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SUMMARY

A DIGHEM survey of 51 line-miles was flown

for Here Fault Copper Limited during September, 1973,

in Melba Township, Ontario. Four EM anomalies were

T obtained, all of which are of the first (or lowest)

grade. They are likely to be surface effects, as

indicated by the interpretation on the EM map,



INTRODUCTION

A DIGHEM survey of 51 line-miles was flown for 

Here Fault Copper Limited on September 13th T 1973, in 

Melba Township, Ontario (Figure 1). This includes 6 

line-miles of flight-line extensions which were flown at 

no charge. The analog equipment recorded six channels 

of EM data at 918 hz, and one of magnetics and radar- 

altitude. Two of the EM channels provided deep exploration 

through the exceptionally low noise level of 2 ppm. The 

other four channels yielded a resolution of approximately 

100 feet on the ground because of the fast response time. 

The digital equipment recorded the magnetic field to an 

accuracy of one gamma.

The Appendix provides details on the analog data 

channels, their respective noise levels, and the data 

reduction procedure. The quoted noise levels, including 

the 2 ppm level of the deep exploration channels, are 

generally valid for wind speeds up to 20 mph. Higher 

winds may cause the system to be grounded because 

excessive bird swinging produces control difficulties in 

piloting the helicopter. The swinging results from the 

50 square feet of area which is presented by the bird 

to broadside gusts. The DIGHEM system nevertheless can 

be flown under wind conditions that seriously degrade 

other AEM systems.
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The survey was flown at a line spacing of JL^IO 

mile, using the Fairchild-Hiller FH-1100 let helicopter 

CF-DAL, with an average EM bird height of |LQ—fceet and 

airspeed of 65 mph* Ancillary equipment consisted of a 

Barringer Research Limited AM-104 magnetometer with its

irg at an average height of 170 feet, a Bonzer radar- 

altimeter, Soar MK VII secmenca—cana^ea. 60 hz monitor, 

MFE 8-channel hot pen analog recorder, and a Geometrics 

G-704 digital data acquisition system with a Facit 4070 

punch paper tape recorder.

DATA PRESENTATION 

Electromagnetics

The EM anomalies were interpreted by computer 

according to the conductivity-thickness product in mhos 

of an oblique-striking vertical dike model. DIGHEM anomalies 

are divided into six grades of conductivity-thickness product, 

as shown in Table I. This product in mhos is the reciprocal 

of resistance in ohms. The mho is a measure of conductance, 

and is a geological parameter. Most swamps yield grade l 

anomalies but highly conducting clays can give grade 2 

anomalies. The three-dimensional anomaly shapes often allow 

surface conductors to be recognized, and these are indicated 

by the letter S on the map. The remaining grade l and 2 

anomalies could be weak bedrock conductors. The higher 

grades indicate increasingly higher .conductances. Examples: 

the ore bodies of the Magusi River camp (Noranda, Quebec)
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yield grade 4 anomalies, while Mattabi (Sturgeon Lake, 

Ontario) and Whistle (Sudbury, Ontario) give grade 5. 

Graphite and sulphides can span all grades but, in any 

particular survey area, field work may show that the 

different grades indicate different types of conductors,

TABLE I. EM Anomaly Grades

Anomaly Grade

6
5
4
3
2
1

Mho

^
50
20
10
5
^

Range

100
f 9 9
- 49
- 19

9
4

Strong conductors (i.e., grades 5 and 6) are 

characteristic of massive sulphides or graphite. Moderate 

conductors (grades 3 and 4) typically reflect sulphides 

of a less massive character or graphite/ while weak 

bedrock conductors (grades l and 2) can signify poorly 

connected graphite or heavily disseminated sulphides. 

Grade l conductors may not respond to ground EM equipment 

using frequencies less than 2000 hz.

The presence of sphalerite or gangue can result 

in ore deposits having weak to moderate conductivity- 

thickness products. As an e.xample, the three million 

ton lead-zinc deposit of Restigouche Mining Corporation
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near Bathurst, New Brunswick, yielded a well-defined grade 

l conductor. The 10 percent by volume of sphalerite occurs 

as a coating around the fine-grained massive pyrite, 

thereby inhibiting electrical conduction.

The mho value is a geological parameter because 

it is a characteristic of the conductor alone. It generally 

is independent of frequency, and of flying height or depth 

of burial apart from the averaging over a greater portion 

of the conductor as height increases. Small anomalies 

from deeply buried strong conductors are not confused with 

small anomalies from shallow weak conductors because the 

former will have larger mho values.

On the DIGHEM map, the actual mho value and a letter 

are plotted beside the EM grade symbol. The letter is the 

anomaly identifier. The horizontal rows of dots, beside each 

anomaly symbol, indicate anomaly amplitude on the flight 

record. The vertical column of dots"gives the estimated 

depth. In areas where anomalies are crowded, the identifiers, 

dots and mho values may be obliterated. The EM grade symbols, 

however, will always be discernible, and the obliterated 

information can be obtained from the anomaly listing 

appended to this report.

The purpose of indicating the anomaly amplitude 

by dots is to provide an estimate of the reliability of 

the conductivity-thickness calculation. Thus, a conductivity-
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thickness value obtained from a large ppm anomaly (3 or

4 dots) will be accurate whereas one obtained from a 

small ppm anomaly (no dots) could be inaccurate.

The absence of amplitude dots indicates that 

the anomaly from the standard (maximum-coupled) coil is

5 ppm or less on both the inphase and quadrature channels. 

Such small anomalies could reflect a weak conductor at 

the surface, or a stronger conductor at depth. The mho 

value and depth estimate will illustrate which of these 

possibilities best fits the recorded data. The depth 

estimate, however, can be erroneous. The anomaly from 

a near-surface conductor, which exists only to one side 

of a flight line, will yield a large depth estimate 

because the computer assumes that the conductor occurs 

directly beneath the flight line.

Flight line deviations occasionally yield cases 

where two anomalies, having similar mho values but 

dramatically different depth estimates, occur close 

together on the same conductor. Such examples confirm 

that the mho value measurement of conductance is quite 

reliable whereas the depth estimate can be unreliable. 

There are a number of factors which can produce an error 

in the depth estimate, including the averaging of topo-
4

graphic variations by the altimeter, conductive overburden 

responses, and the location and attitude of the conductor 

relative to the flight line. Conductor location and
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attitude can provide an erroneous depth estimate because 

the stronger part of the conductor may be deeper or to 

one side of the flight line, or because it has a shallow 

dip.

A further interpretation is presented on the EM 

map by means of the line-to-line correlation of anomalies. 

This provides conductor axes which may outline the 

geological structure over portions of the survey area.

The majority of massive sulphide ore deposits 

have strike lengths of a few hundred to a few thousand 

feet. Consequently, it is important to recognize short 

conductors which may exist in close proximity to long 

conductive bands. The high resolution of the DIGHEM 

system, and the line-to-line correlation given on the data 

maps, are especially important for a proper strike 

length evaluation.

DIGHEM maps are designed to provide a correct 

impression of conductor quality by means of the conductance 

grade symbols. The symbols can stand alone with geology 

when planning a followup program. The actual mho values 

are plotted for those who wish quatitative data. The 

anomaly ppm and depth are indicated by inconspicuous dots 

which should not distract from the conductor patterns, 

while being helpful to those who wish this information. 

The map provides an interpretation of conductors in
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terras of length, strike direction, conductance and depth. 

The accuracy is comparable to an interpretation from a 

ground EM survey having the same line spacing.

The attached data sheets provide a tabulation 

of all anomalies in ppm, mhos, and estimated depth. The 

anomalies are listed from top to bottom of the map for 

each line.

Magnetics

Magnetic correlation is indicated directly on 

the EM anomaly photomosaic. An EM anomaly with magnetic 

correlation has a greater likelihood of being produced by 

sulphides than one that is non-magnetic. However, sulphide 

ore bodies may be non-magnetic (e.g., Kidd Creek near 

Timmins, Ontario) as well as magnetic (e.g.; Mattabi).

The presence of a magnetic coincidence with an 

EM anomaly can result because the conductor is magnetic 

or because a magnetic body occurs in juxtaposition with 

the conductor. The majority of magnetic conductors 

represent sulphides containing pyrrhotite or magnetite. 

However, graphite and magnetite in close association can 

provide coinciding EM-magnetic anomalies. The truly 

magnetic conductors yield an EM anomaly pattern which 

usually is similar to the filtered magnetic pattern. The 

filtering, described below, provides data maps which are 

therefore useful in the evaluation of EM anomalies.
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The magnetometer data was digitally recorded 

in the aircraft to an accuracy of one gamma. The digital 

tape was processed by computer to yield a total field map 

contoured at 25 gamma intervals. The magnetic data also 

was bandpass filtered in accordance with the frequency 

spectrum of Figure 2, to provide a filtered magnetic map 

contoured at 10 gamma intervals. The digital filter 

produces a map which is somewhat similar to a first 

vertical derivative map. The filtered data enhances 

correlation with EM because it is free of regional gradients, 

It also simplifies the recognition of trends in the rock 

strata and the interpretation of geological structure.

COMMENTS

The DIGHEM map provides an interpretation of 

conductors, as to their length, strike direction, depth, 

and conductance quality or conductivity-thickness product 

in mhos. There remains only to correlate these conductors 

with the known geology to provide the next step in the 

exploration program.

When studying the EM map for followup planning, 

consult the anomaly listings appended to this report to 

ensure that none of the conductors are overlooked. 

Conversely/ the original map may be printed with topo 

graphy burned out/ leaving only the anomalies which then 

will be Clearly visible.
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The survey area i s characterized by conductive 

overburden which produced strong quadrature (out-of-phase) 

responses with negligible inphase. Occasionally, rocks 

containing magnetite yielded negative inphase responses 

with zero quadrature, and this illustrated that penetration 

to bedrock was achieved.

There were no definite bedrock conductors. 

Four conductive anomalies were obtained, as shown in 

Table II, all of which are of the first (or lowest) 

grade. They are likely to be surface effects, as 

indicated by the interpretation on the EM map. However, 

there is a possibility that anomaly 8A-9A may be a 

bedrock response.

TABLE II. Distribution of EM Anomalies

Anomaly
Grade

6
5
4
3
2
1

Total

Number of
Anomalies

0
0
0
0
0
4

4
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APPENDIX

THE FLIGHT RECORD AND PATH RECOVERY

The flight record is a roll of chart paper which 

moves through the recorder console at a speed of 1.5 mm/sec. 

This provides a ground scale on the flight record in 

feet/nun which is approximately equal to the helicopter 

flight speed in mph. Thus/ for example, the ground scale 

of the flight record is approximately 65 feet/mm when the 

helicopter flies at 65 mph.

The flight record consists of eight channels of 

information as follows, from top to bottom:

Channel

1 whaletail null coil quadrature
2 fishtail null coil quadrature
3 maximum-coupled coil inphase -
4 maximum-coupled coil inphase
5 maximum-coupled coil quadrature
6 maximum-coupled coil quadrature
7 radaraltitude
8 magnetometer: 10 gamma/step

Time
Constant

1
1
1
6
1
6
1
1

sec
sec
sec
sec
sec
sec
sec
sec

Scale
units/mm

5
5
5
2
5
2

10
25

ppm
ppm
ppm
ppm
ppm
ppm
feet
gamma

Noise

5
5
5
2
5
2

ppm
ppm
ppm
ppm
ppm
ppm

In addition, three fiducial markers are 'used between 

the channels, as follows:



I
66 i,:'

Fiducial

60-hz marker 

camera fiducials

navigator fiducials

Occurrence

occurs only over power lines

occurs regularly at 3 mm 
intervals on every line

occurs discontinously on 
every line

The 60-hz fiducial identifies anomalies generated 

by power lines, allowing them to be deleted from the EM 

map.

The navigator fiducial marks represent points on 

the ground which were recognized by the aircraft navigator. 

These are the initial base points for flight path recovery, 

The beginning of a flight line is flagged by a pair of 

navigator fiducials. These are followed by a series of 

unevenly-spaced fiducials moving right-wards along the 

record, which is in the direction of flight. The end of 

the line is flagged by a string of four navigator fiducial 

marks.

The camera fiducial marks indicate each point 

where a photograph was taken. These photographs are used 

to provide accurate photo-path recovery locations for 

the navigator fiducials, which are then plotted on the 

geophysical maps to provide the track of the aircraft.
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The navigator fiducial locations on both the 

flight records and flight path maps are examined by a 

computer for unusual helicopter speed changes. Such 

changes often denote an error in flight path recovery. 

The resulting flight path locations therefore reflect 

a more stringent checking than is provided -by standard 

flight path recovery techniques.
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MAXIMUM-COUPLED 
COIL

LINE AND INPHASE OUAD 
ANOMALY PPM PPM

NULL-COUPLED COILS 
FISHTAIL KMALETAIL

CONDUCTIVITY CONDUCTOR 
THICKNESS DEPTH

QUAD 
PPM

QUAD 
PPM MHOS FEET

7A 
78

l
3

5
15

O 
O

7
9

79 
O

8A 56

9A 65

ESTIMATED DEPTH MAY BE UNRELIABLE BFCAUSE THE STRONGER PART 
OF THE CONDUCTOR MAY 9E DEEPER OR TO ONE SIDE OF THE FLIGHT

Alter ne A C HAI ntp n o
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TO BE ATTACHED AS AN APPENDIX TO TECHNICAL REPORT

FACTS SHOWN HERE NEED NOT BE REPEATED IN REPORT 
TECHNICAL REPORT MUST CONTAIN INTERPRETATION, CONCLUSIONS ETC.
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Show instrument technical data in each space for 
type of survey submitted or indicate "not applicable"

GEOPHYSICAL TECHNICAL DATA

GROUND SURVEYS

Number of Stations-——-——--.-—-—.-———..——^————————Number of Readings.
Station interval.______________________————————————————————— 
Line spacing————————————————————————————————————————————— 
Profile scale or Contour intervals.-—^———.——^--————.————————————————

(specify for each type of survey)

MAGNETIC

Instrument-—-—^———————--—-—-————-—-———-————-—-—
Accuracy - Scale constant — 
Diurnal correction method. 
Base station location———.

ELECTROM AGN ET1C 

Instrument-———.———.
Coil configuration. 
Coil separation -—. 
Accuracy————
Method: CH Fixed transmitter til Shoot back CD In line CD Parallel line
Frequency^^^^^^^^^^^^^^^^^^^.^^^^^^^^^^^^^^^^..^^.^^^^^^^^^^^^.^^^^^^^^^^—^^—..^^^——^^,^.

(specify V.L.F. station)

Parameters measured ———————————————————————————————————————————————————————— 
GRAVITY

Instrument.
Scale constant.

Corrections made.

Base station value and location.

Elevation accuracy-———————-——.———.^
INDUCED POLARIZATION - RESISTIVITY

Instrument________'—————————————.
Time domain___________________________ Frequency domain. 
Frequency_______________________________ Range———————— 
Power.,______________________————————————————————
Electrode array^—. 
Electrode spacing. 
Type of electrode.



SELF POTENTIAL

Instrument——————————————————————————————————————— Range.
Survey Method .—^^^——-—————-———--—————^—-——-—-—————————.——

Corrections made.

RADIOMETRIC 

Instrument ———
Values measured.
Energy windows (levels) ——^-————~——————..^^———————^————-^-^—^^— 
Height of instrument——^-——^————————^————.————Background Count.
Size of detector..——^—————-^^——-——————-——^—,^^—————-—.—-——
Overburden ——..————.——-..-———.^—..^—.—..—.-——.—-^-.——.—...^...—^——.

(type, depth — include outcrop map)

OTHERS (SEISMIC, DRILL WELL LOGGING ETC.)

Type of survey—————————————————————————————————
Instrument —-^—-——-———^——————-————--—-^——————
Accuracy.___________________________________
Parameters measured.

Additional information (for understanding results).

AIRBORNE SURVEYS
Type of ..i™.y( g )

h t M t M ^T// /^.f, Aanwifie/ fae&frkj JLkf.instrument(s) / /., anwi
(specify for each type of survey 

Arnirary
(specify for each type of survey)

~J~ . . . T - l *J l i i -**. /1Aircraft used.
Sensor altitude K'ff - //O'
Navigation and flight path recovery tnpthnH /J X.

, ,^
//(3 -Aircraft altitude ____ ̂) '- ____________________ Line Sparing

Miles flown over total area _______ ̂ . l loii^-eg _________ Over claims only ____ *^-i O



GEOCHEMICAL SURVEY - PROCEDURE RECORD

Numbers of claims from which samples taken.

Total Number of Samples. 
Type of Sample.

(Nature of Material)

Average Sample Weight——————— 
Method of Collection———————

Soil Horizon Sampled.. 
Horizon Development. 
Sample Depth———— 
Terrain——-—————

Drainage Development———————————— 
Estimated Range of Overburden Thickness.

SAMPLE PREPARATION
(Includes drying, screening, crushing, ashing)

Mesh size of fraction used for analysis ———

ANALYTICAL METHODS
Values expressed in: per cent

p.p. m. 
p. p. b.

D 
O
D

Cu, Pb, 

Others—

Zn, Ni, Co, Ag, Mo, As,-(circle)

Field Analysis (.
Extraction Method. 
Analytical Method- 
Reagents Used ——

Field Laboratory Analysis
No. -———-———
Extraction Method. 
Analytical Method. 
Reagents Used.——

Commercial Laboratory (- 
Name of Laboratory—- 
Extraction Method—— 
Analytical Method__ 
Reagents Used ——-—

.tests)

.tests)

-tests)

General. General.
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MAGNETICS
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25 gammas

magnetic depression
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