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INTRODUCTION 

c) 

i3 

General 
Field work was carried out on' the property by Grant 

Crooker, Mohan Vulimiri and Sheila Keilbach, geologists, from 
July 19th through July 22nd, 1985. 

Geophysical VLF-EM and VLF-EMR surveying were carried out 
on the claims. 

Location and Access 
The Kodah claim group is located at 57O21' N. latitude 

and 127O12' W. longitude in the Spatsizi Plateau area, Toodoggone 
River Map Sheet, 94E/6W, Omineca Mining Division (Figures 1 and 2) 

Access to the property is by airplane, 280 kilometers north 
from Smithers to Sturdee Airstrip. From Sturdee Airstrip an 
18 kilometer long access road leads to the main Lawyers Camp, 
and a helicopter must then be taken 6 kilometers from Lawyers 
Camp to the property. 

Physioqraphy 
Topography is gentle to moderate: elevation varies from 

1200 to 1600 meters above sea level. Spruce and jack pine forest 
along with some underbrush cover the property. Outcrop exposure 
is generally good over the claim group. 

The Toodoggone climate is severe with very short summers 
and long cold winters. The summers are cool, with snow possible 
at any time. This gives a short f.ield season with difficult 
working conditions. 

Property and Claim Sta- 
The claims (Figure 2) are owned and operated by Serem 

Inc., Box 11175, Royal Centre, 1055 West Georgia St., Vancouver, 
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B.C. They consist of the following: 

cj 

LJ 

Claim Units Record No. Record Date 

Kodah #1 15 1448 September 28, 1978 
Kodah #2 2 4761 September 20, 1982 

With the acceptance of this report, the claims will 
be in good standing until 1987. 

Property History 
The property was staked by Kennco Explorations (Western) 

Ltd. during the early 1970's. Soil Geochemical surverying, 
geological mapping, and magnetometer surveying were carried out 
on the property, along with one short diamond drill hole. 

In 1978 Serem staked the lapsed ground, and in 1979 
carried out limited soil and rock geochemical sampling. A 

program carried out by Serem during 1982 consisted of estab- 
lishing a grid, carried out geological mapping and collecting 
approximately 150 rock samples. Over 50 of the rock samples 
gave values greater that 3.4/0.34 grams/tonne silver/gold 
(lower detection limit of assay). The highest results were 
in the order of 1000.00/20.00 grams/tonne silver/gold. For 
detailed results the 1982 Assessment Report can be referred to. 

EXPLORATION PROCEDURE 

Work in 1985 consisted of VLF electro-magnetic and 
V L F  electro-magnetic resistivity surveys. The purpose of the 
work was to locate chalcedony breccia zones. 

The old grid established in 1982 was re-established 
as closely as possible to the original. The baseline was ran 
from 2 + 40N to 6 + 60 N, and crosslines were ran at right 
angles to the baseline every 60 meters. A total of 420 meters 
of baseline and 6500 meters of crosslines were established. 
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s i x  and one h a l f  k i l o m e t e r s  Of VLF-EM s u r v e y i n g  w e r e  
carr ied o u t ,  w i t h  r e a d i n g s  t a k e n  e v e r y  2 0  meters a l o n g  t h e  l i n e s .  

A Geonics  EM-16 w a s  u sed  as  a r e c e i v e r ,  w i t h  NPM, L u a l u a l e i ,  
H a w a i i ,  a t  2 3 . 4  K H z  t h e  t r a n s m i t t e r :  . T h i s  t r a n s m i t t e r  w a s  

u sed  d u e  t o  i t s  good s i g n a l  s t r e n g t h  and o r i e n t a t i o n  t o  t h e  

geological  s t r u c t u r e s .  

The EM-16 measures  In-phase  and Q u a d r a t u r e  components 
of v e r t i c a l  magne t i c  f i e l d , a s  a p e r c e n t a g e  of h o r i z o n t a l  p r imary  
f i e l d .  (Tha t  i s  t a n g e n t  of  t h e  t i l t a n g l e  and e l l i p t i c i t y ) .  

Both v a l u e s  a r e  g i v e n  i n  p e r c e n t a g e s .  F i e l d  p r o c e d u r e  r e q u i r e s  

t o  a lways  face t h e  s a m e  d i r e c t i o n  when t a k i n g  r e a d i n g s .  When 

a p p r o a c h i n g  a c o n d u c t o r  t h e  r e a d i n g s  w i l l  b e  p o s i t i v e ,  and  when 

l e a v i n g  a c o n d u c t o r  t h e  r e a d i n g s  w i l l  be n e g a t i v e .  The EM-16 
i s  r o t a t e d  i n  t h e  v e r t i c a l  p l a n e  u n t i l  a minimum s i g n a l  i s  
o b t a i n e d .  T h i s  r e a d i n g  is  t h e  " In-phase"  and g i v e s  t h e  t i l t a n g l e  

i n  d e g r e e s  and  t h e  t a n g e n t  of t h e  t i l t a n g l e  e x p r e s s e d  as p e r c e n t .  

Once t h i s  minimum s i g n a l  i s  obtained,  t h e  " Q u a d r a t u r e "  knob i s  

r o t a t e d  u n t i l  t h e  s i g n a l  minimum is  o b t a i n e d .  T h i s  r e a d i n g  i s  

a p p r o x i m a t e l y  t h e  r a t i o  of  t h e  q u a d r a t u r e  component of t h e  ve r t -  
i c a l  s e c o n d a r y  f i e l d  t o  t h e  h o r i z o n t a l  p r imary  f i e l d .  

The VLF-EM can  p i c k  up c o n d u c t o r s  caused  by e l e c t r o l y t e -  
f i l l e d  f a u l t  or s h e a r  zones and  p o r u s  h o r i z o n s ,  g r a p h i t e ,  carbon-  

aceous  s e d i m e n t s ,  l i t h o l o g i c a l  b o u n d a r i e s  as w e l l  as s u l p h i d e  
b o d i e s .  

The In -phase  and Quadra tu re  d a t a  w e r e  p l o t t e d  as p e r c e n -  
tages on F i g u r e  3 a t  a s c a l e  of  1:1250. The F r a s e r  f i l t e r  method 

w a s  t h e n  a p p l i e d  t o  t h e  In-Phase  d a t a ,  and t h e  r e s u l t s  p l o t t e d  

as a sca le  of 1:1250 on F i g u r e  4 .  

Six and one h a l f  k i l o m e t e r s  of VLF-EMR ( e l e c t r o - m a g n e t i c  

r e s i s t i v i t y )  s u r v e y i n g  w e r e  c a r r i e d  o u t  w i t h  r e a d i n g s  t a k e n  e v e r y  

2 0  meters ( u n l e s s  snow o r  t a l u s  c o n d i t i o n s  p r e v e n t e d  a r e a d i n g ) .  

A Geonics  EM-16R w a s  u sed  as a r e c e i v e r ,  w i t h  VPM, L u a l u a l e i ,  
Hawaii ,  a t  2 3 . 4  K H z  t h e  t r a n s m i t t e r .  
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The EM-16R measures the horizontal components of the 
radial electric field and the tangential magnetic field 
(apparent resistivity), and the phase differences between the 
radial electric field and the tangential magnetic field (phase 
angle) . 

. r'ield procedures require that the instrument be oriented 
in the direction of the transmitter selected. W o  probes are 
pushed in to the ground 10 meters apart, in the direction of 
the transmitter. The resistivity control is then rotated until 
a signal minimum is located. The phase angle control is then 
rotated until a further signal minirnum is obtained. The apparent 
rssistivity in ohm-meters, and phase angle in degrees a r e  then 
recorded f r o m  the appropriate control. 

The apparent resistivity readings give the electrical 
resistiviy of the ground, while the phase angles give the con- 
ductivity of overburden. 

The apparent resistivity is high for Silicous, non- 
conductive rocks, and l o w  for altered, kaolinized rocks. 

The apparent resistivity and phase angles were plotted 
at a scale of 1:1250 of F i g u r e  5. 

Tinure 6 ( sca le  1 : 5 0 0 0 )  is a compilation map showing 
geoloqv and VLF electro-magnetic conductors. 

GEOLOGY 

The property is underlain by Lower Jurassic Toodoggone 
volcanic rocks consisting of volcaniclastic breccias, andesitic 
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tuffs and hypabyssal feldspar porphyry. These units appear 
to trend northwest-southeast (Figure 6). This geology is 
compiled and revised from 1982 mapping by James Crawford. 

GEOPHYSICS 

VLF-EM Survey 
The Fraser Filter method was applied to all In-phase 

readings to allow contouring of the data. The results were 
contoured at 10 percent intervals. 

Three weak conductors were delineated by the VLF- 
electro-magnetic survey. These conductors (Figure 6) strike 
north-south and appear to correlate with creeks and gullies. 
The creeks and gullies probably represent faults and dominant 
fracture systems. Therefore Conductor A, B, and C probably 
represent fault zones. 

VLF-EMR L Survey 
The VLF electro-magnetic resistivity survey was carried 

out to attempt to locate any silicified zones which may carry 
precious metal values. 

The VLF electro-magnetic survey indicated a number 
of zones of high and low apparent resistivity. These zones 
of high and low resistivity could not be correlated to any 
geological features other that outcrop patterns. 

CONCLUSIONS AND RECOMMENDATIONS 

Three weak conductors were delineated by the VLF electro- 
magnetic survey. These probably represent faults, 

The VLF electro-magnetic resistivity survey failed to 
delineate any geological features other than outcrop patterns. 

These geophysical methods failed to delineate any 
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u favourable  m i n e r a l i z e d  z o n e s .  
should be concentrated on t h e  m i n e r a l i z e d  q u a r t z  v e i n s  d i s -  

covered t o  date .  

F u t u r e  w o r k  on t h e  property 

R e s p e c t f u l l y  s u b m i t t e d ,  

Mohan V u l i m i r i ,  B . S c .  , ( H o n s )  , M.Sc. 

G r a n t  C r o o k e r ,  B . S c . ' ,  F . G . A . C .  
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CERTIFICATE OF QUALIFICATIONS 

I, Mohan R. Vulimiri, of 1120 Heywood Street, North 

Vancouver, in the Province of British Columbia, hereby 

certify as follows: 

1) I am a graduate with a B.Sc. (Hons) degree from 
the Indian Institute of Technology, Kharagpur. 

2) 

3) 

cj 

4 )  

I am a graduate with a M.Sc. (Economic Geology) 
degree from the University of Washington. 

I am involved in mineral exploration in British 
Columbia, and have been since 1970, and I have 
acted in responsible positions since 1974. 

I have no direct or indirect interest in the property. 

Dated this 2 g  day of *We , 1985, at Vancouver, in 

the Province of British Columbia. 

Mohan R. Vulimiri, B.Sc., M.SC. 
Ge o 1 og i s t 
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CERTIFICATE OF QUALIFICATIONS 

I, Grant F. Crooker, of Upper Bench Road, Keremeos, in 

the Province of British Columbia, hereby certify as follows: 

1) That I graduated from the University of British 
Columbia in 1972 with a Bachelor of Science Degree 
in Geology. 

2) 

3) 

That I have prospected and actively pursued geology 
prior to my graduation and have practised my pro- 
fession since 1972. 

That I am a member of the Canadian Institute of Mining 
and Metallurgy. 

4 )  That I am a Fellow of the Geological Association of 
Canada. 

5)  That I have no direct or indirect interest in the 
property. 

Dated this dr day of h%9”* , 1985, at Vancouver, in the 

Province of British Columbia. 

Grant F. Crooker, B.Sc., F.G.A.C. 
Geologist 



DETAILED COST STATEMENT 

WF-GES 

di 

1 Geologist, G. Crooker 
7 days 8 $300.00 per day 
July 19-22, August 23-25, 1985 

1 Geologist, M. Vulimiri 
7 days @ $300.00 per day 
July 19-22, August 23-25, 1985 

1 Geologist, S. Keilbach 
4 days @ $200.00 per day 
July 19-22, 1985 

CAMP COSTS (includes groceries, camp supplies, 
camp equipment, radio, expediting etc.) 

$ 2,100.00 

2,100.00 

8 0 0 . 0 0  

G. Crooker, 4 days @ $50.00 per day 
July 19-22, 1985 

M. Vulimiri,4 days @ $50.00 per day 

S. Keilbach, 4 days @ $50.00 per day 

July 19-22, 1985 

July 19-22, 1985 

TRANSPORTATION 

He1 icopter (Hughes SOOD) 
2.4 hours charter @ $450.00 per hour 
2.4 hours fuel @ $110.00 per hour 

Fixed Wing *(Smithers to Sturdee Strip) 
4 days @ $72.50 per day 
July 19-22, 1985 

Mob. and Demob.* 
4 days @ $78.25 
July 19-22, 1985 

SUPPLIES (flagging, topofil thread, etc.) 

INSTRUMENT RENTAL 

Geonics EM-16R 
4 days @ $25.00 per day 
July 19-22, 1985 

200.00 

200.00 

200 .00  

1,080:.00' 
264.00 

290.00 

313.00 

5 0 . 0 0  

100.00 



PREPARATION OF REPORT (secretarial, draughting, 
reproduction, etc.) 500.00 

TOTAL $8,197.00 

* Mobilization and demobilization costs and Fixed Wing 
costs are pro-rated over 7 projects in the Toodoggone 
covering 44 days. 
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MEASURED QUANTITY 

Page 1 

EM16 SPECIFICATIONS 

SENSITIVITY 

FES OLUTI ON 

OUTPUT 

OPERATING FREQUENCY 

OPERATOR CONTROLS 

POWER SUPPLY 

DIMENSIONS 

WEIGHT 

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

In-phase :f150% 
Quad-phase :f 40% 

f 1% 

Nulling by audio tone. In-phase 
indication from mechanical inclino- 
meter and quad-phase from a graduated 
dial. 

15-25 kHz 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. 

4 2  x 14 x 9cm 

Instrument: 1.6 kg 
Shipping : 4 . 5  kg 
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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 percenta e 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-apgle is an 
accurate measure of the vertical real-component, and the 
compensation B/Z-signal from the horizontal coil is a measure 
of the quadrature vertical signal. 

8 

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 EM16. 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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SELECTION OF THE STATION 

The magne t i c  f i e l d  l i n e s  from t h e  s t a t i o n  a r e  a t  r i g h t  
a n g l e s  t o  t h e  d i r e c t i o n  of t h e  s t a t i o n .  Always se lec t  
a s t a t i o n  which g i v e s  t h e  f i e l d  approximate ly  a t  r i g h t  
a n g l e s  t o  t h e  main s t r i k e  of t h e  ore bodies or g e o l o g i c a l  
s t r u c t u r e  o f  t h e  a r e a  you are p r e s e n t l y  working on. I n  
o ther  words,  t h e  s t r i k e  of geology should  p o i n t  t o  t h e  t r a n s -  
m i t t e r .  (See F igur2  3 ) .  O f  c o u r s e ,  + 4 5 O  v a r i a t i o n s  are  
to le rab le  i n  p r a c t i c e .  

Tuning of t h e  EM16 t o  t h e  p r o p e r  t r a n s m i t t i n g  s t a t i o n  i s  
done by means o f  p lug- in  u n i t s  i n s i d e  t h e  r e c e i v e r .  The 
i n s t r u m e n t  t akes  t w o  s e l e c t o r - u n i t s  s i m u l t a n e o u s l y .  A 
s w i t c h  is prov ided  f o r  qu ick  s w i t c h i n g  between t h e s e  two 
s t a t i o n s .  

To change  a p lug- in  u n i t ,  open t h e  cove r  on top of  t h e  i n s t r u -  
ment ,  and i n s e r t  t h e  p rope r  p lug .  ( F i g u r e  10)  Close t h e  c o v e r  
and set  t h e  selector swi tch  t o  t h e  d e s i r e d  p l u g - i n .  

On  the  f o l l o w i n g  pages i s  a v a r i e t y  of i n f o r m a t i o n  on t h e  
most commonly used  ( i .e .  re l iab le)  VLF T r a n s m i t t e r s  i n c l u d i n g  
t r a n s m i s s i o n  f requency ,  geograph ica l  l o c a t i o n  and t h e i r  
s c h e d u l e d  maintenance p e r i o d s .  
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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 
gngles to the direction to the station being used. 
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.ll). 

Before 

To take a reading, first orient the reference coil (in the 
lower end of the handle) along the magnetic lines.(Fig.l2) 
Swing the instrument back and forth for minimum sound intensity 
in the speaker. Use the volume control to set the sound level I 

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 l o o k i n g  into the small l e n s .  A l s o ,  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 ne ative percentages. 

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.13 & 14) 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 an'd mark all this on your notes, maps, etc. 

for comfortable listening. Then use your left hand to adjust i 

If the instrument is facing 180° 
from t i? e original direction of travel, the polarities of the 

. 

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- 
tally. 

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.15) 
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. 
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EF16R SPECIFICATIONS 

RESISTIVITY RANGES 

PHASE RANGE 

RESOLUTION 

OUTPUT 

OPERATING FREQUENCY 

INTERPROBE SPACING 

'Apparent Resistivity of the ground 

.Phase angle between Ex and H 
in ohm-meters 

in 
degrees Y 

10 - 300 ohm-meters 
100 - 3000 ohm-meters 

*lo00 - 30000 ohm-meters 

0-90 degrees 

*Resistivity: f 2% gull scale 
Phase : f 0.5 
Null by audio tone. Resistivity and 
phase angle read from graduated dials. 

15-25 kHz VLF Radio Band. Station 
selection by means of rotary switch. 

10 meters 

PROBE INPUT IMPEDANCE 100 MS1 in parallel with 0 .5  picofarads 

DIMENS IONS 19 x 11.5 x 10 cm. 
(attached to side of EM161 

WEIGHT 1.5 kg (including probes and cable) 
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FIELD PROCEDURE- --- 

1. Mounting of The EM16R Console  T o  The EM16 U n i t  

A l i g n  t h e  EM16R c o n s o l e ,  i n  respect t o  t h e  EM16 c o v e r ,  so  
t h a t  t h e  s t a t i o n  selector  on  t h e  c o n s o l e  is close t o  t h e  

EM16R o u t p u t  receptacle on t h e  EM16 c o n t r o l  p l a t e .  S e e  
pho tograph  on f a c i n g  page .  

To mount t h e  c o n s o l e  on t h e  EM16 u s e  4 s t u d  f a s t e n e r s .  

T o  c o n n e c t  t h e  EM16 c o n s o l e  w i t h  t h e  EM16 e l e c t r i c a l l y ,  

p l u g  t h e  EM16R c o n s o l e  o u t p u t  p l u g  i n  t h e  c a r r e s p o n d i n g  

r e c e p t a c l e  on  t h e  EM16 c o n t r o l  p a n e l .  

2 .  O r i e n t a t i o n  

The i n s t r u m e n t  measures  r e s i s t i v i t y  a l o n g  a l i n e  i n  t h e  s a m e  
d i r e c t i o n  as  t h e  s t a t i o n .  A f t e r  a VLF t r a n s m i t t i n g  s t a t i o n  
h a s  been s e l e c t e d  EM16 i s  used t o  de te rmine  t h e  d i r e c t i o n  

t o  t h e  t r a n s m i t t e r .  

The MODE selector s w i t c h  i s  thrown to EM16, and  t h e  QUAD- 

RATURE/RESISTIVITY d i a l  i s  t u r n e d  t o  zero. With t h e  t w o  
r e c e i v e r  co i l s  i n  t h e  h a n d l e  o f  t h e  EN16 i n  a h o r i z o n t a l  

p l a n e ,  w i t h  t h e  EM16R u n i t  u n d e r n e a t h ,  t u r n  t h e  whole 

i n s t r u m e n t  i n  a h o r i z o n t a l  p l a n e  u n t i l  t h e  s t a t i o n  s i g n a l  

g o e s  t o  n u l l .  A t  t h i s  t i m e  t h e  l o n g  a x i s  o f  t h e  EM16 h a n d l e  

( s i g n a l  c o i l )  i s  p o i n t i n g  towards t h e  s t a t i o n ,  and  t h e  s h o r t  

a x i s  ( r e f e r e n c e  c o i l )  i s  maximum coup led  t o  t h e  m a g n e t i c  

f i e l d .  Swi t ch  mode t o  EM16R. 

The EM16 QUADRATURE Knob z e r o  l i n e  i s  used  as a c u r s o r  f o r  

t h e  EM16R RESISTIVITY Index  r i n g ,  and  t h e  EM16R RESISTIVITY 

Index  r i n g  z e r o  l i n e  i s  t h e  c u r s o r  f o r  t h e  EM16R QUADRATURE 

Knob. 

A l l  EM16 c a l i b r a t i o n s  are  i n  b l a c k ,  a l l  EM16R c a l i b r a t i o n s  
are  i n  r e d .  
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3 .  T a k i n s  a Readina 

T o  t a k e  a r e a d i n g ,  o r i e n t  t h e  u n i t  so t h a t  t h e  s h o r t e r  

h a n d l e  a r m  i s  a t  t h e  r i g h t  a n g l e  t o  t h e  d i r e c t i o n  of t h e  

s t a t i o n  and i n  t h e  h o r i z o n t a l  p l a n e ,  as d e s c r i b e d  i n  2. 

For  conven ience  and s t a b i l i t y  t h e  i n s t r u m e n t  can  be l a i d  

on t h e  ground d u r i n g  t h e  r e a d i n g ,  w i t h  t h e  EM16R c o n s o l e  

benea th .  Connect  t h e  p r o b e s  t o  t h e  EM16R console r e c e p t a c l e  

th rough  t h e  10 m e t e r s  l o n g  p r o b e  c a b l e .  

Ensure t h a t  t h e  s t a t i o n  selector s w i t c h  on t h e  EM16 and 

EM16R a re  b o t h  t u r n e d  t o  t h e  d e s i r e d  s ' t a t i o n  f r equency .  

Push t h e  p r o b e s  i n t o  t h e  ground 1 0  m e t r e s  a p a r t  i n  t h e  
d i r e c t i o n  o f  t h e  s t a t i o n ,  t h a t  i s  t o  s a y  a l i g n e d  w i t h  t h e  

l o n g  a x i s  of t h e  h a n d l e .  The c a b l e  end w i t h  a r e d  marker  

s l e e v e  goes  t o  t h e  p robe  nearest  t h e  t o p  of t h e  EM16 i n s t r u -  

ment case, t h e  unmarked cable g o e s  t o  t h e  p robe  o f f  i n  t h e  

d i r e c t i o n  of t h e  EM16 c o i l  h a n d l e .  

m u l t i p l i e r  s w i t c h  t o  x l 0 0 0  p o s i t i o n ,  r o t a t e  t h e  EM16R 

RESISTIVITY CONTROL ( s a m e  knob as for' QUADRATURE when u s i n g  

EM16) for minimum sound i n t e n s i t y  i n  t h e  s p e a k e r .  

S e t  t h e  r e s i s t i v i t y  

Turn t h e  phase  c o n t r o l  knob on t h e  EM16R c o n s o l e  t o  f u r t h e r  

m i n i m i z e  t h e  sound.  

R e s i s t i v i t y  i s  r e a d  from t h e  p o s i t i o n  of t h e  r e d  z e r o  l i n e  
on t h e  q u a d r a t u r e  d i a l  a g a i n s t  t h e  r e d  numerals  on t h e  

i n d e x  r i n g .  M u l t i p l y  by 1000 i n  t h i s  case t o  o b t a i n  a c t u a l  

r e s i s t i v i t y  i n  ohm meters. 
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If the number on the resistivity index ring is 3 or less, 
use a lower resistivity multiplier scale and re-do the 
nulling procedure. 

The x10 resistivity multiplier scale should be used in the 
case of a resistivity reading of 300 ohm meters or less. 

Record the phase angle by which the measured electrical 
field component leads the reference magnetic field component. 
This is 4 5 O  for homogeneous conditions, as when the depth 
of the layer being measured is more than one or two skin 
depths. When a lower layer more resistive is present the 
phase angle will generally decrease, and increases when a 
more conductive layer is present. 
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R e p r i n t  From 

GEOLOGICAL SURVEY O F  CANADA 
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64. VLF RESISTIVITY (RADIOHM) SURVEY, AGRICOLA LAKE AREA.  
DISTRICT OF MACKENZIE 

Project 670041 

W. J. Scott 
Resource Geophysics and Geochemistry Division 

Introduction 

During the  last week of July 1974. a VLF resistivity 
survey  was  car r ied  out over the  Agricola Lake massive 
sulphide prospect. Measurements were  made along the 
soil survey  l ines (Cameron. th i s  publication. report 5 5 ,  
Fig. 1) us ing  the Radiohm technique (Collett and 
Becker, 1968). 
tivity of t he  earth i s  determined b y  a magnetotelluric 
measurement of the radiated field from a remote radio 
transmitter . 

The quantities measured a r e  the horizontal corn-- 
ponents of the radial electric field (Ex) and the tangen- 
tial magnetic field (Hy),  and the phase difference be- 
tween E x  and Hy. A value for apparent resistixrity is 
derived from the approximate expression: 

In this technique, the apparent resis-  

0 50 100 m 

pa  = the  apparent resistivity in ohm-metres 

where u = the  magnetic pcrmeabjlity of the medium 

= the  angular frequency of the signal 27f .  
(assumed = 4 H x l o - '  Henrys per metre) 

where f is the frequency in h, 

The instrument used in th i s  survey was a Gconics 
Eh116R. which obtains I!,, by means of an int-eegr:ll coil 
and Ex by means of two ground probes spaced 10 m 
apart. The measurement i s  made by orienting the in- 
strument so that the coil i s  maximally couplcd to 11,. 
(determined from an audio signal)  and inserting the 
two ground probes along the direction indicated by the 

LJ 

1000 N 

t 

1 

VLF APPARENT RESISTIVITY (Ohm- meters)  
TI NAA (CUTLER)  17.8 K h z  

CONTOUR INTERVAL LOGARITHMIC IN S T E P S  OF 1.3.10 

Figure 1. Contour map of VLF apparent resistivity, Agricola Lake massive sulphide prospect. N .  W. T.  

tj 2?3  
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Figure 2. Geological interpretation of VLF apparent resistivity data, Agricola Lake massive sulphide prospect, N .  W. T. 

instrument orientation. After the  audio signal i s  nulled 
by means of two controls, t he  phase angle and apparent 
resistivity values can be read directly from the instru- 
ment. T h e  apparent transmitter azimuth may be deter-  
mined from the  orientation of the  instrument. 

For t he  present survey the  signal utilized was from 
SAA.  Cutler,  Maine. at a frequency of 17. 8 Kh,. 
transmitter azimuth was approximately parallel to the  
base line of the su rvey  gr id .  

ments of resist ivity.  phase angle :Ind transmitter azi- 
muth were made by a crew of two, augmented at times 
by a third man to speed the work on rough ground. 
The readings were taken at intervals of 15 m on grid 
lines spaced at 30 m. When adjacent readings var.!ed 
by a factor of 1. 5 or morc, intcrmedi:!:e readings were  
taken. 

The 

During four and a half field days  some 900 measure- 

Results 

Figure  1 shows a contour map of apparent rcsis- 
tivities obtained on the grid l i n r s  indicated: Figure 2 
shows an  interpretation based on these dnt:i. 
purposes  of c1;irity the grid l inm a r e  dcl'incd to run  
north-wuth.  and the bascline cast-wcst ( t rue  benr- 

For 

ings notwithstanding). 
paper  a r e  understood to be g r id  directions. 

The  observed variation of apparent resistivities 
agrees  in general  with the preliminary geological inter-  
pretation of (see Cameron, op. cit. .  Fig. 2 ) .  In the  
northern part  of the gr id ,  apparent resist ivit ies from 
1000 to 4000 ohm-m reflect the presence of acid and 
intermediate volcanics. whose southern boundary 
agrees  on the  whole with the 1000 ohm-m contour. 

Rather higher resist ivit ies in  the  southern part  of 
the gr id  correlate with a fur ther  sequence of acid and 
intermediate volcanics. In the south-central area,  the  
1000 ohm-m contour agrees  with the  northern limit of 
the volcanics. In the southeast, however, the  resis-  
tivity data suggest that the unaltered volcanics may 
extend farther west beneath thin overburden, than 
indicated by the geological map. 

ohm-m) in general  coincides with the a rea  mapped as 
hydrothermally altered volcanics. Within th i s  zone 
a r e  several  prominent lows. Lying on the baseline 
from 850 E to 1060 E i s  a pronounced low, whose out- 
line a s  shown by the dashed 40-ohm-m contour (Fig. 
1) agrees  with the part  of the  boundary of a massive 
sulphide zone indicated by  diamond dril l ing by the 

Directions rf :erred t o  in th i s  

The centr:il area of low resistivity (less than 1000 

L; 
224 
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Yava Syndicate (Northern Miner. August 15. 1974). 
A small low at 990 N. 1240 E coincides with high metal 
values in the soil. and may be  an extension of the main 
sulphide body. 

The  low trending southeast from 760 E on the 
baseline to 940 N. 940 E c rosses  a shale unit indicated 
by  the presence of shale fragments in frost boils. 
view of the  lack of outcrop it i s  possible that the geol- 
ogy could be re-interpreted to place the shale mem- 
be r  under  this  low a s  suggested in Figure 2. The 
resul ts  of a magnetic survey  on the same grid (Kornik. 
this  publication, report 62) support  this  interpreta- 
tion. The  low at 925 N. 1000 E appears  from the mag- 
netics not to be an extension of th i s  feature, and may 
indicate a further concentration of sulphides. 

The  weak east-west low from 960 E to 1080 E at 
1120 N coincides with rocks mapped as rusty-weather- 
ing intermediate volcanics; it i s  probable that the 
westward extension of the feature f rom 790 E to 870 E 
indicates the presence of more of this  unit. A similar 
low from 1140 E to 1240 E at about 1060 N may also be 
associated with such a rock unit. 

west (Fig. 2)  a r e  picked on the basis  of aberrations 
in  the resist ivity contours and offsets in the axes of 
low trends.  Further faulting could probably be infer- 
r ed  a s  well, but would best  be  done on the basis of a 
combined interpretation of all the geophysical results. 
The  two faults shown, however, a r e  also indicated by 
the magnetic data (Kornik, op. cit.  1. 

In 

A, , - x 4 .  

The t races  of two faults t rending  nortleast-south- 

Discussion and Conclusion 

Despite the fact that the area is well within the zone 
of continuous permafrost (Brown. 1967) there i s  a wide 
variation in apparent resist ivit ies.  For metallic sul- 
ph ide  mineralization this  is to b e  expected, but it i s  
l e s s  obvious that frozen rocks should exhibit such vari-  
ation. 
north of the grid give resist ivit ies ranging from 10 to 
200 oh'n-m, while some measurements on outcrop within 
the zone of alteration yielded va lues  of a few hundred 
ohm-m. It i s  reasonable to suppose that such low resis-  
t ivit ies are the result  of clay minerals in the  rock, with 
the resultant retention of some pore water In the fluid 
phase. despite ground temperatures significantly below 
o w .  

Spot measurements on shale outcrops to the 

In the  unaltered volcanics. however, particularly 
to the  south, quite wide variations in resistivity did not 
appear  to be  related to known rock types. and subdivi- 

sion of the volcanics on the basis of resistivity would at 
the present time appear unreliable. 
further work. including laboratory measurements of 
resistivities at low temperatures, may clarify this  
problem. 

The phase angle and azimuth data taken in this 
survey have not been shown. because they contain 
peculiarities which a r e  difficult to interpret. 
angles a re  theoretically limited to the range from 0 to 
90 degrees;  yet at a number of stations, particularly at 
the west end of the baseline. values much greater than 
90 degrees were  recorded. 
observed in the apparent azimuth of the transmitter, as 
indicated by the direction of Ily. It is probable that 
these variatiorb: ;ire the result of the presence of a 
strong Iinerir -onductor in a region of generally high 
resistivity. It i s  hoped that further study will idcntjJ-y 
the c a u w  of this  variation. 

The major disadvantage of 171AF Radiohm measurc- 
ments i s  the lack of penetration through any thickness 
of conductive overburden. In this  study area.  how- 
ever.  overhurden was generally thin. The re  appeared 
to be no significant correlation of resistivity variation 
with the presence or absence of overburden. 

The concept of Radiohm measurements, a s  embod- 
ied in the Geonics ER116R. i s  extremely useful, particu- 
larly in difficult conditions such as  experienced at this 
site. Even in permafrost regions,  there appears  to be  
some utility in resistivity mapping a s  an aid to geologi- 
cal work. 

It is possible tha t  

Phase 

Strong variations were 
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