valid replies. The option averages a selectable number
of replies (10, 20, 40 or 75) to provide more
repeatable range readings. .
Multi· User. Allows more than one mobile unit to
operate with a Common set of reference stations.
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MOTOROLA
Military and Aerospace Electronics Inc_

8201 E. McDOWELL AD . SCOTTSDALE, ARIZONA 85252

16021949-3156

Offices: london' Bonn . Amsterdam . Paris' Rome • TorontO

I.

a
!,,,

TTL, +8421BCD,
parallel

5400 to 5600 MHz
20 nautical miles
(20·1 OOnm with
available options).
3 meters at 20 nautical
miles
Four selectable codes
utilizing pulse spacing
Meters, standard
Yards, optional
Feet, optional
Channels A and B (dual
simultaneous readout)

Om ni-d irectional, 250
elevation
13 dB Sector type, 750

azimuth, 150 elevation

oto +500 C
-40 to +600 C
·54 to +71 0 C

115/230 volt, 50-400 Hz
14-30 vdc (plug-in
option)
24·30 vdc

Reference Stations •

Frequency Range . • •
Range (line of sight)

Range Readout Units

Reference Stations
Antennas

Mini-Ranger III ..

Operating Voltage
Range Console

Operating Temperature Ranges
Range Console
Receiver·Transmitter
Reference Stations

Component Size (in.) Weight

Range Console (Table Mount) 11,18,5.5 OC At lb.
28 32

Transit Case for Range Console 21,Iax6 21 lb.

Receiver·Transmitter 6.Z5,9.25'6.5 5 Ibs w/brkts

Rcir !'rlce Station 5.5,10.25,6.5 SIbs less ant.
l.-- .

Range Readout Selection

Range Output to
Peripherals . . .

Probable Range Error

Coding •.....•

-Motorola, @.and Mlni';""Ranger III
are trademarks of Motorola Inc.
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