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ABSTRACT 
1 

A grea t  deal of experimental work was car r ied  out dur ing  the 
geophysical and  geological exploration work on tne s ix ty  claims 
in  the Wingdam Area owned by  Tanacana Mines Ltd. The VLF- 
EM 16 electromag w a s  used together with some shallow refraction 
seismic work for bedrock depth determinations. A photo mossaic 
map w a s  prepared of the claim block for plotting the exploration 
da ta .  Detail s tudies  were ca r r i ed  out on the different rock 
types with special  attention to charac te r i s t ics  which would 
help in  the interpretat ion of the VLF-EM 16 electromag resul ts .  
Par t icu lar  attention w a s  given to s t ruc tu ra l  conditions in  the 
outcrops related or resul t ing i n  faul t ing or zones of weakness. 
A s tudy  of the lineaments on the photo mossaic was used to  
indicate  possible s t ruc tura l  t rends.  

The resu l t s  of .the above s tudies  and  field exploration with 
the VLF-EM 16 produced some very interesting and  possibly 
potential  resu l t s  which a r e  tabulated below. 

1. There appears  to be a northerly t rend in faul t ing or l ines  
of weakness in the a rea  of the claim block. The northerly t rend  
var ies  from s l igh t ly  eas t  and  west of north.  Both topography 
and  lineaments on the photo mossaic a s  well as possible fau l t  
zones on the VLF-EM 16 profiles confirm th is  possible trend, 
This norther ly  t rend is also found and  mapped in the Stanley 
and  Barkervil le Area to the eas t .  T h i s  northerly t rend or l ine  
of weakness could very well be related to  gold mineralization 
in  th i s  a r e a .  These northerly t rends  a r e  worth mapping in  
de ta i l  under the g l ac i a l  dr i f t  cover. 

2. On some of the VLF-EM 16 profiles which cross these north- 
e r ly  t rends ,  the zone appea r s  as a n  a r e a  of low or negative 
values  on the inphase curve.  In the Stanley Area a VLF-EM 
16 profile w a s  run  across the three fau l t s  mapped by  Stuar t  
Holland. A l l  three fau l t s  were recorded on the profile as zones 
of low or  negative values  on the inphase curve.  The relief on 
both the inphase and  quadra tu re  was s h a r p  in  the fau l t  zone 
but amount of relief very small on each curve.  

3. The VLF-EM 16 profiles or l ines  can  be run  in  the field 
a t  an  oblique angle  to the primary field (east-west using Seattle 
Station) without sacr i f ic ing too much da ta .  

I t  is recommended tha t  fur ther  VLF-EM 16 electromag work be 
done on the claims in the Wingdam Area. The work should be 
l a id  out to get addi t ional  de ta i l  on the northerly t rending 
f au l t  zones indicated to date .  Detail electromag f ie ld  work 
should be ca r r i ed  out in  a selected a r e a  of favourable  recon- 
naissance resu l t s  using the normal g r i d  pa t te rn  with the resu l t s  
corrected with the Fraser  f i l t e r  system for contouring da ta .  



GEOLOGICAL-GEOPHY SICAL REPORT ON RECONNAISSANCE 
GEOLOGICAL MAPPING AND ELECTROMAG (VLF-EM 16) 

' SURVEY OF MINERAL CLAIMS WINGDAM 1, 2 AND 4 
Nos. 770, 771 AND 772. 

CARIB00 MINING DIVISIONd BRITISH COLUMBIA 
Lat. 53°02'N; Long. 121 58'W, Map 93H/4W 

INTRODUCTION 

The geological-geophysical exploration work on the s ix ty  mineral  

claims, in  the Wingdam-Lightning Creek Area, a s  well as t h i s  

report  on the resu l t s  of the survey were commissioned by  

M r .  Tom Boucher, officer and  director of Tanacana Mines Ltd. ,  

owner of the claims. The monies spent for the field work, pre- 

parat ion of photo mossaic and  the preparat ion of the report  

have been claimed a s  assessment work on the claims fi led on 

August 8 th ,  1979. The delay in  the preparat ion of the report  

was due to the delay in  the preparat ion of the photo mossaic 

and  the over lay  maps to show location of thedectromag profiles. 

The VLF-EM 16 survey w a s  not ca r r i ed  out i n  the normal f a s h i o n .  

The normal use of the EM-16 electromag is to run  a g r i d  cover- 

age of the a r e a  with spacing of the profiles depending on de ta i l  

desired.  A good deal  of the electromag work on the claims 

was experimental in na ture .  The object of the experimental  

work w a s  to  find out what subsurface information could be 

obtained a n d  re la t ive  costs and  re l iab i l i ty  of the d a t a .  The 

s ta t ion selected for the VLF-EM 16 survey was Seatt le,  Washington 

MLK/NPG-18.6 KHz. The s ta t ion is located south of the a r e a  

surveyed consequently the  Primary Field and  survey l ines  a r e  

i n  general  east-west. The penetration of the EM-16 is theoretically 



quite s m a l l  possibly in  the realm of 50 metres or less.  Over- 

burden in p a r t s  of the a rea  is quite thick a n d  in  excess of 

50 metres especial ly  i n  the val ley of Lightning Creek proper.  

Most of the survey w a s  ca r r i ed  out on r idges  where bedrock 

outcropped a g rea t  deal  of the time. Some experimental work 

was ca r r i ed  out in  a r e a s  of deep overburden a s  determined 

from seismic exploration. The heavy underbrush and  timber 

in  p a r t s  of the a rea  of the claims is also a factor i n  the use 

of th i s  type of electromag survey. T h i s  factor  had  to a lso be 

evaluated along with the direction (Ea st-West of the primary 

field and  the oblique dra inage  pat tern in the a r e a  of the claims. 

The resu l t s  of the experimental work is detailed l a t e r  in  the 

report  together with fur ther  recommendations. 

The s ix ty  uni ts  or claims a r e  located in  the general  Wingdam 

a r e a  in the Cariboo Mining Division of British Columbia, some 

twenty four miles eas t  of the town of Quesnel, B.C., a s  shown 

on enclosed index map. The Company, Tanacana Mines Ltd. 

owns a total  of e ighty uni ts  or claims in th i s  a r ea .  The claims 

a r e  identified as Wingdam 1 (20 un i t s )  No. 770(8) ,  Wingdam 

2 (20 un i t s )  No. 771(8),  Wingdam 4 (20 un i t s )  No. 772(8 )  and  

Wingdam 3 (20 un i t s )  No. 759(6). The claims a r e  shown on 

the enclosed location map with the report  and  is a portion 

of the British Columbia Titles Reference Map M93H/4W. The claims 

a r e  all in  good s tanding  pending the f i l ing a n d  acceptance 

of th i s  report  on Wingdam 1, 2 a n d  4 .  



The claims a r e  readi ly  accessible v i a  paved Provincial  Highway 

#26 from Quesnel to Wells, some 24 miles eas t  of Quesnel. 

The highway cuts  nea r  the center of the four claim block. 

Access to the outer limits of the claim block i s  by  logging 

road to some cleared a reas .  The a r e a s  southwest of Wingdam 

Lake is v i a  the Swift River logging road. The northeast  portion 

of the claims i s  accessible by  logging road from the top of 

Wingdam H i l l .  The intervening a r e a s  have a dense underbrush 

and  heavy timber with access very difficult .  

The t e r r a in  in  the a r e a  of the claims is moderate to rugged. 

The t e r r a in  i s  quite rugged along the val ley of Lightning Creek 

cut t ing through the center of the claim block. Away from the 
* 

val ley of Lightning Creek and  along the r idges the t e r r a in  

is moderate. Elevations i n  the a r e a  of the claims va r i e s  from 

just  over 3000 feet above sea level along Lightning Creek to 

4000 feet on the r idges  above the val ley.  

The climate i n  the a r e a  of the claims is moderate to cold. 

T h i s  portion of British Columbia does experience Chinook condi- 

t ions during the winter months and  the climate becomes very  

moderate for brief periods.  Snowfall in  the a r e a  is moderate 

to heavy. The majority of the snow fa l l s  i n  J a n u a r y  and  

February.  Most of the snow is gone by the f i r s t  week of May 

except for higher  elevations a n d  protected a reas .  Field condi- 

t ions a r e  very  good, e a r l y  in  May, for field mapping, ground 

geophysical surveys a n d  prospecting. The underbrush is less  

dense a t  t h i s  time and  walking conditions a r e  good. 



The published maps and  reports used in th i s  report a r e  l is ted 

under the Bibilography in  the Appendix of the report .  A photo 

mossaic map w a s  prepared by  McElhanney Surveying and  

Engineering Ltd. ,  Vancouver, B. C. from a e r i a l  photographs 

flown in  1977. The mossaic showing the roads and  the l a r g e r  

streams. This map on a scale of 1:5,000, was prepared as a 

base map for the plott ing of the VLF-EM 16 profiles a n d  rock 

outcrops studied. A copy of th i s  map i s  enclosed with the report .  

Three VLF-EM 16 profiles a r e  found i n  the back of the report .  

The locations of the other VLF profiles a r e  marked on the en- 

closed map. 

The equipment used to c a r r y  out the VLF-EM 16 survey on the 

claims was a VLF Electromagnetic Unit manufactured by  Geonics 

Limited, 2 Thorncliffe Park Drive, Toronto, Ontario, Canada. 

’ The se r i a l  number of unit  used is 291. The majority of the 

survey was ca r r i ed  out using the Seattle Washington Station 

MLK/NPG-18.6 KHz. Using th i s  s ta t ion the primary field a n d  

survey l ines  a r e  i n  general  east-west. Some work w a s  ca r r i ed  

out using Cutler ,  Maine N A A  17.8 KHz when the Seattle was 

off on Thursdays.  The primary field using th i s  s ta t ion is in  

genera l  north a n d  south since the s ta t ion is in  the eas te rn  

United States. The s ta t ion could only be used when the Seattle 

s ta t ion w a s  off the a i r  most everyThursday  due to the s t rength 

of the Seattle s ta t ion a n d  proximity to the claims. The s igna l  

from Cutler,  Maine was much weaker and  the quadra tu re  qui te  

e r r a t i c  on d a y s  where the noise level was high. Station spacing 



on the survey var ied  from 15 to 20 metres. Line or Profile 

spacing did not follow the normal procedure in a g r i d  of the 

claims. The l ines were located in  a r e a s  where some data was 

ava i lab le  on the geology i n  a n  effort to evaluate  the d a t a  

from the VLF survey. Information on the EX-16, i t s  use and  

case histories published by Geonics Limited, manufacturers 

of equipment used i n  the work, i s  enclosed in the Appendix 

of the report .  . 

The shallow refraction seismic equipment was used i n  var ious 

places along the VLF profiles to determine bedrock depths and  

overlying material .  The equipment used in the refraction survey 

was the Model ES-125 Signal Enchantment Seismograph manufac- 

tured by  Geometrics Inc. ,  395 Java  Drive, Sunnyvale, California.  

The theory,  interpretat ion and  field operations using the shallow 

refraction seismic method of exploration is outlined i n  the 

Appendix of the report .  Par t  of the seismic d a t a  used along 

VLF Profile No.1 w a s  done i n  1978 and  reported in assessment 

report  l is ted in  Bibliography. 

The field work with the VLF-EM 16 unit  was ca r r i ed  out on 

the following days  tabula ted  below: 

March 
April 
April 
April 
April 
April 
April 
May 
May 

18, 1979 
3 ,  1979 
5 ,  1979 

22,  1979 
23,  1979 
24,  1979 
25,  1979 
22,  1979 
24 ,  1979 

1 day  
II 

II 

II 

I I  

I 1  

II 

I 1  

II 
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June 3, 1979 
June 5, 1979 
June 10, 1979 
Ju ly  7 ,  1979 
Ju ly  16, 1979 
Ju ly  17, 1979 

1979, incl .  
Ju ly  20 - 24 

Total 

1 d a y  
II 

II 

II 

II 

I t  

20 d a y s  @ $150/day $3,000.00 

Plotting Profiles 
April 8 & 19, 1979 2 days  
August 1-3, 1979 3 days  

5 d a y s  
5 days  plott ing @ $150/day 750.00 

Geological Field Work 
June 12-17, 1979 incl.  - 6 days  
Ju ly  25-28, 1979 incl.  - 4 d a y s  

Geological Field work 10 days  @ $150/day 
$1,500.00 

The above f igures  together with the costs of the photo mossaic, 

d raf t ing  a n d  prepara t ions  of the report  were used to f i le  assess- 

ment work of $6,000.00 on the 60 claims on August 8, 1979. 

H I  STORY 

The Cariboo Area of cent ra l  British Columbia is well known 

for i t s  production of gold. Several  million ounces have been 

produced from both lode and  placer  deposits.  Placer gold was 

discovered in  the Wingdam a r e a  soon af te r  the rush  s t a r t ed  

in  1861. Gold was produced from a bench some 100 feet below 

the surface on Lightning Creek. Very l i t t l e  or no gold was 

produced from the deep rich channel  some 160 feet below the 

surface.  Quartz ve ins  with pyr i te  and  gold mineralization were 

prospected on the northwest section of the claim a r e a  nea r  
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Ramos Creek. There i s  no record of gold production but an  

ad i t  w a s  put in dur ing  the prospecting. 

Lode gold w a s  produced from two underground mines in  the 

Wells a r ea .  The l a s t  gold produced from the underground mines 

a t  Wells w a s  in  1967. A new mine in  the same a r e a  is now 

being placed on production. 

GEOLOGY 

Bedrock, though concealed over a l a rge  portion of the claims 

a rea  by  rock debris  and  vegetation, outcrops on the r idges  

on steeper slopes and  a t  var ious places along the stream bed,. 

The rock debris  consists mainly of morainal material  and  a s  

g l ac i a l  d r i f t ,  landsl ide mater ia l  on the steeper slopes of 

Lightning Creek. The overburden in  the val ley of Lightning 

Creek i s  very  thick and  masks completely the bedrock. Both 

boulder c lay  and  ha rdpan  together with slum a r e  reported i n  

the dr i l l ing  on Lightning Creek. The slopes of the present 

val ley also contain boulder c l ay ,  blue c lay  and  ha rdpan  indi- 

cat ing the ent i re  val ley of Lightning Creek was fi l led with 

g l ac i a l  deposits. There is good evidence and  i t  h a s  been postu- 

la ted tha t  Lightning Creek flowed north into the Beaver Pass  

a rea  and  on to the Willow River in  pas t  geological times. The 

l a rge  amount of placer  gold indicated in  the dr i l l ing  a n d  

exploration of the deep channel  of Lightning Creek would have 

i t s  source in  the surrounding or nearby  qua r t z  veins  with 

pyri te  and  gold mineralization. 
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Rocks in the northeastern portion of the claim block a r e  com- 

posed of quar tz i te ,  ser ic i te  sch is t ,  a rg i l l i t e  s la te  and  limestone 

of the Cariboo Series of Precambrian age.  In the southwestern 

portion of the a r e a  Hanson (Map 335A) maps the rocks as the 

Quesnel River Group consisting of sha le ,  a rg i l l i t e  and  greenstone. 

The contact between the two formations could not be defined 

in  the field by  the writer.  In the extreme western portion of 

the claim block a rg i l l i t e s  with quar tz  veins and  limestone were 

mapped by the writer.  The rocks a r e  very s i m i l a r  to those 

i n  the Barkervil le a r ea  mapped a s  the Basal Member of the 

Richfield Formation of Precambrian Age. In the extreme south- 

western portion of the mapped a r e a  immediately southwest of 

Wingdam Lake, numerous quar tz  veins outcrop on the r idge.  

The quar tz  veins  v a r y  in  width from an  inch or fraction of 

a n  inch to  over three feet. The quar tz  veins had a s t r ike  of 

north-northwest to northwest and  were very abundant .  There 

was no evidence of a n y  gold or pyr i te  mineralization associated 

with the quar tz  veins.  Rocks i n  the immediate a r e a  of the 

veins consisted of quar tz i te  and  sericite schist .  lmmediately 

eas t  of the qua r t z  veins there was evidence of faul t ing a s  

shown on the enclosed map. T h i s  faul t ing was also indicated 

on the VLF profile run  across  the a r e a .  

The rocks of the Cariboo Series l i e  i n  the southwest l i m b  of 

a broad an t ic l ina l  s t ruc ture  whose ax i s  l i es  approximately 

three miles northeast  of the claim block. The ax i s  in genera l  

plunges to the northwest from 20 to 40 degrees. The s t r a t a  

of the Cariboo Series have a prevai l ing s t r ike  of north 30 to 
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the sur face  and  underground. Among the well known no 

t rending f au l t s  in the Barkervil le a r e a  a r e  the Lowhee 

Richfield Faul t ,  Black Jack Gulch Faul t ,  Waoming Fau 

Grouse Creek Fault .  Most all of these northerly t rending 

40 degrees west and  dips  southwest, however, the beds a r e  

distorted in  places by  minor folding a n d  faul t ing.  Bedding 

planes a r e  often distorted or obscured by shear ing.  In addition 

to the s t r ike  fau l t s  and  northwest s t r ike  of the bedding there  

i s  a dis t inct  northerly t rend of faul t ing a n d  topographic relief 

in the immediate a r e a  of the claim block. T h i s  northerly t rend  

or l ine  of weakness and  is shown on the enclosed map is 

para l le l  to major faul t ing i n  the Barkervil le Area mapped on 

, ther ly  

Faul t ,  

t and  

fau l t s  

were mapped by  G. Hanson in  Memoir 181, Canada Department 

of Mines 1935. In the Stanley a rea  Stuar t  S Holland mapped 

three of these norther ly  t rending fau l t s  as reported in  Bulletin 

No. 26, (B.C.  Department of Mines 1948. These northerly t rending 

faul t  zones or  l ines  of weakness a r e  very s ignif icant  and  have 

a definite re la t ionship to gold mineralization in  the genera l  

Cariboo a r e a .  The VLF-EM 16 appears  to be ab le  to map these 

faul t  zones or s t ructures .  

Gold mineralization i n  the Wells Area eas t  of the claim block 

occurs in two genera l  types or forms namely with quar tz  veins 

and  pyr i te  and  as replacement type orebody in  limestone. 

Mineralization occurs in  f rac tures  a t  or near  the intersection 

of major s t ruc tu ra l  t rends i n  the a r e a .  
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RESULTS OF RECONNAISSANCE GEOLOGICAL MAPPING AND ELECTRCL 
MAG SURVEY (VLF-EM 16) 

A subs tan t ia l  amount of time w a s  spent in  the field with the 

VLF-EM 16 electromag work. Profiles were duplicated using 

other transmitt ing s ta t ions a n d  days  of d iu rna l  or  magnetic 

dis turbances.  Profiles were also run  a t  oblique angles  to the 

primary field for different transmitt ing s ta t ions.  The object 

of the experimental work was to determine the usefulness of 

the VLF-EM 16 electramag in th i s  a r e a  a s  an  efficient explora- 

tion tool. The Seattle Washington station M L K / N P G  a t  18.6 K H z  

is very strong i n  the a r e a  of the claim block and  is located 

south of the claims making the primary field i n  genera l  east-  

west. Survey l ines should be run  east-west i n  the a r e a  of the 

claim block. This is a t  an  oblique angle  to Lightning Creek 

and  east-west l ines  would have considerable steep relief and  diffi- 

cult  to run .  Some of the l ines  run  a t  oblique angle  to  the 

east-west primary f ie ld  gave  what appeared sat isfactory resul ts .  

On one profile run  using the Seattle Station the l ine was run  

east-west along primary field as recommended i n  the operation 

of the equipment. The same profile (east-west)  was run  l a t e r  

on when Seattle Station was off the a i r  (every  Thursday)  using 

Cutler biain N A A ,  a t  17.8 KHz. The primary field using th i s  

s ta t ion i s  north-south a n d  survey l ines  should be run  north- 

south. The above l ine  or  profile (east-west)  when r u n  using 

Cutler Main gave  same genera l  resu l t s  a s  when run  correctly 

using the Seattle Station. I f  t h i s  proves to be the case a n d  

the profiles can  be run  para l le l  or  normal to the Lightning 
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Creek val ley the survey progress would be very much faster .  

The Cutler Main s ta t ion,  with a north-south primary field in  

the a r e a  of the claims can only be used on Thursdays when 

Seattle Station i s  off the air. The Seattle Station is too strong 

to get Cutler Maine when on the a i r .  The out of phase or Quad- 

r a tu re  is not s h a r p  using the Cutler Main Station making i t  

slower to get correct reading.  A base l ine or profile w a s  along 

a section of logging road was establ ished with well marked 

s ta t ions (15 meter i n t e rva l ) .  Every day  when the VLF-EM 16 

was used i n  the field th i s  profile was rerun to check readings  

a t  var ious s ta t ions.  I t  was found tha t  on some days  the read- 

ings were very e r r a t i c  and  very few checked with the normal 

established readings.  These days  of e r r a t i c  readings did not 

check with days  of storms or  d i s tu rbances  a s  reported by  

Victoiia. Apparently the frequencies used by the VLF-EM 16 

were not affected by the magnetic disturbances.  I t  w a s  not 

determined what caused the e r r a t i c  readings but i f  a survey 

i s  r u n  using the VLF-EM 16 a base profile should be run each 

day  before field work is ca r r i ed  out. From the resu l t s  of the 

VLF-EM 16 survey todate,  i t  would appear  tha t  the unit  can  

definitely be used to map s t ruc ture  in the Wingdam a r e a  in  

the form of f au l t s ,  f au l t  zones or general  l ines  of weakness 

in the bedrock. At th i s  time the s t ructures  mentioned above 

appear  a s  a reas  of low or negative conductivity on the in- 

phase response. T h i s  can be due also to surface conditions 

however, i n  the Stanley a rea  mapped, fau l t s  produced the same 

or similar resul ts  on the inphase curve,  regardless  of the 



- 12 - 
3 

amount of overburden. The fau l t s  i n  the Stanley a rea  a r e  well 

es tabl ished and  were mapped b y  Stuar t  Holland i n  1948, Bulletin 

~ 0 . 2 6  B.C. Department of Mines. Two profiles were run  across 

the three fau l t s  during the 1979 season and  the response w a s  

the same each time a t  the two profiles. Several short  profiles 

were run in a r e a s  of bedrock outcrop i n  a n  effort to map 

different formation in  the field.  tu’one of the profiles showed 

any  effects of the different types of rocks which could be defin- 

i te ly  correlated with the different rock types.  I n  the western 

portions of the claim block where the contact between the 

Cariboo Series and  Quesnel Rivers Group i s  mapped by  G. Hanson 

on map No.3354 (west h a l f ) ,  severa l  VLF-EM 16 profiles were 

run  across  th i s  contact a t  different places on the claims. None 

of the profiles indicated any  diagnostic correlation or relief 

which could be identified with the contact.  In the southern 

portion of the a r e a  where numerous quar tz  veins outcrop on 

the r idge ,  the VLF-EM 16 profile (No.3) h a s  no expression or 

any  anomalous conditions which could be correlated with these 

veins.  A s  noted ea r l i e r  no mineralization was noted i n  the 

a rea  consequently no response should be expected i f  there is 

no mineralization with depth. On th i s  same profile where the 

bedrock is probably quite deep based on seismic work and  

ha rdpan  velocities were recorded above bedrock there is no 

appa ren t  conductivity due to  the ha rdpan .  In  many a r e a s  c l ays  

a t  the sur face  produce distinct sur face  anomalies on the VLF- 

EM 16. The possible f au l t  on the eas te rn  p a r t  of the l i n e  
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is shown on the profile. 

The reconnaissance geological mapping w a s  concerned pr imari ly  

with the contacts of different  types of rocks and  s t ruc tures  

r a t h e r  t han  ac tua l  mapping of the outline of the outcrop. Local 

res i s t iv i ty  measurements were taken of the different rock types 

in  a n  effort to obtain a n y  charac te r i s t ics  which might be useful 

i n  the VLF-EM 16 survey.  Further  detai l  measurements should 

be made on the different rock types.  Faul ts  and  fau l t  zones 

were s tudied in  de ta i l  in  a n  effort to correlate  these zones 

with possible VLF-EM 16 d a t a .  On VLF-EM 16 profile # 2  both 

a dis t inct  s h a r p  fau l t  and  a n  inferred fau l t  zone a s  observed 

in  t h e  bedrock  outcrop could b e  cor re la ted  on t h e  electromag 

work. The fau l t  in  outcrop, as shown on VLF Profile nea r  

s ta t ion 1+50 west, shows up very  dis t inct  i n  the VLF-EM 16. 

There is no theoretical  reason for a f a u l t  showing up  on the 

electromag survey or profile,  however in  case his tor ies  they 

do. Faul ts  with water could produce a conductive zone. Further  

work should be done in  these anomalous a reas .  Northerly trend- 

ing  s t ruc tures  in  the a r e a  of the claim block which produce 

topographic relief a r e  probably due to f a u l t s ,  fau l t  zones or  

old l ines  of weakness and  should be mapped in  de t a i l  where 

concealed by g l ac i a l  d r i f t .  

. 
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CONCLUSIONS 

The VLF-EM 16 electromag probably can be used to  map struc- 

tu res  in the general  Wingdam a rea .  These fau l t  zones appear  

a s  genera l  a r eas  of low or negative inphase conductivity on 

the profiles.  

The norther ly  t rending faul t  zones or l ines  of weakness a r e  

well concealed by g l ac i a l  d r i f t  in  the a r e a  of the claims. Topo- 

g raph ic  expressions of possible ‘ f a u l t  zones in  the a r e a  of the 

claims should be checked and  mapped using the VLF-EM 16 

electromag . 

RECOMMENDAT IONS 

I t  is recommended tha t  fur ther  VLF-EM 16 surveys be ca r r i ed  

out i n  the a rea  of the claims in  the Wingdam Area. The add- 

i t ional  VLF-EM 16 work should be done in  the form of both 

a de ta i l  g r i d  pa t te rn  and  a s  ind iv idua l  profiles across the 

northerly t rending s t ructures  or fau l t  zones i n  a n  effort to  

map the s t ructures  under the dr i f t .  A base l ine or  profile 

should be run  each d a y  tha t  fur ther  VLF work is to be pursued. 

Additional seismic surveys should be run  to check bedrock 

depth in c r i t i ca l  a r e a s  where bedrock is concealed. 

Date: J u n e  16, 1979 

Respectfully s u b g t t e d ,  

P.Eng. (B.C.  1, 

Vancouver, B . C. 
November 1979 
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EM16 CASE H I S T O R I E S  

The attached case histories are examples of the capability 
of the VLF electromagnetic system in various conditions. 

The direction in which the readings have been taken are 
indi cat ed by 
marked as an 

Fiaure 1 - 

Figure 2 - 

Figure 3 - 

Figure 4 - 

Figure 5 - 

an arrow. A l l  VLF survey maps should be so 
aid to interpretation. 

This profile shows two conductive zones. The 
anomaly at the left shows a reverse quadra- 
ture slope thus also indicating the presence 
of conductive overburden covering the bedrock 
conductor. The indicated depth to the con- 
ductor is calculated at one-half the distance 
between the positive and negative maximums. , 
The anomaly at the right shows some positive 
quadrature slope, indicating a medium con- 
ductor. 

This profile shows a medium conductor. The 
right hand positive in-phase component has 
a long "tail" indicating the dip direction 
of the conductive zone. 

This anomaly is caused by a vertical zone 
of graphitic slate covered by approximately 
85 .feet of conductive clay. The in-phase 
anomaly is considerably reduced in amplitude. 
The quadrature shows a typically strong 
reverse slope. 

This anomaly is the result of a weak con- 
ductor. The location of the conductor is 
at the center of the slope, not at the 
actual zero-crossing. 

This shows a simplified example of EM16 
used underground. By takinq readings in 
two directions, using different primary 
field sources, one can locate ore pockets 
precisely. Only the in-phase profiles are 
shown in this figure. 
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PRINCIPLE O F  OPERATION 

The VLF-transmit t ing s t a t i o n s  o p e r a t i n g  for communications 
wi th  submarines  have a v e r t i c a l  an tenna .  The an tenna  c u r r e n t  
i s  t h u s  ver t ica l ,  c r e a t i n g  a c o n c e n t r i c  h o r i z o n t a l  magnet ic  
f i e l d  around them. When t h e s e  magnet jc  f i e l d s  m e e t  conduc- 
t i v e  b o d i e s  i n  t h e  ground,  t h e r e  w i l l  be secondary f i e l d s  
r a d i a t i n g  f r o m  t h e s e  bod ies .  T h i s  equipment measures t h e  
v e r t i c a l  components o f  t h e s e  secondary f i e l d s .  

The EM16 i s  simply a s e n s i t i v e  r e c e i v e r  cove r ing  t h e  fre- 
quency band o f  t h e  new VLF-transmit t ing s t a t i o n s  w i t h  means 
of measuring t h e  v e r t i c a l  f i e l d  components. 

. The r e c e i v e r  h a s  t w o  i n p u t s ,  w i t h  t w o  r e c e i v i n g  c o i l s  b u i l t  
i n t o  t h e  i n s t r u m e n t .  One c o i l  has  normally v e r t i c a l  a x i s  
and t h e  o t h e r  i s  h o r i z o n t a l .  

The s i g n a l  f r o m  one o f  t h e  c o i l s  ( v e r t i c a l  a x i s )  i s  f i r s t  
minimized by t i l t i n g  t h e  i n s t r u m e n t .  The t i l t - a n g l e  i s  
c a l i b r a t e d  i n  p e r c e n t a g e .  The remaining s i g n a l  i n  t h i s  c o i l  
i s  f i n a l l y  ba l anced  o u t  by a measured p e r c e n t a g e  of a s i g n a l  
from t h e  o t h e r  c o i l ,  a f t e r  be ing  s h i f t e d  by 90°. T h i s  c o i l  
i s  normally p a r a l l e l  t o  t h e  pr imary f i e l d .  

Thus, i f  t h e  secondary  s i g n a l s  a r e  sma l l  compared t o  t h e  ' 

primary h o r i z o n t a l  f i e l d ,  t h e  mechanical  t i l t - a n g l e  i s  an 
a c c u r a t e  measure of t h e  v e r t i c a l  real-component,  and t h e  
compensation r / 2 - s i g n a l  from t h e  h o r i z o n t a l  co i l  i s  a 
measure of  t h e  q u a d r a t u r e  v e r t i c a l  s i g n a l .  

SELECTION O F  THE STATION 

The magnet ic  f i e l d  l i n e s  from t h e  s t a t i o n  are 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 select  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 b o d i e s  o r  g e o l o g i c a l  s t r u c t u r e  of  the 
area you are p r e s e n t l y  working on. 
of geology s h o u l d  p o i n t  t o  t h e  t r a n s m i t t e r .  Of course ,  t4S0 
v a r i a t i o n s  are q u i t e  t o l e r a b l e  i n  p r a c t i c e .  

The s e l e c t i o n  o f  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 
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 equipment t a k e s  t w o  
s e l e c t o r - u n i t s  s imul t aneous ly .  A swi t ch  i s  provided  f o r  
qu ick  s w i t c h i n g  between t h e s e  t w o  s t a t i o n s .  

T o  change a p lug- in  u n i t ,  open t h e  cover  on t o p  of t h e  i n -  
s t rumen t ,  and i n s e r t  t h e  p r o p e r  p lug .  Then close t h e  cove r  
aga in .  

I n  o t h e r  words,  t h e  s t r i k e  

2 
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Here i s  a l i s t  o f  some of t h e  s t a t i o n s  u s e f u l  i n  Canada and 
U n i t e d  S t a t e s .  

S t a t i o n  NAA: C u t l e r ,  Maine Frgq.17.-8-kHz 
. S t a t i o n  NPG: S e a t t l e ,  Washington L F r e q .  18 .6  kHz 
S t a t i o n  N S S :  A n n a p o l i s ,  Maryland  Fa.? l-l4--kHz 
S t a t i o n  NBA: Panama F r e q .  2 4 . 0  kHz 

F o r  European use GBR: Rugby, England F r e q .  16 .0  kHz 
NWC: A u s t r a l i a  F req .  2 2 . 3  kHz 

When o r d e r i n g  a n  i n s t r u m e n t ,  c o n s u l t  Geon ics  f o r  l a t e s t  
i n f o r m a t i o n  f o r  bes t  s e l e c t i o n  o f  s t a t i o n s .  

TAKING A R E A D I N G  

The d i r e c t i o n  of the s u r v e y  l i n e s  s h o u l d  be selected ap- 
p r o x i m a t e l y  a l o n g  t h e  l i n e s  of 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 q h t  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 .  
Be fo re  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  c a n  be u s e d  t o  
o r i e n t  o n e 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  co i l  
i n s i d e  t h e  h a n d l e .  

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  the r e f e r e n c e  c o i l  ( i n  t h e  
lower end of t h e  h a n d l e )  a l o n g  t h e  m a g n e t i c  l i n e s .  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  comfortable 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  cor- 
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  min imize  t h e  sound.  A f t e r  
f i n d i n g  the minimum s i g n a l  s t r e n g t h  on b o t h  a d j u s t m e n t s ,  
r e a d  t h e  i n c l i n o m e t e r  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 .  

While 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  changes  
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  e x 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  are c a l i b r a t e d  i n  p o s i t i v e  
and 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  i s  f a c i n g  180° 
from t h e  o r i g i 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 the 
r e a d i n g s  w i l l  be r e v e r s e d .  T h e r e f o r e ,  i n  the same area t a k e  
t h e  r e a d i n g s  a l w a y s  f a c i n g  i n  t h e  same d i r e c t i o n  even  when 
t r a v e l l i n g  i n  o p p o s i t e  way a l o n g  t h e  l i n e s .  

3 
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The l o w e r  e n d  of t h e  h a n d l e ,  w i l l  as a r u l e ,  p o i n t  t owards  
t h e  c o n d u c t o r .  The i n s t r u m e n t  i s  s o  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  are p o s i t i v e  i n  t h e  
in -phase  component.  Turn  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 y o u r  n o t e s ,  m a p s ,  etc. 

THE INCLINOMETER D I A L S  

The i n - p h a s e  p e r c e n t a g e  scale i s  on t h e  r i g h t .  The l e f t  
scale i s  t h e  s e c a n t  of t h e  s l o p e  of t h e  g round  s u r f a c e .  
You can  u s e  it t o  n c a l c u l a t e n  y o u r  d i s t a n c e  t o  t h e  n e x t  
s t a t i o n  a l o n g  t h e  slope o f  t h e  mounta in .  
(1) Open b o t h  e y e s  

( 2 )  A i m  the h a i r l i n e  a l o n g  t h e  s l o p e  t o  t h e  n e x t  s t a t i o n  

( 3 )  

. t o  a b o u t  y o u r  e y e  l e v e l  h e i g h t  above ground 
Read on t h e  l e f t  scale d i r e c t l y  t h e  d i s t a n c e  n e c e s s a r y  
t o  measu re  a l o n g  the s l o p e  t o  advance  1 0 0  ( f t )  h o r i -  
z o n t a l l v  

W e  f e e l  t h a t  t h i s  w i l l  make y o u r  r e c o n n a i s s a n c e  work easier .  
The o u t s i d e  scale on  t h e  i n c l i n o m e t e r  i s  c a l i b r a t e d  i n  
d e g r e e s  j u s t  i n  case you have  u s e  f o r  it. 

PLOTTING THE RESULTS 

For  e a s y  i n t e r p r e t a t i o n  of t h e  r e s u l t s ,  it i s  good p r a c t i c e  
t o  p l o t  t h e  a c t u a l  c u r v e s  d i r e c t l y  on t h e  s u r v e y  l i n e  map 
u s i n g  s u i t a b l e  scales  f o r  t h e  p e r c e n t a g e  r e a d i n g s .  The h o r i -  
z o n t a l  scale  s h o u l d  be t h e  same as y o u r  o t h e r  maps on t h e  
area f o r  c o n v e n i e n c e .  

INTERPRETATION 

The VLF p r i m a r y  f i e l d ' s  m a g n e t i c  component i s  h o r i z o n t a l .  
Local c o n d u c t i v i t y  i n h o m o g e n e t i e s  w i l l  add  v e r t i c a l  compon- 
e n t s .  The t o t a l  f i e l d  i s  t h e n  t i l t e d  l o c a l l y  on b o t h  s i d e s  
of a l oca l  c o n d u c t o r .  T h i s  l o c a l  v e r t i c a l  f i e l d  i s  n o t  a l -  
ways i n  t h e  same p h a s e  a s  t h e  p r i m a r y  f i e l d  on t h e  g round  
s u r f a c e .  The EM16 m e a s u r e s  t h e  i n - p h a s e  and q u a d r a t u r e  
components of t h e  v e r t i c a l  f i e l d .  

When t h e  p r i m a r y  f i e l d  p e n e t r a t e s  t h e  c o n d u c t i v e  ground and 
r o c k ,  t h e  wave l e n g t h  of t h e  wave becomes v e r y  s h o r t ,  maybe 
o n l y  few t e n s  of m e t e r s ,  depend ing  on c o n d u c t i v i t y  and f r e -  
quency.  
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A t  t h e  same t i m e  t h e  wave t r a v e l s  p r a c t i c a l l y  d i r e c t l y  down- 
wards .  The a m p l i t u d e  of the f i e l d  a l so  decreases v e r y  f a s t ,  
c o m p l e t e l y  d i s a p p e a r i n g  w i t h i n  one w a v e l e n g t h .  The m a g n e t i c  
f i e l d  r e m a i n s ,  however ,  h o r i z o n t a l .  

F i g u r e  7 shows g r a p h i c a l l y  t h e  l e n g t h  and p h a s e  a n g l e  of t h e  
p r imary  f i e l d  p e n e t r a t i n g  i n t o  a c o n d u c t i v e  m a t e r i a l .  

The p h a s e  s h i f t  i n  r a d i a n s  per meter and t h e  a t t e n u a t i o n  
i n  n e p e r s  per  m e t e r  (L/e) is:  

6 = c o n d u c t i v i t y  
mho/m 

F i g u r e  7 a l so  r e m i n d s  o f  t h e  f a c t  t h a t  a l l  s e c o n d a r y  f i e l d s  
have  a s m a l l  (or l a rge  i n  poor c o n d u c t o r s )  p o s i t i v e  p h a s e  
s h i f t  i n  t h e  t a r g e t  i t s e l f  due  t o  i t s  r e s i s t i v e  component ,  
and t h a t  t h e  s e c o n d a r y  f i e l d s  have  a n o t h e r  n e g a t i v e  p h a s e  
s h i f t  w h i l e  p e n e t r a t i n g  back  t o  s u r f a c e  f r o m  t h e  u p p e r  e d g e  
of t h e  t a r g e t .  

The ' t a r g e t s  are l o c a t e d  somewhere i n  t h e  d e p t h  scale ( p h a s e  
s h i f t  s c a l e  i n  t h i s  case) .  Suppose w e  h a v e  s e m i - i n f i n i t e  
v e r t i c a l  s h e e t  t a r g e t  s t a r t i n g  from t h e  s u r f a c e .  F i g u r e  8 
shows t h a t  t h e  t o t a l  i n t e g r a t e d  p r i m a r y  f i e l d  i n p h a s e  and  
q u a d r a t u r e  f l u x  h a s  a v a l u e  of + 0 . 5  and  - 0 .5  r e s p e c t i v e l y .  

These t w o  c h a r t s  c a n  be used  t o  a n a l y z e  t h e  i n p h a s e  and  
q u a d r a t u r e  r e a d i n g s  t a k e n  on b o t h  s i d e s  of t h e  t a r g e t .  I f  
one knows t h e  a c t u a l  c o n d u c t i v i t y  o f  t h e  o v e r b u r d e n  and  t h e  
r o c k ,  t h e  t a s k  i s  easier .  Because  of t h e  many va r i ab le s  
i n v o l v e d  t h e  p r e c i s e  a n a l y s i s  i s  u s u a l l y  i m p o s s i b l e .  

Mostly-enc_o_untered- and  e a s i l y  s o l v e d  -- problem i s ,  however ,  
- t he  s e p a r a t i o n  o f  s u r f  a c e  conductors--f-fom-the maze i n t e r e s t -  
-l'ng ones  a t  d e p t h .  Th- i s - i s  Fas- i ly  done by o3serving-th-e- 
h e g a t i v e  q u a d r a t u r e  s i g n a l s  compared t o  t h e  u s u a l l y  p o s i t i v e  
or  zero o n e s  from t h e  s u r f a c e  t a r g e t s .  See t h e  sample  pro- 
f i l e s  9 and 10 .  T h i s  way w e  can  o f t e n  t e l l  i f  w e  h a v e  a 
m o r e  i n t e r e s t i n g  s u l f i d e  t a r g e t  u n d e r  a swamp f o r  example .  

Another  u s e  f o r  t h e  q u a d r a t u r e  p o l a r i t y  i s  i n  t h e  f o l l o w i n g  
a f a u l t  o r  a s h e a r  zone .  Normally t h e s e  weak c o n d u c t o r s  
g ive  a f a i r  amount of p o s i t i v e  ( t h e  q u a d r a t u r e  f o l l o w s  t h e  
in -phase  p o l a r i t y )  q u a d r a t u r e .  When w e  have  a l o c a l  s u l f i d e  
c o n c e n t r a t i o n  i n  t h e s e  s t r u c t u r e s ,  w e  g e t  a n e g a t i v e  q u a d r a -  
t u r e  r e s p o n s e .  

5 
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A l l  t h e  i n t e r p r e t a t i o n  i s  made easier  by other  i n d i c a t i o n  
o f  t h e  d e p t h  t o  t h e  t a r g e t .  The h o r i z o n t a l  d i s t a n c e  be- 
tween t h e  m a x i m u m  p o s i t i v e  and n e g a t i v e  r e a d i n g s  i s  a b o u t  
t h e  same as t h e  a c t u a l  d e p t h  from t h e  g round  s u r f a c e  t o  t h e  
c e n t r e  of t h e  e f fec t ive  area of t h e  c o n d u c t i v e  body. T h i s  
p o i n t  is n o t  t h e  c e n t r e  of t h e  body,  b u t  somewhat closer t o  
t h e  uppe r  edge .  

T h e o r e t i c a l l y  f o r  s p h e r i c a l  c o n d u c t o r ,  the d e p t h  

h = A X  where  b x  i s  t h e  h o r i z o n t a l  d i s t a n c e  
be tween  t h e  max. p o i n t s  of t h e  v e r t i c a l  
f i e l d  H z .  

The r a d i u s  a = 1 . 3  h 3 H,(max) 

For  c y l i n d r i c a l  body 

The r a d i u s  a = 1 . 2 2  h d x .  

I n  t h e s e  e q u a t i o n s  Hi = 1 means 1 0 0 %  on t h e  equipment  d i a l .  

The d e t e r m i n a t i o n  of t h e  d e p t h  i s  g e n e r a l l y  more r e l i ab le ,  
t h a n  t h e  e s t i m a t i o n  o f  t h e  a c t u a l  d imens ion  a.  The r e a l  
component of H,, which w e  s h o u l d  u s e  i n  these c a l c u l a t i o n s ,  
d e c r e a s e s  p r o p o r t i o n a l l y  f o r  a p o o r e r  c o n d u c t o r  and w i t h  
t h e  d e p t h  i n  c o n d u c t i v e  m a t e r i a l .  

J 
h = 0 . 8 6  dx 

One can  a l so  d r a w  s o m e  c o n c l u s i o n s  a b o u t  t h e  d i p  and s h a p e  
of the u p p e r  area of t h e  c o n d u c t o r  by o b s e r v i n g  t h e  smal le r  
d e t a i l s  of t h e  p r o f i l e .  See t h e  m o d e l l i n g  c u r v e s .  

A v e r t i c a l  s h e e t  t y p e  c o n d u c t o r ,  i f  it comes close t o  t h e  
s u r f a c e ,  g ives  a s h a r p  g r a d i e n t  of l a r g e  a m p l i t u d e  and  s l o w  
ro l l -of f  on b o t h  s i d e s .  

H o r i z o n t a l  s h e e t  s h o u l d  g i v e  a s i n g l e  p o l a r i t y  on the e d g e  
of i t ,  and a g a i n  t h e  o p p o s i t e  way on t h e  o t h e r  edge .  

When l o o k i n g  a t  t h e  p l o t t e d  c u r v e s ,  o n e  n o t i c e s  t h a t  t w o  
a d j a c e n t  c o n d u c t o r s  may modi fy  t h e  s h a p e  of t h e  a n o m a l i e s  
f o r  e a c h  one.  I n  cases l i k e  t h i s ,  one has  t o  look  f o r  t h e  
s t e e p e s t  g r a d i e n t s  of t h e  v e r t i c a l  ( p l o t t e d )  f i e l d ,  r a t h e r  
t h a n  for t h e  a c t u a l  z e r o - c r o s s i n g s .  F o r g e t  t h e  word "cross- 
o v e r " .  Look f o r  the c e n t r e s  o f  s l o p e s  on t h e  i n - p h a s e  f o r  
l o c a t i o n  of t a r g e t s .  

6 
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As w i t h  any EM, t h e  l a r g e s t  and bes t  c o n d u c t o r s  g ive  t h e  
h i g h e s t  r a t i o  of i n - p h a s e  t o  q u a d r a t u r e  components .  I n  
VLF however,  t h e  s u r r o u n d i n g  c o n d u c t i v e  mater ia l  i n f l u e n c e s  
t h e  r e s u l t s  so much t h a t  i t  i s  almost a n  i r r e l e v a n t  s ta te -  
ment except i n  a f e w  cases. A l s o  i n  p r a c t i c e  m o s t  of t h e  
ore b o d i e s  are composed of d i f f e r e n t  i n d i v i d u a l  s e c t i o n s ,  
and t h e r e f o r e  one c a n n o t  u s e  the i n - p h a s e / q u a d r a t u r e  r a t i o  
as t h e  sole i n d i c a t o r  of t h e  c o n d u c t i v i t y - s i z e  factor .  I n  
other  words t h e  character is t ic  r e s p o n s e  c u r v e s  are f l a t ,  
much f l a t t e r  t h a n  w i t h  m o d e l l i n g .  

SOYE NOTES FROM THE F I E L D  

I t  h a s  been shown i n  p r a c t i c e  t h a t  t h i s  i n s t r u m e n t  c a n  be 
u s e d  ( i n  p r o p e r  areas)  a l s o  unde rg round  i n  mines .  The r a i l s  
and p i p e s  may c a u s e  background  v a r i a t i o n s .  I t  w a s  found i n  
one  mine even  a t  1400 foo t  l e v e l ,  t h a t  t h e  s i g n a l  s t r e n g t h  
w a s  good. By t a k i n g  r e a d i n g s  a t  two d i r e c t i o n s  a t  e a c h  
s t a t i o n ,  one c o u l d  o b t a i n  a v e r y  good i n d i c a t i o n  a b o u t  t h e  
l o c a t i o n  of t h e  ore p o c k e t s  i n  o t h e r w i s e  d i f f i c u l t  geo logy .  

On t h e  o t h e r  hand  a t h i c k  l a y e r  o f  c o n d u c t i v e  c l a y  c a n  sup-  
p r e s s  t h e  s e c o n d a r y  f i e l d  t o  a n e g l i g i b l y  s m a l l  v a l u e .  

I n  mounta inous  areas one c a n  e x p e c t  a smooth r o l l i n g  back-  
ground v a r i a t i o n .  However, t h e  a c t u a l  s h a r p e r  a n o m a l i e s  
i nduced  by c o n d u c t i v e  m i n e r a l  zones  c a n  be u s u a l l y  e a s i l y  
r e c o g n i z e d .  

F a u l t s  and s h e a r - z o n e s  can g i v e  a n o m a l i e s ,  b u t  n o t  w i t h o u t  
a r eason .  The re  must  be c o n d u c t i v i t y  a s s o c i a t e d  w i t h  them. 
Reve r se  q u a d r a t u r e  may i n d i c a t e  s u l f i d e  d e p o s i t s  i n  t h e s e  
s t r u c t u r e s .  

Geonics  i n v i t e s  any comments and  i n t e r e s t i n g  o b s e r v a t i o n s  
w i t h  t h e  EM16 f o r  t h e  b e n e f i t  o f  a l l  u s e r s .  These  c a n  be 
k e p t  c o n f i d e n t i a l  i f  so d e s i r e d .  

S E R V I C I N G  

Changing the b a t t e r i e s  i s  done  by removing the c o v e r  and  
chang ing  t h e  p e n l i g h t  b a t t e r i e s  one  by one .  P l e a s e  n o t i c e  
t h e  p o l a r i t i e s  marked on e a c h  i n d i v i d u a l  c e l l .  To t e s t  t h e  
c o n d i t i o n  of t h e  ba t t e r i e s ,  t u r n  t h e  i n s t r u m e n t  o n ,  press 
t h e  push -bu t ton  on  t h e  f r o n t  p a n e l .  The re  s h o u l d  be a 
w h i s t l i n g  sound i n  t h e  l o u d s p e a k e r  i f  t h e  ba t te r ies  are i n  
u s e a b l e  c o n d i t i o n .  I f  t h e  sound is n o t  h e a r d ,  t h e  b a t t e r y  
v o l t a g e  may be l o w .  

7 
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It 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 
the 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  r a g  t h a t  i s  v e r y  
s l i g h t l y  m o i s t e n e d  w i t h  o i l .  The o i l y  r a g  i s  good a l so  
for the bat tery t e r m i n a l s .  

If any repairs  are n e c e s s a r y ,  w e  recommend t h a t  the 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  f o r  a tho rough  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 .  

PHOTOGRAPHS 

F i g u r e  1 

F i g u r e  2 

F i g u r e  3 

F i g u r e  4 

F i g u r e  5 

F i g u r e  6 

shows t h e  i n s e r t i o n  o f  t h e  s t a t i o n  selector  
p l u g - i n  u n i t s  i n  the EM16. 

shows .how t o  u s e  t h e  i n s t r u m e n t  t o  f i n d  t h e  
d i r e c t i o n  o f  t h e  p r i m a r y  f i e l d .  Swing the 
i n s t r u m e n t  h o r i z o n t a l l y  f o r  minimum s i g n a l .  

shows t h a t  you are  now f a c i n g  i n  t h e  s u r v e y  l i n e  
d i r e c t i o n  a l o n g  t h e  p r i m a r y  f i e l d .  The t r a n s -  
m i t t e r  i s  on y o u r  l e f t  o r  r i g h t .  
shows t h a t  you  are  a p p r o a c h i n g  a c o n d u c t o r .  In-  
p h a s e  r e a d i n g s  are  p o s i t i v e .  Q u a d r a t u r e  may be 
n e g a t i v e  i f  t a r g e t  i s  d e e p e r .  

you have  p a s s e d  o v e r  t h e  c o n d u c t o r  a l r e a d y .  
In -phase  d i a l  shows n e g a t i v e  v a l u e .  Q u a d r a t u r e  
c o u l d  be p o s i t i v e  i f  d e e p e r  t a r g e t  w a s  b e h i n d  you. 

shows a sample p r o f i l e  o v e r  a m a s s i v e  s u l f i d e  
t a r g e t .  
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SHALLOW REFRACTION S E I S M I C  EXPLORATION 

BY 

M r .  Howard Yyers. P.Eng. (B.C.), P.Geol. ( A l t a . )  

November, 1977 

THEORY 

The q u a n t i t y  t h a t  i s  observed i n  the  r e f r a c i t o n  method o f  se ismic e x p l o r a t i o n  i s  t b  

t ime between the  i n i t i a t i o n  o f  t he  shock wave a t  t h e  shot  p o i n t  by h a m e r  blow on a 

s tee l  p l a t e  o r  exp los ion  and i t s  f i r s t  a r r i v a l  a t  t he  d e t e c t o r  p laced a t  a measurec 

d is tance from t h e  shot  o r  impact p o i n t .  

:onsidered i n  t h e  ana lys i s ,  t he  wave a r r i v i n g  a t  t he  d e t e c t o r  f i r s t  must be the  one 

dhich has t r a v e l l e d  the  minimum t ime path  between shot  p o i n t  and de tec tor .  

i b s e r v i n g  f i r s t  a r r i v a l s  f o r  d i f f e r e n t  separa t i on  d is tance o f  source and rece ive r ,  

3 t ime  d i s tance  curve  can be cons t ruc ted  rep resen t ing  v a r i a t i o n s  o f  minimum t i m e  

l a t h  w i t h  d is tance,  ( s e e  f i g u r e  1 a t  end o f  t e x t ) .  

As t h e  f i r s t  a r r i v a l s  o n l y  a re  u s u a l l y  

By 

From these v a r i a t i o n s ,  t h e  

i a t u r e  and depth o f  t h e  e l a s t i c  d i s c o n t i n u i t i e s  can be determined. 

The shock waves t r a v e l  through e a r t h  m a t e r i a l s  as through a i r ,  w i t h  a d e f i n i t e  

v e l o c i t y  and a long a d e f i n i t e  path. 

i f  conso l i da t i on .  The t r a v e l  path o f  t he  se ismic waves. l i k e  the  pa th  o f  l i g h t  

vaves, f o l l o w s  whatever course t h a t  w i l l  r e q u i r e  t h e  l e a s t  amount o f  t ime between 

the source and the  de tec to r .  

The v e l o c i t y  depends p r i m a r i l y  upon t h e  degrec 

The t r a v e l  pa th  o f  shock waves f o r  minimum t r a v e l  t ime can be t r a c e d  o u t  by a simp1 

r e l a t i o n s h i p  form a f a m i l i a r  low o f  o p t i c s  known as S n e l l ' s  law where 

I n  t he  equat ion  i i s  t h e  angle o f  inc idence and r i s  t h e  angle o f  r e f r a c t i o n .  

Shock wave w i l l  t r a v e l  i n  a s t r a i g h t  l i n e  through any m a t e r i a l  which has a constanl  

v e l o c i t y  b u t  w i l l  be bent  if i t  passes through a d i s c o n t i n u i t y  where the re  i s  an 

S in  i = 5 
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abrupt change i n  e l a s t i c  properties.  

only in the rays which go down a t  the  c r i t i c a l  angle, become refracted paral le l  t o  

the boundary and a re  refracted back t o  the  detector (surface)  a t  the c r i t i c a l  angle 

When r = 90’ then the above equation (Snel l ’ s  law) becomes S i n  i c  = 

In refract ion seismic work, we a re  interested 

Interpretat ion:  

The process of refraci ton seismic interpretat ion can be i l l u s t r a t e d  by a simple cas 

of the s ingle  horizontal discontinuity as shown i n  Figure 2 a t  end of text.  

number of discont inui t ies  can be recorded as long as there  i s  su f f i c i en t  thickness 

and  velocity contraet .  

refract ion data the ve loc i t ies  will be higher in succeeding layers  from surface 

down and the thickness will be greater  than the  overlying layer.  This i s  n o t  alway 

the case and in such instances where deeper layers are thinner and ve loc i t ies  lower 

the in te rpre ta t ion  becomes complex and  experience i s  necessary fo r  accurate and 

def in i t ive  in te rpre ta t ion  of the refraction d a t a .  

Any 

In t h e  ideal case and fo r  simple in te rpre ta t ion  of the 

The f i e l d  data consisting of times recorded in milliseconds and distances measured 

form shot point t o  detector a re  plot ted on a time distance g r a p h .  A l i n e  i s  drawn 

through the points t h a t  l i n e  u p  in a s t r a igh t  l ine .  

3f s t r a i g h t  l i n e  i s  computed formthe basic formula V = 

scales computed from the above formula can be made up so t h a t  a d i r ec t  read o u t  can 

ie  obtained fo r  each segment representing d i f fe ren t  velocity layers  (see f igure 1 

3 t  end of t e x t ) .  

The velocity on each segment 
D . Overlays with velocity 

X V I  The thickness of a layer i s  computed by the means of the formula Thickness = 7 

v2-”1 , where X V 1  i s  the horizontal distance from the zero point o r  detector t o  1 v i  
the change from velocity one to velocity two. The function>= f o r  the differen 

veloci t ies  can be plot ted on a graph so  t h a t  a d i rec t  read o u t  can be determined fo 

.. 
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simple and can be done by one o r  two men. 

in te rva ls  moves down the l i ne  and  s t r i k e s  a s tee l  p la te  with a sledge hammer a t  eac 

10 foot interval and records the  time i n  milliseconds on the seismic timer. The 

time and distance i s  writ ten down with notes on changes in surface conditions and 

t e r r a in  fo r  d i f f e ren t  hammer points. 

distance plot  i s  made in  the f i e l d  t o  check data.  With two men in the f i e l d ,  one 

on hammer and the other  recording d a t a .  progress i s  much more rapid.  Two men can 

run up t o  twenty prof i les  a day where conditions a re  favourable along logging roads 

o r  good t r a i l s .  The p lo t t ing  a n d  in te rpre ta t ion  of the data requires almost as muc 

time as the f i e l d  work. 

The horizontal distance,  with ten foot  

I f  the readings a re  anomalous then a time- 

rapid computation. In the simple two layer  case where bedrock i s  covered with one 

layer of low velocity material then the depth t o  bedrock i s  the same as the thick- 

ness of the layer.  In the three or more layer  case the depth calculat ion i s  made 

with the formula D2 = 0.8D1 t __ ""-'= - (See f igure 1 a t  end of t ex t ) .  2 

Additional information and  greater  accuracy can be obtained by reversing each 

p ro f i l e  i n  the f i e l d .  

on the various interphases. 

shop point)  depends on the depth of penetration desired.  

d e p t h  penetration i s  roughly one quarter  of the  horizontal separation. 

of 100 f e e t  gives 25 f e e t  penetration. 

on velocity of the near surface layers .  

When the prof i le  i s  reversed dip calculat ions can be made 

The l e n g t h  of the prof i le  (dis tance from detector t o  

As a rule o f  thumb the 

A separat io  

This ru le  i s  only approximate and  depends 

I Field Operations: 



- 4 -  

The equipment, c o n s i s t i n g  o f  two cab les ,  geophone and s l e d g e  hammer and sma l l  s t e e l  

p l a t e  and s e i s m i c  t i m e r  can e a s i l y  be c a r r i e d  by one man. 

A p p l i c a t i o n s :  

Some of t h e  a p p l i c a t i o n s  o r  cases o f  t h e  r e f r a c t i o n  s e i s m i c  method o f  subsur face  

e x p l o r a t i o n  a r e :  

( a )  

( b )  

( c )  

Depth o f  A l l u v i u m  (Depth t o  Bedrock)  

R e l i e f  on Bedrock ( D i p  or i r r e g u l a r i t i e s )  

I d e n t i f i c a t i o n  o f  m a t e r i a l  be low t h e  s u r f a c e  for  e x c a v a t i o n  purposes such as  

g r a v e l s ,  c l a y s  and  h a r d  pan. 

Type o f  bed rock  and p o s s i b l e  w e a t h e r i n g  o r  f a u l t i n g .  ( d )  

( e )  G e o l o g i c a l  mapping f o r  m i n e r a l  and ground wa te r .  

The r e f r a c t i o n  seismograph i s  an e x c e l l e n t  method f o r  p l a c e r  g o l d  e x p l o r a t i o n  i n  

t h a t  a l l  o f  t h e  a p p l i c a i t o n s  l i s t e d  above a r e  u s e f u l .  



D Velocity Computation - V = 

- 30 = 1200 FPS - V2 = 30 = 3000 FPS - V2 = s7 = 15,000 FPS v 1  -.025 .010 

Depth Calculation - D, = - xv-1 G- v2-v1 
2 

Results: 

0 - 9.8' soil: Gravel @ 9.8' Bedrock @ 32.33 










