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BOREHOlE PULSE EM UIEM AND VLF

EIECIRlMAGIETIC SURVEYS AND MAGNETCMIER

SURVEY ON lliE RIJDOOCK CREEK PROPERlY

INrRODUCIION

The Ruddock Creek Property is located about 65 miles north of Revelstoke B C
imnediately west of Gordon Home Peak as shown on the Location Map Plate
235 82 1 Access fran Revelstoke is by Route 23 to the IlDUth of Ruddock Creek
then west up Ruddock Creek by helicopter

Plate 235 82 2 is a general geology and topographic plan of the area discussed
in this report For location reference Light Lake is shown in both Plate 235 82 2
and the Location Map Plate 235 82 1

This report describes geophysical work done in 1982 consisting of 4 526 feet
of Downhole EM using five transmitter loops totalling 22 630 feet of IXlwnhole
surveying 6 3 miles of grid preparation 6 3 miles of UIEM electranagnetic
surveying and 5 7 miles each of VLF and magnetic surveying

This work was perfoDDed on IT claims 1 2 3 4 5 6 16 27 29 33 and 34

GEOlJJGY ALilD MINERALIZATIOO

The mineralization on the Ruddock Creek property is in metasedinJentary rocks
of the Shuswap metanorphic canplex The rock lithologies of the area are a
varied succession of quartz biotite gneiss calc silicate gneiss with inter
calated layers of IIErble and quartzite

The structure of the area is daninated by repetitive folding which took place
during metanorphism and was followed by faulting The economic mineralization
of interest consists of dark brown to black sphalerite with lesser galena in a
calcareous quartzite gangue Iron sulphide grades associated with the econanic
mineralization vary significantly but are usually in the range of 10 30
and thereby geophysical responses may be expected
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The thickness of the sulphide layers is controlled largely by folding the
thickest section being in the hinge zones of sane folds and the longest
dimensions of these thickened zones being parallel to fold axes The E
showing is such a zone Plate 235 82 2 plunging 20 towards 2850 The E
zone fault west of the E showing Plate 235 82 2 is interpreted to offset
the hinge mineralization downdip

The objective of past drilling west of the E zone fault was to locate the
offset portion of the E zone mineralization In particular DDH C75 l
plate 235 82 2 drilled to a depth of 2 277 feet intersected 18 feet of
mineralization at about 2 050 feet It is interpreted to have intersected
the upper liIlb of the E zone fold in an area approaching the thickening
of the nain sulphide mass in the hinge of the fold Dm C76 lwas drilled
to a depth of 3 006 feet to intersect the postulated position of the main

E zone but did not intersect it

No further significant property work had been done since the 1976 drilling

OBJECTIVE OF 1982 GEOPHYSICS

i The objective of the 1982 Geophysics was twofold Firstly Downhole EM was
to be done in the two deep holes C75 land C76 l to test this technique and
help in the location of the E zone mineralization thought to be located
between the two holes This YlOrlc was contracted out to Crone Geophysics
Ltd of Toronto Their report is included in i1ppendix A Secondly a surface
time OlTl1lliTt electranagnetic UlEM VLF electranagnetic and magnetic survey
were to be executed on the grid shown in Plate 234 82 2 to search for possible
shallower undiscovered mineralized zones

FIELD IDRK

o

Between July 12 and 14 1982 Frank Ferguson and B e Griffith of ro1INOO
Ltd were on the property to probe the two deep holes C75 l
and C76 l prior to the downhole geophysics vurk Two camps were established by
Frank Ferguson and Mike Davies of Ga1INCO Ltd between July 22nd and 29th the
Upper camp prepared for the downhole geophysics crew and the Main camp prepared
for the surface geophysics crew Between July 27th and August 5th Syd Visser
of CXMINCO Ltd Dave Anderson of Crone Geophysics Ltd and two linecutters
frem Martinson Lincutting and Staking Ltd cClIlpleted the downhole EM project
Fran August 6th to 14th the two linecutters ranained on the property to

prepare the surface geophysics grid The surface geophysics was canpleted by
J J lajoie Austin O Hara and Mike Davies of al1INCO Ltd between August 11th
and August 30th
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o DESCRIPIION OF lliE UIEM SYSTEM

urEM is an acronym for University of Toronto ElectroMagnetaneter The

systan was developed by Dr Y Lammtagne 1975 while he was a graduate
student at that unversity

The field procedure consists of first laying out a large loop of single
strand insulated wire and energizing it with ent fran a transmitter
which is powered by a 1 7 lw IIDtor generator Survey lines are generally
oriented perpendicular to one side of the loop and surveying can be per

formed both inside and outside the loop The field procedure is similar

to Turam a better known electromagnetic surveying method

The transmitter loop is energized with a precise triangular c ent wave

fom at a carefully controlled frequency 30 9 Hz for IIDst of this survey
The receiver systan includes a sensor coil and backpack portable receiver

IIDdule which bas a digital recording facility on cassette magnetic tape
The time sycbronization between transmitter and receiver is achieved through
quartz crystal clocks in both units which must be ac ate to about one

second in 50 years

o
The receiver sensor coil measures the vertical magnetic canponent of the

electromagnetic field and response to its time derivative Since the trans

mitter ent waveform is triangular the receiver coil will sense a perfect
square wave in the absence of geologic conductors Deviations fran a perfect
square wave are caused by electrical conductors which may be geologic or

cultural in origin The receiver stacks any preset number of cycles in order

to increase the signal to noise ratio

The UIEM receiver gathers and records 9 channels of data at each station The

later number channels 7 8 9 correspond to short time or high frequency while

the lower number channels 1 2 3 correspond to long time or low frequency
Therefore poor or weak conductors will respond on channels 9 8 7 and 6

Progressively better conductors will give responses on progressively lower

number channels as well For example massive highly conducting sulphides or

graphite will produce a response on all nine channels

It was mentioned above that the UTEM receiver records data digitallyon a

cassette This tape is played back into a canputer at the base camp The

canputer processes the data and controls the plotting on an 11 x 15 graphics
plotter Data are portrayed on data sections D S as profiles of each of

the nine channels one section for each survey line

o

t
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DATA PRESENrATION

The results of the downhole EM survey are presented in the contractor s report
in lIppendix A The results of the surface geophysics are presented in 6 maps
and 21 UlEM data sections The maps are listed as follows

Plate 235 82 1
in text

IDeation Map
Seale 1 250 000

Plate 235 82 2
in erwelope

Geophysical Grid Map on General Geology
and Topography
Seale 1 400

Plate 235 82 3
in envelope

Total Field Magnetic Data
Scale 1 200

Plate 235 82 4
in erwelope

VLF Field Strength and Tilt
Seattle Washington
Scale 1 200

Plate 235 82 5
in erwelope

VLF Field Strength and Tilt

Annapolis Maryland
Seale 1 200

Plate 235 82 6
in erwelope

lITEM Canpilation Map
Scale 1 200

Legends for both the UIEM canpilation maps and the data sections are also
attached

The data sections are arranged in order of loop number then in order of
line number

The magnetic field amplitudes fran both the transmitter loop primary field
and fran the electric ents induced in the grotmd secondary field vary
by a few orders of magnitude from the beginning of a line near the transmitter
loop to the end of the survey line far fran the transmitter loop To present
such data a nomalized schaDe IllL1St be used In this survey the primary
field fran the loop is used for normalizing and presenting the data according
to the follCMing scheme
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a For channell

Ch 1 ananaly Ch l P
x 100

P

where P is the primary field frem the loop
at the station and Ch lis the observed

amplitude for channel 1

b For the renaining channels n 2 to 9

Ch n ananaly Ch n Ch 2
Ch l

x 100

where Ch n is the observed amplitude of
Channel n n 2 to 9

The above nonnalization procedures result in chaining errors displayed in
Channel 1 only

INrERPRErATION

The downhole EM work is interpreted in the report included in Appendix A

For the UlEM survey Loop 1 was installed as shown in Plate 235 82 2 with
the front of the loop at 221000 The E zone mineralization shows up
clearly as a channel3 UlEM ananaly at 231000 on line 24800E D S 9 On
this line it is interpreted to have a conductivity thickness product c5t
of about 40 mhos making it an intenrediate to good conductor and to be at
a very shallow depth 50 Dip is steep and northerly At 231000 on
line 25200E D S 10 a channel 7 UTEM ancm3ly co esponds to the east end
of the E zone mineralization with a conductance in the 2 mho range There
are no significant UIEM ananalies iran lines 22400E to 24400E D S 3 to D S 8
On line 22000E D S 2 a channel 7 ananaly oc s at 243000 On line 2l600E
a subtle deeper channel 5 ananaly oc s at 243000 Channel 5 indicates a
reasonable conductor and since line 2l600E was fOLmd to actually be about 800
away frem line 22000E rather than the naninal 400 it was decided to insert
three extra detail lines 2l700E 2l800E and 2l900E and to lIDVe up the front
of the loop to 235000 Loop 112 in Plate 235 82 2 This data is shown in
D S s 11 to 15 at an extended scale A subtle channel 5 anomaly oc s

again at 24300N on Line 2l600E D S 11 with the new loop The ananaly
amplitude increased on line 2l770E D S 12 with a channel 3 ancmaly at 24300N

channel 3 anomaly indicates that the ananaly is seen at the latest
time on channel 3
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The ananaly appears best defined at 243000 on Line 21800E as a channel 3
anomaly with a conductance of about 50 mhos The shape of the ancmaly
suggests a flat target at shallow depth 200 fran about 243000 to 244000
Canputer m del1ing is rerlTTTTlPrded to berify this intexpretation On Line
21900E D S 14 the conductance is reduced to about 5 mhos as evidenced

by the channel 6 ananaly at 24300N On Line 22000E D S 15 and 15a a
channel 6 ananaly oc s at 24300N

Surveying was done inside transmitter loop 1 south of 22100N as far as pennitted
by a cliff located at about 21400N These data are shown in D S 16 to 21 and
show no ananaly of interest

The total field magnetic data are displayed in profile fom in Plate 235 82 3
The data were corrected for drift and daily base shift in the normal marmer
The area of the E zone mineralization at about 23000N on Lines 24800E and 25200E
exhibits strong activity as can be expected for outcropping pyrrhotite minerali
zation A significant narrow ananaly oc s iran 238300 on Line 22000E to
239100 on Line 21900E

Plate 235 82 4 shows the VLF field strength and tilt data obtained using the
Seattle station The E zone mineralization stands out clearly as well as
the wealdY mineralized extension southwest of the main E zone in the limb of
the fold The next significant ananaly coincides with the eastern end of the
UIEM ananaly discussed previously in the northwest corner of the grid The
source of the ananaly gets progressively deeper to the west It is very weak
on Line 21800E where the highest conductivity UTEM response is indicated

Plate 235 82 5 shows VLF field strength and tilt data obtained using the
ilnnapolis VLF station The signal fran this station is llllCh veaker but the
station direction is better for the strike of the two ananalies discussed
previously One line was surveyed over the E zone and it produces a very
strong response In the northwest corner of the grid a strong ancmaly was
obtained at 24250N on Lines 22000E and 21900E nearly coincident with the
UIEM ananaly The tilt ananaly is llllCh weaker further west

mNCIlJSIOOS

The downhole EM survey performed in DDH s C75 1 and C76 1 confinned a flat
conductive sheet corresponding with the 18 of mineralization intersected in C75 L
The postulated mineralization in the hinge of the fold could not be confimed

by the downhole EM survey because DDH C75 1 stopped 200 feet above the level
of the suspected mineralization and DDH C76 1 was blocked about 400 feet above
it
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UIEM VLF and IIEgnetic methods responded to the shallow En zone mineralization
A 50 mho UIEM anCIDaly was discovered and is centered at 243000 on Line 2l800E
It deepens to the west and is shallower to the east where its conductance
diminishes and gives a VLF response It has no coincident IIEgnetic ancmaly
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LEGEND

UTEM COMPILATION MAPS DATA SECTIONS

MEAN DELAY TIME
SYMBOL CHANNEL

15 Hz 30 Hz

I 1 25 6 ms 12 8 ms

2 12 8 6 4
3 6 4 3 2

0 4 3 2 1 6
S 5 1 6 0 8
A 6 0 8 0 4
7 7 0 4 0 2
x 8 0 2 0 1
b 9 0 1 0 05

0 10 0 05

i

Axis of a cross over anomaly The numbex
indicates the latest anomalous channel

Depth indicated by S Shallow
M Moderate
D Deep

30m
30 75m

75m

Axis of reversed cross over anomaly produced
when a small conductor dips at less than 700
towards the transmitter In normal cross over

the positive response is towards the transmitter
reversed one it is away from the transmitter

Indicates a negative anomaly of width shown by
the dash The latest anomalous channel is
shown Can sometimes be confused with the

negative part of a cross over anomaly

Outline of a transmitter loop

Conductor axis located by cross over anomalies

with a conductance determination The conduct
ce is the interpreted conductivity x thickness

of the conductor in mhos same as Siemens

Only the principal cross overs are indicated
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APPENDIX A

BOREHOlE PEM REPORT BY CRONE GEOPHYSICS LTD
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REPORT FOR

COVERING

OVER THEIR

SURVEY BY

REPORT BY

DATED

Cominco Limited

Crone Borehole PEM

Ruddock Creek Property

Crone Geophysics Limited Mississauga Ontario

David Anderson

September 1st 1982

SUMMARY

The PEM borehole logs from 75 1 and 76 1

delineated a horizontal conductor that is centrally intersected

by 75 1 and remains off hole south of 76 1 The conductor

shows some extension to the east west and south of 75 1 but

only limited extension to the north

SURVEY DATA

The Crone borehole PEM survey was run with a high

power 2000 watt PEM transmitter Transmit loops were 300 meters

square In all 5 loops were used with 75 1 and 76 1 being

logged from each loop location For loop positions see the

accompanying plan map

BH 76 1 was clear to 720 meters however micro

phonic noise problems were encountered at 670 meters It is

suspected that there is moving water in the borehole between 670

and 720 meters causing the receiver probe to hit the walls of

the hole and creating a strong noise signal The survey data

for the section of this hole from 670 to 720 meters is noise

and cannot be used

In all 6 8 km of

July 29th to August 5th 1982

of Crone Geophysics Limited

logging was completed between

The survey was run by D Anderson

n
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INTERPRETATION

For a detailed description of the individual

borehole profiles consult the anomaly charts at the back of the

report

Multi transmit loops are employed in a PEM bore

hole survey to determine the attitude and direction of the

conductor relative to the borehole When a transmit loop is

moved to the up dip or opposite side of a vertical conductor

the conductor is energized from below causing the anomaly pat

tern to reverse

Figures 1 2 and 3 are scale models of the primary

field generated by the in loop south and north transmit loops

Note that in the vicinity of the conductor there is a 900 shift

in the direction of the primary fields from the north and south

loops see figures 2 and 3 When 75 1 and 76 1 were logged from

these loops a reverse anomaly pattern was not detected This

eliminates the possibility of the observed response being gener

ated by a vertical conductor between the holes In fact this

would imply that the conductor is shallow dipping to near hori

zontal

Figures 4 5 and 6 show the expected response in

76 1 had a vertical conductor existed between the two holes

This assumes that 76 1 was open to the base of the hole

BH 75 1 has in rsected the central region of a

horizontal conductor at 610 meters 2001 The conductor has

an average conductivity thickness of 115 mhos

BH 76 1 passes to the north of the same conductor

The off hole response in this hole is still peaking at 670 meters

where logging was stopped This places the north edge of the

conductor slight y below 670 meters and to the south of 76 1
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The borehole responses in 75 1 and 76 1 showed

little change in character when surveyed from the different

transmit loops The regular nature of the response indicates

a plate like conductor There is some evidence of a shifting
cross over in the off hole response of 76 1 see anomaly charts

This suggests a limited thickening of the conductor

Respectfully submitted

JIiLL
David Anderson

Geophysicist
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o

IN THE MA1TER OF THE B C MINERAL AGr

iIND IN THE MA1TER OF A GEOPHYSICAL PROGRAMME

CARRIED our ON THE IT cLAlMS 1 2 3 4 5 6 16 27 29 33 and 34

IOCATED 65 MIIES N OF REVEISIOKE B C

IN THE KAMLCOPSjREVElSIOKE MINING DIVISIONS OF THE

PROVINCE OF BRITISH OJLUMBIA MlRE PARTICULARLY

N T S 82Ml5

STATEMENT

I Jules J lajoie of the City of West Vancouver in the Province of
British Colwibia make oath and say

1 THAT I am anployed as a geophysicist by Cominco Ltd and as
such have a personal knowledge of the facts to which I herein
after depose

2 THAT annexed hereto and ked as Exhibit to this statement
is a true copy of expenditures in ed on geophysical survey on

the IT mineral him

3 THAT the said expenditures were in ed between July 12th and
August 30th 1982 for the purpose of mineral exploration of the
above mentioned claims

u
Jules J lajoie Ph P Eng
Geophysicist Corninco Ltd



o

EXHIBIT

srAmENT OF EXPENDITURES 1982

RlJDOOCK CREEK PROPERTY

IT CLAIMS 1 2 3 4 5 6 16 27 29 33 and 34

Contract Charges less salary above

10 090 87 2 300 00

includes rrob denvb expenses rental report etc

3 OKANAGAN HELICOPTERS

4 EXPENSE ACCOUNlS

7 790 87

15 082 00

3 511 39

a J J Lajoie
b A O Hara
c S J Visser
d F Ferguson
e M J Davies

f W B Griffith

630 00
495 00
415 00
447 14
927 25
597 00

Carried Fornard 49 257 46



STATEMENr OF EXPENDITURES cont
I d 2

CARRJED FORWARD 49 257 4fJ

5 EQUIPMENl RENTAL

a UIEM

b Borehole PEM

inc in Crone invoice

c Borehole Probing Winch

d VLF

e MagnetcllEter

2 100 00

847 61

300 00

300 00

3 547 61

6 GEOPHYSICS

Data Canpilation Drafting Reporting 3 000 00

7 MISCELLNEOUS

o
Fuel

Tent

Building Supplies and Food

Charges Revelstoke Co op

Survey Supplies
Radio

Truck Rental

555 38

465 63

2 117 24

392 51

26150

912 49

4 704 75

wrAL 60 509 82

Icertify this to be a true statanent of expenditures for the UIEM geophysical

survey on the IT 1 2 3 4 5 6 16 27 29 33 and 34 claims in 1982

IJ



CERTIFICATION

L Jules J Lajoie of 5655 Keith Road in the City of West Van er

in the Province of British Columbia do hereby certify that

1 I graduated fran the University of Ottawa in 1968 with an

Honours B Sc in Physics fran the University of British

Columbia in 1970 with a M Sc in Geophysics and fran the

University of Toronto in 1973 with a Ph D in Geophysics

2 Iam a registered member of the Association of Professional

Engineers of the Province of British Columbia the Society
of Exploration Geophysicists and the British Columbia

Geophysical Society
o

3 I have been practicing my profession for the past nine years

I

Jules J Lajoie Ph P Eng
Geophysicist Cooinco Ltd

J
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