
Lot '2-c... I o'+s~ - 00 I '2.... 



I 
I 
I 
I 
I 
I 
I 

REPORT ON 

COMBINED HELICOPTER-BORNE 

~.GNETIC, ELECTROMAGNETIC, 

AND VLF-E~l SURVEY 

ROBIK RIVER CLAIMS 

ONTARIO 

tor 

IJ. VANe! V';!!ITE 

r-r:RODlt'j 1 NI'fED 

,n.iNi 19 3 

,-
RECEIVED 

.1m.. a •• \ 



I 
I 
I 

lo 

2. 

3. 

4. 

TABLE OF CONTENTS 

INTRODUCTION 

SURVEY AREA/CLAIM NUMBERS AND LOCATIONS 

AIRCRAFT EQUIPMENT 

3.1 Aircraft 

3.2 Equipment 

3.2.1 Electromagnetic System 

3.2.2 VLF-EM 

3.2.3 Magnetometer 

3.2.4 Magnetic Base Station 

3.2.5 Radar Altimeter 

3.2.6 Tracking Camera 

3.2.7 Analog Recorder 

3.2.8 Digital Recorder 

D.~TA PRESENTATION 

4.1 Base Map and Flight Path Recovery 

4.2 Electromagnetic Profile Maps 

4.3 Magnetic contour Maps 

4.4 VLF-EM Contour Maps 

4.5 Electromagnetic Survey Conductor 
Symbolization 

4.6 Interpretation Maps 

APPENDIX I General Interpretive 
Considerations 

Page No. 

1 - 1 

2 - 1 

3 - 1 

3 - 1 

3 - 1 

3 - 1 

3 - 1 

3 - 2 

3 - 2 

3 - 2 

3 - 3 

3 - .., 
J 

3 - 4 

4 - 1 

4 - 1 

4 - 2 

4 - 4 

4 - 5 

4 - 6 

4 - 8 



I 
I 
I 
I 
I 
I 

Map 1 

Map 2 

Map 3 

Map 4 

LIST OF MAPS 

(Scale: 1/15,840) 

Interpreted Conductive Units 

Airborne Electromagnetic Survey Profile l-1C1.p 
(955 Hz. coaxial) 

Total Field Magnetic nap 

VLF-EM Total Field Contours 

Data provided but not included in report: 

1 - master map (2 colour) of coaxial and 
coplanar profiles with flight path 

2 - anomaly list providing estimates of 
depth and conductivity thickness 

3 - analogue records of data obtained in 
flight 



1 - 1 

1. INTRODUCTION 

This report describes an airborne geophysical survey 

carried out on behalf of H. Vance White by Aerodat 

Limited. Equipment operated included a 3 frequency 

electromagnetic system, a VLF-EM system, and a 

magnetometer. 

The survey was flown on March 2 to 5, 1983 from an 

operations base at Wawa Ontario. A total of 503.25 line 

miles were flown, at a nominal line spacing of 660 feet. 

Of the total flown, this report describes 25.5 line miles. 
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2. SUHVEY AREA/CLAIM NUMBERS AND LOCATIONS 

The mining claim numbers and locations covered by this 

survey are indicated on the map in the following pocket. 
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3. AIRCRAFT EQUIPMENT 

Aircraft 

The helicopter used for the survey was an Aerospatial 

Astar 3500 owned and operated by North Star Helicopters. 

Installation of the geophysical and ancillary equipment 

was carried out by Aerodat. The survey aircraft was 

flown at a nominal altitude at 60 meters. 

Equipment 

3.2.1 Electromagnetic System 

The electromagnetic system was an Aerodat/ 

Geonics 3 frequency system. Two vertical 

coaxial coil pairs were operated at 955 and 

4130 Hz and a horizontal coplanar coil pair 

at 4500 Hz. The transmitter-receiver separa

tion was 7 meters. In-phase and quadrature 

signals were measured simultaneously for the 

3 frequencies witb a time-constant of 0.1 

seconds. The electromagnetic bird was towed 

30 meters below the helicopter. 

VLF-EM System 

The ~_ $~S1refn waS a Herz 2A. 'l'ha.s a.fistru-
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3.2.4 
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quadrature component of two selected frequencies. 

The sensor was towed in a bird 15 meters below 

the helicopter. 

The sensor aligned with the flight d~rection 

is designated as "LINE", and the sensor 

perpendicu',ar to the line direction as "ORTHO". 

The "LINER station used was NAA, Cutler Maine, 

17.8 KHz or NLK, Jim Creek Washington, 24.8 KHZ. 

The "ORTHO· station was NSS, Annapolis Maryland, 

21.4 KHz. The NSS transmitter was operating on 

a very limited schedule and was not available 

during a large part of the survey. 

Magnetometer 

The magnetometer was a Geometrics G-803 proton 

precession type. The sensitivity of the 

instrument was 1 gamma at a 1.0 second sample 

rate. The sensor was towed in a bird 15 meters 

below the heliccpter. 

Magnetic Base Station 

An IFG proton precession type magnetometer was 

operated at the base of operations to record 

diurnal variations of the earths magnetic 

field. Th~ cloek of the base statiOh was 



3.2.5 

3.2.6 

3.2.7 

3 - 3 

to facilitate later correlation. 

Radar Altimeter 

A Hoffman HRA-lOO radar altimeter was used to 

record terrain clearance. The ou.tput from the 

instrlli~ent is a linear function of altitude 

for maximum accuracy. 

Tracking Camera 

A Geocam tracking camera was used to record 

flight path on 35 rom film. The camera was 

operated in strip mode and the fiducial nurr~ers 

for cross reference to the analog and digital 

data were imprinted on the margin of the film. 

Analog Recorder 

A RMS dot-matrix recorder was used to display 

the data during the survey. A sample record 

with channel identification and scales is 

presented on the following page. 
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Digital Recorder 

A Perle DAC/NAV data system recorded the survey 

data on cassette magnetic tape. Information 

recorded was as follows: 

Equipment Interval 

EM 0.1 second 

\1'LF-EM 0.5 second 

magnetometer 0.5 second 

altimeter 1.0 second 

fiducial (time) 1.0 second 

fiducial (manual) 0.2 second 
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4. DATA PRESENTATION 

4.1 Base Map and Flight Path Recovery 

'rhe base map photomosaic at a scale of 1/15,840 was 

constructed from available aerial photography. The 

flight path was plotted manually on this bas~ and 

digitized for use in the computer compilation of the 

maps. The flight path is presented with fiducials 

for cross reference to both the analog and digital 

data. 
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4.2 Electromagnetic Profile Maps 

The electromagnetic data was recorded digitally at 

a high sample rate of lO/second with a small time 

constant of 0.1 second. A two stage digital filtering 

process was carried out to reject major sferic events, 

and reduce sysb:!m noise. 

Local atmospheric activity can produce sharp, large 

amplitude events; that cannot be removed by conventional 

filtering procedu!"es. Smoothing or stacking will reduce 

their amplitude but leave a broader residual response 

that can be confused with a geological phenomenon. To 

avoid this possibility, a computer algorithm searches 

out and rejects the major "sferic" events. 

The signal to noise 'Has further enhanced by the 

application of a low pass filter. The filter was 

applied digitally. It has zero phase shift which 

prevents any lag or peak displacement from occurring 

and it suppresses only variation with a wavelength 

less than about 0.25 seconds. This low effective time 

constant pe~~ts maximum profile shape resolution. 

Following the filcering processes, a base level 

correction was made. The correction applied is a linear

function of time that ensures that the cQrrected 
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is zero when no conductive or permeable souxce is 

present. This filtered and levelled data \laS then 

presented in profile maf form. 

The in-phase and quadrature responses of the coaxial 

955 Hz configuration are plotted with the flight 

path and presented on tile photomosaic base. 

The in-p:-.asc a?ld quadrature responses of the coaxial 

4500 Hz and the coplanar 4130 Hz configuration are 

plotted with flight path and are available as a ,two 

colour overlay. 
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4.3 Magnetic Cont.our Maps 

The aeromagn'etic data was corrected for diurnal 

variations by subtraction of the digitally recorded 

base station rnagnet.ic profile. No correction for 

regional variation is applied. 

The correc·ted profile data was interpolated onto a 

regular grid at a 2.5 nun interval using a cubic 

spline technique. The grid provided the basis for 

threading the presented contours at a 10 gamma 

interval" 
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4.4 VLF-EM Contour and Profile Maps 

The VLF-EM "LINE" signal, was compiled in map form. 

The mean response level of the totQ] field signal 

was removed and the data was gridded and contoured 

at an interval of 2%. When the "ORTHO" signal was 

available it was compiled in a similar fashion. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4.5 

4 - 6 

Electromagnetic Conductor Symbolization 

The electromagnetic profile maps were used to 

identify those anomalies with characteristics 

typical of bedrock conductors. The in-phase 

rind quadrature respor~se amplitudes at 4130 Hz 

were digitally applied to a phasor diagram for 

the vertical half-plane model and estimates of 

conductance (conductivity thickness) were made. 

The conductance levels were divided into categories 

as indicated in the map legend; the higher the number, 

the higher the estimated conductivity thickness 

product. 

As discussed in Appendix I the conductance should be 

used as a relative rather than absolute guide to 

conductor quality. A conductance value of less than 

2 mhos is typical for co~,juctive overburden material 

and electrolytic conductors in faults and shears. 

Values greater than 4 mhos generally indicate some 

electronic conduction by certain metallic sulphides 

and/or graphite. Gold, although highly cnnductive, 

is not expected to occur in sufficient concentration 

to directly produce an electromagnetic anomaly: 

however, accessory mineralization such as pyrite or 
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graphite can produce a measurable response. 

with t.he aid of the profile maps, responses of similar 

characteristics may be followed from line to line and 

conductor axes identified. 

The distinction between conductive bedrock and over

burden anomalies is not always clear and some of 

the s~rbolized anomalies may not be of bedrock origin. 

It is a2..so possible that a response may have been 

mistakenly attributed to overburden and therefore not 

included in the symbolization process. For this reason, 

as geolog~cal and other geophysical information becomes 

available, reassessment of the significance of the 

various conductors is recommended. 
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4.6 INTERPRETATION MAPS 

The conductive trends are shown and discriminated 

for descriptive purposes. 

These conductors are described below: 

1 

2 

3, 4 

5 

Weak conductivity on south flank of 

magnetic feature 

~'1eak conductor on isolated magnetic high 

Weak conductors at crest of magnetic trends 

Weak ~onductor, may be oVerburden 

Respectfully submitted, 

June 29, 1983. Fenton Scott, P. Eng. 
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APPENDIX I 

GENERAL INTERPRETI\~ CONSIDERATIONS 

Electromagnetic 

fhe Aerodat 3 frequency system utilizes 2 different 

transmi tter~ecei ver coil geometries. The traditional 

coaxial coil configuration is operated at 2 widely 

separated frequencies and the horizontal coplanar coil 

pair is operated at a frequency approximately aligned 

with one of the coaxial frequencies. 

The electromagnetic response meaSC:L~(i .! '''-'' the helicopter 

system is a function of the "electrical" and "geometric,"l" 

properties of the conductor. The "electrical" property 

of a conductor is determined largely by its conductivity 

and its size and shape; the "geometrical" property of the 

response is largely a function of the conductors shape and 

orientation with respect to the measuring transmitter and 

receiver. 

Electrical Considerations 

For a given conductive body the measure of its conductivity 

or conductance is closely related to the measured phase 

shift between the received and transmitted electromaqnetie 

field. A small phase shift indicates a relativaly hi9h 

~onduetane., a 1.1u!'ge phalle shift lower conductance. A 



I 
I 
I 
I 

- 2 - APPENDIX I 

ratio and a large phase shift a low ratio. This relation

ship is shown quantitatively for a vertical half-p!.ane 

Jdel on the accompanying phasor diagram. Other physical 

models will show the same trend but different quantitative 

relationships. 

The phasor diagram for the vertical half-plane model, as 

presented, is for the coaxial coil configuration with the 

amplitudes in ppm as measured at the response peak over 

the conductor. To assist the interpretation of the survey 

results the computer is used to identify the apparent 

conductance and depth at selected anomalies. The results 

of this calculation are presented in table form in Appendix I 

and the conductance and in-phase amplitude are presented 

in symbolized form on the map presentation. 

The conductance and depth values as presented are correct 

only as far as the model approximates the real geological 

situation. The actual geological source may be of limited 

length, have significant dip, its condr~ctivity and thickness 

may vary with depth and/or strike and adjacent bodies and 

overburden may have modified the response. In general the 

conductance estimate is less affected by these limitations 

than the depth estimate but both should be considered a 

relative rather than absolute guide to the ~lomalies 

properties. 
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APPENDIX I 

Conductance in mhos is the reciprocal of resistance in 

ohms and in the case of narrow slab like bedies is the 

product of electrical conductivity and thickness. 

Most overburden will have an indicated conductance of less 

than 2 mhos~ however, more conductive clays may have an 

apparent conductance of say 2 to 4 mhos. Also in the low 

conductance range will be electrolytic conductors in faults 

and shears. 

The higher ranges of conductance, greater than 4 mhos, 

indicate that a significant fraction of the electrical 

conduction is electronic rather than electrolytic in nature. 

Materials that conduct electronically are limited to certain 

metallic sulphides and to graphite. High conductance 

anomalies, roughly 10 mhos or greater are generally limited 

to sulphide or graphite bearing rocks. 

Sulphide minerals with the exception of sphalerite, cinnabar 

and stibnite are good conductors; however, they may occur 

in a disseminated manner that inhibits electrical conduction 

tilrough the rock mass. In this case the apparent conductance 

can seriously under rate the quality of the conductor in 

geological terms. In a similar sense the relatively non

conducting sulphide minerals noted above may be present in 

significant concentration in association with minor conductive 
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sulphides, ~nd the electromagnetic response only rela~e 

to the minor associate mineralization. Indicated conductance 

is also of little direct significance for the identification 

of gold mineralization. Although gold is highly conductive 

it would not be expected to exist in sufficient quantity 

to create a recognizable anomaly but minor accessory sulphide 

mineralization could provide a usefu.l indirect indication. 

In summary the estimated conductance of a conductor can 

provide a relatively positive identification of significant 

sulphid'-:! or graphite mine:t"alization; however, a moderate 

to 1m., conductance vahle does not rule out the possibility 

of significant economic mineralization. 

Geometrical Considerations 

Geometrical information about the geologic conductor can 

often be interpreted from the profile shape of the anomaly. 

The change in shape is primarily rel<..ted to the change in 

inductive coupling among the transmitter, the target, and 

the receiver. 

In the case of a thin, steeply dipping, sheet-like conductor, 

the coaxial coil pair will yield a near symmetric peak over 

the conductor. On the other hand the coplanar coil pair will 

pass through a null couple relationship and yield a minimum 

over the conductor, flanked by positive side lobes. As the 

dip or the conductor decreaiih:~s from vert.ical, tne coaxial 
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anomaly shape changes only slightly, but in the case of 

the coplanar coil pair the side lobe on the down dip side 

strengthens relative to that on the up dip side. 

As the thickness of the conductor increases, induced 

current flow across the thicknes,s of the conductor becomes 

relatively significant and complete null coupling with the 

coplanar coils is no longer possible. As a result, the 

apparent minimum of the coplanar response over the conductor 

dire.ir:ishes \·:ith increasing thickness, and in the limiting 

case of a fully 3 dimensional body or a horizontal layer 

or half-space, the minimum disappears completely. 

A horizontal conducting layer such as overburden will produce 

a response in the coaxial and coplanar coils that is a 

function of altitude (and conductivity if not uniform). The 

profile shape will be similar in both coil configurations 

* with an amplitude ratio (coplanar/coaxial) of about 4/1. 

In the case of a spherical conductor, the induced currents 

are confined to the volume of the sphere, but not relatively 

restricted to any arbitrary plane as in the case of a sheet-

like form. The response of the coplanar coil pair directly 

'* ove~ the sphere may be up to 8 times greater than that of 

the coaxial coil pair. 
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In summary a steeply dipping, sheet-like conductor will 

display a decrease in the coplanar response coincident 

with the peak of the coaxial response. The relative 

strength of this coplanar null is related inversely to 

the thickness of the conductor: a pronounced null indicates 

a relatively thin conductor. The dip of such a conductor 

can be 1nfered from the relative amplitudes of the side-lobes. 

~~!!lv@ Conallfi~or~ WDa~ .~V~~ be ~ffroX1mat~d hr ~ ~aftdua~nq 
sphere will ai~play a simple single peak profile form on both 

coaxial and coplanar coils, with a ratio between the coplanar 

to coaxial response amplitudes as high as a.* 

OVerburden anomalies often produce broad poorly defined 

anomaly profiles. In most cases the response of the coplanar 

coils closely follow that of the coaxial coils with a 

relative amplitude ratio of 4.* 

Occasionally if the edge of an overburden zone is sharply 

defined with some significant depth extent, an edge effect 

will occur in the coaxial coils. In the case of a horizontal 

conductive ring or ribbon, the coaxial response will consist 

of two peaks, one over each edge: whereas the coplanar coil 

will yield a single peak. 
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* It should be noted at this point that Aerodat's definition 

of the measured ppm unit is related to the primary field 

sensed in the receiving coil without normalization to the 

maximum coupled (coaxial configuration). If such normal

ization were applied to the Aerodat units, the amplitude 

of the coplanar coil pair would be halved. 
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Hagnetics 

The Total Field Magnetic Map shows contours of the 

total magnetic field, uncorrected for regional varia

tion. Whether an EM anomaly with a magnetic correla-

tion is more likely to be caused by a sulphide deposit 

than one without depends on the type of mineraLi.zntion. 

An apparent coincidence between an EM and a magnetic 

anomaly may be caused by a conductor which is also 

magnetic, or by a conductor which lies in close proximity 

to a magnetic body. The majority of conductors which are 

also magnetic are sulphides containing pyrrhotite and/or 

magnetite. Conductive and magnetic bodies in close 

association can be, and often are, graphite and magnetite. 

It is often very difficult to distinguish between these 

cases. If the conductor is also magnetic, it will usually 

produce an EM anomaly whose general pattern resembles 

that of the magnetics. Depending on the magnetic perme

ability of the conducting body, the amplitude of the 

inphase EM anomaly will be weakened, and if the conduc

tivity is also weak, the inphase EM anomaly may even be 

reversed in sign. 
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VLF Electromagnetics 

'rhe VLF-EM method employs the radiation from powerful 

military radio transmitters as the primary signals. 

The magnetic field associated with the primary field 

is elliptically pola=ized in the vicinity of electrical 

conductors. 'l'he He~<. Totem uses three coils in the x. 

Y. Z. configura.tion to measure the total field and 

vertical quadrature component of the polarization 

ellipse. 

Th.e relatively high frequency of VLF' 15-25 KHz provides 

high response factors for bodies of low conductance. 

Relatively "disconnected" sulphide ores have been found 

to produce measurable VLF siqnals. For the same reason, 

poor conductors such as sheared contacts, breccia zones, 

narrow faults, al terati~.n zones and porous flow tops normally 

produce VLF anomalies. The method can therefore be used 

effectively for geological mapping. The only relative dis

advantage of the method lies in its sensitivity to conductive 

overburden. In conductive ground the depth of exploration 

is severely lirr~ted. 

The effect of strike direction is important in the sense 

of the relation of the conductor axis relati"e to the 

energizing electromagnetic field. A conductor aligned 

alQng 3. radius drawn fl;'om i!l transmitting sutiQt\ will be 
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in a maximum coupled orientation and thereby produce a 

stronger response than a similar conductor at a different 

strike angle. Theoretically it would be possible for a 

conductor, oriented tangentially to the transmitter to 

produce no signal. The most obvious effect of the strike 

angle cOllsideration is that conductors favourably oriented 

with respect to the transmitter location and also near 

perpendicular to the flight direction are most clearly 

rendered and usually dominate the map presentatinn. 

The total field response is an indicator of the existence 

and position of a conductivity anomaly. The response will 

be a maximum over the conductor, without any special filtering, 

and strongly favour the upper edge of the conductor even in 

the case of a relatively shallow dip. 

The vertical quadrature component over steeply dipping sheet 

like conductor will be a cross-over type response with the 

cross-over closely associated with the upper edge of the 

conductor. 

The response is a cross-over type due to the fact that it 

is the vertical rather than total field quadr::.ure component 

that is measured. The response shape is due largely to 

geometrical rather than conductivity consioerations and 

the distance between the maximum and minimum on e.ither aide 

Qf the oross-ovel." ia relat.ed to target depth. For ;ag.iven 
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depth. 

The amplitude of the quadrature response, as opposed 

to shape is function of target conductance and depth 

as well as the conductivity of the overburden and host 

rock. As the primary field travels down to the conductor 

through conductive material it is both attenuated and 

phase shifted in a negative sense. The secondary field 

produced by this altered field at the target also has an 

a~sociated phase shift. This phase shift i3 positive and 

is larger for relatively poor conductors. This secondary 

field is attenuated and phase shifted in a negative sense 

during return travel to the surface. The net effect of 

these 3 phase shifts determine the phase of the secondary 

field sensed at the receiver. 

A relatively poor conductor in resistive ground will yield 

a net positive phase shift. A relatively good .::onductor 

in more conductive ground will yield a net negative phase 

shift. A combination is possible whereby the net phase 

shift is zero and rne response is purely in-phase with no 

quadrature component. 

;", net positive phase shift combinl~d with the geometrical 

cross-over shape will l~ad Lu a positive quadrature response 

on the side of approach and a negative on the side of 

'Ut'4lfture. A net negative phase shift would pr-oCluce t.."le 
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change in instrument orientation as occurs on reciprocal 

line headings. During digital processing of the quad

rature data for map presentation this is corrected for 

by normalizing the sign to one of the flight line he,dings. 
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1983 07 27 

Mrs. M.V. St. Jules 
11ininQ Recorder 
875 Queen Street last 
P.O. Box 669 
Sault Ste. Marie. ,J«tario 
PM 5ti2 

Dear ~iadam: 

'> r:: 7 :\'7 
~ . .,,~\,.. 

we have received reports and maps for an Airborne Geol'h.l{sical 
(£lectromagnetic and "'aagnetometer) Survey submitted on Hfn1ng 
Claims SSM 661276 et al in the Township of H6iner. 

This material will be examined and assessed and a statement 
of ~ssessment work credits will be issued. 

Yours very truly. 

E. F. Anderson 
Director 
land Management Branch 

Whitney Block. Room 6450 
Queen's Park 
Toronto. Ontario 
M7A ~~.j 
Phone: (416)965-1380 

A. BaI'T:mc 

cc: Mr. H. Vance White 
122 Roxborough Street West 
Toronto, Ontario 
M5R lVl 

cc: Mr. Fenton Scott 
11 Malabar Place 
Don Mills. Ontario 
tOB 1M 
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