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McPHAR GEOPHYSICS

GENERAL NOTES ON

VERTICAL-LOOP
ELECTROMAGNETIC PROSPECTING

1. THEORY

The field lines about a magnetic dipole (e.g.‘ bar magnet) follow

- the form of donut-shaped shells, Fig. 1 shows a cross-section of one such

shell. All flux lines pass through the dipole axis at the centre and form

‘approximate ellipses which have a length/width ratio of 1.3.

When a magnetic dipole oscillates, an electric field is generated

which is orthogonal to the magnetic flux lines. Thus electric currents,

‘commonly called "eddy currents', are induced in any sheet-like conductor

which is,pengtrated by the alternating magnetic flux lines. The eddy currents
form large circles in the conductor and in turn produce a secondary alternétin.g
magnetic field which opposes the prirnary indﬁcing Vfield. s

If the conducting s}‘1eet is relatively large and thick, with high coﬁ-
ductivit’)‘r and magnetic permeability, the secondax;y electromagnetic field; will

be strong enough to appreciably distort the primary field. An instrument

capable of measuring the spatial distortions in the field can thus be used to

locate conductors. One possible coil configuration is shown in Fig. 2.

2. FIELD PROCEDURES

There are three common field procedures which are used in con-

ventional vertical-loop prospecting.
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1) In-Line Method
This method is used for reconnaissance only, on lines which are
widely-spaced or where there are no lines at all (as in the initial follow-up of |

airborne EM anomalies). The transmitter and receiver follow "in-line

along traverse lines .which should be oriented at 45° té the suspected strike
of the conductor. If the lines are exactly perpendicular, there will be little
or no dip angie response over the zone.

Depending on relative position of the instruments, the direction of
‘travel and the strike of the conductor, the in-line anomaly can be either
positivé or negative. As shown in Fig. 3, the peak response occurs when
the transmitter is directly over the conductor, and in this case the dip
angles ar‘e positive. If the conductor were at 135° to the strike instead

of 45°, the profile would be negaﬁve, since the dip angles would all be to

the north.

2) Broadside Method
This method is cémn‘xonly used for reconnaissance on a well—::ut grid.

The transmitter and receiver move 'in co-ordination down adjacent parallel
lines. The typical response over a conductor is shown in Fig.3. Since all
data sheets are drawn with west or south on the left, 211 bona fide anomalies
(corresponding to "bumps' in the EM field) are indicéted by '"'cross-overs''
which go from positive on the left to negative on the right. A 'reverse
cz;oss—ov.er", which is negative on the left and positive on the right does not

indicate an anomaly. Instead it corresponds to a ''valley' in the EM field

which possibly lies between two conductors.
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3) Set—ﬁp Method

This method‘is useci for "'&eta.iling“ or obtaining maximum infbrrha;tion
about a conductor. The transmitter- is positioned §ver the conductor axis-and
is oriented perpenéicular to the receiver as it foliows the traverse line across
the conductor. As shown in Fig. 3, the dip angle anomaly is consiaerably
broader than that for the broadsidve- conﬁgura{ion. This is because the trans-
mitter stays above the c_dnducfor in 2 position of ﬁax@m electromagnetic
coupling as the receiver makes‘the traverse. In the broadside method the
transmitter is maxirnu.m—coupled with the conductor in only one position,
usually where the dip angle is near the point of cross-over. When the
transmitter and receiver are two stations away, the tran‘smritter‘ coupling
with the conductor is very small and the dip angle response negligible; thus
there is often only one strong anomalous reading on each side of the zone.
Conversely, with the set-up method, the coupling beﬁveen the transmitter
and conductor stays relatively conétdnt throughout the recei\}er traverse.
Thus the anomalous dip angle profile is broader and more characteristic
of the dip and d‘vepth of the source.

' ’The same comments apply for the set-up method as well as the
bfoadside method oﬁ the interpretation of "true' and "reverse'' cross-overs.
"Reverse' ci'oss-o{rers may arise between two conductors but cio not them-

- selves indicate anomalies.

As a further aid to interpretation, two frequencies are usually used
during a vertical-loop survey. The response parameter of a conductor depends
upon the'frequency of the electromagnetic field as well as its conductivigy,

magnetic permeability, thickness and size (in relation to the coil separation).
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Consequéntly, by varying the frequency, an estimate can be obtained of the
other parameters. The following is a ''rule of thumb'' guide for estimating

conductivity:

1000 cps response Conductivity Typical Sources’
5000 cps response

0.9tol.0 - excellent massive sulphides, graphite
0.7 to 0.9 ‘ good : fracture-fiiling sulphides,
- ' graphitic schists
0.4 to 0.7 . moderate fault zones, s‘héar zones, clay
overburden, disseminated
sulphides
" less than 0.4 : ~ poor : lake bottom sediments, swamp

Anothér estimate of conductivity can be oi:tained from. the "width' of null"
~ of the operator's measurements. Poor conductors have eddy currents which

lag behind the ihducing field. Thesé eddy cﬁrrents produce an '"out-of-phase'
sebc‘on‘dary: field in a différe\nt direction from the primary field at a time when

the pfixnary field is- zero., Thus there is no. orientation of the receiving coil B
that Wili result in a complete null of the incoming signal. | The number of degrees
the receiver must be rotated through to obtain a noticeable increase in signal is
called the "null" and is an additional measure of the response parameter or

conductivity.

3. ORIENTATION ERROR

There is only one main source of error in vertical-loop dip angle
 measurements (aside from reading errors when the signal is very weak, or

when theré is large othOf-pl1ase response). On perfectly flat ground the
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~ transrnitter axis does not have to be kept absolutely perpendicular to the

direction to the receiver. The dipole field is horizontal when both coils are

in the same plane. However, when the survey is in rough topography and

" the receiving coil is above or below the transmitter, any departure of the

transmitting coil from the perpendicular direction to the receiver \f{ill result
ina fiétitious anomalous dip aﬁgle. Fig. 4 shows the dip angles to be expected
from various orientation errors and elevation differences. It can be seen’that
a misorientation of 15 degrees and an elevation difference of 10 degrees will
Yesult in a dip angle reading of 9 degrees.

Sin‘ce few conductors have excellent. c-onductivity., orientation errors
may be suspected when the anomalous measurements are th.e same for both

[

frequencies.




McPHAR GEOPHYSICS LIMITED

O " | REPORT ON THE
| . ELECTROMAGNETIC SURVEY
PINE CLAIMS |
LAC LE JEUNE AREA

KAMLOOPS MINING DIVISION, B.C,
FOR
CANADIAN JOHNS-MANVILLE COMPANY LIMITED

1. INTRODUCTION
| As requested by Mr, H,K. Conn, Exploration Manager for Canadian
Johns-Manville Company Limited, we have carried out an electromagnetic
o survey over the Pine Claims in the Lac Le Jeune Area of Kmxoops Mining

Division, Britizsh Columbia.

The property is located about 15 miles to the south of Kamloops at
the centre of the 1 degree quadrilateral whese southeast corner is at 50°N
latitude and 120°W longitude. .Access is by gravel road. :
The survey covered the following claims, all of which are believed

ovmned or held under option by Canadian Johans-Manville Company ILimited:-

Pl P12 P34 Fi : F12
P2 P13 P53 CF2 : Fi3
P3 P14 P53 . F3 F14
P4 P15 P84 ‘ ¥4 F15
P5 P16 P86 F5 F16
P4 P17 P103 ¥b . F39
P7 P18 P104 ¥7 - F40
8 P20 P105 F8 F41
P9 P22 Pi107 . FY F42
P10 P24 HFr 7 F10 -

Pii P33 Fl1
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2. GECLCGY

Most of the claims are underlain by granitic rocks of the Nicoi&
granitic baihalith. This batholith intmdas the Nicola volcanics on the
westiern side of the claim group. The yoﬁngest roecks are the Kamloops
group basalts and underlying sediments, agglomerates and tuff located on
the eastern and south central section of the claimas. Mbst of the area is |
covered with persistent overburden, glacial till and drumlins.

. No mineral deposits are lémwnl to oceur on or}near the property.
The ébject of the present electromagnetic survey was to explore geochemical

indications of copper, molybdenum and lead-zinc-silver,

3. PROCEDURTE

The main grid over the §Ia.ims co:ﬁsis%s of lineéi at 750! i#tervals .
Eleciromagnetic measurements were carried out along 'these lines using a
McPhay REM Unit in ’éha in-line configuration. there anomalous indications
were encountered, intefmeﬁiaie lines were cut and §révers ed with the broadside

consiguraﬁon. Both of these configurations were uged only for the initial detection

‘of conductors. Further evaluation of the anomalies was carried out by set-up

vertical-loop surv}eys in the areas of interest (eea the general notes preceding

this report).

4, PRESENTATION OF RESULTS

The results of the reconnajgsance in-ling survey over the main grid

‘are shown as "stacked profiles' on Dwgs. EM 4786-1 and -2,

/ , ,
 The electromagnetic survey results along shorter lines are showa in

similar form on the following fold-outs:~ - -




‘Method Line Dwg.No,
@ " In-line 72N | EM 54841
o Broadside 56. 5N, 52,}5N, 49N ) EM 5484-2
 Set-Up 86, 5N, 52,5N, 49N 'EM 5484-3
'set-up ' 85,5N, 52,5N, 49N, 45N, 41.5N EM 5484-4
| | 37.5N, 34N, 30N, 26.5N, 22.5N,
19.5N, 15N |
_ Broadside 30N, 26. 5N, 22.5N, 19N, 15N, 11.5N  EM 5484-5
Set-Up 30N, 26. 5N, 22,5N, 19N, 15N, 11.5N  EM 5484-6
- Broadside 7,55, 11,58 EM 5484-7
' In-Line 308 EM 5484-8
'Broadgide 308 | EM 5484-9
| Proadside 41,255, 455, 48,758, 52,55 EM 5484-10
(25 »_Sebﬁp' 455, 48,755 EM 5484-11
~ In-Line ) - EM 5484-12
Broadside N EM 5484-13
In-line 308 EM 5484-14
Broadside 26,255, 30, 33, 75E EM 5484-15
 Set-Up 26,25E, 30E, 33,75E EM 5484-16
Set-Up 26,25E, 30E, 33,75E, 41,25E EM 5484-17
In-Line 60E | EM 5484-18
Broadside 60E ~EM 5484-19
Broadsids 67.5E

'EM 5484-20

~All of these data sheets have a plan map scale of 1" = 200' and a profile

scale of 1" = 16°, Anomalous indications have been judged '"definite', "probable”

or "possible' and are marked accordingly with "football" symbols,



Y .
The linas are shown in relation to the topographic features on

O  Dwg. Misc, 3494 at & scale of 1" = 1000,

5, DISCUSSION OF RESULTS

Dwg. EM 4784-1: In-Line Survey:- Northern Grid

'~ None of the anomalies are particularly strong and dafinité. Howéver.
most of the responses that are recognizable have been detalled with the broadsiﬁe
‘. or set-up metheds. The following aré anomalpus responses which have not been
| fe‘ll'owed-up t- h ”
Zone T and Zone K suggest a broad or multiple conductor pasaing
‘between 28EF and 38E frem Line 45N to Line 67.5N, Tha apparent conductivity
appears moderate to good. ,

Zone N and Zonse O are very weak but they may indicate two long paranel |

conductive trends,

bwg. IZM 4786-2 H ‘In-Line Sﬁrveyz- Scnthern Grid

- There is only very faint in-line respchse ovef Zone T, possibly becauize
it Iiesv neax{ly at right angleé to the survey lnes, The half-completed profﬂe |
along Line 7.55 in Dwg, EM 5484-7, however, suggests o relatively strong
source of moderate coanductivity, |

Weak res}panses near 12+00E and 26+OQE’ on Lﬁm 7.5N and near 16+00E |

and 32+00F on Line 7.5% have been selected as "possible" anomalies.v The in;
line traverse over the stronger response near 11+00E on Line 305 has been

repeated (see Dwg. EM 5484-8). In addition, the weak anomaly near 16E on

Line 455 has been detailed and will be discussed in connection with Dwga,

EM 5484-10 and ~11,
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‘Dwg, EM 5484-1 s In-line Survey:- Line 72N

% . No anomalous response was encountered on this survey,

'Dwg, EM 5484-2 1 Proadside Surveyi- Line 56, 5N, Line 52.5N and Iine 49N

Weak snomalies were indicated on each line. The low frequency respouse
 waa almost gero, suggesting poor conductivity; nevertheless, the lines were detailed

~ with the set-up method,

Dwg, EM 5434‘-3 : Set-Un Surveyi= line >56. 5N, ‘L'ine: 52 SN and Line 49N

| | fi’he low frequency response is slightly higher for the set-up survey, but
the profiles are sé;ill rather vague and inconclusive, 'I‘he‘ positions of thé con-
&amt_ar axes ars ;;lightly shifted from the r-eisulté of the broadside survey.. This

feature, combined with the broad crossovers and poor low frequency response,

suggests that the two zones are caused by one broad, flat-lying, poor conductor

such as a layer of conductive overburden.

Dwg, EM 5484-4 : Set-Up Surveyi- Line 535.5N, Line 52,5N, lLine 49N, Line 45N,
Line 41.5N, Line 37,5N, Line 34N, Iins 30N,
Iine 26,5N, Iine 22,5N, Line 19,5N, Line 15N

lTi:e brcad anomalous response, the reiative!y sharp crossovers, the long
strike length and the poor apparent conductivity suggest t!iat Zone L indicates a
faulﬁ or shear gone, There is aléo strong response on Line 34N, Unfortunately,
the profile was not completed over the sone, ’

"I'he re#ults over Zone M on Line 34N and line 30N are much leas con-
clusive; thvsver. iha half-profile on Line 22, 5N suggests a similar long, deep,

poor conductor euch as a fault or shear zone.




Dwg, EM 5484-5 : Broadside Survey:- Line 30N, Line 26.5N, Line 22, 5N,
: ‘ Iine 19N, Idne 15N, Lina 11,5N

The low frequency response is relatively strong on Line 22. 5N _ahd
puggests a probable conductor axis near 2+00E. The broadside resﬁlts coinclde
very well with the in-line response over Zune R and indicate a single, moderate
" conductor. |

Dwg. EM 5484-6 : Set-Up Survey:~ Line 30N, Line 26.5N, Line 22, 5N,
- iine 16N, Line 1SN, Iine 11,8N

It appears that the transmitter stations may have been positioned too
far to the east to obtain good coupling with Zone R, Instead, the get-up results

appear to have defined a weak, secandarjr-trend - Zone S,

Dvwg, EM 5484-7 1+ Broadsida Survevi- line 7,55, Line 11, 5%

The onlv anomalous response encomtered in tha gurvey suigests a
possible moderats cenductor located near 39E on Li.nc 7.55. This Indication
coincidea with the ver'g weak trend (Zono T) euggested by the results of the

-

in-line survey on Dwg. EM 47856-2,

Dwy, EM 5484.8 1 In-ling Survey:- Line 305

" Since the in-line response near 11400E on Line 308 in Dwg, EM 47852
appeared as if it could have been caused by orientation error (the high and low
frequency profiles are nearly idemtical), the survey was repeated, The Yesponse

is much szzg,a&sér, but a conductor axis is still suggested near 11+00E,

 Dwg, EM 5484-9 : Broadeide Survey:~ Line 305
The broadside survey has coafirmed the weak anamaly near 11+00E

and indicated another weak response near 16+§0E.
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Dwg. EM 5484-10 : Broadside Surveyi~ Line 41.255, Line 43S, Line 48.75S,
‘ Line 52,535 »

Zone U indicates a poor, possibly flat-lying source coinciding with
a pond, Itmay be caused by conductive overburden. The profiles over
Zone V also suggest a weak, poor conductor, pogsibly lying within the over-

.~ 'burden-

Dwg. EM 5484-11 ¢ Set-Up Survey:~ Iine 453, Line 48,755

- The results of the set-up survey tend to confirm the interpretétion
of a poor, flat-lying conductor. No sharp crossovers indicating steeply-

‘dipping, vein-type conductors were revealed,

Dwg. EM 5484-12 ¢ In-Line Surveyi~- Line 0 (R & L Ranch Anomaly)

No anomalous responsge was observed on this traverse,

Dwe., EM 5484-13 1 Broadside Survey:- Line 0 (R & I Ranch Anomaly)

A weak rezponse, suggesting a poor, possibly flat-lying conductor

was noted near 9+SOE.

Dwg, M 5484-14 : In-Ling Survey:- ILine 30E
‘A wezak, poor conductor iz suggeseted near 72+00N. However, no
indication of a conductor was given by the survey along Line 72N (see Dwg,

EM 5484-1) Qver the same location,

Dwa, EM 5484-15 t Broadside Survey:- Line 26,258, Line 30E, Line 33,75%
* The broadside survey has revealed two weak zones and one probable
conducior axis near 53+ SON cn Lins 30E, Zone W ma'y correlats with the weak

anomaly indicated by the in-line survey.




u-so'

Dwg., EM 5484-16 : Set-Up Survey:- Line 26,25E, line 30E, Line 33,75E
‘The results are vague and inconclusive but they may indicate &

conductive trend (Zone Y) at 45° to the grid lines,

Dwg, EM 5484-17 : Set- Up uurvey:- Line 26.25E Line 30E,. Line 33.73E,
line 37,5¥, Lins 41,25EF

| The anomaly nsar 49+50N on Line 33,75E iz the most definite

 encountered in the survey.. The profile is indicative of & ateeply-dipéing

veln and the apparent conductivity is excellent, Two weaker responses

'occurring on Line 37.5E and Line 41,255 have been cori'ela,ted with thek-

definite anomaly to form Zone Z.

1

Dwg, EM 5484-18 & -19 1 Iﬁ-Line and Broadside Surveys:~ line 60E ("B Anomaly)

Both the in-line and broadéide surveys along Line $0E failed tc reveal

any anomalous response. » , |

Dwg, EM 5484-20 : Broadside Surveyi~ Line §7. 55 ("F'" Anomaly)

Threea very weak, poorly-conducting sources were suggested by:the _

sUrvey.,

6. SUMMARY AND RECCMMENDATIONS

The vertical-loop electromagnetic survey has been valuable in economi-

cally ouﬂining a number of anomalous zones on the property. However, not one
of the anomalies hes been classed as '.‘definite". Even the relatively strong
the resulta of vertical-loop EM surveys are plotted at a scale of 1= 20°% in

order to accommodate anomzlous responses of 40° or more, There were few



dip angles over 10° on this aui'vey, so the profiles were expanded to a scale
of 1" = 10° to amplify all small, weak trends, |
This does not say that there is no mineralization on the grid - just
that the vertical-loop survey has not éutlined a definite, conclusive drill
target. There are many nﬂnar#l deposiis, some of them missive sulphides,
which hétve not responded to electrornagnatic prospecting ?rxethods (see Appendix)..
‘ Howeve.z'. virmally all near-surface, economic, base-metal sulphide deposits
can be detected by the induced polarization method. | |
Since a number of possible conductor axes coincide with interesting
gaochemicai anomalies, -iurther {follow-up definitely éppeara warranted, A -
diuole-dzpcle induced miarization survey with 100¢ elactroda intervals. readiag
four separatiang would have good resolution for emall narrow deposita as well
as have an effective depth of exploration of about 200, The following short lines

are recorumended to be traversed by such a survey:-

Line Eiations =
6ON | 32E to 42E

52,5N 10W to 14E

45N 36X to 70E

22, 5N 4W to 8E

48,758  10E to 25E

30% | 55N to 75N

33,758 48N to 55N

It is estimated that the program would taks six days and cost $2, 000,00,
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The survey should have better resolution thaxi the previous IP survey,
@  and should: 1) determine if tha-EM anomalieé a.ri_ae from metallic sources in.
| the bedrock or ionic sources such as fault zones and conductive overburden,
and 2) definitely establish the location, depth and dip of prospective drill targets,
‘ McPHAR GEOPHYSICS LIMITED |

L) il NS

- . William H,. Pelton,
Geophyalcist. cec

. | &QQ{{. {\O VINC‘ 79/}\

Aghton W, Mullamf AV
' Geoltwist. MULLAN
BRlTioH
OLUMQ\?.
[Nw%

Dated:s June 22,1971
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ASSESSMENT DETAILS

 PROPERTY: Pine Claims - MINING DIVISION: Kamloops

SPONSOR3s Canadian Johns-Manville . PROVINCE: British Colunbia
: Company Limited :

. mCATION: lac Le Jeune Area

 TYPE OF SURVEY: Flectromagnetic

 OPERATING MAN DAYS: 38 . DATE STARTED: April 2,1971
'EQUIVALENT 8 HR., MAN DAYE: 57  DATE FINISHED: May 11.'1971
CONSULTING MAN DAYS: § | NUMBER OF STATIONS: 641
:'DRAUGHTING MAN DAYS: 9 ' NUMBER OF READINGS! 1282

'.»TO;’KL MAN DAYS: 7 o MILES OF LINE SURVEYED: 31.30
 CONSULTANTS:

: Williém H. Pelion, 650 Parliament Street, Apt. 2212, Toronto, Cntario. |
Aghton W, Mullan, 1440 Sandhurst Place, West Vancouver, B.C.

FIELD TECHNICIANS:

P. Makulowich, 669 Valdes Drive, Brocklehurst, B.C.
- Plus ] helper supplied by client.

DRAUGHTSMEN: :

K. Kingsbury, 58 Cak Avemue, Richvale, Ontario.
¥, Hurst, 230 Woburn Avernue, Toronto 12, Cnatario.
B, Marr, 19 Kenewen Court, Teronte 16, Ontario,

McPHAR GECPHYSICS LIMITED

William H, Pelton,
Geophysiciat,

Dated: June 22,1971
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SUMMARY OF CCST

‘Canadian Johns -Manville Company Limited
EM Survey, Fine Claims, lLac Le Jeune Area,
Kamloopg Mining Division, B.C.

- Crew (1 man) P. Makulowich"
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ABSTRACT

For many years the Electromagnetic Method has been used
throughout the world in the search for massive sulphide mineralization.
It has been particularly useful in environments in which the minerali-
zation is at a shallow depth; many orebodies have been found using EM
techniques.

However, experience in recent years has shown that some
zones of "massive' sulphide mineralization are not EM conductors.
In some cases this is due to the type and/or concentration of minerali-
zation in the zone, or because of the depth to the top of the source. In
other situations the geclogic environment is such that the EM anoma-
~lies from sulphide mineralization can not be dlstmgulshed from those
due to ionic conductors.

. The induced polarization method has been found to be more
useful than EM techniques in these situations. Results are available
from areas where the source is at considerable depth, as well as
areas of ultrabasic rocks and semi-arid and tropic weathering in which
numerous ionic conductors are present.




_~ THE USE OF INDUCED POLARIZATION MEASUREMENTS
TO LOCATE MASSIVE SULPHIDE MINERALIZATION
IN ENVIRONMENTS IN WHICH

E.M. METHODS FAIL

"INTRODUCTION

The induced polarization method was initially developed for,
and widely used in, the search for disseminated sulphide mineralization.
The method has been found to be of great use in this type of exploration.

In recent years, it has been used in all of the mining areas of the world

in which disseminated mineralization is of economic interest, Many

zones of mineralization, some of which were "ore'!, have been located.

As geophysicists gained more experience with the IP method,
their understanding of the method and its applicability increased. It
became clear that the method could be used to locate and outline zones
of massive (cdncentrated) sulphide mineralization. Ab great deal of
contx;oversy still exists concerning this point. In massive sulphide
zones the conductivity is very high; under these conditions it is difficult
td maintain polarization (store energy.)

However, even the most massivg sulphide mineralization is

not a single crystal. There are many crystal faces; polarization takes

‘place at an infinity of surfaces. Almost all sources contain dissemi-

nated, as well as massive, portions. It has been our experience that

all zones of massive mineralization give rise to recognizable IP
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anomalies.

In many situations in which the massive mineralization is

| very conductive, and at a shallow depth, the various electromagnetic

techniques have been successfully applied. The.line -mile cost of EM
is usually less than that of IP; it is ‘therefore‘frequently preferable.
However, in recent years we have found that in certain cases the IP
method can be used to outline zones of massive mineralization that

cannot be detected using EM techniques.

THE iNDUCED POLARIZATION MEASUREM ENT
The electrochemical phenomena giving rise to the induced
polarization effects used 1n exploration have been previousl;vr‘ described
(Halqu 1957; Madden & Marshall 1959.) There are two well-known
and widely applied measurement techniéues used in exploration,
(Seigel 1962; Wait 1959; Hallof 1960, 1961.) It has been shown that
the chargea‘.bility‘parameter (Ma) used in the "pulse—transient" type

survey is mathematically equivalént to the frequency effect parameter

(Fe ) usually recorded in the ''variable frequency" type survey (Hallof
. a -

1964; Seigel 1959.) -

| >Our field experience has confirmed that the chargeability
and the frequ'ency effect are exactly equivalent. Any differences that
exist between the two measurement techniques have to do with the
necessary instrumentation and the electrode configurations that are
possible, In either measurement tec‘hnique, it is possible fo use one

or more derived parameters.
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| One such parameter is the Metal factor, or Metallic coﬁ-
duction factor, Y(MF); the definition of thi‘s parameter is shown in
Figure 1. It is very useful in the interprétation of induced polariza-
tion résults. (Hallof 1‘;64; 1967.) ‘I‘t is this parameter, the apparent :

Metal factor (MF ), and the apparent resistivity (F/Zﬂ' ) that we use
. a |

a

in our exploration work,

PLOTTING THE RESULTS

There are numerous techniques that can be used to plot

induced polarization and resistivity results. Many geophysicists plot

profiles along the measurement line; others construct two-dimensional,

contoured plan maps using data measured along survey lines.
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In our field work, we.usually use the ''dipole-dipole"
(E electrode configuration shown in Figure 2. We find that this configura- | % i
‘tion has definite advantages because of its great flexibility; the rela-

‘ tivély short wire lengths required in the ficld also speed the work.

METHOD USED IN PLOTTING DIPOLE -DIPOLE
INDUCED POLARIZATION AND RESISTIVITY RESULTS
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The results are plotted in the fﬁo—dimensiohal, "pseudo-
section'' manner shown in Figure 2. Inv.this field procedure, measure-
ments on the surface are made in a way that allows the effegts of
lateral changes in the properties of the ground to be separated from

the effects of vertical changes in the pfoperties. Current is applied @

to the ground at two points a distance (X) feet apart. The potentials



~are measured ét two other points (X)‘feet apart, in line with the cur-
rent electrodes. The distance between the nearest current and poten-
\ ‘tival electrodes is an integral ‘number (n) times fhe basic distance (X).
| The measurements are made along a surve’yed line, with
a constant distance (nX) between theA nearest current and potentiai
electrodes. In most surveys, several Atraverses are made with various
values of (n); i.e. kn) =1, 2, 3, 4, etc. The kind ‘of survey require‘d
(detailed or reconnaissance) decides the number of values of (n) used.
| In plotting the results, the values of the apparent resis-
tivity and the apparent Metal factor measured for each set of ele.ctrode
positions are plotted at the intersection of grid linés, one from the
center point of the current electrodes and the other from the center
point .of the potential electrodes. The resistivity values are plotted
above the line and the Metal factor values below. | The lateral dis-
placement ofd.a given value is determined by the location along the
survey line of the center point between the current and potential
electrodes. _ The distance of the value from the line is determined by
the distance (nX) between the current and potential electrodes when
the measurement was made.
The separation between sender and receiver electrcsdes
is only one factor which determines the depth to which the ground is
| being sarnpled in any particular measurement.‘ These plots then,
when contoured, are not section maps of the electrical properties
of the ground under the survey line. They are merely convenient

plots of all of the data. The interpretation of the results from any
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" given survey must be carried out using the combined experience

gained from field, model and theoretical investigations. The position
of the electrodes when anomalous values are measured must be used

in the inte rpretation,

MASSIVE SULPHIDE ZONES
THAT DO NOT GIVE EM ANOMALIES

The various electromagnetic systems in use throughout
the world were designed for the detection of zones of massive
mineralization. Most massive sulphide m:ineralization is a good
conductor; these zones give rise to definite EM anomalie's. EM
tbechniques have been applied in many mining areas and a great
man}f orebodies have been located. |

However, in recent years our experience has shown thaf
in some areas there are massive sulphide zones that cannot be de-
tected using EM methods. In some cases this is very difficult to ex~
plain. It may be that, althoﬁgh mas.sive, the sulphide 'péxrti’cles are

separated by insulating material and are not interconnected to form

‘a conductor. In these situations, the induced polarization method

~ has been found to be of great use.

In other cases, while the mineralization may ﬁot be
considered to be '"massive', the percentage of sulphide present is
substantial and would be expected to be sufficient to form a good
conductor. In the ''strata bound" lead—zi;zc deposits common in the

limestone rocks of the mid-continent U.S,A., the Pine Point Region

- of Canada and in Ireland, there is associated pyrite and/or marcasite,

N :
T
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There is always 10% to 15'% metallic mineralization; there is often
as much as 25% to 35%. ' Numerous attempts have been made to detect

these zones using EM methods. ‘None of them have been successful.
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The results shown in Figure 3 are typical for this type of
mineralization. The ore zone shown was locafed by a reconnaissance
IP. survey in the 4Upper Mississippi Valley Zinc-Lead District., The ore
mineralizatiox; is concentrated pyrite-marcasite, with sphalefite. The
" zone is almost 2000 feet long. As sugéested by the IP result.;s (maxi-
mum IP effect measured for n = 1), the source is relatively shallow‘.

When the ore zone had been outlined by driiling, a test EM




éurvey was carried out using the Vértical lL.cop EM method. The re-
.g'.ults are 'plotied in the upper porti’on of Figure 3; the transmitter was
800 feet from the receiver and the frequencies v)e;‘e 1000 cps.and
5000 cps. No significant EM anomaly wyas located.

- In other mining areas, we have found that some ore zones
can be detected using_EM methods, while others cannot, This has
been particularly true in the New Brunswick Area of easfern Canada.

. It was in this area that the EM methods were firét used successfully
in Canada in the mid-fifties. Many sulphide'zones, some of which
were ore, were located.

In recent years, We have found more than a dozen zones of
massive mineralization, using IP, that were not detected by previous
EM surveys. In some of these cases, the new zones of‘minerélizat»ion
are less than 1600 feet from apparen’cly similar maséive mineralization
’located in the period 1954 - 1958 using EM. As is usual in
New Brunswi_ck, there is less than 30 feet of overbﬁrden in each of
 these areas.

The iP results shown in Figﬁre 4 and Figure 5 located
two of ‘the-sek zones; the EM results are shown on the upper pbrtion of
the drawin.gs.- The geologic ‘;situation is the same in both cases. The
mineralization is located at the contac‘t between high re sistivity,
mass.ive -pyroclastic rocks and lower resistivity argillites. The IP
results indicgte 2 shallow (anomalous forn = 1) sdurce in Figure 4

and a source at depth (maximum IP effect for n = 3) in Figure 5.
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In Figure 4, the 5000 cps Vertical Loop EM profiles

show a weak conductor axis at the geologic contact. This feature

. has been traced for several miles across the property. The sulphide

zone causing the IP anomaly is massive and it is 2200 feet long;
thére is no recognizable EM anomaly from the mineralization.
The results shown in Figure 5 are from two vertical
field EM techniques. The sulphide zone is massive,; but there is
no conductor indicated by either the Horizontal Lioop or Turam EM
data. Here the IP results indicate some depth to the top of the

source (perhaps 75 feest) and the zone is 1100 feet in length.
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SULPHIDE ZONES TOO DEEP
TO BE DETECTED BY EM

As a sulphide zone is moved to greater and greater depth,

the magntitude of the EM anomaly measured is reduced in magnitude,

At some depth for the conductor, the anomalous effects cannot be

distinguished from the normal ""background" variations. This is the
maximum depth of detection for the EM method and the particular

conductor concefned. Our experience has shown that because of its
greater discrirhination, the IP method has a greater depth of detec-

tion than EM methods.

In Figure 6, there is a thickness of 180 feet of glacial
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6vérburd¢n over th¢ sulphide zone. The IP data was measured with
an. ¢iectrode interval of 200 feet, so that the depth to the top of the
sdurce is about one unit. To the east and west, the resistivity re,sults'-
show the preseﬁce of the porous, conduétive overburden; the apparenﬁ
resiétivities increase, for the larger vaiues of (n); At the conductor, v -
the apparent resistivities do not increase with depth.
The IP anomaly is large in magnitude and very definite.
Tﬁe depth to the top of the source is indicatgd by the fact that the
.méximum IP effects were measured for n = 4, The aﬁgle drill hole
shown on the geologic section was spotted to test the source of the

definite IP anomaly.
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The hole intersected a zone of massive sulphide minera-

lization within a fault zone. The increase in the basement resistivity

(n = 4) east of the IP anomaly is explained by the change in rock type.

The IP anomaly had a length of almost 2000 feet; after

the first hole was drilled an attempt was made to better evaluate the

source using EM,

The Vertical Looop EM method was e‘rnploye‘d,

using 1000 cps and 5000 cps. Separations of 800 feet and 1200 feet

between the transmitter and receiver were used; there were no inter-

pretable EM anomalies,
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In the example of the 1P anomaly shown in Figure 7, the
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depi:h indicated to the top of the source ié due to 220 feet of overlying‘
overburden ana Paleozoic limestone. The resistivity results show
that there is no difference between the resistivity. of the limestone and -
that of the basefnént greenstones.

As in the previous example,. the IP‘ ahomaly is largé in
magnitude and definite. The drill holes intersécted massivé minera-
lization, with graphite; the zoﬁe is probaBly controlled by'she‘aring.
It is approximately 800 feet long. |

The Turam EM and Horizontal Loop YEM results shown on
Figure 7 were mgasured as part of previous reconnaissance surveys.
The variations shown must be considered to be normal background;
there is no EM anomaly that can be interpreted.

GEOLOGIC ENVIRONMENTS THAT
CAUSE EXTRANEOUS EM ANOMALIES

The post-war successes and widespread use of the EM
methods were in Canada and, to a lesser extent, in Sweden., In these

temperate to arctic areas, there is little or no surface weathering.

- Zones of massive sulphide mineralization may be covered by glacial

overburden, but they will extend to bedrock surface.

The rock types encountered in th_ese area.s, with a few
exceptions, é.re‘poor conductors of electricity. EM anornalies can
be expected from m'assive mineralization, but thefe are almost no
other geologic features that can be expected to be good conductors.
This situatioﬁ is a definite advantage to vthe geophysicist interpreting

EM data.




- 14 -

With the successes of the method in Canada, its use was

expar;ded into other areas. It was soon discovered that in other geo~
logic environments and with other types of weathering, the;:e Wére
frequently other types of conductors that confused the EM re‘s>u1ts.

These extraneous anomalies are due to ionic conductors.
Zones of porobsity within the rocks are filled with ion-charged solu-
tions. These zones of porbsity may be due to oxidation and weather-
ing, hydrothermal alteration, shearing and fracturing, etc. The high
salinity solutions are creafed by the deep-wea;;hefing chemical re-
actions. Our experience has shown that these conditions ‘occur in
all arid and tropicaly areas.

There is one type of ionic conductor that is common even
in termperate climates. Alteration and shearing in basic and ultra- ;
basic rocks frequently créates talc and serpentine minerals, The
platey stru}ctz..tre of these minerals gives rise to many unbonded
charges; very conductive 1ayérs of adsorbed ions form in the shears.

These :zones become excellent conductors that create EM anomalies.

The IP and EM results shown in Figure & are from a

typical area of ultra-basic rocks in northern Manitoba. The 1000

cps Vertical Loop EM results show two conductors, depending upon
the position of the transmitter. The two EM conductors correlate
approximately with the edges of a broad, low resistivity zone within

the ultra-basic rocks.
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ABoth of the EM conductors were tested by drilling before
the IP survey was done. The western conductor is associated with a
massive sulphide zone, at dépth. The eastern conductor is due to a
broaci zone of intense shearing in the ultra-basic rocks.

The IP results show a strong, definite IP anomaly centered
at ‘3+00W. The depth of overburden is indicated by the fact that the
maximum apparent IP effects are measured for n = 3. There are no
anomalous IP effects correlating with the EM conductor at 8+00E. As
is most other ultra-basic areas, the background IP effects are high

due to the presence of metallic magnetite.
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The geologic ev?denée suggests that the zone of low re-
sistivity is due to a broad zoné of weak shearing. The major fault is
located at the eastern edge; the replacement sulphide zone is at the
western edge of the zone of porosity.

The EM responses from the two geologic features are
exactly similar; they both appeared to be important enough to war-
rant drill holes., The IP measurements clearly indicate the location;
and importénce, of the zone of massive sulphi&e mineralization,

Many ionic conductorrs are located in carrying out EM
surveys in arid and semi-arid areas such as Australia. Each shear
zone and fault gives a response. |

Th.e IP results shown in Figure 9 were detailled to
evaluéte a definite anomaly located during a reconnaissance survey in % j
" South Australia. A very strong anomaly is indicated; it is centered,
at depth, at 2W to 1W,. Later drilling confirmed the presence of an

extensive zone of massive mineralization. The zone is several

thousaﬁd feet long. The depth to the top of the source of the IP: ano-
inaly is 1cagseid by the complete weathéring (oxidation) of the minera-~ . o
lization to a depth of approximately 100 feet.
it should be noted, that the lowest resistivity ééne in

the area is indicated to be at 1+00E, at least 250 feet east of the
center of the IP ahomaly. A major fault zone, that can be observed
to the north, is extrapolated to pass through this location. Our ex-
perience elsewhere in this type of environment indicates that most -

fault zones are saturated with saline solutions; they usually give re-
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sistivity lows and cause EM anomalies,

" This is confirmed by the 150 ¢ps and 450 cps EM results
shown in kthe upper portion of Figure 9, 'I‘he. data si:xown was mea-
sureci, as a test, after the drilling was com-pleted.v With the trans-

V mitter in two positions, the low frequency EM results show a conduc-
tor at 14+50E. |
There are several sharp Variations in the EM results to
the west of the fault, These variations are probably due \'to changes
in the salinity, or porosity, of the weati'xyered layer. Some of them
may be due to the massive minera;ization at depih, but theyk can.not.

be distinguished. The EM response from the fault saturated with
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‘ sva.linei _soiutions is greatér than that from the massive sulphide zone.
The sé.me geologic situation encountered in semi-arid
Australia usuallsr occurs in areas of tr-opic weathering such as Cub#.
The deep weathering conditions create zones of porosity and ion-
chérged ground water. The interpretation of EM results from tropi;:

areas is usually confused by anomalies from ionic conductors.

The IP and EM results shown in Figure 10 are from a
test survey carried out over a known zone of massive pyrite in
Pinar del Rio Province, Cuba.

The weathering is very deep in this area. The rock

types are quartzites and slates; this difference in rock type’vresults

COMPARISON OF
' VERTICAL LOOP E.M. RESULTS

E.M. METHODS i ol v
AND ’ |

.. RESULTS -~ .
FROM lo-: ::"‘k —:::Q‘\\“il\ e, 9

L-2E

MONO AREA 10N Lo \\. . T

PINAR DEL RIO PROVINCE, CUBA o / / o \
: Tx AT 6+00S ) Tx AT 0+00 Tx AT 6+00ON
N-3 ———~—ns/ 63 \\77// 57 45
' N2 - V—\\\\sr
LINE- 2E Nt ——— 3 E\eo (NN

(F/2¥)a
ls_8s 65 45 _2s O 2N 4N 6N BN ION 12N
{Mfla

N — i5 o8 05

FREQUENCIES-0-318 5-:0 CPS N2 y/w\\\

@Yot NX —se—X—s N-3 ———— 26 33
r[; : P‘l ‘ : 1 0 O BN

AN .’ "50' | _{«-uossm
~ 7/ DEPTH OF WEATHERING. —y— -
A - ' | MASSIVE SULPHIDE
AN ~ ZONE
SHAFTS .
X EQUALS 200 FEET S

2N

FiG. 10




e T

-19 -

in an extremely uneven depth of weathering. The apparent resistivity

results show that the surface {(n = 1) values are low and variable.

The Vertical Loop EM results (1000 cps and 5006 cps)
show a conductor at each slate band. The deep wéath'ering creates
porous zones that are saturated during the rainy season. These
ionic conductors give EM anémalies that are just as definite as that
from the sulf)hide. zone at depth, |

The IP results show a strong anomaly that correlates
with the pyrite zone. The ionic conductors give. resistivity lows, but
no IP effects. The IP data is much mofe discriminating than the

EM results.

CONCLUSIONS

The electromagnetic mefhod has been very successful in

the exploration for massive sulphide deposits. Most zones of massive
sulphide mineralization are good conductors of electricity; they give

EM anomalies with any technique used.

However, experience in the last few years has shown that
there are some zones of massive sulphide mineralization that do not -
give rise to EM anomalies. Even when these zones are lmpwn, when
the sources are shallow, they do not give recognizable EM anomalies.,
This type of massive mineralization can be detected using induced
polarization measurements,
As with all geophysical methods, EM techniques have a

limited depth of detection. The anomalies have lower magnitude as
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the_sourcé is deeper; at s‘omeAdepth the aﬁomaious effects are too
weak to be distinguished from the background effects. We have
numerous examples of field results that show the appreciably greater
depth of detection of the induced pola-rizatiori method. Zones of
massive sulphide mineraliza.ﬁoh have Been located using IP that
were too deep to-give EM anomalies. |

In some geologic environments, the presence of ionic
conductors that give EM anomalies will badly confuse EM fesults;
Typical examples of ionic conductors are shears in ultra-basic rocks
and in areas of deep weathering (tropic and arid.) In these areas,
thére will be EM anomélie‘s from massive sulphide zones, if the '

depth of oxidation is not too great;v.the interpretational difficulties

arise in the separation of the two types of anomalies.

~The IP effects used in field exploration are due to electro;
chemical phenomena at ionic conduction - electron conduc;tion inter-
faces. There are no IP effects unless metallic minerals are present.
IP surveys in tropic and avrid areas are not confused by the presenée
of ionic conductors; anomalies are obtainea only from metallic con-
ductors.

- In many vareas, the search for massive sulphide minerali-
zation can be effectivelly carried out using EM methods; the cost will
be somewhat less than if IP is used. However, the geophysicist
should always keep in mind that there are sitﬁaﬁons ih which IP is
‘much more effective than EM in exploration fér massive mineraliza-

tion.

g
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