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EXECUTIVE SUMMARY

During January of 1987, a combined airborne EM and magnetic survey was carried out
by A-Cubed Inc. for Almaden Resources Corporation over their Michaelson property in
Shoal Lake, Ontario. The objectives of the survey were to map in detail the geological
structure of the area and to identify horizons of potential economic value. A total of

140 line kilometres were flown.

Data compilation and processing included flight path recovery preparation and
generation of maps of the total magnetic field. The electromagnetic data were
compiled and plotted using the A-Cubed Inc. OUTPUT processing technique to create
rnaps of early time (Pseudo-channel 1) and late time (Pseudo-channel 8) EM transient
response. The geophysical interpretation carried out by A-Cubed geophysicists was
based on the OUTPUT processed EM data, the total magnetic field, and a limited
knowledge of the geological setting. It identified a number of target horizons for high
priority ground follow-up. Some of these correlate with previously known mineral
occurrences,

A total of 6 unique targets have been recommended for follow-up. Overall, the
combination of processed EM and magnetic data together have sucessfully mapped the
geological structure within the Michaelson property and identified geological horizons
which may have economic value. A detailed program of ground geophysics and drilling
follow-up on selected targets is recommended.




{.  INTRODUCTION

On January 8th, 1987, a combined airborne transient electromagnetic and magnetic
survey was carried out by A-Cubed Inc. for Almaden Resources Corporation on their
Michaelson claims in the vicinity of Gull Bay in Shoal Lake, Ontario. The objectives of
the survey were to identify EM conductors within the property and to map the
structural geology in detail. A total of 140 km of line were flown in two survey
areas. The northern area is in the vicinity of the the Duport Mine in Shoal Lake,
Ontario.

The setting of survey specifications and on-site data monitoring were carried out by A-

Cubed Inc. personnel. The survey data was acquired with the GEOTEM system via a
subcontract to Geoterrex Ltd. of Ottawa.

The EM data were levelled, processed, and plotted by A-Cubed Inc. using the OUTPUT
processing technique. The maps of processed EM data revealed several conductive
trends. Those deemed worthwhile for ground follow-up have been identified in the
following report.

This report describes the logistics for the survey operation, the processing and
presentation techniques used on the data, and an interpretation of the results. The

products produced are listed in Table 7,

2. SITE DESCRIPTION

The property is located in the vicinity of Gull Bay in Shoal Lake, Ontario (See Figure
1). Several lines were also flown over Dominique and Stevens Islands located northeast
of Gull Bay., The area surveyed is encompassed within the following geographic
coordinates:

95° 00' W to 95° 13' W in longitude
499 28' N to 49° 37' N in latitude




Qhe coordinates used on the maps are expressed in metres north of the Equator and east
of the false easting for the local UTM grid. The false easting origin is a line 500,000
metres west of 930 W longitude. The UTM limits of the survey are:

340,000 to 355,000 metres East
5,482,000 to 5,498,000 metres North

The Michaelson property encloses a NE-SW trending belt of meta-volcanics in the
Superior tectonic province. The Duport deposit is situated on the belt and 5 test lines
were flown over it during the course of the survey. Most of the survey is over water;
however, the ground surface that was covered is characteristically flat and swampy and
the surface elevation changes by less than 25 metres over the entire
property. Potential sources of cultural noise include the Duport Mine site itself. Gull
Bay also produced a significant background EM response.

3. FIELD WORK
3.1 Survey Specifications

The survey specifications were set by A-Cubed Inc. based on detailed knowledge of the
GEOTEM system performance and some a priori knowledge of the regional geological
setting, The latter was derived from existing regional geology maps and airborne
geophysical data, especially aeromagnetics.
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The two line spacings of 500 metres over Gull Bay and 250 metres over Duport were
chosen to map the areas in sufficient detail to resolve structures within the
metavolcanic belt, The line direction of N45°W was selected to cross the NE-SW
trending geology in a perpendicular manner. Any conductors within the geology would

then show their strongest responses.

The flying specifications in Table 1 are commensurate with industry standards. See
Section 4.3 for a description of the GEOTEM window placement.




3.2 Survey Operations

The survey operations are described by the airborne sub-contractor in Appendix A of
this report. Described are their field personnel, instrumentation, and production
rates. On-site data monitoring was carried out by C. Vaughan, a Geophysicist from A-
Cubed Inc.

4, DATA COMPILATION, PROCESSING AND PRESENTATION

4.1 Flight Path Recovery

The flight path recovery was carried out using interpolation between visual picks from
the air photos and flight filmstrip and subsequent matching to NTS topographic
maps. The finalized flight path has been plotted on a screened photomosaic base at a
scale of 1:50,000.

4.2 Total Magnetic Field

The total magnetic field measured during the survey was levelled and edited by the
airborne sub-contractor using the tie lines and 4th difference channels. The final edited
magnetic data were then plotted in shaded stacked profile at 1:50,000 with a uniform
background value of 60,000 nT subtracted. See Appendix A in this report for more

information on magnetic data compilation, processing and presentation.
4.3 Electromagnetic Data

All of the GEOTEM data were compiled and processed by A-Cubed Inc. during January
of 1988. The data for the survey area were available from the original airborne data
tapes. Before processing could be carried out, the raw data had to be prepared. The
following section describes the preparation of corrected EM data.




Figure 2 presents the principles of operation of the GEOTEM system. When a conductor
is nearby, the receiver measures a transient waveform as the induced secondary field
decays away. A number of time slices through the transient produce a set of channel
amplitudes. It is these amplitudes that are plotted versus time on the chart
records. When the aircraft approaches a conductor the amplitude of the transient
jrows, returning to zero as the conductor is left behind. The detailed manner in which
the amplitudes vary in the interim provide target type and geometry information. In
the GEOTEM system, a set of 12 channel amplitudes are recorded 6 times every second
corresponding roughly to one transient every 10-15 metres of flying.

There are 20 selectable EM windows available in the GEOTEM receiver. These have
been combined into 12 channels representative of the decay of the transient. The
windows used for the present survey are summarized in Table 2. The raw GEOTEM data
from tape were processed to remove bird motion noise and spherics. The high rate of
sampling permits spherics to be eliminated by statistical means rather than by filtering
thus preserving the fidelity of the ground response. As the GEOTEM data are levelled
and calibrated during the data collection, no calibration was necessary.

To examine the characteristics of the EM data, a histogram of amplitude occurrences
was computed for each channel. The results are presented in Figures 3a and 3b. The
range of amplitudes available in the histograms is -100 to +1900 ppm. Each histogram
contains the same area so that amplitudes falling within close range of 0 will produce a
narrow, peaked histogram while channels with more variability in amplitude produce
broad, flat histograms. Where a number of amplitudes were counted above 1900 ppm
(as in Channels 1 and 2), these counts are collectively plotted at 1900 producing the
single spike there,

The key features of the histograms is summarized in Table 3 where the peak amplitude
values and the first standard deviations above and below them are supplied. The peak
amplitude tells the average amplitude in that channel. For late time channels the peak
amplitude is usually equivalent to the zero level of the channel. For early time
channels it is the average ground response in that channel.




Levelling errors appear as a shift of the peak away from zero. The standard deviation
value$ in the late time channels is a good estimate of the measured noise leve! in the

data and is more reliable than contractor's quoted values that are based on visual
examination of the chart records.

The non-zero residua!l peak values in the last channels represent a small amount of d.c.
level remaining from the pre-processing. This residual bias was taken into account
during the OUTPUT processing. The steadily increasing amplitude value of the
histogram peak from Channel 12 to Channel 1 is produced by the background response
due to widespread conductive cover. The peak-to-peak noise level based on these
unfiltered data is approximately 50 ppm. This value falls well below the survey

specification of 40 ppm when a 1.5 second time constant filter is applied.

The 1.5 second time constant filter used for display during the survey is adequate for
the airborne real-time analogue chart, but not for processing and interpretation as it
phase-shifts the anomalies and wipes out important anomaly nulls. For post-flight
processing and presentation, a symmetric filter with a shorter effective length was used
to reduce noise while preserving the anomaly peak shapes and their locations. The
filter employed was a symmetric 3.0 second wide filter with uniform weighting
coefficients. |

The corrected and filtered EM data are presented in profile form on the chart record in
Appendix B. From top to bottom of the chart, the various plotted parameters are
summarized in Table 4. The zero values and scales for each of these profiles is
provided in the Configuration Table at the start and end of each roll. The zero position

for each profile is measured in centimetres from the top of the chart downward.

The nominal value for the primary field measured at the receiver is 1 million. The
cyclic variation in it, especially at the start of each line is the bird swing as the
aircraft settles onto course after the turn. Normally the survey line on the chart starts
after this settling has taken place. Likewise, the altimeter channel moves to its

nominal value of 400 feet above terrain.




Severe manueuvering of the aircraft produces severe fluctuations in the primary field
profile. The EM responses may also show a distorted shape in that event. The magnetic
field channel is presented on a scale to easily detect magnetic correlation. A 60,000 nT
background level has been subtracted. Where its net amplitude exceeds 5,000 nT
(gammas) it wraps to the bottom of the chart.

The 12 GEOTEM channels are all plotted at the same scale except Channel | which has
been reduced by half to keep it on the plotting surface. The zero levels are a constant
0.5 cm apart for every channel. As discussed in Appendix A of this report, the EM
channels are lagged in time by 4 seconds compared to the magnetics. To check the
rnagnetic correlation of an EM anomaly, the EM must be shifted to the left on the chart
by 4 seconds (0.6 cm).

Each new line is separated from the last and labelled with line and flight
number. Fiducials are labelled across the bottom of the chart every 20 seconds.

4.5 Electromagnetic Data OUTPUT Processing and Display

The corrected data were processed using A-Cubed Inc.'s OUTPUT program. Every point
in the survey consists of a sampled transient yiélding 12 EM channel amplitudes. A
simple exponential decay is matched with each set of channels in the survey using a
weighted least squares algorithm. In Figure 4 the channels are plotted as symbols and
the fitted exponential runs smoothly through them. The values generated by the
OUTPUT program are the Initial Amplitude of the exponential decay, the Time
Constant of the exponential decay and the Quality of fit of the decay to the measured
channels.

In general, the depth and orientation of a conductor affects the initial amplitude of the
EM response while the conductivity and spatial extent of the conductor is proportional
to the fitted time constant. An ideal conductor, such as a well-connected deposit of
rnassive sulphides at shallow depth would have a strong initial amplitude and large time
constant. The manner in which the signal amplitude changes along line indicates the
general shape of the body that is producing the response (i.e., a thin plate, a horizontal
ribbon, or a sphere).
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Conductive overburden responses typically decay quickly (having a short time
constant). They have a very high initial amplitude because of their proximity to the EM
system, For areas of extensive continuous cover, the time constant can remain at the
same value along the line or lines; however, the initial amplitude may change if the
aircraft changes altitude or if the towed bird receiver swings around. This phenomenon
generates false anomalies on traditional interpretation maps and charts, but not on
OUTPUT maps that key on time constant, because time constant is less affected by
geometry changes than amplitude,

Variations in time constant can occur even where no anomaly peak is observed. This is
true when a survey is flown sub-parallel to conductor strike or where bedrock responses
are embedded within larger anomalies from surficial conductors. In both cases, targets
ray be missed during standard compilation procedures that place emphasis on anomaly
peaks.

Where data are noisy or low amplitude or where the decay dies too fast to be cf
interest, only the first few channels are reliable to fit with. In this survey, a minimum
number of 4 channels was specified to obtain a reliable fit, In the more resistive parts
of the survey area the minimum number of channels may not be available, so the
OUTPUT results are blank there,

The processing results are summarized in Table 5. A large percentage of the data
points were successfully fitted by OUTPUT. The rest of the table provides the
distribution of time constants fitted for a number of Quality levels. At the 60% Quality
level the large percentage of fits shorter than 200 microseconds reflects the effect of
the conductive sediments in Gu!l Bay.

The OUTPUT processed data have been presented in both analogue chart and map
form. The chart records bear resemblance to the archived data in format., The line
numbers and fiducials are labelled in the same manner. The chart contents are

summarized in Table 6.




L
In lieu of using initial amplitude, Pseudo-channel 1 amplitude is presented on the
chart. Pseudo-channel is a useful form to express the OUTPUT results in. It is defined
as the amplitude of the fitted exponential after it has decayed from its initial
amplitude for a specified period of time. Since each measured EM channel represents a

fixed delay time following the transmitter shut-off, one can use the same delay time to
compute a corresponding pseudo-channel using the formula

PSi=Ao e-ti/c

where PS; is the Pseudo-channel i amplitude,
Ao is the fitted initial amplitude,
tj is the specified Channel i delay time,
c is the fitted time constant.

The pseudo-channe! approach has also been applied to the maps. The data are presented
in a shaded stacked profile format where the height of the profile at each location is
pseudo-channel amplitude and is coloured according to its time constant value. The
shortest time constants are given black and fall below 250 microseconds. The medium
time constants are given green and fall between 250 and 300 microseconds. The largest
time constants (best conductors) are coloured red and include all values above 300
microseconds. All data with Quality higher than a specified value, 60%, are included.

OUTPUT maps for each of Pseudo-channel 1 (delay time of .273 milliseconds) and 8
(delay time of 1.458 milliseconds) have been produced at a scale of 1:50,000. The
former is useful for examining all conductors in the area, while the latter serves to
accentuate the higher conductivity responses because any fast decaying surficial

responses have decayed away leaving the more slowly decaying good conductors.

In each map, flight lines from both directions have been included. The line number is
always labelled at the start of the line. Fiducials have been identified by tick marks at
intervals of 10. The first multiple of 10 is labelled. Because the survey is flown with
lines in alternating directions, the line and fid label are normally at opposite ends of
adjacent flight lines. The direction of survey is always away from the line and fid
labels,
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The towed EM receiver follows the aircraft some 4 seconds worth of flying time
behind. The anomalies are recorded at the aircraft position instead of the transmitter-
receiver midpoint. The true anomaly location is thus at a point %4 seconds back down
the line {approximately 245 metres). Generally speaking, the conductor axis lies down
the middle of the shifted anomalies,

The good conductors are best distinguished from the overburden by looking later in time
after the short time constant surficial or host ground response decays away leaving the
longer time constant anomalies on the map. In the map of Pseudo-channel 8 this has
been done. The amplitudes plotted are those that would be measured 1.458 milliseconds
after the transmitter shuts off or about half way through the transient in Figure 4, The

interpretation will be discussed in Section 5 below.

5. INTERPRETATION OF RESULTS

5.1 Introduction

The following interpretation is just that, an interpretation. As such it reflects the
biases of the interpreter. It was generated based on the OUTPUT processing results,
the various magnetic deliverables and a limited knowledge of the geological

setting. The interpretation may be refined with modelling of EM responses and addition
of more ground control.

In general, an optimum bedrock conductor should have a large time constant and strong
amplitude. The anomaly profile will show a fairly narrow cross-section (a few hundred
metres half-width) if it is caused by a localized bedrock conductor such as a graphitic
horizon or massive sulphide lens. Broader anomalies can be caused by regional changes
in basement lithology or widespread flat-lying conductors including swamps, lake
sediments, and glacial or fluvial clays.




Power lines, buildings, railways, and other cultural features can create anomalies that
resemble bedrock conductors in time constant and shape; however, they are readily
identified by a signal in the power line monitor (HYDR) on the chart records or by
visually inspecting the air photo and filmstrips for signs of man-made structures. Due
to their 2-D nature, power line responses are strongest when the survey is flown normal
to their orientation and may give no response at all when flown parallel to them. Where
EM anomalies have power line signals but no visual evidence and a good correlation with
the magnetics, they may be attributable to real geological conductors since power lines
can induce currents to flow in local conductors.

Poor conductors with short time constants are often good targets for precious metal
exploration where they have good correlation with favourable geology. Sometimes such
responses are similar in character to surficial responses of finite extent such as a
narrow stream bed. In situations where a conductive sediment response has a time
constant above average (i.e., 200 microseconds vs 100 microseconds), there may be a
bedrock conductor beneath those sediments. Magnetic data are normally used to
distinguish the authentic bedrock responses.

To be sure of catching even the subtle responses, the interpretation was carried out
with reference to the charts of Appendix B and C, pseudo-channel maps, and the total
magnetic field data.

The interpretation maps have been generated to present both the picked anomaly peaks
and the interpreted conductors. Note that the human interpreter takes over when
OUTPUT is finished, so that all anomalies picked and plotted on the interpretation map
were selected by a geophysicist,

The anomaly peaks have been shifted by the lag factor and plotted as dots on the
Interpretation map. The dots show position only, not grade or strength of
response. The shifted anomaly peaks were then overlain upon the other parameter maps
and the axes were sketched in. Where an axis was not obvious, it was left off. A solid
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line indicates a definite axis while a dashed line implies tentative line-to-line
correlation and/or uncertainty in location. The location of the conductor top depends
on the anomaly shape and the flight direction. The profiles in Figure 5a and 5b are
those that would be seen from flying over a thin plate-like body in two directions. Two
peaks are observed when the aircraft flies up-dip. The plate top lies between
them. One peak is observed in the other direction. The plate top lies just before the
peak. These kinds of rules were used to position the axes.

The major trends on each survey area were given a name. The named anomalous trends
are all summarized in Table 8. The anomalies are discussed in the following
sections. In some cases dip and depth estimates are provided. Related ones are
discussed together. Note that all anomalies discussed are recommended for follow-up
with ground geophysics unless specifically noted otherwise.

5.2 Interpretation

A number of the large anomalies appear to be responses from lake-bottom sediments,
since they bear a spatial relationship to the shoreline. The decay rates are short (less
than 200 microseconds) and the amplitudes diminish when presented in Pseudo-channe! 8
form.

Within the lake responses are a series of strong responses of considerably longer decay
rate indicating higher conductivity and a probable bedrock source. These responses are
marked on the map and discussed individually,

Anomaly DIl is a strong EM response with long decay rates hence good
conductivity. The mag correlation is strong. The pattern of peaks can be interpreted
as multiple zones dipping to the west although quite vertical. The EM responses seem
to occur within the so-called Duport Deformation Zone (DDZ).,
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Anomaly D2 is a set of EM responses having good conductivity and poor magnetic
correlation. Spatially it has not been correlated with any geological structures in the
literature.

Anomaly D3 is strong and has only a moderate time constant. It has the appearance of
lake bottom sediment responses, but may in fact be those enhanced by underlying
mineralization in the Sirdar Deformation Zone. (SDZ).

Anomaly M1 consists of a short trend of good EM response with long decay rate hence
good conductivity, It appears to lie along the northwest edge of a wide magnetic high,
making it a good target structurally,

Anomaly M2 is weak, but the decay rates are good and there is a weak magnetic

response similar to D2. It may also represent an extension of DDZ,

Anomaly M3 is a complex series of strong EM responses having locally better
conductivity., While lake bottom sediment responses produce anomalies like these, it
has substantially better time constant and may represent a continuation of the SDZ
underneath lake bottom sediments. Note that this trend lies along the southeast edge

of the broad magnetic high described for M1 above.

6. CONCLUSIONS AND RECOMMENDATIONS

The combination electromagnetic and magnetic survey of the Michaelson property
provided an exceptionally good picture of the structure of the metavolcanic belt. The
OQUTPUT processed EM maps were able to identify many EM targets that have strong
correlation with magnetic horizons. A total of six targets are listed and rated in Table
&. In most cases a detailed program of ground geophysics will be necessary to pinpoint
targets before drilling. Where drilling has already taken place, the results of this
survey will serve to map the extensions of the targets for additional drilling.
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As more geological information becomes available, a more detailed program of

modelling and interpretation can be carried out to refine the present interpretation.

Respectfully submitted,

A-CUBED INC,

Gl

C. Vaughan, B.Sc.
Geophysicist
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TABLE 1 - Survey Flying Specifications

Line Spacing:
Line Direction:

Tolerance:

Survey Altitude:
Survey Speed:
Geotem Peak to Peak
Noise Levels:

Calibration Sequences:

Real-Time Chart Display:

Magnetic Diurnal Tolerance:

500 and 250 metres

N 450w

up to 0.75 of line spacing allowed for a distance along
line not to exceed 3 km,

120 metres + - 15 metres.

115-120 knots.

Not to exceed 40 ppm after a 1.5 second time
constant applied.

Minimum 3 per flight. The second one approximately
one hour into the flight.

Altimeter, Magnetics, Magnetics 4th Difference, 6
out of 12 processed EM channels, Primary Field,
Culture monitor.

Not to exceed 10 nT change during a 2 minute

interval.




TABLE 2 - GEOTEM Receiver Windows

Channel  Start Time End Time Centre Width
1 234 312 273 78
2 313 ' 417 365 104
3 417 521 469 104
4 521 729 625 208
5 729 937 833 208
6 938 1146 1042 208
7 1146 1354 1250 208
8 1354 1562 1458 208
9 1563 1771 1667 208

10 1771 1979 1875 208
11 1771 2189 1979 418
12 1979 2265 2122 286

Note: All times are in microseconds and start, end and
centre times are measured after the transmitter
shut-off.




TABLE 3 - GEOTEM Channel Histogram Analysis

Channel One S.D. Peak Value One S.D. Width
Below Peak Above Peak
1 662 ppm 5380 ppm >19000 ppm > 19000 ppm
2 136 1838 10700 10564
3 42 728 4710 46638
4 6 268 1896 1890
5 -4 96 688 692
6 6 60 326 320
7 0 38 178 178
8 -12 20 102 114
9 -26 2 56 32
10 -20 6 44 64
11 -14 6 38 52
12 -12 8 36 48

Note: "S.D." is Standard Deviation. "Width" refers to the span between the two
standard deviations.




TABLE 4 - Archived Data Chart Record Contents

Parameter Scale Zero Position
L.ine Number - Block number x 100 + line number -
Fiducial - Every 10 seconds -

(the labelled fiducial position is
given by the small vertical tick at
the bottom of the chart record).

Primary Field Monitor (PRIM) - at 200,000 ppm/chart cm 6.0 cm
Altimeter (ALTM) - at 100 feet/chart cm 8.0 cm
Edited Final Magnetic Field

(PMAQG) - at 250 nT/chart cm 10.0 cm
GEOTEM Channel 1 (EMO01) - at 400 ppm/chart cm 23.5 cm
GEOTEM Channel 2 (EM02) - at 400 ppm/chart cm 24.0 cm
GEOTEM Channel 3 (EM03) - at 400 ppm/chart cm 24.5 cm
GEOTEM Channel 4 (EMO0Y) - at 400 ppm/chart cm . 25.0 cm
GEOTEM Channel 5 (EM05) - at 400 ppm/chart cm 25.5 cm
GEOTEM Channel 6 (EM06) - at 400 ppm/chart cm 26.0 cm
GEOTEM Channel 7 (EM07) - at 400 ppm/chart cm 26.5 cm
GEOTEM Channel 8 (EM03) - at 400 ppm/chart cm 27.0 cm
GEOTEM Channel 9 (EM09) - at 400 ppm/chart cm - 27.5 cm
GEOTEM Channel 10 (EM10) - at 400 ppm/chartcm 28.0 cm
GEOTEM Channel 11 (EM11) - at 400 ppm/chart cm 28.5 cm
GEOTEM Channel 12 (EM12) -~ at 400 ppm/chart cm 29.0 cm
Culture or Hydro Monitor

(HYDR) - at 10,000 ppm/chart cm 30.0 cm

Note: Zero Position is measured from the top of the chart down.




TOTAL MUMEER OF TRANSIENT MEASUFEMENTS . 4548
JOTAL NUHBER OF FITTED MEASUREMENTS 40y 3743
PEFCENTAGE OF MEACUREHMENTS FITTED »cvveys 82,789

ERROR RATID

QUALITY VALUE

FERCENT FITTED

TIHE CNST FANGE

0. - 9%
100, - 199,
200, - 299,
300, - 399,
400, - 499,
500, - 599,
600 ~ 499,
700, - 799,
BOG, - 899,
900, - 999,

1000, - 1199,
1200, - 1399,
1400, - 1599,
1600, - 1799,
1800, - 1999,
000, - 299%,
2000, - 3999,
3000, - 4999,

3090, - 9999,
10000, -100000,

TABLE 5 - OUTPUT Processing Summary

FERCENTAGE OF FITTED DATA MEASUREMENTS VS ERROR RATIO FOR TINE CONSTANTS
$35eve et e susateetas sttt tavtvisnatiessts et tovisiisiseseiseittsty
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507

+B0

12,86 43,13

*704

71.87

0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00

4

0%

BB.90

0,00
0,00
0,00
0,00
0.00
.00

202

104

403

03
0,00
0,00
0,00
0400

0%

307

20

w9 <10

oy 0

97,34 99.44 99,81 99,89 9%.89

PERCENTAGE

257 S0
30,461 49,59
37,57 36,78
5,65 5,80
1,47 1,79
22 81
«30 .88
16 37
6 W
08 13
03,03
03,03
A3 .03
05 .08
03 .03
D3 05
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00

3,47
49,34
36464

3,80

1.86

W75

96

348 3.48
47,32 49,32
36.61 36481

580 5,8)

1,86 1.86

777
L. 1.0
:37 37
37
114 16
Q30
05 0%
03 .02
W05 403
O30 .03
0% 05

0,00 0,00

0,00 0,00

0,00 0,00

0,00 9,00

}] 1

0%

11

0,00

D0g
0,00
0,00

0400




TABLE 6 - OUTPUT Processed Data Chart Record Contents

Parameter
Line Number

Fiducial

Quality (QUAL)
Time Constant (TAU)

Edited Final Magnetic
Field (PMAG)

OUTPUT Pseudo-channel

Primary Field Monitor
(PRIM)

Scale

Zero Position

- Block numberx100 + Line number -

- Every 10 seconds

- at 100%/chart cm

- at 500 microseconds/chart cm

- at 250 nT/chart cm

- at 800 ppm/chart cm
- at 800 ppm/chart cm
- at 800 ppm/chart cm
- at 800 ppm/chart cm
- at 800 ppm/chart cm
- at 800 ppm/chart cm

A\ EWN —

- at 200,000 ppm/chart cm

Note: Zero position is measured from top of chart down.

4.0 cm

7.0 cm

15.0 cm

22.5 cm
23.0 cm
23.5cm
24.0 cm
24.5 cm
25.0 cm

6.0 cm




TABLE 7 - Project 5062A Deliverables

Flight path recovery on photomosaic background - Mylar { sheet
Flight path recovery on photomosaic background - Whiteprint 1 sheet
Magnetic Field in stacked profile - Mylar 1 sheet
OUTPUT Pseudo-channe! | - on Bond " 1 sheet
OUTPUT Pseudo-channe! 8 - on Bond 1 sheet

OUTPUT Interpretation Map on Photomosaic Background - on Mylar | sheet

Chart records of Archived Raw Data Roll Format
Chart records of OUTPUT Processed Data Roll Format
9-track Magnetic Tapes of Airborne Data 1 tape
9-track Magnetic Tapes of Archive Data 1 tape

Analogue Charts of Airborne Data and Base Station Magnetometer
Flight Logs

Filmstrips

Original of in-field Flight Path Recovery

Airborne survey Contractor's Processing Report

OUTPUT Data Processing/Interpretation Report




TABLE 8 - Summary of Targets for Follow-Up

Name Line Range Priority
M1 107 - 108 High

M2 iol - 103 Moderate
M3 102 - 106 - High

Di 201 ~ 205 High

D2 201 -~ 204 Moderate
D3 201 -~ 203 Moderate
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EM CHANNEL HISTOGRAM ANALYSIS
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APPENDIX A

Chart Records of Corrected GEOTEM, Magnetic, and Altimeter
Data for Michaelson Survey.*

APPENDIX B

Chart Records of OUTPUT Processed GEOTEM, Magnetic, and
Altimeter Data for Michaelson Survey.*

*Rolls of chart not bound in this document.




APPENDIX C
Airborne Sub-Contractor's Report
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#ProbucTion

During the period of January 5th to llth, 1987, a combined airborne magnetic and
GEOTEM electromagnetic survey was flown for Almaden Resources Limited by
GEOTERREX LIMITED. In all, 140 kilometres of survey lines were flown

(see figure l).

The purpose of the survey was to locate areas of high conductivity that may be

indicative of economic massive sulphides.

The data was compiled in Ottawa by GEOTERREX LIMITED and is presented as a

magnetic total intensity contour map (regionally corrected), a calculated vertical

gradient contour map, a flight path map, a set of analogs with flight path film and flight

logs, a report, and a digital archive of all magnetic and GEOTEM data.




. SURVEY OPERATIONS

I.1 Flight Grid

The area was covered with flight lines at a 250 m interval, with heading north 45

500
degrees west.

The tie-lines were flown at right angles to the flight lines, approximately 10
kilometres apart.

A total of 140 line kilometres of data was flown.

[.2 Flight altitude

The survey was flown at a height of 120m above ground whenever possible, with
regard to topographic relief and commensurate with the safety of the aircraft and bird.

This flying altitude maintains the EM sensor (located at a towed bird at the end of a 135

m cable) at approximately 40 m above the ground.

1.3 Navigation

The navigation was visual, aided by Doppler, using airphoto mosaics at a scale of

1:50,000 prepared by GEOTERREX LIMITED.

I.% Alrcraft & Geophysical on-board equipment

The survey aircraft used was a CASA C212-200, twin turbo prop STOL aircraft,

maintaining a survey speed of 120 knots (220 km/hr).




. The following equipment was on-board the aircraft.

- GEOTEM Electromagnetic system: comprising a transmitter and loop; a digital

receiver; and a sensor mounted in a towed bird. A full description of the system is

included in Appendix B.

- MADACS Digital Acquisition system: combining an INTERDATA 6/16 16 bit

microprocessor and a DIGIDATA 1640, 9 track, 1600 bpi tape drive. The following

information was recorded digitally:

20 GEOTEM EM channels

- Magnetic total field

- Radar altitude

- Time (fiducials)

- Doppler velocity along track
- Doppler velocity across track
- Doppler heading

- Primary EM field

- 60 Hertz powerline monitor

- Noise Monitor

- 3 reference monitors

- Magnetometer: YARIAN cesium vapour, single-cell, split-beam magnetometer,

mounted in a stinger on the tail of the aircraft, and compensated for aircraft magnetic

effects. Its sample rate was | second. It recorded the earth's total field in units of 0.1

nT.*

* The S.l. unit, nanotelsa, is equivalent to one gamma.

3




. - Altimeters:

- Tracking camera:

- Radar altimeter: COLLINS ALT 55

- Barometric altimeter: Rosemount 840 F3C

GEOCAM 35 mm, continuous strip camera.

- Analogue recorder: RMS-GR-33 heat sensitive graphic recorder, displaying the

following information with a chart speed of 9 cm/min:

- 6 GEOTEM EM channels (low pass filtered in real time) at a

vertical scale of 200 ppm/cm.

- Spherics monitor (EM channel 4 without the filter), at a vertical

scale of 800 ppm/cm.

- The magnetic total field at vertical scales of 50 and 5000 nT/cm

The barometric altimeter at a vertical scale of 87 m/cm,
increasing downward.

The radar altitude at a vertical scale of 15 m/cm (120 m lies at
the centre of the chart paper) increasing upward.

The primary EM field monitor at a vertical scale of 3 x

102mv/cm (EM21). _
60 Hz powerline monitor (EM23).

Fourth difference of the total magnetic field at a vertical scale

of 4 nT/cm.

Time markers (fiducials), ticked at every 2 seconds and labelied

at every 20 seconds.




Q Diurnal Variation monitor equipment

- A YARIAN, single-cell, split beam, cesium vapour magnetometer measuring the

total magnetic field at 0.1 nT sensitivity and 0.5 second sample rate.

- A MADACS digital acquisitioﬁ system, based on an INTERDATA 6/16

microcomputer; recording time and the output from the magnetometer.

- A DIGI-DATA tape recorder.

- An RMS-GR-33 heat sensitive graphic analogue recorder, displaying the total

magnetic field at 2nT/cm and 20nT/cm and the fourth difference, on 12 inch (30.5 cm)

chart paper, run at 3 cm/minute.

The base station was set up at Winnipeg (see figure 1), the base of operations

throughout the entire survey. The diurnal variation limit for acceptable data was 10

gammas over a 2 minute chord. As the magnetic diurnal was exceptionally good

throughout this survey, the limit was never approached.

1.6 Pre-Survey Tests

a) Figure of Merit

The aircraft is put through a series of pitches, yaws, and rolls, to examine the
noise induced in the magnetometer resuiting from aircraft manoeuvres (due to the eddy
currents generated by the aircraft itself plus the changes in orientation of the sensor

with regard to the earth's field), This test shows how well the instrument is

compensated.




. Direction Manoeuvre Noise (nT)

East Pitches 0.35
East Rolls 0.25 0.70
East Yaws 0.10

North Pitches 0.30
North Rolls 0.18 0.58

North Yaws 0.10

West Rolls 0.25 0.90
West Yaws 0.10

South Pitches 0.35
South Rolls 0.25 115
South Yaws 0.05

Total (F.O.M.) = 3.33nT

Average noise per manoeuvre = 0.28 nT

l West . Pitches Q.55

-




the CASA in the spring of 1985 are presented In table 1,

The results of the Figure of Merit obtained from the same magnetometer on-board

b) Lag tests (magnetic & electromagnetic)

The camera on-board the aircraft records its position, A, relative to the ground at
time t,. In fact, the sensor will arrive over A at time t| greater than t,. Furthermore,
because of electronic delays, the reading performed at time t; will be recorded on the
magnetic tape at time t, greater than t;. The difference t; - t, represents the lag

between the actual position of the aircraft and the position of the corresponding reading

on the magnetic tape.

" The test is perfortned by flying the aircraft at survey altitude in opposite
directions over a well defined magnetic and electromagnetic anomaly. The difference in
the position of the anomalies, recorded in both directions, is equal to twice the "lag".

The following lag values were thus determined in the field:

- Magnetometer = 0.67 sec {equal to 4 EM sample intervals)

- GEOTEM EM = 4 sec {equal to 24 EM samples)

The magnetometer "lag" value was taken into account at the processing stage by

shifting the digital values correspondingly back in time.

c) GEOTEM EM system

The GEOTEM EM system benefits from a completely digital receiver which

monitors continuously (i.e. 6 times a second) the current in the transmitter and the




-

.mplitude of the primary field as seen at the bird-receiver. This feature permits an

internal calibration in ppm and therefore, pre-survey calibrations are not required.

[.7 Field Operations

The following GEOTERREX personnel were present in the field:

R. Laroche
T. Stevenson
M. Paiko

A. Proulx

R. Smith

Project manager, Co-pilot
Pilot

Engineer

Electronics technician

Dataman



. DATA PROCESSING

II.1) Flight Path Recovery

The flight path was recovered by identifying points on the 35 mm tracking film
and on the photomosaics, at a scale of 1:50,000. Every effort was made to identify a
point at every 20 seconds (approximately 1.2 km on the ground) along the flight lines.

These points were then digitized on a flat-bed digitizer table, directly from the

photomosaics.

After checking for errors by calculating the average speed of the aircraft between
picked points, the visual flight path was merged with the Doppler flight path and
automatically plotted at a scale of 1:59,000. The flight path coordinates were recovered
in UTM metres, using the Clarke 1866 Spheroid with a central meridian of 93°W, a false

northing of 0, a false easting of 500,000 and a scale factor of 0.9996.

1.2 Magnetic Data Processing

a) Editing of air data

The recorded total magnetic intensity, the radar altimeter readings and the time
fiducials were initially verified for continuity and validity by generating a listing of the

first and second difference values. This will locate any major busts or gaps in the data.

Following this, obvious errors in the digital records of the raw total intensity were

detected by creating an error listing using the fourth difference of the raw total

intensity values. Such defeats as spikes or missing values were automatically corrected




by<#ie program or si.mply flagged and corrected manually when outside the limits of the
program. The total magnetic intensity values were thus corrected ddwn to a threshold of
5 nT on the fourth difference values, corresponding approximately to a noise level on the
total intensity data of 0.4 nT. The noise level was actually much lower, (approximately
0.1 nT) but due to the low flying height and active magnetic field the fourth difference
editing routine had difficulty separating noise from the more powerful géological

sources. Refer to Appendix A for a description of the fourth difference editing

technique.

11.3) GEOTEM Electromagnetic Data

After reformatting the field tapes, the data was verified and edited to produce
files representing continuous EM coverage on a line by line basis, presented as a digital

archive (described in Appendix C).

Parameter tables were included in 1600 bpi copies of field tapes.

We trust this data will assist your interpretation/exploration program. Should you

have any questions concerning its collection or processing, do not hesitate to call at any

Respectfully W

Brian Schacht

time in the future.
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- APPENDIX A
FOURTH DIFFERENCE EDITING ROUTINE
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Acolication of Fourth Cifferences in Aeromaanetic Surveys, 8v M.S. Reford.

A standard method of examining any set of data, sampled at regular
1nte§va1s, is the calculation of numerical difference tables. These ca2n be
used, for instance, to detect errors, for interpolation, or for numerical
difierentiation (Scarforcugh, 1930). Digital recordings of zeromagnetic
data are ideal for such study, and Hood et al (1979) discussed the use of
fourth differences in detecting and correcting errors in their high
resalution aefomagnetic measurements. The purpose of this note is to review
such correction procedures and report on the recording of fourth differences
in the aircraft, to provide an immediata monitor of noisa.

The tables below show how three different types of error are pro-
pagated through difierencz tables. In each case the column T shows the error,
which would be superimposad on the sequence of measurements; the column a’

shows the first differences, obtained by subtracting each value from the
following one; similarly A% shows the second differences, obtained by successive

subtractions of the first differences; and so on.

SPIKE STEP OR LEVEL SHIFT NOISE
At A% At A T AY aA* A aAY T A' A* AP A°

0 S 0 L .22 -3de
0 S 0 L e -de

S -4 0 L -3L e -2e 8e
S =33 : ‘ L -2L -2 de

-2S 63 L -L 3L o} 2e -8e
=S 3S ‘ 0 L e -de

S -4S L 0 -L e -2e 8e
0 -S 0 0 -8 de

0 S L ) 0 o} 2e -3e




The spike produces a characteristic fourth differencas peak, flanked

./ a pair of ]ows. In contrast, the level shift forms a fourth diffarence

high-1ow pair. The noise envelope of e on the original data is amolified to

_én envelope of 16e on the fourth difference. This amplification is of prime
importance for measuring noise or for automatic error correction in aero-

magnetic measurements. The original data consists of signal and noise.

The noise is oiten obscured by a regional slope, which is completely removed

by tzking second difierencas. However, a sharp anomaly can have appreciable
econd difierences. By going to Tourth diffarences, the signal is almost

s
ccmpletaly destroyed, and only the noise and bad values remain.

Figure 1 and 2 show sample analog records from a high-resolution
aeromagnetic survey, our first one to show both the total intensity and

fourth difterence traces in the aircraft. The measurements were made at 0.5

second intervals with a cesium-vapor MEgnetometer in a bird. The effect of
turbulent air on the noise envelope is abvious on the fourth differenca tracs.

This traca allows, for the first time, an immediate check or noise in the
field, an important feature for quality control of the surve/ data. The

magnetometar operator can decide to terminate a flight because nocise has
‘become too large. '

.The fourth difference values can also be used for automatic
correction of sidple errors in the data. To recognise the errors, we first
set a threshold based on the general noise envelope, wishing to treat only
those which exceed this threshold. For instance we have used a threshold of
0.40 gammas on the fourth difference for high-resolution aeromagnetic surveys,
where measurements are made in units of 0.01 gammas. This threshold would
detect spikes exceeding 0.40/6 or 0.07 gammas in the total intensity measure-

_ments, and level shifts exceeding 0.40/3 or 0.13 gammas.

The next step is one of pattern recognition, to try and determine
the cause of a particular error. It is easy to examine the fourth difference

patterns produced by various errors by a simple process of addition, as shown
below: -
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Figure 2

16 June 1979 : Very little noise

~art of line 29-2: Flight 105 ¢
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Unit Error Fourth differencs

_____A_ +] -4 +6 -4 +]

2. ____/\/\_. ” f*‘ -4  +6 -4 +1

[¥V)
.

+1 -4 +8 -4 +1)
= +] -4 +7 <3 +/ -3 ¥

- (+1 -4+ -4 +} )
N R - - .. s

T -5 +10 =10+ -1

————-f-\——- '] '+3 -3‘ +1

To distinguish between these different cases, we have found it
useful to work with the peak fourth difterence value, the two adjacent values
on either side, and the ratios between them. These ratios are sufficiently
different first to distinguish the symmetrical errors (Caseé 1 and 2) from
the antisymmetrical errors .(Cases 3 and 4). It is not always so easy to
distinguish between Cases 1 and 2. Note that if Case 2 is treated as if it
were Case 1, the effect would be to raise.the central value instead of
lowering the two false peaks. Fortunately this does not seem to be a frequent
type of error. Similarly it can be difficult to distinguish between Cases
3 and 4. This is important, since level shifts do sometimes occur, and if
improperly corrected, they will create false pulls in contour maps. However,
if a level shift isusufficient]y large, it may be recognised on the total

intensity trace.

A

At the present time, we are taking a cautious attitude towards
automatic corrections of the data, and correcting only the simple spike,
Casea 1. Other errors are simply flagged, on an error list, and listed as
possiblie steps iT they are antisymmetrical in form. .Inspection is needed
before other corrections are made. '
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Figure 3 shows an example of the automatic correction. The four
t#‘l!s show the total intensity and fourth differences, before and after
correction. Threes noise spikes are obvious on the fourth difference. These
are believed to be causad by interference from a radar system on the ground.

Figure 4 is a machine plot of zctual datz, which includes an error

locking like a level shift of about 0.5 gammas on the total magnetic intansity
pesk. The table below lists the raw total field and fourth difference values,

all in units of 0.01 gammas. The large fourth difference values could not be

fitted by a level shift, but implied an unequal high-low pair. The corrections
notad on the total field easily reduced the fourth differences to small values.

TOTAL FIELD L FOURTH DIFFERENCE
Raw Correction Raw Cor;ection Corrected

5509075 | . 20 o 20
5509103 - -7 12 5
§509119 ' 50 -73 -23
5509127 | +12 -172 172 0
5509181 - . -25 . S o197 . -le8 -1
5509163 | -112 112

5509152 | 30 -25 5
5509115 -3 -3
5509049 17 17
£509948 23 | 23

The purpose of correcting the data is to remove errors, and so
reduce the noise envelope, before doing any linear processing, such as
smoothing or filtering. Use of fourth differences allows a significant
reduction in the basic noise envelope. ' '
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APPENDIX B
GEOTEM EM SYSTEM (EQUIPMENT)

1
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GEDTEM - Eleciromagnetic Svstem

General

The operation of a towed bird time domain electromagnetic system involves the
measurement of decaying secondary electromagnetic fields induced in the ground by a
series of short current pulses generated from an aircraft mounted transmitter. Variation
in the decay characteristics are analyzed and interpreted to provide information about
the subsurface structure. The response of such a system utilizing a vertically oriented
transmitter dipole and a horizontally oriented receiver coil has been documented by

various authors including Palacky and West (1973).

The principle of sampling the induced secondary field in the absence of the
primary field (during the "off time") gives rise to an excellent signal-to-noise ratio and
an increased depth» of penetration compared to conventional continuous wave {frequency
domain) electromagnetic systems. Such a system is also relatively free of noise due to

air turbulence.

Through free air model studies using the University of Toronto's Plate and Layered
Earth programs it may be shown that the "depth of investigation" depends upon the
. geometry of the target. In a horizontally layered situation typical depth limits would be
250 m below surface for a homogeneous halfspace to 350 m for an inductively thin sheet

or 200 m for a large vertical plate conductor. These values assume that a significant
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'onse at a delay time of l.4 msec after turnoff is necessary and that the overlying or
surrounding material is resistive. If fewer channels are deemed adequate to detect or

resolve a given target, then the depth of investigation increases significantly.

In addition to substantial penetration, time domain AEM responds to a wide range
of conductances. With measurements taken during the off time, significant effects are
seen for values of 0.3 siemens or greater, thus covering the vast majority of physically

realizable situations.

The method also offers very good discrimination of conductor geometry. This
ability to distinguish flat-lying and vertical sources combined with profound depth

penetration results in good differentiation of bedrock conductors from surficial

conductors.

Eaquipment and Procedure

GEOTEM is a time domain towed bird electromagnetic system incorporating a
high speed digital EM receiver. The primary electromagnetic pulses are created by a
series of discontinuous sinusoidal current pulses fed into a three turn shielded.
transmitting loop surrounding the aircraft and fixed to the nose, tail and wing tips. The
puise repetition rate is typically 150 Hz (300 bipolar pulses per second) 125 Hz, 90 Hz or
75 Hz. At 150 Hz each current pulse lasts 1050 microseconds followed by 2230
microseconds of "off-time". Present peak amperage through lthe loop is 600 A resulting

in a primary magnetic dipole moment of 4.5 X lOsAmz.

The receiver is a wire coil with a ferrite core and mounted horizontally in a
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'.d", towed by the aircraft on a {35 metre long cable. The cable is demagnetized to
reduce noise levels. Mean terrain clearance for the aircrait is abouf 120 m with the bird
being situated 30 m below and 105 m behind the aircraft. The geomertry of the system is

displayed in figure l.

For each primary pulse a secondary magnetic field is produced by decaying eddy
currents in the ground. These in turn inducs a voltage in the recziver coil which is a
measure of the electromagnetic field. The GEOTEM digital receiver samples the
secondary and primary electromagnetic field over 20 time gates whose centres and
widths are software selectable and which may be placed anywhere within or outside the
transmitter pulse. This flexibility offers the advantage of configuring the gates to suite
a particular survey, ensuring that