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L.S. JENSEN

BATHOLITH
> +
10 \’_ W\ 12
L + \
O
Pre]
+ + \ + 2
2
\ 12 o
H- <+ 'll
LEGEND
Proterozoic
Keeweenawsan diabase (not shown) 7 7a, 7b, Kinojevis Group, 7¢ Kinojevis Group,
12 Cobalt Group (Middle Fm., Tisdale Group)
Archean 6 6a Larder Lake Group, 6b Stoughton
Matachewan diabase (not shown) 2?::;"""" Group, 8¢ Lower Fm., Tisdale
G“’;‘:“é - °°";, , . it § 6c Porcupine Group
:yr::i(t)e iorite, monzonite, quartz monzonite, Lower Supergroups .
10 Massive to gneissic quartz diorite, tonalite, 4 4a Skead Group, 4b Hunter Mine Group, 4¢
trondhiemite Upper Fm., Deloro Group
: 3 3a Catherine Group, 3c Middle Fm., Deloro
Upper Supergroup Group
9 9a*® Timiskaming Group, 9b*®* Destor- 2 2a Wabewawa Group, 2c L.ower Fm. Deloro
Porcupine Complex Group
8 8a, 8n, Blake River Group, 8¢*** Blake 1 1s Pac.ud tuffs*®®e _

River {Upper Fm., Tisdale Group)

;gcr: +Baniger PrDP&eTY
*a refers to Kirkland Lake Area, south limb of synclinorium (Jensen 1978c, 19

**h refers to Kirkland Lake Area, north limb of synclinorium (Jensen 1976, 1978b).
*eec refers to Timmins Area (kae, 1980).
eee* (Goodwin, 1965).

Geological map of the Timmins-Kirkland Lake area showing the distribution of volcanic successions.
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) DEPOSIT TYPE AND GEOLOGY

Baden and Powell townships are situated within the Abitibi greenstone belt, a
subprovince of the Archean Superior Province of the Canadian Shield. Rocks belonging
to the southwestern part of the Archean Abitibi belt represent the oldest rocks in the area.
The subcrustal area of the claim group consists entirely of metamorphosed volcanic
rocks, which can be divided into two groups; a mafic tholeitic unit and an intermediate,
calc-alkalic sequence. The subprovince is a Neoarchean greenstone—granite gneiss
terrain. The Abitibi belt has been deformed by tectonic events that climaxed during the
continental wide or ‘Kenoran Orogeny’. These have led to the formation of major folds
and faults, which have produced a variety of fabrics in the rocks.

The area of the property currently being explored is underlain by Keewatin volcanic
rocks of dacitic to basaltic composition, with some tuff. These rocks are overlaid to the
south with mainly greywacke. The contact between volcanic and sedimentary rocks
occurs to the south of the property in an east-west direction. A number of north-south
striking diabase dikes cut the other rocks and are believed to be the youngest in the area.
Numerous shear zones occur in the project area some being 1-2 meters in width. These
zones show signs of intense hydrothermal alteration resulting in carbonation. These shear
zones are believed to-be Archean in age and again related to the ‘Kenoran Orogeny’
which may be related to a major fault occurring a few hundred feet west of the claim
group, along which, the West Montreal river flows. A large fold is indicated in the
western part of the area, with the west side having been dragged to the southwards;
probably against the Mistinikon Lake fault. Gold mineralization occurs in, or near, quartz
veins that occupy shears, fractures, and faults in the volcanic rocks. Felsic, alkalic, or
lamprophyric dikes are usually in close spatial association with many gold occurrences.
These structures are east west striking. Local northwesterly striking shear zones may bear
relationship to mineralization. It is also noted that in all gold bearing veins in the area that
a hydrothermal alteration envelope is present. The rusty aspect of the shear zones in the
project area point to carbonate replacement in the auriferous veins. Large amounts of
pyrite are also evident on the property (sulphidazation). Drill cores from the 98 drilling
program carried out by the applicants; show hydrothermal replacement, or alteration
occurring up to 1 meter in depth from the vein. Most of the gold, molybdenite, and
copper in the area are related to porphyritic syenite. Regionally; gold deposits occur
within altered shear zones (breaks) within a broad band of splays of the Larder Lake-
Cadillac Break. In OGS Map 3356, L.S. Jensen documents a splay of the Cadillac Break
to run through the claim group.
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Swastika Laboratories

. o
E. BOYCE 1 Cameron Ave., Swastika, Ontario Report No : 8W1152
Attention: E. Boyce PHONE (705) 642-3244 FAX (705) 642-3300 Date :  May-19-98
Project:
Sample: Rock MULTI-ELEMENT ICP ANALYSIS

Aqua Regia Digestion

Sample Ay Al As) Ba Be Bi Ca Cd Co Cr Cu Fe K Mg Mn Mo\ Na N P 'Pb sE“} sc sn s T v WYY zn =z
Number ppm % ppm ppm. ppm ppm % ppm ppm ppm ppm % % % ppm ppm’ % ppm ppm ppm/)ppm’ ppm ppm ppm % ppm ppny ppm ppm ppm

#1 <0.2 1.80 <5 10 <05 <5 0.53 <1 30 32 166 5.97 0.02 1.54 615 <2 0.05 41 500 4 <5 2 <10 9 0.18 99 <10 7 76 11

~ .0yt sample is digested with 10 mi 3:1 HC/HNO3
at 95¢ for 2 hours and diluted to 25ml with D.I.H20.

Pag f1 Signed:




@ Swastika Laboratories

Assaying - Consulting - Representation

Established 1928
Geochemical Analysis Certificate 9W-0743-RG |
company: E. BOYCE : Date: APR-07-99
Project: Powell Twp Claim # 1214039
At E. Boyce

We hereby certify the following Geochemical Analysis of 5 Rock samples
submitted APR-06-99 by .

Sample : Au  Au Check Multi
Number PPB PPB  Element
Trench A2 Spl #1 411 377 Results
Trench A5-2 Spl #1 34 62 to
Trench A4 Spl #1 27 - fol low
Trench A4-2 Spl #1 38 -

Trench AS-1 Spl #1 55 -

One assay ton portion used.

Certified by AM M

1 Cameron Ave., P.O. Box 10, Swastika, Ontario POK 1T0
Telephone (705)642-3244  Fax (705)642-3300




<. BOYCE

Attention: E. Boyce
Projcct: Powell Twp Claim # 1214039

Sample: Rock

Sample
Number

Trench A2 Spl #1
Trench A5-2 Spl #1
Trench A4 Spl #1
Trench A4-2 Spl #1
Teendy A5-1 Spl #1

Ag
ppm

<0.2
<0.2
<0.2
<0.2
<0.2

Al
%

2.86
0.98
4.38
1.84
0.91

As Ba Be Bi
ppm ppm  ppm ppm
<5 410 <0.5 <5
5 1900 <05 <5
<5 220 <0.5 <5
<5 100 <0.5 <5
10 50 <0.5 <5

Ca
%

6.30
12.05
3.84
3.28
6.39

A 5 gm sample is digested with 10 mt 3:1 HCI/HNO3
at @5c for 2 hours and diluted to 25mi with D 1 H20

TSL Assayers Swastika
I Camcron Ave.. Swastika. Ontario. POK 1T0
Tel: (705) 642-3244  Fax: (703) 642-3300

MULTI-ELEMENT ICP ANALYSIS
Aqua Regia Digestion

Cd Co Cr Cu

ppm  ppm ppm ppm
<1 33 411 59
<1 11 220 50
<1 39 455 43
<1 27 502 2
<1 21 648 165

Fe
%

6.12
2.11
8.19
3.20
1.36

K
%

0.30
0.04
0.11
0.18
06.08

~

Mg
%

2.13
0.89
4.40
1.93
0.36

= tof1

Mn Mo
ppm  ppm
1040 14
405 <2
1215 <2
420 <2
400 <2

Na
%

0.02
<0.01
0.02
0.07
0.14

Ni P Pb Sb Sc  Sn Sr
ppm ppm ppm ppm ppm ppm ppm
98 460 <2 10 7 <10 33
27 250 <2 5 4 <10 175
111 530 <2 10 16 <10 27
140 3090 <2 10 2 <10 177
21 520 <2 10 4 <10 50

Signed

Datc

Ti
%

0.11
0.07
0.24
0.30
0.25

Report No

Apr-149-99
Vv W Y Zn yds
ppm ppm ppm ppm ppm
92 <10 12 161 S
41 <10 5 44 5
158 <10 13 128
47 <10 9 5§ 23
56 <10 5 22 15’

Q

IW0743 RJ

8!



Swastika Iaboratories

A Division of TSL/Assayers Inc. EZ é ‘é
Established 1928 . Assaying - Consulting - Representation | /‘%
Geochemical Analysis Certificate q 9W-0091-RG1
‘
Company: E. BOYCE Date: JAN-15-99
Project: )
Aun: E. Boyce

We hereby certify the following Geochemical Analysis of 17 Core/Cuttings
samples submitted JAN-13-99 by .

Sample Au Au Check
Number PPB PPB.
98-B-1 #1 36-38° 15 -
98-B-1 #2 67-68° Nil -
98-B-1 #3 71-72° Ni | -
98-B-1 #4 76-77" Nil -
98-B-1 #5 88.6-90° 2 -
98-B-1 #6 103-104° 38 -
98-B-1 #7 104-105" 1440 1486
98-B-1 #8 105-106" 634 583
98-B-1 #9 106-107° 583 -
98-B-1 #10 114-115’ 53 - End of . Hadw S G
98-A-1 25-30° 26 -
J8-A-1 38-41’ Nil -
98-A-1 45-50° Nil -
98-A-1 54-57° 15 12
98-A-1 60-65" . % b ludgx Bssay S
98-A-1 65-70° 19 -
98-A-1 75-100° 43 -

......................................................................................

One assay ton portion used.

Certified by ( !

1 Cameron Ave., P.O. Box 10, Swastika, Ontario POK 1T0
Telephone (705)642-3244  Fax (705)642-3300

n



MAN DAYS & EQUIPMENT /79 &

1) Line cutting (grid)
V.LF. Readings & Interpretation ~ 7 &

2) Prospecting & Mapping

May K, 18
June 21, 23, 24, 27,28, 29
Juy4,5 ~ 98

b) Beep Mat

July22,25,26. -~ 9%

¢) Gold Detector;
July19. - 9 g

3)Property Visits;

A) Maude Lake Geologist;
June10 - 78

B) Inmet Mines Geologist;
July21 -9 8

4) Diamond Drilling;
October 8,9, 10,11 ~ 78
Cement Hole Oct. 12. = 7 @

5) Split & Logged Core;
Geologist Dec. 19 — 7 8

6) Stripping;

Oct. 12, 13,14,15,16,17,18,1920 -~ 98
7) Washing;

Oct. 21,22, 24,25,26,29,30,31. -~ 9 8

8) Plugger;
Nov. 1,2,3,7. -9 9

May 6 1999

12



9) Prospecting Trenches & Sampling;
Nov.9,10,11,12,13. - 98
10) Mapping Trenches;
Nov.8.- 7 8

11) Equipment Rentals;
a) Float 7rw ¢ K >Oct.. 8-98
Nov. 9-98
b) Dozer Rental
Froem ©cf5-98 +o Nov 8-98
€) Boat June10-9§

12) Helper;

May 10, 11

June 21, 23, 24, 27, 28, 29
July 4, 5, 19, 22, 25, 26
Oct. 12

Nov.1,2,3,7, 8.

/999

13) Equipment Used;
Bull Dozer 4 Wheeler
Diamond Drill Chain Saw
Plugger Trailer
Pumps Boat

14)Report & Ma p S

1S) Phetoco p\{.mg

13



May 6, 1999

COST OF ASSESSMENT

1) Line Cutting (grid)... ... ... oo veeiee e ... 85,899.00
V.L.F. Readings & Interpretation

2) Prospecting & Mapping—-22 days.............c. oo ceevev i nnen ... $3,300.00
3) Property Visits..........c.coooitiiiee e eee e eee e eee e aee e v e een - $2,250.00
4) Diamond Drilling...............ccooieiiiiie e e e e eeeeen ... $2,875.00
5) Splitting & Logging Core...............ccooeveeeeevive e s ... $250.00
6) Stripping OULCIOP... .......coovviiiee e i eee e eee e e e een .. $1,350.00
7) Washing Trenches. .. ............occoeveeeeeeee e aeeeeee e $1,200.00
8) Helper $100.00 x&odays.............c.ccoeeeveeeeeeeiciiiiin e ... $2,000.00

9) Equipment Rental . oo ce e ... BAPS00
a) Dozef 2.00.00 x 34 days
b) Plugger $250.00 x 4 days
c) 4 Wheeler $25.00 x 21 days
d) Floating $250.00 x 2 trips
e) Pressure Pump $25.00 x 8 days
f) Boat $50.00 x 1 day

10) Food $25.00 X 65 days................ovveeevereeeeoreres e $1,625.00
11) Lodging $50.00 X 65 days...............vovecerveeeeeeeeerereesen v $3,250.00
12) Milage 1,966 km £30... ... .. $589.00
13)Ga$: Far Chain Sawldphaggen ......$5000
14) Fuel/oil, grease................oooe i e 122 8150.00

: 3

Ho) Re porTs ,4!5000 X 30 DAYS ,__'__3,900 .00

e e VR L. Mmem s rtees v mmees e

i) Photocopying . %l00.00

e ee et mmene p cmem =+ - cse -

2,3 37,405 ¢

14
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DETAILED SUMMARY

Claim # 1214039

In July of 1998 prospecting and mapping of grid cut in early 1998 included line 0
west to line 6 east and north from line 7 east to line 9 east a total of 130 acres was
prospected and 150 acres mapped. Several interesting outcrops were discovered.
Stripping, drilling, blasting & trenching were done on two locations. Samples taken from
3 of 3 trenches yield gold values. As well beep mat, gold detector & V.L.F. readings were
taken. (Sc€ prospeciing + Site. hocation Maps Boack pocKeT)

Trench A-1 Geology Report
Location-1260 Meters east of #4 post/80 Meters south of north line claim #

1214039. Stripping outcrop of 1 meter overburden uncovered a fracture zone containing
calcite veining running east-west with oxidation and trace AMTS of mineralization. Chip

samples were taken from this site. (See Map pg.97)

Trench A-2 Geology Report
Location-1225 Meters east of #4 post/90 meters south of # 4 post claim

#1214039. Stripping of trench A-2 was to determine if the fracture carbonated zone from
trench A continued west. This site is located 35 meters west/10 meters south of trench A
which yielded anomalous gold values. One meter of overburden was stripped which
followed by 1 %2 meters of gossin (broken rusty rock). More stripping is required. Grab
sample taken from this site. (Sec Map paqg>

Trench A-3 Geology Report
Location-1215 Meters east of #4 post/100 Meters south of north line claim

#1214039. Trench A-3 15 Meters west/10 Meters south of trench A-2 was stripped to
determine if the fractured carbonated zone from trench A continued west. This solid rock
with no fractures and no noticed veins. “Diabase Dyke”. No samples taken. Trench is 21
meters long X2 Meters wide X1 Meters deep. The Diabase Dyke at the south of trench A-
3 is covered with over 2 Meters of sand. ( See Map 93 CH)

Trench A-4 Geology Report
Location-1270 Meters east of #4 post/250 Meters of north line claim #1214039.

Trench A-4 was discovered while prospecting. Most of the stripped outcrop is fractured.
Results from stripping, drilling & blasting consisted of green rock (Epidote) & Red rock
(Syenite porphory), which has green Epidote veins through it. The Epidote & porphory
contain mineralization. Two samples were taken from the blasted trench. Further
recommendations: Continued stripping, trenching, washing & sampling program. (‘SEe Map Pg-109)

Trench A-5
Location-1330 Meters east of #4 post/600 Meters south of north line. Claim

31214039. Trench A-5 was discovered while prospecting. The outcrop appears to be an
agglomerate. Stripping, drilling & blasting resulted of two trenches listed as trench A-5-1
& trench A-5-2. Samples were taken from each trench. Trench samples A-5-1 & A-5-2

are on the same sample sheet.(Gee ™Map Pey V0L

16



Gold Detector Report Claim 1214039

The Gold Detector used has a 5° long shaft that is plunged into soft ground. The
principal used for this device is to detect small particles of gold in soil. Indications of
gold were found on line 2,300 Meters north. Once the beaver pond receded the bottom of
the creek was also tested. No results were noted here. (S e¢ (>oid DeTecTor Map Lack Pocke™ )

Beep Mat Report Claim 1214039

Readings were taken from the grid cut in early 1998 with a beep mat.
Total distance covered as follow:

Line 0 1000 Meters Line 1 1000 Meters
Line 2 900 Meters Line 3 900 Meters
Line 4 600 Meters Base Line 150 Meters
500 Meters

Crossing from line to line

Total distance covered
Location of elevated readings as follows:
Line2; 200 Meters south of base line Elevated reading “100”
175 Meters south of base line Beep mat sounded
150 Meters south of base line Beep mat sounded
200 Meters north of base line Elevated reading “200”
Ringing was also noted over a large area around the work site. Readings were not

interpreted as there was no manual for beep mat. ( see Teep Mo™ Moy Bock Pocrer)

Property Visits

Since working this ground we have had several site visits by interested agencies
they include Maude Lake Res., resident geologist Gerhard Meyer and Inmet mines. Their
reports are on the following pages. / Sec pos 8% - 93)

DIQMOV\‘) Dn”[ns
Lor Diamond oritl resulTs, (See Pgs 94,495,460
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Introduction

During the summer of 1998, a VLF survey was performed on 9.3 km of grid
which was cut at the north border, roughly in the center of Powell Twp. (see figurel) The
grid was oriented with North-South cross lines at 100 meter centers, picketed every 25
meters. 750 readings of the in-phase and quadrature components of the horizontal
magnetic fiecld were taken at 12.5 meter intervals along the lines. The machine used was
a Geonics EM-16 VLF receiver. No topographic corrections were made to the field data.
(see appendix for detailed operational parameters)

Survey Results

Three conductor axis which display the proper cross over features for in-phase
and quadrature are quite well displayed on this survey area. These have been labeled
conductors “A”, “B” and “C”.. ( see appendix for interpretational theory.) All other
responses have been deemed topographic.

Conductor “A”

This feature is traceable along ten of the eleven lines surveyed trending at about
130°-AST.. The conductive axis follows a linear topographic low which would be the
norm for a fault feature. A gold showing just west of line 3+00 E at about 2+50 N
appears to be associated with this conductor. A look at figure 3 shows that it is quite
possible that this feature could represent an unmapped extension or splay from the
Cadillac fault zone. Given the known gold association at line 3+00 E and the history of
the Cadillac fault, conductor “A” should be considered a high priority target for further
exploration.

Conductor “B”

This feature coincides very well with a mapped fault feature on the south west
part of the grid. Again, given its association with the Cadillac fault, follow up work
should be done here.

Conductor “C”

Most likely this feature is a splay from conductor “A”. More work is required
here to define mineral potential.

Conclusions
The VLF survey was successful in ground locating a mapped fault feature as well
as defining a potential, unmapped splay of the Larder-Cadillac fault zone.

23
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Recommendations

Follow up geophysics should be done along the conductors to further evaluate
them. A horizontal loop survey would help eliminate the topographic and overburden
effects and show more definitively where the fault feature lays. An induced polarization
survey, though far more expensive, would highlight areas of higher mineral
concentrations and would better define a drill target.
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SUMMARY OF EXPENSES

Grid Chained Picketed 9.3km @ 300/perkg......................$2790.00

Base Line Chained Picketed lkm@ 400/ km.............................$400.00

V.LF. Survey 93kg@ 130/km..................................$1209.00

Report and Compilation 10 days @ 150.00/day.........................$1500.00

.................................................... TOTAL....cccevueuenerenen.....55899.00

O _ e . B ——
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EM16 SPECIFICATIONS

Inphase and quad-phase components
of vertical magnetic field as a
percentage of horizontal primary
field. (i.e. tangent of the tilt
angle and ellipticity).

Inphase: £150%
Quad-phase: * 40%

1%

Nulling by audio tone. Inphase in-
dication from mechanical inclinometer
and quadphase from a graduated dial.

15-25 kHz (15-30 kHz optional) VLF
Radio Band. Station selection done by
means of plug-in units.

ON/OFF switch, battery test push
button, station selector switch,

audio volume control, quadrature dial,
inclinometer.

6 disposable 'AA' cells.
53 x 21.5 x 28 cm

Instrument: 1.8 kg
Shipping:  8.35 kg

EM16 inclinometer may be damaged
by exposure to temperatures
below -30°c. Warranty does

not cover inclinometers damaged
by such exposure.
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PRINCIPLES OF OPERATION

The VLF-transmitting stations operating for communications
with submarines have a vertical antenna. The Antenna current
is thus vertical, creating a concentric horizontal magnetic
field around them. When these magnetic fields meet conduc-
tive bodies in the ground, there will be secondary fields
radiating from these bodies. (See Figures 3 & 4). This
equipment measures the vertical components of these secondary

fields.

The EM16 is simply a sensitive receiver covering the fre-
quency band of the VLF-transmitting stations with means of
measuring the vertical field components.

The receiver has two inputs, with two receiving coils built
into the instrument. One coil has normally vertical axis
and the other is horizontal.

The signal from one of the coils (vertical axis) is first
minimized by tilting the instrument. The tilt-angle is
calibrated in percentage. The remaining signal in this coil
is finally balanced out by a measured percentage of a signal
from the other coil, after being shifted by 90“°. This coil
is normally parallel to the primary field, (See instrument
Block Diagram - Figure 2).

Thus, if the secondary signals are small compared to the
primary horizontal field, the mechanical tilt-anrgle is an
accurate measure of the vertical real-component, and the
compensation 1/2-signal from the horizontal coil is a measure
of the quadrature vertical signal.

Some of the properties of the VLF radio wave in the ground
are outlined by Figures 4 thru 9.

ACCOMPANYING NOTES FOR FIGURES 2 - 9

FIGURE 2 is the block diagram of the EMl6. The diagram is
self-explanatory. Both the coils (reference and
signal coil) are housed in the lower part of the
handle. The directions of the axis of the coils
are as follows: The reference coil axis is basi-
cally horizontal and is kept more or less parallel
to the primary field during measurement. The
signal coil is at right angles to the reference
coil and its axis is, of course, vertical.

The signal amplifier has the two inputs, one
connected to the signal coil and one to the refer-
ence channel. By tilting the coils, the operator
minimizes the signal from the signal (vertical
axis) coil. Any remaining signal is reduced to
zero by the quadrature control in the reference
channel. The signal amplifier has zero output
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FIGURE 2 Continued...

when both input signals are equal in amplitude
and phase. Thus, the setting of the quadrature
control for minimum output from the receiver
indicates the relative amount of the quadrature
signal of the vertical coil. The measured

value does not depend on the absolute value of
the signal, only the relative values are measured.

FIGURE 3 shows the proper planning of survey in relation
to the direction of strike and primary field,
direction of survey lines etc. '

FIGURE 4 explains the time delay (phase lag) g of travelling
electromagnetic wave above and in the conductive
ground. The amplitude of the wave in the ground

is also attenuated. .

FIGURE 5 shows on the left the physical direction of the
primary (Hy) and secondary (H,) field vectors in
relation to conductive ground and target. The
location of secondary current distribution in the
target is shown schematically. We see that most
current concentration is in the upper edge of the
good conductor. The return secondary current is
more spread due to the diminishing primary field
in the conductive rock. On the right, the time
vectors show the retarded phase of Hy in the
target and the phase advance of the secondary
field Hz compared to Hx. We must remember that the
Hz will have additional phase lag when it penetrates
back towards the surface.

This figure shows a positive real component of the
H, while the quadrature remains negative.

FIGURE 6 This graph shows the primary field attenuation in
nepers, relative amplitude and phase lag in radians
of the primary field as funttion of depth and con-
ductivity of the ground. This graph is for 20 kHz.

FIGURE 7 shows the maximum obtainable amplitude H, from a
sphere or horizontal cylinder as a function of the
radius—-to-depth ratio. The schematic on the left
shows the depth determination for the spherical or
cylindrical target.




FIGURE 7

FIGURE 8

FIGURE 9

Page 5

Continued...

The equation for the phase shift and attenuation
of the primary field in conductive material, where

o/ew>>) 1is as follows:

8 /uma" where a = attenuation, nepers/m
a=PB= 2 B = phase lag, radian/m
A w = 29f _
4 = magn. permeability =41x10
g = mhos/m

This graph gives the amplitude and phase shift of
the field (in conductive media) as function of

skin depth, § = 1/a .

This equation gives the skin-depth in meters for
certain conductivity and frequency. Normalize
this to one, and the graph in Figure 8 gives the
amplitude and phase shift of the wave at any
relative depth.

The vertical field from a long wire source is
plotted here. A vertical semi-infinite sheet
target would be simulated this way. In practice
it hardly works accurately due to the spread of
the secondary current in the target because of
the finite conductivity and the attenuation and
phase shift of the primary field as function of
depth.

7
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SELECTION OF THE STATION

The magnetic field lines from the station are at right

angles to the direction of the station. Always select

a station which gives the field approximately at right

angles to the main strike of the ore bodies or geological
structure of the area you are presently working on. 1In
other words, the strike of geology should point to the trans-
mitter. (See Figure 3). Of course, +45° variations are
tolerable in practice.

- Tuning of the EM16 to the proper transmitting station is
done by means of plug-in units inside the receiver. The
instrument takes two selector-units simultaneously. A
switch is provided for quick switching between these two
stations.

To change a plug-in unit, open the cover on top of the instru-
ment, and insert the proper plug. (Figure 10) Close the cover
and set the selector switch to the desired plug-in.

On the following pages is a variety of information on the
most commonly used (i.e. reliable) VLF Transmitters including
transmission frequency, geographical location and their
scheduled maintenance periods.

L
vy
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VLF Transmitter Information

NORMAL MAINTENANCE PERIODS:

GBR
NAA

NAU
NDT
NLK
NPM
NSS
NWC

For further information the U.S. Naval Observatory, Time Service Division, Washington, D.C.

1000 to 1400 UT each Tue.

1200 to 2000 UT, testing 2000 to 2200 UT each Mon. (if holiday falls on

Mon., maintenance will performed preceding Fri.), may be off 1800 to

2000 UT Thu.

1200 to 2000 UT each Wed.

2300 to 0900 UT first Thu.-Fri. of month, 2300 to 0700 UT all other Thu.-Fri.
1600 to 2400 UT each Thu. (1500 to 2300 UT during daylight saving time)

1800 to 0400 UT last Wed.-Thu. of month, 1800 to 0200 UT all other Wed.-Thu.
No 'longer in operation.

0000 to 0800 UT each Mon. (if holiday falls on Mon., maintenance will be

performed Tue.), may be off 0000 to 0400 UT Tue. (Wed. if holiday falls on
Mon.)

may be contacted at (202) 653-1525.

ST 28eq
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VLF STATION INFORMATION

Station Frequency Location Co-ordinates Kw
FUO 15.1 Bordeaux, France 00W48-44N065 500
GBR 16.0 Rugby, England 01W11-52N22 750
JXZ 16.4 Helgeland, Norway 13E01-66N25 350
NAA r24.0 Cutler, Maine 67W17-44N39 1000
NAU 28.5 Aguada, Puerto Rico 67W11-18N23 100
JJI 22.2 Ebino City, Japan 130°E46 °No5'
NLK 24.8 Seattle, Washington 121W55- 48%% ° %gg
NPM 21.4 Lualualei, Hawaii 158W09-21N25 600
NWC 22.3 N.W. Cape, Australia 114E09-21S47 1000
UMS 17.1 Moscow, Russia 37E01-55N49 1000

Notes:

1. Use of NAU (Puerto Rico) 28.5 kHz requires factory
+ modification of VLF instrument.

2. In the event that an EM16 unit is being returned
to Geonics for: ’

- modification of frequency range to include
NAU, 28.5 kHz, or

- addition of the 16R resistivity attachment,

please ensure that all station plug-ins are
also returned, for proper calibration.
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GEOGRAPHIC USE OF VLF STATIONS

The following list of plug-ins are the standard plug-in crystals
provided with the EM16 for the various areas listed throughout

the world.

Europe

North America
North
West § Alaska »
Midwest
East
South

Mexico § Central America

South America
North
West

Asia
East
Central

Japan

Australia
East

Africa

4 North
West
Central
East
South

FUO GBR JXZ NAA UMS

GBR
GBR

JJl
FUO

Jdl
NWC

NAA
NAA
NAA
NAA
NAA

NLK
NLK
NLK
NLK
NLK

NAU

NAA
NAA

NWC
UMS

NPM

NPM

NWC
NWC
NWC
NWC
NWC

. GBR
- NPM

~ .GBR
- NAU

NLK NPM

NAU
NAU NPM

UMS

NWC

JJl

FUO GBR UMS .

FUO GBR UMS

FUO GBR UMS

FUO GBR UMS NWC

(FUO GBR UMS 10% noise)
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FIELD PROCEDURE

Orientation & Taking a Reading

The direction of the survey lines should be selected approxi-
mately along the lines of the primary magnetic field, at right
angles to the direction to the station being used. Before
starting the survey, the instrument can be used to orient one-
self in that respect. By turning the instrument sideways, the
signal is minimum when the instrument is pointing towards the
station, thus indicating that the magnetic field is at right
angles to the receiving coil inside the handle. (Fig.1l1).

To take a reading, first orient the reference coil (in the
lower end of the handle) along the magnetic lines.(Fig.12)
Swing the dnstrument back and forth for minimum sound intensity
in the speaker. Use the volume control to set the sound level
for comfortable listening. Then use your left hand to adjust
the quadrature component dial on the front left corner of the
instrument to further minimize the sound. After finding the
minimum signal strength on both adjustments, read the inclino-
meter by looking into the small lens. Also, mark down the
quadrature reading.

While travelling to the next location you can, if you wish,
keep the instrument in operating position. If fast changes in
the readings occur, you might take extra stations to pinpoint
accurately the details of anomaly.

The dials inside the inclinometer are calibrated in positive

and negativg percentages, If the instrument is facing 180°
from the original direction of travel, the polarities of the

readings will be reversed. Therefore, in the same area take
the readings always facing in the same direction even when
travelling in opposite way along the lines.

[
The lower end of the handle, will as a rule, point towards
the conductor. (Figs.l1l3 & l14) The instrument is so calibrated
that when approaching the conductor, the angles are positive
in the in-phase component. Turn always in the same direction
for readings and mark all this on your notes, maps, etc.

THE INCLINOMETER DIALS

The right-hand scale is the in-phase percentage(ie.Hs/Hp as
a percentage), This percentage is in fact the tangent of the
dip angle. To compute the dip angle simply take the arc-
tangent of the percentage reading divided by 100. See the
conversion graph on the following page.

The left-hand scale is the secant of the slope of the ground
surface. You can use it to "calculate" your distance to the
next station along the slope of the terrain.
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(1) Open both eyes.

(2) Aim the hairline along the slope to the next station
to about your eye level height above ground.

(3) Read on the left scale directly the distance necessary
to measure along the slope to advance 100 (ft) horizon-

tallz.

We feel that this will make your reconnaissance work easier.
The outside scale on the inclinometer is calibrated in degrees

just in case you have use for it.

PLOTTING THE RESULTS

For easy interpretation of the results, it is good practice
to plot the actual curves directly on the survey. line map
using suitable scales for the percentage readings. (Fig.l5)
The horizontal scale should be the same as your other maps on
the area for convenience.

A more convenient form of this data is easily achieved by
transforming the zero-crossings into peaks by means of a
simple numerical filtering technique. This technique is
described by D.C. Fraser in his paper "Contouring of VLF-EM
Data", Geophysics, Vol. 34, No. 6. (December 1969)pp958-967.
A reprint of this paper is included in this manual for the
convenience of the user.

This simple data manipulation procedure which can be imple-
mented in the field produces VLF-EM data which can be contoured
and as such provides a significant advantage in the evaluation
of this data.

e
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INTERPRETATION

The VLF primary field's magnetic component is horizontal.
Local conductivity inhomogeneities will add vertical
components. The total field is then tilted locally on both
sides of a local conductor. This local vertical field is
not always in the same phase as the primary field on the
ground surface. The EM16 measures the in-phase and quadra-
ture components of the vertical field.

When the primary field penetrates the conductive ground and
rock, the wave length of the wave becomes very short, maybe
only few tens of meters, depending on conductivity and fre-
quency. At the same time the wave travels practically direct-
ly downwards. The amplitude of the field also decreases very
fast, completely disappearing within one wavelength. The
macnetic” field remains, however, horizontal.

Figure 16 shows graphically the length and phase angle of the
primary field penetrating into a conductive material.

The phase shift in radians per meter and the attenuation in
nepers per meter (l/e) is:

]
B = a = [2._;1_2_.] where w =21F¢€¢F
M = Houp= 4%x10”’
0 = conductivity
mho/m

Figure 16 also reminds us of the fact that all secondary fields
have a small (or large in poor conductors) positive phase shift
in the target itself due to its resistive component, and that
the secondary fields have another negative phase shift while
penetrating back to surface from the upper edge of the target.

The targets are located somewhere in the depth scale (phase
shift scale in this case). Suppose we have a semi-infinite
vertical sheet target starting from the surface. Figure 17
shows that the total integrated primary field inphase and

quadrature flux has a value of + 0.5 and - 0.5 respectively.

These two charts can be used to analyze the inphase and quadra-
ture readings taken on both sides of the target. If one knows
the actual conductivity of the overburden and the rock, the
task is easier. Because of the many variables involved the

precise analysis is usually impossible.

The most frequently encountered and easily solved problem is,
however, the separation of surface conductors from the more
interesting ones at depth. This is easily done by observing

the negative quadrature signals compared to the usually positive
or zero ones from the surface targets. See the sample pro-

files in Figures 18 and 19. This way we can often tell if we
have a more interesting sulfide target under a swamp for example.
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Another use for the quadrature polarity is in the tracing of
a fault or a shear zone. Normally these weak conductors
give a fair amount of positive (the quadrature follows the
in-phase polarity) quadrature. When we have a local sulfide
concentration in these structures, we get a negative quadra-

ture response.

All the interpretation is made easier by other indications

of the depth to the target. The horizontal distance between
the maximum positive and negative readings is about the same
as the actual depth from the ground surface to the centre of
the effective area of the conductive body. This point is not
the centre of the body, but somewhat closer to the upper edge.

Theoretically, the depth ‘h' of a spherical conductor with
radius 'a’ eguals AX where AX is the horizontal distance between

the maximum points of the vertical field H, (Fig. 20a). The
radius of the sphere is given by

a=1.3 h 3 H,(max).

For a cylindrical conductor the depth 'h' equals 0.86AX and
the radius of the cylinder is given by

a=1.22h Hg(max).
In these equations H, = 1 means 100% on the instrument dial.

The determination of the depth is generally more reliable
than the estimation of the actual dimension a. The real
component. of H,, which we should use in these calculations,
decreases proportionally for a poorer conductor and with the

depth in conductive material.

One can also draw some conclusions about the dip and shape
of the upper area of the conductor by observing the smaller
details of the profile. See the modelling curves.

¥

A vertical sheet type conductor, if it comes close to the
surface, gives a sharp gradient of large amplitude and slow
roll-off on both sides. (Fig. 27k & 20c).

Horizontal sheets should give a single polarity on the edge
of it, and again the opposite way on the other edge. (Fig.20f)

When looking at the plotted curves, one notices that two
adjacent conductors may modify the shape of the anomalies
for each one. In cases like this, one has to look for the
steepest gradients of the vertical (plotted) field, rather
than for the actual zero-crossings. Forget the word "cross-
over®. Look for the centres of slopes on the in-phase for
location of targets. See Figures 204 and 20e.
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As with any EM, the largest and best conductors give the
highest ratio of in-phase to quadrature components. In VLF
however, the surrounding conductive material influences the
results so much that it is almost an irrelevant statement
except in a few cases. Also in practice most of the ore
bodies are composed of different individual sections, and
therefore one cannot use the in-phase/quadrature ratio as

the sole indicator of the conductivity-size factor. In other
words the characteristic response curves are flat, much
flatter than with modelling.

MISCELLANEOUS NOTES

1) It has been shown in practice that this instrument can

be used (in proper areas) also underground in mines. The
rails and pipes may cause background variations. It was
found ip one mine even at 1400 foot level, that the signal
strength was good. By taking readings at two directions
at each station, one could obtain a very good indication
about the location of the ore pockets in otherwise diffi-
cult geology.

2) On the other hand a thick layer of conductive clay can
suppress the secondary field to a negligibly small value.

3) In mountainous areas one can expect a smooth rolling back-
ground variation. However, the actual sharper anomalies
induced by conductive mineral zones can be usually easily
recognized. Background variations can be effectively
removed by standard numerical filtering procedures to
emphasize local anomalies. +

*
4) Faults and shear-zones can give anomalies, but not with-
out a reason. There must be conductivity associated with
them. Reverse quadrature may indicate sulfide deposits

in these structures.

SERVICING

Changing the batteries is done by removing the cover and
changing the penlight batteries one by one. Please notice

the polarities marked on each individual cell. To test the
condition of the batteries, turn the instrument on, press the
push-button on the front panel. There should be a whistling
sound in the loudspeaker if the batteries are in useable
condition. If the sound is not heard, the battery voltage may
be low, or the battery holders may be dirty or faulty.

* Telford, King and Becker, "VLF Mapping of Geological
Structure®. .

+ D.C. Fraser, "Contouring of VLF-EM Data".

Mo
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It may be occasionally necessary to clean the contacts of
the plug-in unit. For this, use a clean rag that is very

slightly moistened with oil. The oily rag is good also for
the battery terminals.

If any repairs are necessary, We recommend that the instru-
ment be shipped to Geonics Limited for a thorough check=-up
and testing with proper measuring instruments.
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GEONICS LIMITED

EM 16

Contributed by

Target:

Ground:

Readings:

Station:

Scale:

MODEL EXPERIMENTS

T.P. Rogowsky and W. A. Bowes
of Martin, Sykes and Associates,
Steamboat Springs, Colorado.

We wish to thank them for their
permission to use the very
illustrative results.

28 gage zinc plated roofing
sheet, 6 x 48 feet, above

ground.

The area was covered by 2.5 ft.
of conductive soil on top of

gravel and clay. The area was
found to be free of anomalies.

The graphs show the view (cross
section) to North. Readings
towards right (East). Primary
field is East-West. The
instrument was moved along the
zero-line except where shown as
a separate sloping line (side
of a hill). The quadrature
component was negligibly small
except where shown in the
graphs. :

WWIVL, 20 kHz

1 sq. = 2 feet
1l sq. = 10 %




Page 35

1T

11
1T

ot
ot t=4

[

W;}Jk‘ g - LR Lt sk riozvay Froo™ ey Fm S~ kY ey (AL [ Rae o P~ (cid




Page 3.
§ -
. A H 414
44§11 1111 . T |
l .
1 HUH 1] 1
1 3
11
3 108 :
iy
b 4
) %
h §
:
f
1
H
apey
a4
:
L
1
t 4
1
i 1
!
} 1
: T
: -
i : . T ) s o )
4 tetf ] 1 - + T : u_
1ozt 44 Y = _
FLETaLREEL BBEE SR eut B .
H11
;1
» y
A 4
b
) |
)
H
:
i
¥
asad
is
-
"4
'y
.
:
P\
3
!
;|
l_.““u -ll.l.ll
1 1 2 1
1T -3 HiE i i




Page 37

94+

TITIET
1

g

.

Lwirl

hl

Izt

e

! )|
18 % 13- 17 1
X HH 1 111 14 | 11
-
X1
104 XJ
11 &
Xl :

T -

4

o

(%

i FD [ AN

&

s

et

“l

re




Page :

)
, . i) e
15141 1 p { 33
8h 31 H
on a
1 uy
4
-
.. 54
-t
aman
o
HHH
H
HH
s
-
b
n
I [
) 1
y |
[
H |
1% \
H
e
4
4
1
4
.
s
4 HH
s B
H
.
T a
o
. 85
H
HH
s
X
>4
H - B N 1N 1 2
1 I 11T 18§ 1
| \ 18 1 t ilanu :k 111
1
81
11l H“
1
X a
'
o’
& H
y .
.
191
]
nl
H ol
1
1
-
1
" 1
>
X
.lu
N
11 . &
’ | -
e
|
w3
assn
- D
13
1B
3 2
b
: - 3 1 ¥ 3
17 " # ] 4 i $-1 - -4 €44 -t .
i HifTH : ‘ i Hit




Page 39

p 11 u 4 4 4 ] 4 e
’s » 13 :
444 44 | 4
;.
%
) 5 ¢ +o ¥
1
 {
A
. »
.
ss
HH
[
1
v 3
¢
1
»
) §
L
f
v 4
1A
: 27
f 1
H
o -
H4
ysene . §
A
i
-
b |
..u IIX
2 1
%
s
> 1
l ] 1
2 BE
& ssn
3 §
- 1
A § | “
- 1
g . ¢ H
TT 11
+ 1 11T 1 16 13 P b
+ 3
1T 1T
» 1l
B
B 1
3
) N b |
3.1
3 A 1
-
%
E
- -
1
Z : 7
F“ 43
HH
Ll
H 3
=S )
M 3
. ] Tl
& - 1r
4 1%.
T I S
"
as X
- -
! 4
I r
w gttt
4
L
mm amm <
wam
s 4
’
» 4
b | 2
1L »
_ 13
) 1 bl
4 141 11X 11t




Page 40

( i GEONICS LIMITED

2 Thorncliffe Park Drive, Toronto 17, Ontario, Canada. Telephone: 425-1821 Area Code 41¢

“FIVE YEARS OF SURVEYING
WITH
THE VLF - E.M. METHOD"”’

By

Norman R. Paterson’
and
Vaino Ronka’

e,

PRESENTED AT THE 1969 ANNUAL INTERNATIONAL MEETING
SOCIETY OF EXPLORATION GEOPHYSICISTS

1. Consulting geophysicist, Toronto, Canada
2. President, Geonics Limited, Toronto, Canada
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Noeman R, Pateruon and Vainoe Ronka

INIRODUCTION
The idey of using radio signals for el nQ (5 not new;
s of lon and polarizetion were made by Hack in 1908 and
Teldman in t93) (1) in vari i | sttuati . Eve and Kayes {2)

measured signal strength in the vicinity of several orebodies. Anomsious
radio brhaviowr has aften bren nated near large conductive bodies .

Radio-frequency C. M. thods using or T were
~mployed in the 19305 and, 0 A lesser extemt, a3 reoently as 1960, for both
G and 0 ) » of the relatively high f
mployrd, the f d from poor and diftiouity in dlacrim-
inating between hodies of different conductivities . In North America the method
was abandoned in favour of low-frequency L. M. for acarly all prospecting
applications .

in Curope, the usc of radio-frequency methods continued for
®apping cosl-seams and for oxploring in the vicintty of base-matat ore-
bodies. The Russians (3} have been sucocessful in applying radio shadow
techniques in drill-holes for loration and of sulphid
bodies %© deradbia depths at up to 1000 XHz. BSelow the
rdon loyer, in most rocks, aven at these frequencies, is

quite fow,

”
Daspite these and other ectivities, mdio-frequency methods were mot ac-
cepied for i or l [ Limited
introduced ¢ "passive” tastrument working in the VLT range (13 - 25 XHz) in
1964. Powerful military sdio wtly scound the
globe provided the primary L. M. signal,

ful ¥s were d out with this instrument in 1965. By the end
of 1966 the mathad wes in widespread use, and in 1967 seversl similar systems
were introruced or under developmant. At least two airhome varsions were
tasted in 1968. By 1969 airborne and/or ground instruments were being manu-
factured by more than five North American firms.

In this paper we describe briefly the theory and application of the method, we
outline the principle of of the Geonics E.M. - 16 (4}, and
we present some field results which have been chosen to illustrate certain

features of the data that are helpful in interpretation.

2a

FIGURE 1

Ihe VLI Method

Page 1

INEORY

C.M. prosprcuing methards rely on the measurement of secondary kb oo a
orated by onnducting badies in the ground when subipected to 8 imar, | A1,

signal .

“Active”

nloy tabie
tng 0 the lrnquency range 400 10 5,000 Hz. AFMAG i3 & “panst-s “ mothemi,
relying on slrctrical diachatens genereted by thunderstorm: which v
eeasurable signale {n the SO to $00 Mz range .

L

wal -

The VLF £.M. mathod is al30 “pessive" . {n this case cmplaying the rahiatis
from powerful military mdic Wensmiticrs as the primary signals,
shows the approximale oostion and sinnal-range of the maln transmite. o

working in the IS to 25 kHz redio band.

these and other stations are listed below,

Fiapire |

Froquencieg and powrr cutputa «f

: Froquenc Radi
Staticn Location —xHz power (kw)
DO Rome, laly 72 50
Lrz Marte Grande, Buenos Aires n.é .1
KX Malabar, Java 18.98 162
ROR Gorki, Russia 170 315
UFT Saimte Assise, Paris, France 20.7 60.8
UMS Moscow, Rassia 171 200
NAA Cutler, Maine, US.A. 17.8 1000
NLE/NPG Jim Crock, Wash, USA. 18.6 300
NPM Lushsiel, Hawnii, US.A. 204 300
NWC North Weat Cape, Amstralia n3 1000
WWVL Fort Collias, Colo, US.A. 200 4
aar Rugby, Bagland 160 500

The mdistion from these hoth electric and com~
and 13 in thwes modes: skywave, sp: and g dv .

At the large di we are d with, we matnly the skywave

wave-guided by the and earth surk: The

is the one of main Interest to us. as beneath the

msasurement .

of the

ground surface It carries the
bulk of the signal energy, and it offers certain adventages in practical Beld

Figure 2 11}
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radio antenna. The fisld {s polarizod roughly cylind
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cen be
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Ketow the mound sutace the magaetic ficld oo stteauated and cntequently
dishwted both in phase amd Witction.  The behaviour of the field near the
qround/air 4! has hean 4 by Norton {3); Ws elfect on VLT
measutements (8 under atudy al the present time

Alisouqtion and Phaso Shift

For our putposes, (And assuming that 07w €))1). we shall take {t that the
primary magnetic (leld suffars both sttenuation (nepers) end phase sM(t (radians)

roughly equal to

S

<> = angular frequency

4 = magnetic permesbility In herrys/m
T = glectrical conductivity (n mhos/m
& = dielectric constent tn larads/m .

At a frequency of 20 kHz. and st the [ree-space permeabitity of 1.26 x 1078
nenrys/m, we obtain:

Atterviation = .29 mepers/m
Phase shift = -.29 mdisns/m

At the "skin depth®, primary fleld smplitude 1s reduced 1 peper %0 1/e of its
strongth at ground surface, and the field has suffered & segative phase-shift

of L radias-

In relativety son-conductive rocks (¥ = 16™Y mhos/m) we obtain a skin depth
of about 100 meters, and a phase-shifk of about 8.0] radians/m.

Attsnuation snd phase~shift st a renge of reck and soll conductivities sre shown
1aTigure 3. Two things e avident from these graphs:

1. Ammlsnwmhmmummma
in sreas of dh
mmn&-hchmmtmmn“m
buried conductors are further d in thelr

0 the [

2. The primary field coupling with buried conductors will be
cth appreciably in phase, evan In rocks of nllu-lv
vity (and the dary fields d at
wmcc will be phase-shifted -pproadnalely twice 83 much).

-4 -
Attenuation is & factor that cannot be overcome and must be kept in mind con-
stantly in applying the VLF E.M. method.

Phase-shift can however be of very real value lndnunwum-w conductocs
lying 4t depth from those dfined %0 the near

Inhe Polacization Lllicse
M of the

s in the i < Since the primary
maumrhﬂm.wwmamﬁlmmdm
Sald strength; we can alss determine approsimate the phase of the secondary
,«’ddmlnnabmﬂl-uv.

de-'

To how these are made, It is necesnary w

emuine the polarization sliipse.
Assume the primary field H to be horizomtal and of zero phase angte:

K| = Hoosert
Let tha secondary fleid at the same point in space be reprasented by:
jan] -3n cos (wr s )
phase~-shift,

whers @ rop » or nege
And let DR be inciined vpward In the plane of H by the sngie ok .

The componems of I and A K in the x(horisontal) snd yivertical) directions
L H

H = H coswt

H =0
AN AN oos twi+ @) cosm
AR, = DKoo bat * ) sinm

Summing these, we obtain:
C ) Koot * AN cos (w1t «d) coax
“Xcostwt ¢+ @)

c, 1) = Hoon lat *¢) sins
¥ cos (st *@)

.24

______ + —
-4
(rodtunsﬂ
-8
+1-2
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ere ""‘—]
- ¢ H ¢/ Hoos o cos

By eliminating t. we cen derive (6} an axpresaion for the locus of Gt} the
resultent of the primary and secondary fields:

c'ocz - W _C cos b = stn2d

pe S et s s 3

x ¥ xv

where & = ¢I-¢

This is the equation of an ellipse whose minor axis is inclined to the vertioal
by the angie § where:

tan 28 = Yoosd
-y
Evidently the resultant fleld rotates in space, varying in magnitude 8s it goes,
80 as to describe an “ellipse of polarization”.

The retio b/a of minor to major axes ( ) of the ellipse & as

becomes larger, and cen therefore be used to obtain s rough measurs of
this useful quantity. If A H is much smaller than H, the ecoentricity
becomes:

€ ~Aumn<tand

H a)

while the inclination of the ellipss reduces to
= tan” [41 sin e cos § o( nr') ﬂm]

In the special case where ¢-0 the ellipse reduces to a straight Jine, of
inclination:

0 - un"éﬁu sinex

@

At the point where ¢ = 0 and both primary and dary fields are R
both the ratio and the inclination are zero.

It is tmportant to note that the sign of the ecosntricity changes as the phase
angle goes from positive to negative. The significence of this can be sesn
from an examination of profiles of & and ¢ in the presence of a cylindrical
secondary field about & harizontal 1ine source of current (Figure §) lying at a
depth d belgw the ground.

Sb

Field over line
current source.

AH/H = (AH/H)s c08 o

FIGURE &
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We may write:
o = wntox/, @
O HMHC
e d
x_.zg.ll
which we may also write:
(ouy), - (aw/,), oo «“
Let us consider two cases, {D}) & good d lvlna in a weakly
conductive ground; (II) a very poor cond iving ta non ground or

on the ground surface.

a

In this case ¢ will be negative, as the primary and secondary
fields will be delayed in their passage through the ground.

Let ¢ » -45° and
let (AHM) = 0.2

m profiles in Figure 7 show the form of the sllipse of polarization.

ches Its of tan~! 0.0625 at approximately
x = —d and its minimum at x = +d, values going from positive to
negative in the direction of the primary field H.

E € has fts and of + 0.0706 at ap-
proximately the same points, but values are of the opposite sense.

In this case ¢ will be weakly positive, as the phase angle of the
secondary tield from a discrete conductor below the ptane of mea-

will be p with to the pt y tield at the
same point.
a. Let ¢ » +10* and

let (AHM) =0.2

The profiles in Figure § are simllar to those in Case (1),
only the ecosntricity now has the same sense as the in-
clination. This 1s consistent with the sense of the ex—

for city ton (1)) as 1t Is affectead
by the sign of the phase angie ¢ .
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in fact, the Inclination and ec-

centricity are both nearly proportional 1o the ratio of

stant), becoming increasingly so for small secondary

fields.

secondary 1o primary fields (phasc angle remeining con-

Allow the conductar to assume larger dimensions so that
The profiles in Figure 9 resemble those of Figure 8 scaled

the secondary field becomes a greater fraction of the

primary .
let (dl-l/!-l)o = 0.5

uF by the factor 2.5.

slet ) = +10° and

#
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Lflect ol Axtmuth

So far we have censidered only primary and secondery fislds in tha same var-
tioal plane. I prectics this is seldom the case so we must emmine the effect
of varying the angle V ’ ) of the Y field redative 10
the primary.

Ia this case squation (1) remains the same. a8 the vertical component.
O N sinet, is the only ens that alfects the socentricity.

Cauation (1) assumes the factor 008 V 1n its second term. affecting the inclin-
stlon enly slightly for lew secondary fleld swrengths .

.- m."[e“Il siae ooad o+ (Anu)z m—‘—"—‘g‘—*—""—*-] ts)

If the profile 1s measured ia the direction of the primary fisld, equation (3)
hocomes

wown) . ¥,

d {6)

uu“)loulm though it must be remembered that { AH/H) will
oy % 0osy for sheet- or ribbon-iike condBcsors .

o peopor

The ast effect of the xth of the dary field is 10 stretch ent
u-—lymuauu-uummumumdm
e inclinstion end wvelues L) 0008 Y . The

of e values will be slightly less ia the case of megative
phase sngles thaa for positive phase angles.

-9
' MEIHOD OF QPERATION
General.
It Ls apparent from the above that the VLF 14 in the Y
of an slectricsl conductor 13 10 some extent oh of the

of the conductor. We have also sesn that two partiodier parameters of the
r—nmmmmw-mumaauﬂm
phase of the primary and secondary flelds. Lat us examine this mare

olosely.
Por ly small fisld gth €2) red %
-3
" = AH& sinet oos ¢
- toa”! AHn! troat)

indiceting that the of the hadmﬁ.lndlnlllonluol(
lurmlllululuuulymuonuumm of the Y
fiald, in the
The error ia this for large dary flelds, ch

spproximately lﬁh’(AM) -0.5.

The € d in (1), can be writtan as

- A.nmmm)

a direct prop (] lhc suadture component of the vertical
secondary field. The b in this 1sads o small
ervors at large secondary field strengths .

[ therefore of incd and city are nearly propoctional to
the real and quadrs of the 1, y field: and they may
be used 10 t these within Mmits .
trnclole of .M .~1§

Mr. Vaino Ronks used the above relationships In the design of the first VLF
Instrument, the Geonics €. M.- 16 «).

The tnstrument hat two receiving colls: the signal coll with s aormaily vertical
exis. and the reference coll with a horirontal asxis. £ach cotl is tuned to the

Conductor

l'.'lgv 15

FIGURE 10
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protiles tend to be * , and the

- 310 -

same primary signal by mesns of plug-in crystal -oduln. but each has & sep-
arete amplifier. To obtain & ding the in the manner
shown in Figure 11. In this figure it la sesumed im the primary field te pa-
rallel to the survey line; the'station’ refers to the transmittar locetion .

The direction of the primary field e first detrmined by holding the signal coll
horizontal (Figure 11a) and ocoupling. This
s detected by a minimum sudible signal in the lM—»ukn mounted on the
oonsole.

The instrument is then held with its ref; oofl in & d at
right angles to the transmitter location (Figure 11b), at which point 1t is recetv-
ing the full effect of the primary field.

The then the Figures 11c, d) in the vertical plane
until & signal I8 At this point the signal coll in ortented
along the minor axds of the sllipss of Dolu'luuon and the tilt angie of the
instrument 1s the angle of 1 of the The of the it
angle is theref: an lolhcuuoolﬂnndw-mnto!m
feld to the b flald. The E.M.-16 registers

both the tilt angle in degrees and the tangent of the angle, expressed in percent.

Holding the instrument steady in the dt the then

the “quadrature® knob with his left hand (Figures 11c, d), wntil the best signal

minimum is obtained. Through this adjustment a proportion of the voltage In the
reference ooll (after tirst shifting its phase 20°) 18 used to compensate the voit-
age in the signal coll. The oalibx dd\oh\oh 1 the of
the reference signal used in the by q & direct mea-

wdhnmdﬁ-mm-hmmmﬂma. As we

have seen { (1)), this 1s an 0 the ratio of the
dre of the vertioal dary field %o the horizontal primary
flald.
Profiles recorded with the l.ll =16 rdsemble closely thoss in Figures 7 - 3,
with the d in rather than fra .
-12 -
2. Anomalies tend to be d by ductivity ch in the
overburden, or at the /bedrock rfscs. These may
be difficult to from Iles due to s within
the bedrock.
3. SInoo the ﬁ‘qnnna[ 1s high, the response factor of many geological
) is above the range where apprec-
M lable 2.2 d. Phase—shifts are maore usually

c-mwmhmamun ground on the primary and

secondary signals, (see Figure 3). Quadreture measurements cannot
often be used to assist in di b A 1} o
of higher and 1ower conductivities.

BSecause of restrictions 2 and 3, it (s often advisable to follow up the VLT survey
with one or more profiles by the horizontsl 10op E. M. or other discriminatory
method, bafore costly drilling is carried out.

DRata_Peducticn and interoretation
wr are ch d by such s wide range of geclogical effects,
may need soma assistance In
trends and cl groups snd patterns. This may be done by
digitizing the dats and performing flitering, trend and cr lation.

Preser (7) has deveioped a simple techni of filtering and cifferentiating tilt
.nﬂc-w.lu that cen be applied effectively in the field or office for rapid geo-

tion and By ging pairs of and taking
L. b pairs dbya d that i approp 08 p 18!
depth of interest, values may be plotted and wnmdlnplmth-lmuhnln—
flections {inciuding aross-overs) into “highs® snd “lows" . and smooth or acoentuste
in agcordance with the depth to the anomaly source. An axample of the spplication
of this method is shown in the next section.

VLY interpretation has been mainly qualitative to dats, though theoretical work is
. Stmple rules—of-thumb sre sasy to de-
wvelop, based on the of a plane, b 1, primery fleld.

Yor 3 small, spherical body, depth to centre is approximately

d= A x, where A xis the horizontl
distance between points of maxi-
mum and minimum inclination
and radius is approximately
r= 1.34d :/hn- ¢ max.
TFor a thin cylinder, depth to centre Is approximstely
d=0.86 Ax

and radius (s approxdmately

r= 1.22 4 /un-l 9 max.

Page 47
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Flald Overation and Aoplioations

The E.M.~16 and other VLT @round L. M. tnstruments share the same advantaner
in finld operstions .

1. They are light (1 - 3 1be.} end exceedingly portable .

2. They need no « turther complexity,
cost., and L (the 13 nor-
mally operated by one man) .

3. Readings are extremaly rapid, as signals are nrunq and
nulls clear and u ng within the
range of .
4. Power consumption is negligible (one set of “peniite”

batteries generally lasts well over & month).

S. The operation i3 80 simple that unskilled personnel can
be traitned as operstors in a matter of hours .

TFrom a gealogical point of view the following sdvantages are pertinent:

1. The method is capable of a large depth of explorstion
in non-conductive rocks (see Pigure 3).

2. The y high fn des high
factors for bodies of quite small dimensions. Relative-
1y “disconnected” sulphide ores have been found to pro-
duce messurable VLT signals.

3. Tor the seme.resson, poor such as
contacts, breccia zones, samrow fauits, alterstion zones
and porous flow ops narmally produce VLF anomalies.

The method can therefore be used effectively for geclogical
mapping.

4. The method cen be used without difficuity in mountainous
terrain, though if the ground ia conductive the profile will
be distorted in the direction of the ground surface. This

oan often be d and/oc d semi Y.
There are rel y fow disady 10 the method, and none from an oper-
ating standpoint.
1. In conductive ground the depth of exploration is severely

limitad {ase Figure 3).

- 13-

From Figures 7 - 9 it can be seen that for a line source, depth is approximately

a-Bx

This model the ly o sheet, or half-plane.

EELD EXAMPLES

Figures 12(1) to 12(8) show examples of VLF E.M. profiles over & variety of bed-
rock conductors, and have been selectad to illustrate some of the important features
of the method. All of the drill holes in these examples were drilled to test the VLF
anomalies .

Example 12(1) Denton Township, Ontario

The in-phase {(real component) profile shows the asymmetry
typical of a relatively flat dip. The psaks occur roughly
75 feat from the inflection point, which i3 consistent with
a conductor depth oflhom 50 h.t The quadrature profile

shows a weak, po: that the body
18 a very poor conductor, and thet overburden is relatively
non-conductive .

Example 12(2) Timmins, Ontario

These are fairly typical profiles, llwvlnq a poalllw in-
phase cross—over and & .

The dh here is ive and wide; the
overburden is 70 - 80 feet thu:k and moderately conductive
(S - 10 x 10~3 mhos/m}. The shape of the in-phase
anomaly 1s consistent with a broad body, and also sug-

gests & from the ftself. The
dra Yy is d almost entirely by the
conducting body .

Example 12(3) Mississippi Lead District

The profiles show & numbaer of anomalies. of which only

one has been drilled. Depth in this case is 250 feet,

which is consistent with the depth derived from a sphere

llodnl using the adjacent peaks on either protile. The
body Is di and flat-lying.

The rel y strong dr mod-

smately conductive country rocks, in the renge tvplcll of

iimestones and dolomites .




ONT.

DENTON TWP,
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Tho body Itaslf Is probsbly a poor oonduc(or. though st
1t clearly P
c.coﬂdal'v flald.

Example 12{40) Gooderhem, Ontarto

The scale of this figure I8 more compressed than the
others, but two or possibly three conductors are clearly
indicated. The left-hand anomaly is typical of a good
conductor lying close to surface - and drilling confirms
this. The right~hand anomaly 1s suggestive of a very
weak conductoc, also close © surface. Thia has not been
drilled, but low frequency E.M. and I.P. surveys oconfirm
that 1t is probably poorly connected. The ocentral con-
ductor jooks like an overburden effect.

Example 12(S) Coppermine Mver, N.W.T.

This i3 & very typical enomaly for the area, whaere ex—
tensive VLF surveys have been carmried out to map faults
and btreccis zones. The wesak, negetive quadresture
n-ponu indicetes that the hull zone is a modarate

. Thisis byt P. survey and drilling.
chi and n and adj to the fault
may b to the du cts J*, .

Lxampls 12(6)  Windsor, Nove Sootia

The country rocks here are moderately conductive and it is
risi '.hlt-ou o 1s not ob d

bly the main ad by cond: 1

" lying doss 10 surface, nwum-muu»mu-

100 ft.

Mbdohmm-m.ua-mcmuy!ouwnﬂt

- of the known ore-zone.

. Ontario

Immple 12(7)  Tudhope and Nryce hi
This example is tncluded mainly %0 show the quadrature re-
mcMmhMﬂdﬁunmﬂcMcwnn
depth In rocks. The
quadrature profile also nﬂ.cu the dip of the conductor.

15a
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FIGURE 12(1)

TIMMINS, ONT.
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Kaamele 12{8]  Coppermine Mver, N.W.T.

This (s an exampie of VLT in-phase data proocessed and
contoured In acoordance with Fraser's (7) program. The
ease with which this map can be compared with the qgeology
and other geophysicsl results, is one of its main advanteges .
Certaln trends, in particular the one inclined to the weat of
the main north-south anomaly, are emphesized by this pre-
sentation of the data,

The quadrature profile, shown superimposed on the In-
phase contours, is used to assist in identifying the conductors.
In this case, the major faults appesr to correlate with the stronger.

CONCLUSIONS

The wsefulnass of the VLF £.M. method In 1
and geclogical mapping has been established, and there is no
doubt that it will enjoy continued popularity .

M of the Ar are helpful in resolv-
ing lies from the L .
Setter methods of data and d

1f the VLF E.M. method is 10 be used to fts # luuntwvmuo..
particularly in sfrbormne surveys.

mm.».umhwmumawhm

and for both helicopter
Mmmuuuhmﬂddu-ndmﬂu-huuyhm
routine operation.

“Active* redio £ hods for ! from drill holes
hbave been proven to be dheﬂvo. and will probably find greater
scoeptance now that VLF E.M. has established its place In ore
prospecting.
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VLF MAPPING OF GEOLOGICAL STRUCTURE

Abstract

Field measurements with the EM16 instrument, (n several areas definitely confirm
the usefulness of the VLF method for mapping shallow geological structure. Results obtained
across a portion of the Gloucester fault southeast of Ottawa {ndicate that this technique is
particularly suitable in areas where the geology is simple. The field results generally agree
rather well with theoretical model data. The latter, however, indicates that mapping with
the EM16 alone produces little quantitative information, although the relative positions of
the high and low resistivity beds are generally clear. For this reason, {t is desirable to
supplement the EM16 data occasionally with surface impedance measurements to obtain
apparent resistivities on both sides of the contact. This is especlally true where {1 is
suspected that the observed anomaly is caused by an accident in the bedrock topography

rather than by the opposition of beds of differing resistivity.

Résumé

Des mesures, sur terrain, avec l'appareil EM16 confirment l'utilité de la méthode
TBF comme outil de cartographie des structures géologiques peu profondes. Les résultats
obtenus & travers la faille de Gloucester qu sud-ouest d‘Ottawa indiquent que cette technique
s‘adapte trés bien au probléme posé dans des situations géologiquement simples.

Les résultats de terrain concordent trés bien avec les calculs théoriques. Cependant
ceux-ci démontrent qu'il est difficile d'obtenir des informations quantitatives & partir des
mesures EM16 seules. Afin d'obtenir des résistivités apparentes des deux cdtés du contact,
on doit compléter les mesures EM16 avec des mesures de l'impédance de surface. Ceci est
surtout vrat dans des cas ol {'on soupconne que l'anomalie est lié¢ & un accident topographique
de la roche en place plutét que par une opposition des lits de résistivité différente.
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VLS MAPPING OF GEOLOGICAL STRUCTURE

W.M. Telford®, W.T. King® and A. Becker®

Foreword

This paper is 8 summary of the work done by W.F. King while working under the
direction of Dr. A. Becker as a graduate assistant for the Geological Survey of Canada
during the summers of 1969 and 1970. The data described form part of his M.Sc. Thesis
dissertation, working under thesis supervisor, Prof. W.M. Telford, Department of Mining
Engineering and Applied Geophysics, McGill University. This paper is a product of
the spplication of new geophysical techniques being adapted to the geological mapping
mission of the Electrical Methods Section. Resource Geophysics and Geochemistry Division,

Geological Survey of Canada.

L.S. Collete,
Head, Terrain Geophysics Program,
Resource Geophysics and Geochemistry Division

INTRODUCTION extra low frequency range (ELF) this phenomenon 1s
readily observable near coastlines (Weaver, 19€3)

It has long been observed that electromagnetic plane while in the audiofrequency range (AFMAG) the effect
waves propagsting slong the earth's surface are locally was first observed by Shaw (orsl comm.. 1961) ir: the
distorted by near-surface discontinuitites in electrical vicinity of faults and shear zones. More recent 4.
resistivity. In such cases the horizontal magnetic field Collett and Bell (1971) have discussed how the AFA T
components normally present induce in the ground a method can serve as a useful tool in structural mepp:ng.
non-uniform eddy current distribution which results in Finally at very low frequencies (VLF) i.e. in the
an anomalous vertical magnetic field component. l? the 10-20 kHz range the effect of geological structure has

been observed by Becker (1967), Fraser (1969) and
Patterson and Ronka (1971).
These effects were explained theoretically by

Weaver (1963) who obtained closed form solutions for

plane waves incident on a semi-infinite conducting

medium divided by a vertical discontinuity into two

regions of different resistivity. Weaver's calculations
P X were later confirmed experimentally by Dosso (1976)

¢ ’3 on a laboratory scale model. Both authors forecast a

sharp increase in vertical magnetic field component
near an electrical discontinuity. This quantity exhibits
. a maximum value at the discontinuity and decreases
“ gradually to zero away from it.

The rate of decrease is a function of the electrical
PR 14 properties of the material on either side of the
discontinuity, being greater on the conductive side.
More recently this problem was studied by Geyer (1972, )

.

" who found that the spatial variation of the vertical
component was strongly influenced by the dip of the
interface.

' -2 The purpose of the present study was to examine in
Figure 1. Two-dimensional {ault with strike length some detail the variation exhibited by the field components
infinite in y-direction: insert shows E of a plane electromagnetic wave in the vicinity of a
polarization vectors. fault. In particular we have elected to study the variation
in the vertical magnetic component and in the surface
1 wave impedance across the discontinuity. As will be
Department of Geophysics, McGill University, shown later, in the results section. we were fortunate(
P.O. Box 6070, Station A, Montreal H3C 3Gl, Canada to be able to perform the messurements in relstively

zChevmn Standard Company Ltd., 400 Sth Ave. S.W. simple geological environments so that a good comparison

Calgary. Alberta could be made between our theoretical predictions of

’" electromagnetic field behaviour and the observed
anaging Director, IREM-MERI, P.O Box 6079, variations.

Station A, Montresl I13C 3A7, Canada

Minuscr:ut rencived and gpproved for publication, August, 1976.
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the structure of Figure 1.

THEORY

Vertical magnetic field variations

A number of authors (Jones and Price, 1970),
Swift (1971) have discussed the mathematical basis for
the distortion of an electromagnetic plane wave over a
vertical discontinuity separating two half-spaces of
different conductivity, with and without an overburden
layer above. For a remote natural EM source the
direction of E, the electrical and H, the magnetic
horizontal vectors is random with respect to the
co-ordinate system shown in Figure 1. These vectors,
however, may be resolved into components parallel
and normal to the contact. The appropriate Maxwell
equations thus become:

aaz ax-:x

ax oz .jw"oﬂy

oH for E normal to strike
(H polarization)

9E
Y . for E parallel to strike
2z j“’”o“x (E polarization)

oH oH
X _ _ T _o8
az ox b4
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The E polarization is particularly convenient for
the VLF method. which measures H; and Hy. [t is
customary, where possible, to select s remote station
whose Hy vector {s roughly parailel to the survey lines,
that is, the station location is more or less parallel to
strike.

The VLF source field, propagating parasllel to the
earth surface and refracted vertically downward at the
ground interface, thus provides Hy, and Ey components
approximately in the appropriate direction. The ground
current flow may be readily illustrated by calculating
with the sid of numerical techniques (Swift. 1967;
Madden and Swift, 1969;: Ku et al.. 1973) the actual
subsurface electric field distribution for a given
geological situation.

Figure 2 shows the sutisurface current flow (actually
the Ey field amplitude distribution) at 10 kHz in the
structure of Figure 1 with an overburden of 100 Qm,
$ m thick and the contact separsating beds of 1000 and
10 000 Nm. Since the skin depth (8 = 500 VH/T) for
100 Om and 10 kHz is about S0 m, the EM wave is not
greatly attenuated in the overburden. Use is made of
the ratio d/6, where d is overburden thickness, since
it involves sll the significant overburden parameters.

Theoretical profiles of Hy, H; and Ag-x over the
same structure, are illustrated in Figure 3. As the
fault is approached from the left (conductive side) the
horizontal magnetic field increases to & maximum, fslls
sharply to a minimum as the contact is crossed and then
increases slowly to background value as the traverse
proceeds to the right. The slope is elways steeper on
the conductive side of the contact, although increasing
overburden thickness and/or conductivity reduces the
profile amplitude considerably. For very small values
of d/5 the background value of Hy is actually larger on
the conductive side than st large distances to the right.

The Hy field shows a peak directly over the contact
which decays to zero on the (lanks. Again the slope is
steeper on the conductive side and the peak amplitude
is controlled by d/6. In the bottom profile, the phase
varistion, A, between H; and Hy is roughly an inverted
image of the vertical magnetic field. with a minimum of
32° above the contact and a more or less linear increase
on both sides, the steep slope agsain appearing over the
conductive bed. When d/6 = 0 the phase shift is zero

4/8 +0

P U S S U N N B P S G S S S S

Log Xeos

Figure 6. Peak amplitude of total field plotted against log
Ker for structure of Figure 2. No overburden.

Log Uaes

Figure 7. Peak amplitude of total field plotted agsinat
log KR and log Kog. for d/6 =1, 1/3, 1/10,
1/30 and structure of Figure 2.

at the contact; as this ratio increases, the cusp persists,
although its phase incresses. -

Because H; and Hy differ in phase in the vicinity
of a conductive discontinuity, the resultant EM wave
is elliptically polarized (Heiland, 1940; King., 1971;
Paterson and Ronka, 1971). The wave tilt 8 (inclination
of the major axis with respect to the horizontal) and
ellipticity r (ratio of minor to major axes) of the ellipse
sre given by:

tan 20 = I—TR cos &
1-R

2_10112- \r(hll:) —4l;rsinzA

T1er?e \((mx!) —ARlsinia

where A = $z — ¢y the phase difference between vertical
and horizontal field components. and, R =|H /H,] is
their amplitude ratio. With a little manipulation and
sssuming that Hy is considerably lerger than Hy, which
is generally the case, these relations become:

tan®=Rcos A
r =R sin A.
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Figure 8. Theoretical profiles of pg and ¢ over structure
of Figure 2 for 4/6 = 0, 1/30, 1/10. 1/3.

In this case it is useful to note that the total normalized
vertical field can be directly calculated from the
measurements {rom:

‘ Rz = tanz e+ r2
L]

The parameters © and r are related to "in-phase”
and "quadrature” components of the secondary magnetic
field (see section on instrumentation). Profiles of tilt
and ellipticity, for d/5 =1/10 and zero (no overburden)
are shown in Figure 4. The polarization ellipses at
several stations along the traverse are included in the
latter profile. Directly sbove the contact, if the value
of A is zero, the ellipse degenerates to & atraight line
whose slope is Hy/Hy.

Clearly the overburden has a pronounced effect
on both the tilt snd ellipticity profiles. Figure §
fllustrates this point further, wnere the total vertical
secondary field H,, expressed as a percentage of the
primary field, is plotted for increasing values of 4/5.

" Two additional parameters may be employed to
determine maximum response over the contect. These
are Kop, the ratio of resistivities in the conductive
and resistive beds and Ko, the ratio of overburden
resistivity to the resistivity of the more conductive
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bed. When d/6 =0, the maximum total field response
is controlled by Kcp only; this is shown in Figure 6,
where |H,/H,| max is plotted against log Kop.
Figure 7 displays total field values for variable

as well as Kcp., corresponding to d/6 ratios of 1/30
1710, 1/3 and 1, When d/6 = 0, the peak response
will be 50% for any Kcr = 1/10 (10 Qm vs 100 Qm,
1000 Qm vs 10 000 OQm, etc.): it should be noted,
however, that the profile widths will be different.
This will elso be true for other values of d/6 when K¢y -
and Kgc are fixed.

From the foregoing discussion it is clear that, in
aress where the overburden resistivity {s large compare *
to rock resistivity or where d ~ 0, it would be possible
to use the H, méasurements to determine the structure
parameters from the {H,/H,{ max ratio, from the skewness
of the profile,_ and from the profile width. A condugtive
overburden, however, affects these quantities greatly
and other techniques are required. In general, we may
summarize the behaviour of EM field components over
a vertical fault as follows:

1. The total field response is an asymmetric pesk over
the fault and decays more rapidly on the more
conductive side.

2. The in-phase component of the secondary vertical
magnetic field is also an asymmetric peak above
the fault and decays more repidly on the more
conductive side.

Figure 9. Varistions of amplitude [pa/p;] and phase
for two-layer earth with resistive basement
(after Cagniard (1953)).
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3. The quadrature component displays a local minimum
over the fault, the response being broader than
that of the in-phase. The minimum becomes less
pronounced with increasing depth of overburden.

4. Both in-phase and qusdrature response decrease
with increasing depth of overburden. The quadrature
response becomes greater than that of the in-phase
when the overburden thickness is more than
spproximately one-half a skin depth.

S. In-phase and quadrature response increase with
increasing resistivity contrast across the fault.

6. Anomaly width decreases with incressing frequency,
for a given resistivity contrast.

-Surface impedance variations

Anothermethod which can be useful for the mapping
of laterul discontinuities involves the simultaneous
- measurement of Ey and H, as in magnetotellurics
(Collett and Becker, 1968). The surface impedance,
Z, is the ratio of these two quantities and defines the
"spparent resistivity” for the underlying terreain via

in MKS units.

GEONICS EM-16
Gloucester Tup, Ontorio
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Usually, Z is a complex quantity because Ey and H,
are not in phase with each other. Thus Figure 8 shows
theoretical profiles for the apparent resistivity and the
phase difference between E and H across the original
contact of Figures 2 to 6 for the d/6 ratios used
previously. It is agein apperent that increasing depth
of overburden influences the results by decreasing
values of both py and ¢ on each side of the contact,
while smoothing the profile slope directly over it.
Although the variation in the apparent resistivity
near the.contsct can only be calculated numerically,
the values of this quantity and the sccompeanying phase
difference, remote from the fault, can be computed
analytically. Varistions of amplitude [p,] and phase
é for a two-layer esrth — that is, the overburden layer
remote from the fault — are:shown in Figure §.
These are the standard master curves developed by
Cagniard (1953), reproduced only for & conductive
upper layer. Although magnetotelluric sounding
normally involves messurement of horizontal orthogonal
E and H fields over a range of frequencies, it is possible.
by assuming & resistive bedrock, to estimate the over-
burden parameters from this master chart even when
|pdl and ¢ have been determined only et a single

frequency in the field.

cot

Figure 11. VLF in-phase and quadrature profiles, Leitrim srea.



INSTRUMENTATION

Measurement of magnetic field tilt and ellipticity

The Geonics EM18 VLF receiver has been described
elsewhere (King, 1971; Paterson and Ronka, 1971;
Phillips and Richards, 1975). At least two other
instruments - the Scintrex SCOPAS and Crone RADEM -
are also designed to méasure properties of the
polarization ellipse over the same frequency range.
With the EM16 a minimum signal is obtained in the
receiver by aligning the instrument receiver axes with
the mejor and minor axes of the field polarization ellipse.
At this tilt angle, the woltages induced in the two
receiver coils are exactly in quadrature with each other
and may be directly compared by adding a 90° phase
shift to one of them. This comparison is made with the
use of the "quadrature® dial which then allows a dircct
reading of the ellipticity.” As indicated previously the
tilt angle reading, in percent, is associated with the
*in-phase® component of the secondary vertical field
and the ellipticity is associated with the "quadrature"
component of the same quantity.

VLF SURVEY
GEONICS EM-16
Gloucester Tup, Ondorid
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In order to avoid ambiguity in profile plotting and
interpretation, some sign convention must be maintainec
during field surveys. From the equationa for
E-polarization involving H, and Hy in the previous
section, we find that:

H‘ OE_/ax

"x asy/az

Thus the value of tan 6 may be positive or negative,

depending on the sign of 3E,,/3x; since E,, is larger

on the resistive side of the fault, the x-gradient will

be positive {f the traverse proceeds from the conductive

side and vice versa. For consistency the following

azimuth orientation was maintained during field work.
For traverses approximately east-west (north-south).

the operator faces east (north) as nearly ss possible,

.. .depending.-on-the-transmitter azimuth, to make
. .measurements,-while dip-angles to the east (north) are

reckoned positive. With this convention, both in-phase
and quadrature values are positive when the resistive
bed lies to the west (south) for an east-west (north-south)
traverse, while a negative response indicates the
resistive bed is east (north).

[ 73 por oot
rtcel Scaly bmniaresd

Figure 12. VLF total field profiles, Leitrim area.



Measurement of complex wave impedance

‘The Westinghouse Georesearch Model C-602 VLF
Wave Impedance Meter was used for measuring pg
and ¢. A Geonics EM16R unit, unavailable at the tiine,
is equally suitable for this purpose. Both employ the
magnetotelluric method., with a horizontal axis coil to
detect the H,, magnetic field component and a 10 m
dipole, consisting of two electrodes driven into the
ground. for the Ey, orthogonal electric field. Both are
null instruments. With the Westinghouse meter the pg
and ¢ velues are read off graphs supplied with the
instrument. [ts frequency range is 10-60 kHz. The
EMIG6R is & modified form of the EM16, whose {requency
range is sbout 15-25 kHz; resistivity and phase
readings are obtained from dial readings at null

signel. .
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FIELD WORK

Gloucester Fault

The principal test area for field work was in the
vicinity of Leitrim, near Ottaws, where the Gloucester
fault strikes roughly southeast for some 30 miles. The
map in Figure 10 includes some geology and seromagnetic
contours. Beds of Carlsbad shale form the north side
of the contact, adjoining Oxford limestones in the north-
west half, while March and Nepean sandstones occupy
the southeast portion (Wilson, 1946).

Aeromagnetic contours indicate very little suscep-
tibility contrast between these formations. The fault
trace determined by geological mapping is a smooth
line; that outlined by the VLF Survey differs only in
detail in some areas. This is a nearly vertical dip-slip
fault downthrown to the northeast and displaced
upwards on the southwest.

Nenkretof Scalv 0===== four
o O~ PHASE = — e e
Verticl Soole

l aaid‘ﬂwybqn———

Figure 13. Apperent conductivity (d,) and phase ($) profiles on lines 20+00N, 10+00S, and 40+50S, Leitrim ares.
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100 N\—
A brief description of the various formations and
their resistivity is tabulated below (Andrieux written ﬂ
comm., 1971): 5 Hx
w 50 ¢ -
Formation Geology Resistivity g
" Carlsbad Shale, limestone- 85 Om &
dolomite
March SS-dolomite layers - o == ; : .
Nepean S§S-siliceous cemented 1500 - 3000 4
—
Ottawa ‘Limestone, shale-SS 2000 - 3000 °
layers
Oxford Thick dolomite with $000
some ls
» x 03 } J
Rockeliffe- Shale + SS levels; low? .
St. Martin 1s + sh + dolomite ?
o
VLF profiles showing in-phase and quadrature «
response over this area are displayed in Figure 11 and 2 .
those for the total field (R) in Figure 12. Line spacing 10 *
was about 500 feet on average and the traverses, 1
approximately normal to the fault, were generally one l l ‘
mile long. As indicated, the lines strike east-northeast;
" the Cutler Maine transmitter, NAA (17.8 kHz) which is 0 = S T R Ounonas
about 400 miles due east of the area., was used for the
entire survey. Although a VLF transmitter located Py
approximately north or south of Ottawa would have 2
been more suitable. the Cutler station provided the E
best signal for this area. Readings were taken facing w PN
‘north. Station specing varied from 50 feet near the =
fault to 200 feet remote (rom it. INTERPRETED SECTION

400 10 + OON 20+00N

Figure 15. VLF total field. and p, profiles line A3,
Smoky Creek fault.

The data displayed in Figure 11 provide excellent
examples of the vertical contact between beds of
contrasting resistivity. Nearly all the profiles show &
pronounced anomaly where the Gloucester fault is
expected to occur, consisting of asymmetric in-phase
and quadrature peaks with the steeper slope to the
northeast, corresponding to the more conductive bed.
The quadrature anomalies, which are generally broader,
flatter and of smaller amplitude than the in-phase, also
have a characteristic local minimum or cusp (e.g. Lines
24+50N, 0+00; 14+00S, 19+00S, 25+50S, 41+00S. 47+00S,

- $0+00S, 72+00S, 83+00S) coinciding more or less with
the in-phase maximum on many profiles.

There is another distinct anomaly about 2000 feet
east of the Gloucester fault between lines 214005 and

R ¢ e . . s 65+50S. Both in-phase and quadrature peaks are -
-ty negative, the latter displaced slightly to the west of the

in-phase on several lines, notably 60+50S. The steeper
slope is on the southwest. Slight quadrature cusps are
. evident on lines 40+50S, 45+00S and 50+00S. These
Figure 14. Airborne VLF and traverse line, Smoky data define a second contact with the resistive bed to
Creek fault area, Lake Abitibi-Noranda area. the northeast.




A third anomaly still farther east appcers between
tines 32+400S and 60+505. Here the peaks sre positive
end the asymmetry indicates the resistive bed is on
the southwest side of the contact. The quadrature
response is larger than the in-phase on several lines.
This feature, which is about 1300 feet east of the
second contact on line 32+00S, appears to merge with
it to the southeast. On line 60+50S the separation has
decreased to about 800 feet. 'producing a crossover type

' . of response due to the proximity of the positive and

negative peaks.
The total field profiles of Figure 12, although they

contsain less information than Figure 11, probably give
a clearer picture of the three cortacts discussed above,
since the anomalies are all pasitive and there is less
clutter.

Wave impedance profiles carried out on lines 20+00N,

10+00S and 40+50S arc shown n Figure 13. Here we
have plotted the apparent conductivity (reciprocal of
apparent resistivity) and & the phase difference from
45°. On line 20+00N thcre 1s one pronounced break
for both parameters, approximately at 36+00W. The
generdlly low apparent conductivity 4 - 2 miltimhos/m
west of this station rises sharply and remains greater
than 20 millimhos per metre for the eastern portion of
‘the traverse. The phase angle between and Hy
- increases abruptly at the same point and there is a
difference of 15° - 20° between the averapge values
cither side of it. These results agree qualitatively with
the theoretienl profiles of Figure 8, that is, the more
conductive bed on the ecast produces a larger phase
angle than on the resistive side. uniess the structure .
outcrops. In this case the fact that the phase angle on
the conductive side exceeds 457 seems ta tndicate the

- presence of a resistive overburden on that side.

The profile from 10+00S exhibits the same properties
as the one {rom 20+00N. the contact being at 15+00W.
Although the phase break is not as pronounced here,
the difference between the average values of east and
west sections 1s about 15°. Comparing all four profiles
with Figures l1-and 12. it is clear that the fault is
located within 50 feet 1n all cascs.

ree contactsare indicated in the a4 and ¢ profiles
for line 40+50S, near stations 6+00E, 29+00E and 44+50E.

* - These results correlate well with EM16 profiles in

Figures 11 and 12, where peaks appear at 5+50E, 29+00E
and 44+00E, corresponding respectively to the Gloucester
and the two additional (aults discussed previously. All
the previous remarks concerning lines 20N and 10S
apply here as well.

It is to be noted that the geological section derived
by Wilson (1946). which is also shown in Figure 13,
agrees with the position of the fault as indicated by the
VLF measurements. [t does not, however, suggest the
presence of the other two features farther to the east.

Summing up. the correlation between field results
and theory is excellent. In particular, there does not
appesar t0 be any anomalous conductivity associated
with the faults themselves. such as exhibited by
graphite and water-filled shear zones.. In Figure 12
the trace of the Gloucester fault as mapped by the VLF
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survey wanders somewhat from its location determinec¢
geologically by Wilson (1946). The variation, however,
is genersally within 500 feet.

The wave impedance measurements located all the
contacts within 50 feet of their positions found in the
tilt angle survey, which is roughly the errer in the
pace and compass traverses employed. The apparent
conduclivities of the Carlsbad and Oxford formations
obtained by .hese messurements, about 15 und 3

millimhos/m respectively., do not represent true

formation resistivities, because of the presence of
overburden. The fact that the phase variations. in
the vicinity of Gloucester fault. do not agree with the
theoretical profiles in detail is probably due to
irregularities in the overburden and/or multilayer
beds on both sides of the contact.

Detection of the two faults east of the Gloucester
fault indicate a resistive zone in the Carlsbad Shale
(see Fig. 13, line 40+50S between 29+00 and 44+00E)
which cannot be due 10 & change in the bedrock terrain.
since both overburden and shale resistivities are
comparatively low. The resistive block may be Ottawa
limestone. locally uplifted from below the Carlsbad;
outcrops of this formation are found northwest of Leitrim.

Smoky Creek Fault

Further field tests were carried out over the Smoky
Creek fault in the vicinity of Lake Flavrian. several
miles northwest of Noranda, Quebec. The fault strikes
southeast for about 20 miles in the area. The geological
map for the area indicates granodiorite on both sides,
that is. there is no contrast in lithology across the
contact. This feature was indicated by an early airborne
AFMAG survey (Sutherland. 1967) and more recently
by an airborne VLF Barringer RADIOPHASE survey
(Becker and McNeil, 1969). The field situation is shown
in Figure 14 which indicates the position of one VLF
profile (line AJ) with respect to the fault and the airborne
anomalies.

EMI16 total field profiles, together with the
corresponding apparent resistivity profile are shown
in Figure 15 for line A). Here. the Smoky Creek
fault is located at station 15+50N. marked by extremely
high (100%) total field peak and a very abrupt increase
in resistivity from 100 Qm to 6040 Om. The steep slope
of the EM16 profiles is also consistent with the more
conductive zone on the south side.

DC resistivity shallow depth soundings were carried
out in an attempt to clarify the EM16 results. These
indicate that the thickness of the overburden is at least
57 (eet at T+50N, 43 feet at 13+450N, but 6 feet or less at
16450N. This abrupt change in depth of a conductive
(< 100 Qm) layer - essentially a steep contact between
overburden and resistive bedrock ~ is the source of the
anomely. Possibly the fault itself, supposedly located
at 15+50N, is responsible for the bedrock step, although
there is no evidence to support this. Thus the VLF and
P4 Profiles, although characteristic of & contact between
two beds of different resistivity, appear to be the
reflection of a sudden change in the depth of overburden.




CONCLUSION

The field results described in this report agree
very well with the theory of VLF response over a vertical
contact between beds of contrasting resistivity, covered
by a uniform layer of overburden. Thus the method is
a useful qualitative supplement to field geology in
mapping such structures. Subsequent work in the
Ottawa Valley and St. Lawrence Lowlands (Williams, 1976)
has confirmed this.
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In sreas where there are abrupt changes in depth
of overburden, however, the VLF data may be misleading,
as described in the survey of the Smoky Creek fault.
Similar sudden lateral changes in overburden
resistivity, although no examples are given here, would
doubtiess have the same effect. At present shallow
seismic and resistivity sounding are the only geophysical
methods available to clarify such situations: both are
slow and relatively expensive. Obviously a simple snd
rapid technique for meapping bedrock terrain and
estimating overburden resistivity is very desirable,
not only in connection with the type of survey described
here, but in many other spplications as well.
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CONTOURING OF VLF-EM DATAt

D. C. FRASER"

Prospecting for conductive deposits with
ground VLF-EM instruments has received con-
siderable impetus with the recent development of
lightweight receivers. The large geologic noise
component, which results from the relatively high-
transmitted frequency, has caused some critics to
avoid use of the technique. Those who routinely
perform surveys with a VLF-EM unit find that,
in some areas, a S5-degree peak-to-peak anomaly
can be significant, whereas anomalies having
amplitudes in excess of 100 degrees may occur as
well. Consequently, there is a dynamic range
problem when presenting the results as profiles

plotted on a field map. .

A data manipulation procedure is described
which transforms noisy noncontourable data into
less noisy contourable data, thereby eliminating
the dynamic range problem and reducing the
noise problem. The manipulation is the result of
the application of a difference operator to trans-
form zero-crossings into peaks, and a low-pass
smoothing operator to reduce noise. Experience
has shown that field personnel can routinely
perform the calculations which simply involve
additions and subtractions.

INTRODUCTION

VLF-EM data can be exceedingly difficult to
interpret because a large geologic noise component
can result from the relatively high-transmitted
frequency of about 20,000 Hz. Routine surveys
can yield useless data unless special care is taken
both in survey procedure and in data presenta-
tion.

The purpose of this paper is to describe the
survey procedure and the method of data presen-
tation in use by the Keevil Mining Group and to
illustrate the advantages of this approach.

VLF-EM GROUND SURVEY PROCEDURE AND
DATA TREATMENT

The primary field

VLF-EM transmitter stations are located at
several points around the globe. They broadcast
at frequencies close to 20,000 Hz, which is low
compared to the normal broadcast band. The
purpose of these stations is to allow governmental
communication with submarines, and the low
frequency allows some penetration of the conduc-

tive ocean water. Skin depth is approximately
3.64/P meters, where P is the resistivity of a
homogeneous halfspace in ohm-m, on the assump-
tion that the frequency is 20,000 Hz and that the
halfspace is magnetically nonpolarizable. Conse-
quently, depth of exploration is severely restricted
for overburden resistivities less than 200 ochm-m.

Since the area to be prospected normally is of
considerable distance from the transmitter sta-
tions, the primary field is uniform in the area,
allowing rather simple mathematics to be used in
anomaly prediction and analysis.

Survey procedure and data treatment

The survey procedure first consists of selecting
a transmitter station which provides a field
approximately parallel to the traverse direction,
i.e., approximately perpendicular to the expected
strike of a conductor. The following points relate
to the method of data treatment.

1. Readings should be taken every 50 ft, as
will be shown below.
2. Transmitter stations should not be changed

t Manuscript received by the Editor April 24, 1969; revised manuscript received August 18, 1969.
* Keevil Mining Group Limited, Geophysical Engineering & Surveys Limited, Teck Corporation Limited, Toronto,

Ontario, Canada.

Copytight ©1970 by the Society of Exploration Geophysicists.
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for a given block of ground, to avoid distor-
tion in the contour presentation. Hence, fill-
in lines should be run with the same trans-
mitter station as other lines in the block. The
field direction of this station should be shown
on the data map. )
3. List the dip angle! data in tabular form, as
follows: oo '
a) list in the direction of north (top of
paper) to south, or from west to east;
b) designate south or east dips as nega-
tive; and » '
c) perform calculations as shown in
Table 1.
Thus, the filtered output or contourable
quantity simply consists of the sum of the
observations at two consecutive data sta-
tions subtracted from the sum at the next
two consecutive data stations. The theo-
retical basis for this procedure will be de-
scribed below.
4. The right-hand column (filtered data) is

1 This paper assumes that data is recorded as for
the Crone Radem which defines a north-dipping field
as a south “dip” on the instrument. This convention
was chosen because a south reading is interpreted as
arising from a conductor to the south.

suitable for contouring. Normally, negative
values are not contoured since, being caused
by dip angle flanks, they do not aid inter-
pretation but only confuse the picture. The
positive values generally are contoured at
10-unit intervals, and the zero contour is
shown only when it brackets an anomaly.
In quiet areas, S-unit contours may be
meaningful. :
Example .

Figure 1 presents dip-angle data, according to
the Crone’ convention, in the vicinity of the
Temagami mine of Copperfields Mining Corpora-
tion Limited in Ontario. This figure illustrates
that several conductors are present yielding large
dip angles. A complex pattern has resulted which
requires some thought to interpret properly.

Figure 2 presents the filtered data in contoured
form where only the 0, 20, and 40 contours are
shown for simplicity. The conductor pattern is
immediately apparent, even to exploration per-
sonnel untrained in VLF-EM interpretation. The
three anomalies correlate with a zone of nearly
massive pyrite and two brecciated fault zones.
Depth to bedrock is 15 ft.

In practice, all the data of Figures 1 and 2 are

Table 1. Example of calculations

. Measured Apply sign and form the Take first differences of
Location dips movu:)gf se‘:xxtnn:i pairs alternate entries

34008 6S -6

3+508 78 , SO -8

ero0s . 8>(-7)+(—8)= ~15 (=23)—(~13)=  —10

44508 158 15 - (=9)=(=19= -2
-39 + 7

54-00S 245 -24 57
—16 +

54508 8N + 8 38
+18 +

6+400S 10N +10 2 +s
+

6+ 50S 12N +12 2 +6
+

74-00S 14N +14

7450 14N i +28 (+34)—-(+26)= + 8

8+4-00S 20N +20>(l4)+(20) - +34
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F16. 1. Dip-angle data in the vicinity of the Temagami mine. The arrow defines the VLF-EM primary field direction
from the transmitter at Seattle, Washington.

placed on a single map. The above example illus-
trates that this very simple one-dimensional
filtering scheme yields § practical and effective
approach to VLF-EM data handling.

The filter improves the resolution of anomalies,
thereby making them easier to recognize. An
inflection on the dip profile from a conductor
subordinate to a larger one yields a positive peak,
thereby emphasizing the presence of such a
conductor. Figure 3 illustrates this effect where
nine lines were run over an SP (self-potential)
anomaly in the Temagami arca. The dip-angle
anomaly is very poorly resolved due to the re-
gional south dips produced by an areally large
conductor to the south of the map area. The con-
toured VLF-EM data yields a clearly defined
anomaly which was located over the negative
center of the SP.

THE FILTER AND ITS EFFECT ON
ANOMALIES

The filler operalor
‘The filter operator was designed to mecet the

following criteria:

1. It must phase shift the dip-angle data by 90
degrees so that crossovers and inflections
will be transformed into peaks to yield
contourable quantities.

2. It must completely remove dc and attenuate
long spatial wavelengths to increase resolu-
tion of local anomalies.

3. It must not exaggerate the station-to-
station random noise.

4. It must be simple to apply so that field
personnel can make the calculations without
difficulty.

The first two criteria are met by using a simple
difference operator, i.e.

M!'—Mh

where M and M, are any two consecutive data
points.

The third criterion is met by applying a
smoothing or low-pass operator to the differences,
ie.
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F16. 2. Filtered data computed from the map of Figure 1.

M. — M1)+%(M:—’Mz)+%(M4—Ma),

where My, M., M;, and M, are any four consecu-
tive data points. The filtered output then is

- (M — M)+ FM— M)+ (M- My
=*[M:+M4—M1— M:]

The final criterion is enhanced by eliminating
the constant, so that the plotted function becomes

f'_'.n = (M:+Ml) - (M1+M'z);

which is plotted midway between the M, and M;
dip-angle stations.

This filter has its frequency (wavenumber)
response displayed in Figure 4, for a station spac-
ing of SO ft. Its characteristics are as follows:

1. All frequencics are shifted by 90 degrees.

2. Noisc having a wavelength equal to the
station spacing and dc bias arc completely
removed.

3. Maximum amplitude occurs for wavelengths
of 250 ft, or five times the station spacing.

The frequency (wavenumber) response of the
filter is shown for a station spacing of 50 ft,
because this is the most suitable spacing for defin-
ing sulfide bodies within a few hundred feet of
surface. This will be demonstrated below.

The dike model

A conducting dike in 2 VLF-EM field will
produce a secondary induction field from eddy
currents maintained in it by the primary field.
These eddy currents will tend to flow in such a
manner as to form line sources concentrated near
the outer edges of the dike since the field is uni-
form (Figure 5a). This dike may be replaced by a
loop of wire of dimensions traced out by the main
current concentration in the dike. The secondary
field geometry of the loop and dike then will be
practically identical, as has heen shown by Fraser
(1966), Parry (19606), and Parry et al (1965). This
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F16. 3. Dip-angle (upper map) and filtered data (lower map) over a small grid in the Temagami area. The arrow
defines the VLF-EM primary field direction from the transmitter at Balboa, Panama.

allows a mathematical model of a dike to be
constructed because the field from a line source is
known.

For brevity, only a dike which is large in depth
extent and in length will be considered herein.
Only the top line source of Figure 5a will con-
tribute to the measured dip angles because the
other current line sources are very far away.

The horizontal Hs. and vertical Hs, secondary
fields are (Figure 5b)

where k is a positive constant having the dimen-
ston of length and is related to the conductivity
and dimensions of the dike, and where H, is the
primary VLF-EM strength at the dike. The
measured dip angle is

H.,
o= mn—n[*._]
HS, + HO

tont [ - .
kz + x4+ 22

Model dip profiles can be computed for various
depths z only by assuming a value for .

As a mecans of testing the effect of the filter
operator, a single & value was chosen to vield a
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source, corresponding to the upper current concentration in (a), yields a secondary magnetic field of cylindrical

shape.

maximum dip angle of 35 degrees when depth 2
to top of dike (or line source) was 100 ft. Figure
6 illustrates the dip angle and filtered profiles for
this case for a station spacing of 50 ft and for
several depth values.

The following are the main characteristics of
these dike and filtered anomalies:

1. Peak-to-peak angles vary from 93 degrees
for z=50 [t to 25 degreces for z=500 fL.
Filtered peaks vary from 118 degrees for
£=>50 ft to 8 degrees for 2="500 ft. Thus, the
filter amplifies near-surface anomalies and
attenuates deep-source anomalies. There is
neither amplification nor attenuation when g
is 100 ft.

2. On the basis of anomaly resolution and usual
noise levels, dip angle data can detect dike-
like conductors in a resistive medium to a

depth of 500 ft, while filtered data can detect
such bodies to a depth of 300 ft. Conductors
in the upper 200 ft generally will be more
easily recognized on the filtered data.

VLF-EM data commonly is measured at 100-
ft intervals in Canada. A change in the sample
interval from the 50 ft recommended herein to
100 ft causes the passband curve of Figure 4 to
shift to the left, such that the peak is at 2X 103
cpf rather than 4X107? cpf. Similarly, the
anomaly curves of Figure 6 remain correct in
shape provided all distance dimensions are
doubled. Consequently, detection of conductors
to a depth of 500 ft, when utilizing the filter
operator, might appear facilitated by use of a
100-ft station interval rather than a 50-ft interval.
However, anomalics from near-surface conductors
will have poorly dcfined waveforms for a 100-ft
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data station interval, and will alias as deeper
conductors. This “geologic noise” will somewhat
confuse the contoured output. Generally, a
comparison of the 50-ft data station dip angle
profiles with the contoured filtered output suffices
to indicate approximate depth to source and to
allow recognition of sources deeper than 300 ft.

As an aside, some geophysicists have claimed
that a reasonable dike model depth estimate can
be obtained directly as half the distance between
dip angle peaks, because the vertical field Hs,
peaks at x= ts. However, this formula is not
applicable to dip-angle data, as can be seen by the
dike curves of Figure 6. For this example, the
formula provides erroneous depth estimates of
150, 200, 325, 425, and 625 for true depths of 50,
100, 200, 300, and 500 ft.

The sphere model

A conducting sphere in a VLF-EM field will
produce an anomaly according to equations in
Ward (1967). For a traverse directly over a
sphere having its center at depth z, and run in the
direction of the primary field Hg, the anomaly is,

(222 — 2?)
Hs, = kHy——————
(x* + z2)5/2
3xz
Hs, = k

Ho———— )
(xz + 22)5/2

where £ is a positive constant which saturates at
R3/2, where R is the sphere radius, and where
quadrature is ignored. The measured dip angle
as a function of station location x is (where x is
zero directly over the sphere center),

tﬂn—l <_Hs'—)
HS, + Ho

tan™! |:— i ] .
B(2x2 — 23 + (2 + 27)3?

Model dip profiles can be computed for various
depths z only by assuming a value for k. The
sphere curves of Figure 6 assume a saturated k-
value for a sphere radius of 50 ft. Obviously, a
sphere having its center at a depth of greater
than twice its radius generally will not be detect-
able. Howcver, the filter operator aids in the
recognilion of a spherical conductor because it
amplifies the anomaly, for the small sphere sizes

a =
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usually encountered in nature, assuming data
spacing is SO ft. .

TOPOGRAPHIC EFFECT

Whittles (1969) recently described a topo-
graphic effect which may arise when surveying
with VLF-EM in mountainous regions. The
spatial wavelengths which result from the phe-
nomenon he describes are greatly attenuated by
the filter and generally do not appear on the con-
toured maps. Whittles advocates the use of first
derivatives to remove the topographic effect. The
filter operator described herein uses the first
difference (i.e., the discrete first derivative) as one
of its components.

ADDITIONAL APPLICATIONS

The simplicity of the calculations allows practi-
cal application of the filter to any form of ground
geophysical data which yields zero-crossings over
tragets, such as vertical loop EM and Afmag.
However, it is difficult to justify the use of the
filter on vertical loop EM data because neither
dynamic range of anomalies nor geologic noise
is large. In Afmag, utilization of the filter is not
recommended because of the varying direction of
the primary field.

Airborne VLF-EM systems, which measure
parameters yielding zero-crossings over targets,
are being marketed. If the data were collected on
magnetic tape, a computer could be used to apply
the filter, thereby allowing contouring of the
data. However, in this situation more sophisti-
cated filter operators should be employed.

If the filter is to be applied to data other than
ground VLF-EM, the sample interval should be
selected to ensure that the passband of the filter
is correct relative to the frequency components of
the anomalies sought.

CONCLUSIONS

A consideration of geologic noise and conductor
shapes illustrates that VLF-EM data should be
collected at 50-ft intervals, and that the de-
scribed filter operator should be employed. The
filtered data, when contoured, provides a data
presentation which simplifies interpretation. The
filter also amplifies anomalies from near-surface,
highly conducting ore pods which is an important
feature in several mining districts such as at
Tribag and Temagami, both in Ontario, and in
Louvicourt Township of Quebec.
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D E L A K E Bureau de Montréal Bureau d’exploration
Montreal Office Exploration Office

1, Place Ville Marie, Bureau 2821 100-A, rue du Lac
Montreéal, (Québec) Rouyn-Noranda, (Québec)
Canada H38 4R4 Canada J9X 4N4
Téléphone : {(514) 876-9157 Téléphone : (819) 762-3074
Télécopieur : (514) 879-1787 Télécopieur : (819) 762-5332
E-mail : maude.lake@videotron.ca E-mail : froy1@lino.com

Mr. Erle Boyce Rouyn-Noranda, 02/7/98

B&B Exploration

Kirkland Lake

Dear Erle,

The gold assays returned very good values (up to half once per ton), meaning that your
sampling could be improved. You should remove the blasting cuttings and channel sampling the
fresh rock underneath. The data received shows that holes L-1 to L-10 were drilled on claim
37238 instead of 37236 (east of the trenches location!). Although the logs descriptions roughly
correspond to what I saw at the showing, the fact that they could have been drilled east of the
showing reveals that the mineralized area has a fair extension to the east.The mineralization could
be related to a NW-SE structure running along side of the NW-SE mag high displayed on the
magnetics map. If Timiskaming seds are present to the NE, they could represent a sedimentary

ough related to an old shear zone underneath. The magnetics show a clear NW-SE lithological
trend with some structural perturbations not to obvious at this small scale. Try to find a larger
survey to zoom out and trace potential structures. I suggest to do more coverage with ground mag
to follow the NW-SE trend toward the NW and read intermediate lines between L22W and 46W
(if you ever can find the old grid), this would help to pick-up more structural features that may
control gold mineralization. I suggest also to run an IP test on the showing (a=25m, n=1-4). If
positive, run few lines to the NW and the SE of the showing, 100 m apart, 500 m long.

As I told you, Maude Lake cannot make an offer to option this property since we do not
have any budget at this time.

Sincerely,

Frangois Roy /

V.P.Exploration
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Uo-/ 50793 MAR DI 33 FAL 13198230200
_ 4 ITS CHhIMITEC BOUONDARCL
] ~ND: EGG

Intertek Testing Services Certificat D' Analys
' Chimitec Bondar Clegg Assay Lab Report

Aesvecsancennaies

CLIENT : EXPLORATION MAUDE LAKE LTEE PROJET: BADEU
; RAPPORT C98-61484.0 ( COMPLET ) DATE RECU: 22-JUN-98 DATE DE L'IMPRESSION: 29-JUN-98 PAGE 1“ .1
NUMERO DE ELEMENT  AuGrav Cu Pb an Ag
: L'ECHANTILLON UNITES /T PP PPl PN PPN
v . (e 17.43
[ 2olems 5.60 4
CY ey 3.98
\w1118 .17 -



LES MINES

INMET

Corporation miniére Inmet
Division Exploration

rd 1300, boul. Saguenay, suite 200
Rouyn-Noranda, September 23", 1998 Rouyn-Noranda
. {Québec) Canada J9X 5A%

Téléphone:  (819) 764-6666
Télecopieur: (819) 764-6404

B & B Exploration

Box 893, Kirkland Lake
Ontario, Canada

P2N 3K4

Subject: Matachewan property - Baden and Powell townships

Mr. Boyce,

I would like to thank you for the property visit you gave to us in last July. As discussed during our last
phone call, I join to this letter a map showing the location of the chip samples, a copy of the assay
results, the press release from Sedex Mining Corp. and the diamond drill hole logs of Barker Mining

Syndicate.

Unfortunately, because of our current commitments and priorities, your property do not correspond to
INMET's actual exploration strategy. INMET is looking forward for properties hosting significant

gold occurrences and/or having potential for near term discovery.

We really appreciate that you gave us the opportunity to evaluate this project. INMET will be pleased

to evaluate any new property you will bring to its attention or to re-evaluate your property if any new

significant development comes on stream.

Yours truly,

Raynald Vincent
Sentor Geologist

Une société internationale
d‘exploitation miniére
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To: INMET MINING CORPORATION Page .nber :1 e :
Chemex Labs Ltd
u 1300 BOUL. SAGUENAY, SUITE 200 Certificate Date: 15-AUG-98

Analytical Chemists * Geochemists * Rleglstered Assayers ROUYN-NORANDA, PQ OA/L/ llg“giﬁ N% 119827229
5175 Timberlea Blvd,, Mississau JOX7C3 A&cburl\jtm e "HYA
Ontario, Canada L4W 283 Project : BOYCE-803 ’

PHONE: 805-624-2806 FAX: 805-624-6163 Comments: ATTN: RAYNALD VINCENT

CERTIFICATE OF ANALYSIS A9827239

PREP Au ppb Au FA Ag Ag Cu Mo Pb Sb ) Zn
SAMPLE CODE FA+AA g/t ppm ppm ppm ppm ppm ppm ppm
GX38028 208 226 < 5| —mewa < 0.2 < 2 78 4 < 2 < 2 118
GX38029 208| 226 70 { =—w—-- 0.2 < 2 sS4 5 < 2 < 2 182
@X38030 208 226 15| =w=== 0.2 < 2 90 6 2 < 2 178
GxX38031 208 226 105 | =—ww== 0.2 < 2 74 3 2 < 2 92
aGxX38032 208 226 435 | ~e--- 0.4 8 59 8 4 < 2 96
Gx38033 208 226 < 5| wcmm= 0.2 < 2 84 3 2 < 2 124
Gx38034 208 226 < 5| ev-mw- < 0.2 < 2 59 3 < 2 < 2 84
GX38035 : 208 226 »10000 16.10 5.4 4 16 92 2 < 2 10

|
CERTIFICATION: _&
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@ Qntario Ministey o veiopmen  DEClaTation of Assessment Work | Transaction Number (office use)

(R

Mining Act, Subsection 88(2) and 86(3), R.S.0. 1990

[HRAEMTRID

42A028E2016 2.19456 POWELL

Jection 85(2) and 68(3) of the Mining Act. Under section 8 of the Mining Act,
sment work and comrespond with the mining land holder. Questions about this
sm Development and Mines, 3rd Floor, 933 Ramsey Lake Road, Sudbury,

istructions: - For work performed on Crown Lands before recording a claim, use form 0240.
- Please type or print in ink.

Recorded holder(s) (Attach a list if necessary)

ame ;e ) Client Number
ERls S.Boyce Joo17¥
tdress . 7 Telephone Number _
Po.Box £93 Jo3-5675 293
. , Fax Number )
KikKLAnvD Luke OM PAN3KY SAME
ame . Client Number
Clive R.Bawvister 303303
idress _ Telephone Number
_DBox 675, Jo5- T =708]
Fax Number
FreRry Souwp OWT. PIA-AZI Nos™~ T~ g6 4
Type of work perforimed: Check (v') and report on only ONE of the following groups for this declaration.
Geotechnical. prospecting, surveys, Physical: drilling stripping, Rehabilitation
assays and work under section 18 (regs) trenching and associated assays
wk Type . « Office Use
éégvecwrmz, + PH ysichL

Commodity 6’0/ y)) 8
Total $ Value of 8
Work Claimed 745“5 0

1es Work ~ Fiom To . NTS Ref : —
f:«med Day /(5| Monn 95 veur IF vay 7| Mot ) | Yo @& eference ‘X’?- 44, l/ /S
ibal Positioning System Data (if available) TownshlplAleaB 4 v ,90 Lo éfL T") 5. Mining Division / x3 RIGR. MK &
M or G-Plan Number Resident Geologist
M-620s— (-%2/¢ District GER#ARD M eyer

ease remeimber to: - obtain a work permit from the Ministry of Natural Resources as required,
- provide proper notice to surface rights holders before starting work;
- complete and attach a Statement of Costs, form 0212,

- provide a map showing contiguous mining lands that are linked for assigning work;
- include two copies of your technical report.

Person or companies who prepared the technical report (Attach a list if necessary)

me N ) R , . Telephone Number —
_ Exic Harion =R pRETATI 705 - 5¢7 275/

" Fax Number

me

Telephone Number
1’855.58!& Boyce  Remamner of Reperl | Fax:umb;of S67-3993
_ b Box 993 KIRK)rwp AAke OKF. Pau 3KY SAHEC

me RE CE‘V ED Telephone Number

1 Fax Number

iress

MINING DIVISION

MY 7 1999
Certification by Recorded Holder or Agent M7 5.5 ==

Er/= B Q;u\[ T =< , do hereby certify that | have personal knowledge of the facts set forth in
{Pual Name)

s Declaration of Assessment Work having caused the work to be performed or witnessed the same during or after its
mpletion and, to the best of my knowledge, the annexed report is true.

ye of Recorded Holder or Agent
ST A Semaw oS albouw— |

m Fax Number

MAY 111999
/ORI am
2SO NCE ASSESSMENT 2

T OFHIEE % } 9{»3 e
R S S

Date
ent's Address

1 {03r97)

emn




9. wUIK 1o be recorded and distributed. Work can oni
tand where work was performed, at the time work was pe

y be assigned to claims that are‘ contiguous (adjolhing) to the mini
rformed. A map showing the contiguous link must accomipaniy this for

Mining Claim Number. Or I Number of Ciaim— | Vaiue ofwork Value of
work was done on other efigible Units. For other performed on this applle: u:‘:::i: r::rn‘:'dv::?th laagkhyﬂ‘“ o
mining land, show in this mining land, fist claim or other claim. minlg i er o 1; istributed
column the location number hectares. mining land. " * 3t & fulure date
indicated on the claim map.
eg T8 7827 16 ha $26,825 N/A $24,000 $2,825
eg 1234567 12 0 $24,000 0 0
eg 1234568 2 $ 8,892 $ 4,000 0 $4,892
1 g

(/4 039, yas 32,405, =| /9 &OO0 ] Y cosS—
2 . 7
3
4
5
- ——
. . -
- —
9
10
1
12
13
14
15

Cotumn Totals
I, , do hereby certify that the above work credits are eligible under
(Print Full Nama)
subsection 7 (1) of the Assessment Work Regutation 6/96 for assignment to contiguous claims or for application to the claim
yre &xe w% was done.
2 e FVF T A

Signature of Recorded H6der or Agent Authorized in Writing Date

6. Instruction for cutting back credits that are not approved.

Some of the credits claimed in this declaration may be cut back. Please check (v) in the boxes below to show how you wish to
prioritize the deletion of credits:

E/1. Credits are to be cut back from the Bank first, followed by option 2 or 3 or 4 as indicated.
0 2 Credits are to be cut back starting with the claims listed last, working backwaids; or
[0 3. Credits are to be cut back equally over all claims listed in this declaration; or

1 4. Credits are to be cut back as prioritized on the allached appendix or as follows (describe).

Note: If you have not indicated how your credits are to be deleted, credits will be cut back from the Bank first,
followed by option number 2 if necessary.

For Office Use Only
Received Stamp ,O Deemed Approved Dale Date Notification Sent
AECEN e
\J\F\DER \'\S\ON Date Approved Total Value of Credit Approved
G
0241 (03197) N\\N““\ \9‘9 Approved for Recording by Mining Recorder (Signature)
w1

3577
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wWda940. 00300

May 6, 1999

COST OF ASSESSMENT @
1) Line Cuttmg(gnd) ...$5,899.00 /
V.L.F. Readings & Interpretatlon ' &

$3,300.00 N4
S

2) Prospecting & Mapping—22 days................ccccoeeiiii i 83,
¢
$2.250.00 - o}

3) Property ViSItS... ... ....ooviiuii it

4) Diamond Drilling... ... 82,875.00 7

§) Splitting & Logging Core......... ...$250.00 -

6) Stripping QUECIOP.... .....oooviiiiiiiiiee e $1.350.00 ¢

7) Washing Trenches................cocoooiieioiee ... $1,200.00

8) Helper $100.00 XROAAYS...............ocomsrerveicersererreareeee . $2,000.00 -

B q,oqs .00

9) Equipment Rental b et o e eim ettt et e e s
a) Dozef 20000 x 34 days

b) Plugger $250.00 x 4 days
c) 4 Wheeler $25.00 x 21 days LT\EEEEAVLEEE

d) Floating $250.00 x 2 trips MINING DIVISION
¢) Pressure Pump $25.00 x 8 days

| ) Boat $50.00 x 1 day MAY 7 1999‘5
‘ $25.00x65days.....................................................$1,625.00' S > =

iging $50.00 x 65days.............ccociiiiiiiii el L. 83,250.00 0

| k. HIM‘T@
1966 km €30, . ... $589.00"

- Gas
Farn Chain. $nw/pl\a«jjﬁ* reeeiiien ... .$50.00
(:\w\/oa

. ssays $442.00
" Baports v 442,
i X 30 DAYS e-..3000.00 .

P e e VB . Mee te8ec m - s sesmraee -

% ,00.00:

f frocip s Ea54oC 7o
—E:/D)- 37 ~og . o



Ministry of Ministére du *
Northern Development Développement du Nord n a rl O
and Mines et des Mines

Geoscience Assessment Office

933 Ramsey L.ake Road

July 19, 1999 6th Floor
Sudbury, Ontario
ERLE STANLEY BOYCE P3E 6B5
GENERAL DELIVERY
KIRKLAND LAKE, ONTARIO Telephone: (888) 415-9846
P2N-3K4 Fax: (877) 670-1555

Visit our website at:
www.gov.on.ca/MNDM/MINES/LANDS/mlIsmnpge.htm

Dear Sir or Madam: Submission Number: 2.19456
Status
Subject: Transaction Number(s): W9980.00300 Approval

We have reviewed your Assessment Work submission with the above noted Transaction Number(s). The
attached summary page(s) indicate the results of the review. WE RECOMMEND YOU READ THIS
SUMMARY FOR THE DETAILS PERTAINING TO YOUR ASSESSMENT WORK.

If the status for a transaction is a 45 Day Notice, the summary will outline the reasons for the notice, and any
steps you can take to remedy deficiencies. The 90-day deemed approval provision, subsection 6(7) of the
Assessment Work Regulation, will no longer be in effect for assessment work which has received a 45 Day
Notice. Allowable changes to your credit distribution can be made by contacting the Geoscience Assessment
Office within this 45 Day period, otherwise assessment credit will be cut back and distributed as outlined in
Section #6 of the Declaration of Assessment work form.

Please note any revisions must be submitted in DUPLICATE to the Geoscience Assessment Office, by the
response date on the summary.

If you have any questions regarding this correspondence, please contact Lucille Jerome by e-mail at
lucille.jerome@ndm.gov.on.ca or by telephone at (705) 670-5858.

Yours sincerely,

Ol Mo

ORIGINAL SIGNED BY

Blair Kite

Supervisor, Geoscience Assessment Office
Mining Lands Section

Correspondence 1D: 14012

Copy for: Assessment Library



Work Report Assessment Results

Submission Number: 2.19456

Date Correspondence Sent: July 19, 1999 Assessor:Lucille Jerome

Transaction First Claim

Number Number Township(s) / Area(s) Status Approval Date
w9980.00300 1214039 POWELL Approval July 19, 1999
Section:

16 Drilling PDRILL

9 Prospecting PROSP
10 Physical PSTRIP
10 Physical PTRNCH
14 Geophysical VLF

Property visits are not a type of work eligible to receive assessment work credit. The assessment credit is being reduced by $2250.00. The TOTAL VALUE of
assessment credit that will be allowed, based on the information provided in this submission, is $35,155.00.

Assessment work credit has been redistributed, as outlined on the attached Distribution of Assessment Work Credit sheet, to reflect the reduction in the credit.

Correspondence to: Recorded Holder(s) and/or Agent(s):
Resident Geologist ERLE STANLEY BOYCE

Kirkland Lake, ON KIRKLAND LAKE, ONTARIO
Assessment Files Library CLIVE ROBERT BANISTER
Sudbury, ON PARRY SOUND, ONTARIO

Page: 1
Correspondence 10: 14012



Distribution of A ment Work Credi

The following credit distribution reflects the value of assessment work performed on the mining land(s).

Date: July 19, 1999

Submission Number: 2.19456

Transaction Number: W9980.00300

Claim Number Value Of Work Performed
1214039 35,155.00
Total: $ 35,155.00
Page: 1

Correspondence ID:

14012
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