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S U1.PIARY AND RE COMMENDAT IONS 

The Orofino Mountain property consists of the Mo, 
King, and King #1 through King #4 mineral claims covering 
7 4  units in the Osoyoos Mining Division. The property is 
located about 20 kilometeres south of Penticton, British 
Columbia. 

Mineralization on the property consists of quartz 
veins with related gold values. Enough significant gold 
values have been obtained in the past to justify additional 
work. 

The 1984 program consisted of an orientation VLF-EM " 
Survey over the area of known showings. A number of weak 
conductors appear to be associated with veining and shearing, 
and indicate extensions of zones. 

Recommendations are to complete the VLF-EM Survey in 
the area of the showings, and carry out trenching to deter- 
mine if the conductors are associated with the veining and 
shearing. 

W 
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INTRODUCTION 

General 

Field work was carried out on the property by 
the author from July 8 to July 14, 1984. 

An orientation VLF-EM Survey was carried out on the 
Mo and King mineral claims. 

Location and Access 

The property is located 7 kilometers southeast of 
Twin Lakes, on Orofino Mountain (figure 1) in southern B.C. 
The claims lie between 49O14' and 49O16' north latitude and 
119O39 ' and 119O42 ' west longitude. 

'U 
Access is via highway 3A turning onto a secondary 

road approximately 24 kilometers from Penticton. An all wea- 
ther 2 wheel drive logging road leads to the claim area, with 
a network of logging roads and skid trails covering the entire 
claim area. 

Physioqraphy 

The property is located in the Okanagan Highlands. 
Topography varies frqm rolling hills to steep slopes. Eleva- 
tion varies from 1,000 meters to 1,600 meters above sea level. 

Most areas are timbered with larch, spruce, fir, 
or pine. Bunch-grass and sagebrush cover the open areas. 

Property and Claim Status 

The Orofino Mountain Property consists of 6 mineral 
W claims totalling 74 units and 2 Crown Grants (figure 2). The 

mineral claims are owned by Grant Crooker of Keremeos, B.C., 
with DRC Resources Corporation and Strata Energy Corporation, 
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#1250-800 West Fender Street, Vancouver, B.C. V6C 2V6 having 
an option on the property. The Crown Grants are also under 
option to DRC Resources and Strata Energy. 

Claim Units Record No. Expiry Date 

MO 2 135 Oct. 15, 1989 
King 16 1386 
King #1 16 1398 
King #2 16 1461 
King #3 16 1462 
King #4 8 1630 

May 8, 1986 
June 5, 1985 
Aug. 31, 1984 
Aug. 31, 1985 
Nov. 12, 1985 

Crown Grants 

Orof ino 
Independence 

Lot Number 

1448 
1449 

> 
History and Previous Work 

The Orofino Mountain gold camp dates back to the 
late 1890's when the Fairview Camp was being developed. The 
Orofino Camp is only 7 kilometers from the Fairview Area, and 
has similiar geological conditions. 

._ 

There are two properties covered by this report. 
These are the King and Grandoro (figure 3). Most of the act- 
ivety in the camp was.from 1930 to 1940. 

At the Grandoro considerable underground develop- 
ment was carried out. This includes several adits, a tunnel, 
and a winze leading to a lower level. The workings are not 
accessable at this time. A limited amount of diamond drilling 
was carried out in the 1930's, but no records are available. 
Minister of Mines Reports indicate the following production 
from the Grandoro: w 
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Year Tonnaqe Grade - 
1932 , 76 
1933 220 

1935 10,000 
1941 251 

$20.00 per ton 
1.77 oz/ton gold 
0.50 oz/ton gold 
0.69 oz/ton gold 

At the King only a small amount of work has be.en 
carried out. Two adits were driven, along with an winze. In 
the lower King adit some stoping was carried out, with produc- 
tion estimated at 2,000 tons. The grade is not known. 

During 1981 and 1983 geological surveys were carried 
out on the property. This work included geological mapping, 
prospecting, sampling, and geochemical surveying. 

EXPLORATION PROCEDURE 
W 

The 1984 program consisted of establishing a grid 
over the known showing on the property, and carrying out an 
orientation VLF-EM Survey. 

A north-south baseline was established with a length 
of 900 meters. The baseline passed through the King showings. 
Eight crosslines were ran, and the lines were 100 meters apart. 
Length of the lines varied from 400 meters to 1,360 meters, 
and were ran over the showings as an orientation survey. Sta- 
tions were estab1ishe.d every 20 meters along the lines, and 
readings taken. A total of 7..5 line kilometers of VLF-EM survey- 
ing was carried out. 

Grant Crooker, B.Sc. geologist carried out the , 

survey using a Geonics EM-16 receiver. The VLF transmitter 
was NLK at, 24.8 KHZ. This transmitter was used due to its 
good signal strength and orientation to the geological structures. 

The EM-16 measures In-phase and Quadrature com- w 
ponents of vertical magnetic field as a percentage of horizon- 
tal primary field. (That is tangent of the tiltanqle and ellf-pt- 
icity.) Both values are given in percentages. 
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Field procedure requires to always face the same 
direction when taking readings. When approaching a conductor 
the readings will be positive, and when leaving a conductor 
the readings will be negative. 

The EM-16 is rotated in the vertical plane until 
a minimum signal is obtained. This reading $ s  the "In-phase" 
and gives the tiltancle in degrees and the tangent of the tilt- 
angle expressed as percent. Once this minimum signal is obt- 
ained, the "Quadrature" knob is rotated until the signal minimum 
is obtained. This reading is approximately the ratio of the 
quadrature component of the vertical secondary field to the 
horizontal primary field. 

The VLF-EM can pick up conductors caused by elec- 
trolyte-filled fault or shear zones and porous horizons, graphite, 
carbonaceous Sediments,lithological boundaries as well as sul- 
phide bodies. 

W 

The In-phase and Quad-phase raw data were plotted 
as percentages on figure 4 at a scale of 1:2500.  

The Fraser filter method was then applied to 
the  In-phase data ,  and t h e  r e s u l t s  p lo t t ed  a t  a sca le  of 1:2500 

on figure 5. 

GEOLOGY 

Reqional Geoloqy 

The gold showings in the Orofino Mountain area 
occur in an area about 4 square miles in extent. The area is 
underlain by irregular, easterly trending belts of greenstone, 
sedimentary rocks, and highly altered rocks of uncertain origin. 

These rocks are intruded by bodies of diorite, granodi- 
orite and granite. The Oliver Granite extends into the Fair- 

'cuuru)" 
view area. On the north and west Tertiary volcanics of con- 
siderable thickness are faulted against older rocks. 
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Claim Geoloqy 

The oldest rock underlying the Orofino Mountain 
gold prospect are quartzites of the Kobau Quartzite (Unit 0 ,  

figure 3 )  of Carboniferous age. The quartzites are generally 
massive and vary from grey to blue-grey in color. 

Triassic quartzites of the Shoemaker Formation 
(Unit 1, figure 3) form two relatively narrow bands which. 
strike west and northwest across the King and King #2 claims. 
The quartzites vary from massive to thinly bedded and are light 
grey in color. 

Unit 2 consists of altered rocks of uncertain 
origin. This rock type varies from massive coarse grained 
hornblende gabbros and biotite diorite to finer grained biotite 
schists. 

u Unit 3 is generally a pinkish, medium grained diorite 
containing hornblende and biotite. This unit is often difficult 
to distinguish from Unit 2. 

The granite of unit 4 is generally light grey, por- 
phyritic and coarse grained. Biotite and hornblende are the 
main mafic constituents. 

Unit 5 is a light grey granitic dike. 

Unit 6 is a medium grained, grey granodiorite with 
hornblende predominating over biotite. 

Weathered vesicular basalt of the Marron Formation 
of Eocene or Oligocene age form Unit 7. This unit is faulted 
against older rocks on the north and west sides of the claim 
block. 

Mineralization 

w Mineralization on the Orofino Mountain property 
consists of quartz veins in which pyrite, galena and free gold 
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occur. The mineralization is similiar to that which occurs 
in the Fairview gold camp to the south of the claim block. 

The Upper King Adit (figure 3 )  exposes a quartz 
vein which varies from 10 centimeters up to 1.4 meters in width. 
The vein follows a shear zone in which some graphite was found. 

The Lower King Adit also follows a vein and asso- 
ciated shear zone. Significant gold values have been found 
here. 

From the descriptions given in Minister of Mines 
Reports, the Grandoro workings occur in an area which has been 
faulted and highly disturbed. 

The quartz veins appear to be associated with shear 
zones in some cases. 

VLF-EM SURVEY 

The Fraser filter was applied to all In-phase 
readings to allow contouring of the data. The results were 
contoured at 10 percent intervals. 

The highest readings of over 100% were obtained 
along L-5, at l+20W and O+40E. This anomaly occurs over a 
tailings pond, and would appear to be caused by sulphides in 
the tailings. 

Anomaly A occurs near the Lower King Adit and 
associated workings. The conductor is weak, but appears to 
sub parallel the vein. The conductor is probably caused by 
a shear zone associated with the veining. If this is the case, 
the shear zone extends to the north and south of the known 
extent of the shear zone. 

Anomaly B occurs near the Upper King Adit, and 
the conductor is weak. However the conductor parallels the 
direction of shearing within the adit. The vein occurs within 
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h d  

a shear zone with graphite. The conductor again extends north 
and south from the area of showings, and thus the vein and 
shearing may extend in both directions. 

Anomaly C is a weak to moderate conductor near 
the Grandoro Showings. The conductor sub parallels the north- 
west to southeast strike of the known veins. The conductor 
may again indicate shearing or faulting associated with the 
mineralization. 

Several other conductors were found in the course 
of the survey, but no explanation is apparent for them. Shearing 
or fracturing would appear to be the most reasonable explanation. 

CONCLUSIONS AND RECOMMENDATIONS 

A number of quartz veins, with related gold values 
are found on the property. Shearing, sometimes with graphite 
is associated with some of the veining. An orientation VLF- 
EM survey was ran over the area of showings, to check the EM 
response, and located extensions of the mineralized zones. 

k d  

Weak conductors appear to be associated with the 
veining and shearing, as the conductors are parallel or sub 
parallel to the strike of the veining and shearing. These 

areas may be extensions of the mineralized zones. 

Recommendations are as follows: 

1. , The VLF-EM Survey be completed over the area of 
showings, and extended some distance beyond the showings. 

2. Trenching be carried out to determine if the weak 
conductors are indicating extensions of the shearing and veining. 

Respectfully- Submitted , 

... 

Grant eooker, B.Sc; 
Geo 1 og i 9~ 
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in 1 9 7 2  with a Bachelor of Science degree in Geology. 

2. That I have prospected and actively pursued qeology 
prior to my graduation and have practiced my profession 
since 1972 .  

3 .  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 am the sole owner of the MO, King, King #1, 
King # 2 ,  King # 3  and King # 4  mineral claims. 

. 
Dated at Vancouver, British Columbia this30th day of 

August, 1984. 

/ 

Grant Crooker , B. SC .’ : 
Geologist - 



-13- 

COST STATEMENT 

Waqes 
1 Geologis t ,  G.  Crooker 

9 days @ $300.00 p e r  day 
J u l y  8-14, Aug. 7 , 8 ,  1984 

Accomodations 
1 G e o l o g i s t ,  G .  Crooker 

9 d a y s  @ $25.00 p e r  day 
J u l y  8 - 1 4 ,  Aug 7 ,  8 ,  1984 

Meals 
1 G e o l o g i s t ,  G.  Crooker 

9 d a y s  @ $25.00 per day  
J u l y  8-14, Aug. 7 , 8 ,  1984 

T r a n s p o r t a t i o n  
V e h i c l e  R e n t a l  (Ford  3/4 t o n  4x4) 

7 days  @ $40.00 p e r  day 
J u l y  8-14, 1984 

$2,700.00 

225.00. 

225.00 

280.00 

G a s o l i n e  61.60 b u d  

S u p p l i e s  
H ipcha in  t h r e a d ,  f l a g g i n g ,  e tc .  

EM R e n t a l  
Geonic  EM-16 

8 days  @ $18,00 p e r  day 
J u l y  7-14, 1984 

31.70 

144.00 

P r e p a r a t i o n  of Report 
S e c r e t a r i a l ,  Draugh t ing ,  Reproduc t ion ,  e tc .  500.00 

TOTAL $4,167.30 



MEASURED QUANTITY 

Page 1 

EM16 S P E C I F I C A T I O N S  

S E N S I T I V I T Y  

FESOLUTION 

OUTPUT 

OPERATING FREQUENCY 

OPERATOR CONTROLS 

POWER SUPPLY 

DIMENSIONS 

WEIGHT 

In-phase  and quad-phase components 
o f  v e r t i c a l  magne t i c  f i e l d  as a 
p e r c e n t a g e  of h o r i z o n t a l  p r i m a r y  
f i e l d .  ( i . e .  t a n g e n t  of t h e  tilt 
a n g l e  and e l l i p t i c i t y ) .  

In-phase  :?150% 
Quad-phase :f 40% 

5 1% 

N u l l i n g  by a u d i o  t o n e .  In -phase  
i n d i c a t i o n  from mechan ica l  i n c l i n o -  
meter and  quad-phase from a g r a d u a t e d  
d i a l .  

15-25 kHz VLF Radio Band. S t a t i o n  
s e l e c t i o n  done by means of p l u g - i n  
u n i t s .  

On/Off s w i t c h ,  b a t t e r y  t es t  push  
b u t t o n ,  s t a t i o n  selector s w i t c h ,  
a u d i o  volume c o n t r o l ,  q u a d r a t u r e  
d i a l ,  i n c l i n o m e t e r .  

6 d i s p o s a b l e  ' A A '  cells. 

4 2  x 14 x 9 c m  

Instrument: 1.6 kg 
S h i p p i n g  : 4 . 5  kg 



NOTES ON VLF TRANSMISSIONS 

STATION LOCATION 

5 NAA Cutler, Maine 
H 

Seattle, Washington ::: Annapolis, Maryland 

GBR Rugby, England 

z 

f4w FUO Bordeaux, France 
0 
0; J X Z  Helgeland, Norway 
3 

UMS Moscow, U.S.S.R. 

NWC North West Cape 
u Australia 
H 
fi NDT Yosami, Japan 
u 
4 NPM Lualualei, Hawaii 
04 

FREQUENCY (kHz1 
. .  
<'l ' 

3;&rd ,',. ,t' 

21.4 

CO-ORDINATES 

6 7W17- 4 4N3 9 
121W55-48N12 

I 7 6W27- 3 8N59 

16.0 
15.1 
16.4 
17.1 

22.3 

17.4 
23.4 

0 1W11- 52N2 2 
00W48-44N65 
13E01- 66N2 5 
3 7E0 1- 5 5N 4 9 

114E09-21S47 

137E01- 34N58 
158W09-21N25 



- 

Page  19 

FIELD PROCEDURE 

O r i e n t a t i o n  & Taking  a Reading  

The d i r e c t i o n  o f  t h e  s u r v e y  l i n e s  s h o u l d  be selected a p p r o x i -  
m a t e l y  a l o n g  t h e  l i n e s  o f  t h e  p r i m a r y  m a g n e t i c  f i e l d ,  a t  r i  h t  

s t a r t i n g  t h e  s u r v e y ,  t h e  i n s t r u m e n t  can  be used  t o  o r i e n t  one- 
a n g l e s  t o  t h e  d i r e c t i o n  t o  t h e  s t a t i o n  b e i n g  u s e d .  B e  + ore 

s e l f  i n  t h a t  r e s p e c t .  By t u r n i n g  t h e  i n s t r u m e n t  s i d e w a y s ,  t h e  
s i g n a l  i s  minimum when t h e  i n s t r u m e n t  i s  p o i n t i n g  t o w a r d s  t h e  
s t a t i o n ,  t h u s  i n d i c a t i n g  t h a t  t h e  m a g n e t i c  f i e l d  i s  a t  r i g h t  
a n g l e s  t o  t h e  r e c e i v i n g  c o i l  i n s i d e  t h e  h a n d l e . ( F i g . l l ) .  

T o  t a k e  a r e a d i n g ,  f i r s t  o r i e n t  t h e  r e f e r e n c e  c o i l  ( i n  t h e  
lower e n d  of  t h e  h a n d l e )  a l o n g  t h e  magr ,e t ic  l i n e s . ( F i g . l 2 )  
Swing t h e  i n s t r u m e n t  back and  f o r t h  f o r  minimum sound i n t e n s i t y  
i n  t h e  s p e a k e r .  U s e  t h e  volume c o n t r o l  t o  s e t  t h e  sound l e v e l  
f o r  c o m f o r t a b l e  l i s t e n i n g .  Then u s e  y o u r  l e f t  hand t o  a d j u s t  
t h e  q u a d r a t u r e  component d i a l  on t h e  f r o n t  l e f t  c o r n e r  of t h e  
i n s t r u m e n t  t o  f u r t h e r  minimize  t h e  sound.  A f t e r  f i n d i n g  t h e  
minimum s i g n a l  s t r e n g t h  on bo th  a d j u s t m e n t s ,  read t h e  i n c l i n o -  
meter by  l o o k i n g  i n t o  t h e  s m a l l  l e n s .  A l s o ,  mark down t h e  
q u a d r a t u r e  r e a d i n g .  

Whi le  t r a v e l l i n g  t o  t h e  n e x t  l o c a t i o n  you c a n ,  i f  you w i s h ,  
k e e p  t h e  i n s t r u m e n t  i n  o p e r a t i n g  p o s i t i o n .  I f  f a s t  c h a n g e s  i n  
t h e  r e a d i n g s  o c c u r ,  you m i g h t  t a k e  ex t r a  s t a t i o n s  t o  p i n p o i n t  
a c c u r a t e l y  t h e  d e t a i l s  of anomaly.  

The d i a l s  i n s i d e  t h e  i n c l i n o m e t e r  a r e  c a l i b r a t e d  i n  p o s i t i v e  
a n d  n e g a t i v e  p e r c e n t a g e s .  I f  t h e  i n s t r u m e n t  is f a c i n g  180° 
f rom t h e  o r i g l n a l  d i r e c t i o n  of t r a v e l ,  t h e  p o l a r i t i e s  of t h e  
r e a d i n g s  w i l l  b e  r e v e r s e d .  T h e r e f o r e ,  i n  t h e  same a r e a  t a k e  
t h e  r e a d i n g s  a lways  f a c i n g  i n  t h e  same d i r e c t i o n  even  when 
travelling in opposite way a l o n g  t h e  l i n e s .  ._ 
The lower end o f  t h e  h a n d l e ,  w i l l  a s  a r u l e ,  p o i n t  t owards  
t h e  c o n d u c t o r .  ( F i g s . 1 3  & 1 4 )  The i n s t r u m e n t  i s  so c a l i b r a t e d  
t h a t  when a p p r o a c h i n g  t h e  c o n d u c t o r ,  t h e  a n g l e s  a r e  p o s i t i v e  
i n  t h e  in-phase .component .  T u r n  a lways  i n  t h e  same d i r e c t i o n  
f o r  r e a d i n g s  and mark a l l  t h i s  on your  no te s ,  maps,  etc.  

THE INCLINOMETER DIALS 

The r i g h t - h a n d  scale i s  t h e  i n - p h a s e  p e r c e n t a g e ( i e . H s / H p  as 
a p e r c e n t a g e ) .  T h i s  p e r c e n t a g e  i s  i n  f a c t  t h e  t a n g e n t  of t h e  
d i p  a n g l e .  
t a n g e n t  of t h e  p e r c e n t a g e  r e a d i n g  d i v i d e d  by 100 .  
c o n v e r s i o n  g raph  on t h e  f o l l o w i n g  p a g e .  

The l e f t - h a n d  sca l e  i s  t h e  s e c a n t  o f  t h e  s l o p e  o f  t h e  ground 
s u r f a c e .  You can  u s e  i t  t o  " c a l c u l a t e "  y o u r  d i s t a n c e  t o  bhe 
n e x t  s t a t i o n  a l o n g  t h e  s l o p e  of t h e  t e r r a i n .  

T o  compute t h e  d i p  a n g l e  s i m p l y  t a k e  t h e  arc- 
S e e  t h e  
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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, V o l .  3 4 ,  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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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 
magnetic 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: 

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 i t s  resistive component, and that 
the secondary fields have another negative phase shift while 
penetrating back to su r face  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. 
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. 

If one knows 

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

This is easily done by observing 
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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' equals 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 0.86bX and 
the radius of the cylinder is given by 

a = 1.22 h Hz(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. 2"bv 2, 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 t a rge ts .  See F i g u r e s  20d 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. 
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. 

Also in practice most of the ore 

MISCELLANEOUS NOTES 

It has been shown in practice that this instrument can 
be used (in proper areas) also underground ir! mines. The 
rails and pipes may cause background variations. It was 
found in 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. 
On the other hand a thick layer of conductive clay can 
suppress the secondary field to a negligibly small value. 

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

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. 

* 

S E RVI C I NG 

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". 



I t  may be o c c a s i o n a l l y  n e c e s s a r y  t o  c l e a n  t h e  c o n t a c t s  of 
t h e  p l u g - i n  u n i t .  F o r  t h i s ,  u s e  a c l e a n  rag t h a t  i s  v e r y  
s l i g h t l y  moi s t ened  w i t h  o i l .  The o i l y  r a g  is good a lso for 
t h e  b a t t e r y  t e r m i n a l s .  

I f  any repairs are  n e c e s s a r y ,  we recommend t h a t  t h e  i n s t r u -  
ment be s h i p p e d  t o  Geon ics  L i m i t e d  for a t h o r o u g h  check-up 
and t e s t i n g  w i t h  p r o p e r  m e a s u r i n g  i n s t r u m e n t s .  
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CONTOURING OF VLF-EM DATAt 

D .  C .  F K . \ S E K '  

Prospecting for conductive deposit? *A i th  
ground VLF-Ell iii-trl;nients l,La> recci\.ed can- 
siderable impetu. u it!) ti;e recent developniezt of 
lightweight receivers. 7 he large gcologic noise 
component, whic!i re..uits from t h e  rcldti\.ely !iig!i- 
transmitted frequent!.. !]as cau-ed .-,)me critics to 
avoid use of the techni,,>e. Those wk.0 routinely 
perform survey, wit?)  a \ 'LF-ElI  unit find that, 
in some areas, a '-degree peak-to-peak anomaly 
can be significant. \v!ie:eas anomalies having 
amplitudes in excess of 100 degrees may occur as 
well. Consequently, tb$erc is a dynamic range 
problem \\.hen pre-enting t?ie re-ults as profiles 

plotted on a field map. 
.\ data  manipulation prucedure is described 

which transforms noisy noncontourable data into 
less nois!. contourable data.  thereby eliminating 
the dynamic range pru!Jem and red.;cing the 
noise protlem. The manipulation is the result ot 

the application of a difference operator to trans- 
form zero-crossings into peaks, and a low-pas 
smoothing operator to reduce noise. Experience 
has shown that field personnel can routinel!- 
perform tile calculations bvtiich simply in\ olx-e 
additior.5 and subtraction>. 

tive ocean water. Skin depth is approximately 
3.(J\ P meters, whcre 1' is; the rejistivity oi a 
homogeneous halfspace in ohm-m, on the assump- 
tion that the frequency is 20,000 Hz and that the 
halispace is magnetically nonpolarizable. Conse- 
quentlJ,  depth of esploration is severely restricted 
f o r  ,)\ crLurtlen resistivities less than 2 0 0  ohm-m. 

Siilce the area to be pro3pected normally is of 
con-iderahle distance from the transmitter sta- 
tions, t!.,e primary field is uniform in the area, 
a l ln\vin~ r3ther zimple mathematics to be Ksed in 
anunialy prediction and anal!.4s. 

Suracy proccdiwc ~ p t d  d a h  f r r o f m f i i f  

'The survey procedure first consists of selecting 
a transmitter station which provides a field 
approxiniatel!. parallel to the traverse direction, 
Le., apprtnimately perpendicular to the expected 
strike oi ccin(1uctiir. 'I'he follo~ving points relate 
to the mctliod of tlata treatment. 

1 .  ReLdings sliaultl b e  taken every 50 ft, as 

2 .  'I*ran~iiiitter >tdtioiis should not be changed 
will  Ile ~licrivn below. 
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Conburin@ VLF-EM D a t ~  %9 

for a given block of ground, to avoid distor- suitable for contouring. Normally, negative 
tion in the contour presentation. Hence, fill- values are not contoured since, being caused 
in lines should be run with the same trans- by dip angle flanks, they do not aid inter- 
mitter station as other lines in the block. The pretation but only confuse the picture. The 
field direction of this station should be shown positive values generally are contoured at 
on the data map. 10.unit intervals, and the zero contour is 

3. List the dip angle’ data  in tabular form, as shown only when i t  brackets an anomaly. 
follows: In  quiet areas, 5-unit contours may be 

a) list in the direction of north (top of meaningful. 
paper) to south, or from west to east; 

b) designate south or east dips as nega- 
tive; and 

c) perform dcula t ions  as shown in 
Table l. 

Thus, the filtered output or contourable 
quantity simply consists of the sum of the 
observations a t  two consecutive data sta- 
tions subtracted from the sum at the next 
two consecutive data  stations. The thee- 
retical basis for this procedure will be de- 
scribed below. 

4. The right-hand column (filtered data) is 

1 pnpa h t  data is rEordd as for 
the Crone Radem which define a north-dipping field 
u a south “dip” on the instrument This convention 
was chosen because a south reading is interpreted as 
uising from a conductor to tbe south. 

Esampk 
Figure 1 presents dip-angle data, according to 

the Crone convention, in the vianity of the 
Temagami mine of Copperfields Mining Corpora- 
tion Limited in Ontario. This figure illustrates 
that several conductors are present yielding large 
dip angles. -4 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 bedroc, is ft. 

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

w’ 

Loution 

6s 

7s 

8s 

15s 

24s 

8N 

10N 

12N 

14N 

14N 

20N 

Table 1. Ermnple of atcr3rao ‘Iu 

Apply sign and form the 
moving sum of pairs 

of atria 

/ -39 

- 24 
+ 8  

+ 10 
+ 12 

+ 14 

- 16 

+ 18 

+ 22 

+20 

.. . 

- 10 
- 24 

+ 7  

+57 

+38 

+ 8  

+ 6  

+ 8  
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TIC I .  I+angle &:a in 'nc \ icinity oi the Temapaixi mine. The a r r w  tlerines the l.l.i..E\! primary tield direction 
from the transmiii~r 21 Seattle. \\ashinpton 

placed J n  a singlc map. The alwve cxample i l lu--  
trate.; that thi> very simple one-tIimen&inal 
filtering scheme yield> ;L practical and effecti\ c 

approach to \ 'LF-E l I  data handling. 
The filter impro\.es the resolution of anomdie-. 

thereby mdking them easier to recogniie. . \n 
inflection on t h e  dip profile irom a conductor 
subordinate to a larger one yields a positive peak, 
therel)! emphasizing the presence of such a 
conductor. Figure .{ illustrates this effect where 
nine line3 \\ere run o w r  an SI' (seli-potential) 
anomaly in the '1cm.qumi area. The dip-angle 
anomaly ib  \cry pourl! redvet1  due to the re- 
gional south dips produced by an areall! largc 
conductor to the south of the map area. The con- 
toured YLF-E>l data yields a clearly defined 
anomaly which \vas located over the negative 
center of the SP. 

THE FILTER AND ITS EFFECT ON 
ANOMALIES 

Tlic filler opt-rotor 

The filter operator was designed to meet the 

idlc)\viiig criteria 

1. I t  muzt phd>c $ h i l t  the dip-angle if at^ by 00 
<iegree> so that crossowrb and inrlections 
will be trunsinrmeti into peaks tc: yield 
contourabie quantities. 

I .  I t  must completely remove dc and attenuate 
long spatial tvavclrngthz to  increase resolu- 
t ion  oi local anomaliec. 

.:. It must not esaggerate the 3tatiun-to- 
station random noise. 

4. I t  must be simple to apply so that field 
personnel can make the calculations w i t h o u t  
dilhculty. 

'fhe tirst two criteria are met b!. using a simple 
difference operator, i.e. 

.M. - M,, 
where 'If! and AI? are any two consecutive data 
points. 

The third criterion is met by applying a 
smdotliing or lo\v-pass operator to the differences, 
1.e. 



Paqe 7 2  

I 

Contouring VLF-EM Data 
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FIG. 2. Filtered data computed from the map of Figure 1. 

f ( M 2  - MI) + i (MX - M*) + f ( M I  - Md, 
where MI,  Mz, .M3, and U, are any lour consecu- 
tive datapoints. The filtered output then is 

f ( M ,  - MI) + +(Ma - M,) + +(MI - M,) 
= f ( M 3  + MI - MI - M?]. 

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

' f..:, = (.M1 + M;) - (MI + MJ, 
\vhich is plotted mid\vay between the 31:. and Ma 
dip-angle stations. 

This filter has i t s  frequency (wavenumber) 
response displayed in Figure 4, for a station spac- 
in;. oi 50 It. Its characteristics are as follo\vs: 

1. . i l l  frequencies are shifted by 00 degrees. 
I. Soise having a wavelength equal to the 

station spacing and  tlc bias are completely 
removed. 

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

The frequency (wavenumber) response of tlYe 

because this is the most suitable spacing for defin- 
ing sulfide bodies within a few hundred feet of 
surface. 'This will be demonstrated below. 

Thc dike modd 

A conducting dike in a 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 sa). 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 been shoan by Fraser 
(1966), Parry (1966), and Parry et al (1965). This 

filter is shown for a station spacing of 50 f t ,  .. . 



%Id 

I 

962 

Paqe 7 3  

- '1 
i 

FIG. 3. Dipan le (upper map) and filtered data (lower map) over a small grid in the Temagami area. The arrow 
degnes 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 he considered herein. 
Only the top line source of Figure Sa will con- 
tribute to the measured dip angles because the 
other h r r e n t  line sources are very far away. 

The horizontal Hs, and vertical IIsz secondary 
fields are (Figure jb) 

e 
Hs, = kHo-  

5 2  + Zf 

Bs, k H o -  
z 

2 2  + 9' 

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

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

As a means of testing the effect of the filter 
operator, a single k value was chosen to yidd a 

. 
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FILTER CHI'RACTERISTICS 
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FIG. 4. Frequency response of filter operator for station spacing of 50 ft. 
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Uoximum 
current 
concentrotion 

f i e l d  

FIG. 5. (a) A sheet in a uniform primary field will have maximum current concentrated near its edges. (b) A line 
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 I: 
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 %==SO ft to 25 degrees for 2 x 5 0 0  ft. 
Filtered peaks vary from 118 degrees for 
%==SO f t  to 8 degrees for s=500 ft. Thus, the 
filter amplifies near-surface anomalies and 
attenuates deep-source anomalies. There is 
neither amplification nor attenuation when z 
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 Ptered data. 

VLF-EM data commonly is measured a t  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 thi peak is at 2X lo-* 
cpf rather than 4 X 1 W  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 5Gft interval. 
However, anomalies from near-surface conductors 
will have poorly defined waveforms for a 1 W f t  
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FIG. 6. Dip-angle (dashed) 8nd dltered (solid) curves for model dike and sphere for m e n d  depths of burial, whue 
I is depth to top of dike md to center of where. 
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data station interval, and will alias as deeper 
conductors. This “geologic nobe” r i l l  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 =  kz. 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 

h 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 a t  depth z, and run in the 
direction of the primary field Ho, the anomaly is, 

where I; is a positive constant which saturates at 
R a / 2 ,  where K ia the sphere radius, and where 
quadrature is ignored. The measured dip angle 
as a function of station location s is (where .I! is 
zero directly over the sphere center), 

3 k x z  
4 2 x 2  - 9).+ ( x ?  + z 2 ) b ’ *  

= tan-’ 

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

usually encountered in nature, assuming data 
spacing is 50 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 fint 
derivatives to remove the topographic effect. The  
filter operator described herein uses the first 
difference (i.e., the discrete first derivative) as one 
of i ts  components. 

ADDITIONAL APPLICATIONS 

The simplicity of the calculations allow3 practi- 
cal application of the filter to any form of ground 
geophysical data which yields zero-crossings over 
tragets, such as vertical loop E M  and Afrnag. 
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 .Ifmag, 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 uled to apply 
the filter, thereby allowing contoLring of the 
data. However, in this situation more sophisti- 
cated filter operators should be employed. 

If the hlter is to be applied to data other than 
ground VLF-EX€, the  sample interval should be 
selected to ensure tha t  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 tha t  VLF-EM data should bc 
collected at 50-ft intervals, and that the de- 
scribed filter operator should be employed. The 
filtered data, when contoured, provide  a d a b  
presentation which simplifies interpretation. The 
til ter also amplities anomalies from near-surface, 
highly conducting ore pods which is an important 
feature in several mining districts such as a t  
Tribag and Temagami, both in Ontario, and in 
Louvicourt Township of Quebec. 










