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1. INTRODUCTION 

REPORT ON A 
COMBINED HELICOPTER-BORNE 

MAGNETIC, ELECTROMAGNETIC, VLF-EM 
AND RADIOMETRIC SURVEY, GRAND FORKS AREA, B.C. 

BLOCK 1 

This  r e p o r t  descr ibes an a i r b o r n e  geophysical  survey c a r r i e d  o u t  on b e h a l f  o f  
CANAMAX RESOURCES I N C .  (CANAMAX) by Aerodat L i m i t e d  under a c o n t r a c t  dated 
November 30, 1990. P r i n c i p a l  geophysical  sensors i n c l u d e d  a f o u r  f requency 
e lec t romagnet i c  system, a h i gh  s e n s i t i v i t y  cesium vapour magnetometer and a 
two frequency VLF-EM system. A n c i l l a r y  equipment i n c l u d e d  a radar  rang ing  
n a v i g a t i o n  system, a c o l o u r  v ideo  t r a c k i n g  camera, a r ada r  a1 t ime te r ,  a power 
l i n e  mon i t o r  and a base s t a t i o n  magnetometer. 

The survey was c a r r i e d  o u t  over  an area o f  some 25 square k i l o m e t r e s  l o c a t e d  
about  70 k i l o m e t r e s  n o r t h  o f  Grand Forks,  B.C. To ta l  survey coverage was 
approximatey 250 l i n e  k i l ome t res  ( p l u s  3 magnet ic t i e  l i n e s ) .  The f l i g h t  l i n e  
spacing was 100m. The Aerodat j o b  number i s  59087-1. 

Th i s  r e p o r t  descr ibes t h e  survey, t h e  da ta  p rocess ing  and t h e  da t a  
p resen ta t ion .  E lect romagnet ic  anomal i e s  which a r e  thought  t o  be t he  respmse  
t o  bedrock conductors  have been i d e n t i f i e d  and appear on se lec ted  map p roduc ts  
as EM anomaly symbol s w i t h  i n t e r p r e t e d  source c h a r a c t e r i s t i c s .  Where EM and 
Magnet ic r e s u l t s  supported it, anomaly cen te rs  a r e  j o i n e d  t o  form conductor  
axes. Recommendations concern ing areas w i t h  favourab le  geophysical  
c h a r a c t e r i s t i c s  a r e  made w i t h  r e fe rence  t o  a compi l  a t i o n / i  n t e r p r e t a t i o n  map. 

2. SURVEY AREA 

The survey area i s  cen t red  some 70 km n o r t h  o f  Grand Forks, B.C. Area 
topography i s  shown on t h e  1:50,000 sca le  B u r r e l l  Creek map sheet - NTS 
re fe rence  82E/9. 

R e l i e f  i s  moderate t o  h i g h  rang ing  f rom 2800 t o  over  4700 f e e t  amsl . The 
survey area i s  cen te red  on Mount McKinley a t  over  4700 f e e t .  Mount F r a n k l i n  
( e l e v a t i o n  4600 f e e t )  i s  l o c a t e d  i n  t h e  extreme no r th -eas t  co rner  o f  t h e  
survey area. Mount Frank1 i n  i s  t h e  c e n t e r  o f  an area o f  o l d e r  e x p l o r a t i o n  
e f f o r t s .  The survey area i s  1 a r g e l y  t r e e  covered w i t h  some logg ing .  

The survey area i s  shown i n  t he  a t t ached  index  map which i nc l udes  l o c a l  
topography and 1 a t i  tude  - 1 ongi  tude coord ina tes .  Thi  s i ndex  map a1 so appears 
on map legends. 

A f l i g h t  l i n e  spac ing o f  100 m was used throughout .  F l i g h t  l i n e  d i r e c t i o n  was 
east-west. Three magnet ic t i e  1 i n e s  were f l  own nor th-south.  



3. SURVEY PROCEDURES 

The survey was f lown i n  t he  p e r i o d  January 10 t o  19, 1991. P r i n c i p a l  
personnel a r e  1  i s t e d  i n  Appendix I V .  Four survey f l i g h t s  were r e q u i r e d  t o  
compl e t e  the  p r o j e c t .  

The f l i g h t  1  i n e  spacing was 100 m. The a i r c r a f t  ground speed was ma in ta ined  
a t  approx imate ly  60 kno ts  (30  metres pe r  second). The nominal EM sensor 
h e i g h t  was 30 metres, c o n s i s t e n t  w i t h  t h e  s a f e t y  o f  t h e  a i r c r a f t  and crew. 

As a  general  comment, the  p i l o t  uses t h e  rada r  a1 t i m e t e r  t o  mon i t o r  he1 i c o p t e r  
t e r r a i n  c learance.  I n  areas o f  t h i c k  f o r e s t  cover,  t h e  rada r  a l t i m e t e r  g i ves  
t he  h e i g h t  o f  t h e  h e l i c o p t e r  above t h e  t o p  o f  t h e  t r ees .  I n  areas o f  t h i n  o r  
no f o r e s t  cover,  t he  rada r  a l t i m e t e r  g i v e s  t h e  h e i g h t  o f  t h e  h e l i c o p t e r  above 
ground. 

Fo l l ow ing  equipment i n s t a l l a t i o n  and t e s t i n g ,  t h e  ground based transponders o f  
t h e  rada r  r ang ing  n a v i g a t i o n  system a r e  norma l l y  i n s t a l  l e d  a t  two o r  more 
s i t e s  near t he  survey areas. The UTM coo rd ina tes  o f  each s i t e  a r e  taken f rom 
pub l i shed  1:50,000 NTS maps. The base l i n e  ( o r  l i n e  between t ransponders)  i s  
f l own  t o  determine t h e i r  separa t ion .  The r e s u l t  i s  used t o  check t h e  UTM 
coord ina tes  assigned t o  each transponder.  

The survey area as o u t l i n e d  on topographic  maps p rov ided  by Canamax i s  
i d e n t i f i e d  f rom t h e  a i r .  Prominent topograph ic  f e a t u r e s  needed t o  program t h e  
n a v i g a t i o n  system a re  se lec ted .  A t e s t  f l i g h t  i s  used t o  c o n f i r m  t h a t  area 
coverage w i  11 be as requ i red .  

Due t o  area r e l i e f ,  complete coverage w i t h  t h e  r a d a r  n a v i g a t i o n  system was n o t  
poss ib l e .  As a  r e s u l t  much o f  t he  area was f l own  v i s u a l l y  u s i n g  a  1  :20,000 
sca le  topographic  map (2.5 t imes enlargement o f  t h e  1  :5O,OOO sca le  MTS 
topographic  map). Dur ing survey f l y i n g ,  t h e  n a v i g a t o r  marked f i d u c i a l  s  o f  
prominent topographic  p o i n t s  on t h i s  map. 

C a l i b r a t i o n  l i n e s  a re  f lown a t  t h e  s t a r t ,  m idd le  ( i f  r e q u i r e d )  and end o f  
every  survey f l i g h t .  These l i n e s  a r e  f l own  o u t s i d e  o f  ground e f f e c t s  t o  
r e c o r d  e lect romagnet ic  zero. 

4. DELIVERABLES 

The r e s u l t s  o f  t h e  survey a r e  presented i n  a  r e p o r t  p l u s  maps. White p r i n t  
cop ies  o f  a l l  b lack  1  i n e  maps a r e  f o l d e d  and bound w i t h  t h e  r e p o r t .  The 
r e p o r t  and these maps a re  presented i n  f o u r  copies.  
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A f u l l  l i s t  o f  a l l  map types i s  given a t  t he  beginning o f  t h i s  repo r t .  A 
summary i s  given here. 

MAP TYPE DESCRIPTION 

Base Map (Black l i n e )  
F l i g h t  Path Map (Black l i n e )  
Compilation/Interpretation Map (Black 1 i n e )  
Total Magnetic Fie1 d Contours (Black 1 i ne) 
Ver t i ca l  Magnetic Gradient Contours (Black 1 i n e )  
Apparent R e s i s t i v i t y  - (Black l i n e )  
VLF-EM Total F i e l d  Contours (Black 1 i n e )  
Apparent Weight Percent Magnetite Contours (Black 1 i n e )  

The processed d i g i t a l  data i s  organized on 9 t rack  arch ive  tape. Both the  
p r o f i l e  and the  gr idded data are  saved on tape. A f u l l  desc r ip t i on  o f  t he  
arch ive  tape (s  ) i s  del i ve red  w i t h  the  tape (s ) .  

The o r i g i n a l  b lack l i n e  maps on mylar, the  analog records, t h e  base s t a t i o n  
magnetometer records and the  f l i g h t  path video tapes are de l i ve red  a t  t he  
conclus ion o f  t he  p ro jec t .  

5. AIRCRAFT AND EQUIPMENT 

\ ru 5.1 A i r c r a f t  

An Astar 350B he l icopter ,  (C-FTPH), owned and operated by Peace 
Hel icopters, was used f o r  t he  survey. I n s t a l l a t i o n  o f  the  geophysical 
and a n c i l l a r y  equipment was c a r r i e d  o u t  by Aerodat. The survey 
a i r c r a f t  was f lown a t  a mean t e r r a i n  clearance o f  60 metres. 

5.2 Electromagnetic System 

The electromagnetic system was an Aerodat 4-frequency system. Two 
v e r t i c a l  coaxia l  c o i l  p a i r s  were operated a t  935 Hz and 4,600 Hz and 
two ho r i zon ta l  coplanar c o i l  p a i r s  a t  4,175 Hz and 33 kHz. The 
t ransmi t te r - rece iver  separat ion was 7 metres. Inphase and quadrature 
s igna ls  were measured simultaneously f o r  t h e  4 frequencies w i t h  a t ime 
constant  o f  0.1 seconds. The HEM b i r d  was towed 30 metres below the  
he l i cop te r .  

5.3 VLF-EM System 

The VLF-EM System was a Herz Totem 2A. This inst rument  measures the  
t o t a l  f i e l d  and v e r t i c a l  quadrature components o f  two se lec ted 
frequencies. The sensor was towed i n  a b i r d  15 metres below t h e  
he1 i cop t e r  . 



VLF t r a n s m i t t e r s  a r e  des igneted "L i ne "  and "Ortho". The l i n e  s t a t i o n  
i s  t h a t  which i s  i n  a  d i r e c t i o n  f rom t h e  survey area which i s  i d e a l l y  
normal t o  t h e  f l i g h t  l i n e  d i r e c t i o n .  Th i s  i s  t he  VLF s t a t i o n  most 
o f t e n  used because of  opt imal  c o u p l i n g  w i t h  near v e r t i c a l  conductors  
r unn ing  pe rpend i cu la r  t o  the  f l  i g h t  1  i ne d i r e c t i o n .  The o r t h o  s t a t i o n  
i s  i d e a l l y  90 degrees i n  azimuth away f rom t h e  l i n e  s t a t i o n .  

The t r a n s m i t t e r s  used were NAA, Cu t l e r ,  Maine b roadcas t ing  a t  24.0 
kHz, and NLK J im Creek, Washington b roadcas t ing  a t  24.8 kHz. The l i n e  
s t a t i o n  was NLK (24.8 kHz). The o r t h o  s t a t i o n  was NAA (24.0 KhZ). 

5.4 Masnetometer 

The magnetometer employed was a  S c i n t r e x  ti8 ces i  um, o p t i c a l l y  pumped 
magnetometer sensor. The s e n s i t i v i t y  o f  t h i s  i nstrument i s 0.001 
nanoTeslas a t  a  0.2 second sampl i n g  r a t e .  The sensor was towed i n  a  
b i r d  15  metres be1 ow t h e  he1 i c o p t e r .  

5.5 Anci 11 a r y  Systems 

Base S t a t i o n  Magnetometer 

An IFG-2 p r o t o n  precess ion magnetometer was operated a t  t h e  base o f  
ope ra t i ons  t o  r e c o r d  d i u r n a l  v a r i a t i o n s  o f  t h e  e a r t h ' s  magnet ic 
f i e l d .  The c l o c k  o f  t he  base s t a t i o n  was synchronized w i t h  t h a t  o f  
t h e  a i r b o r n e  system t o  f a c i l  i t a t e  1  a t e r  c o r r e l a t i o n .  Recording 
r e s o l u t i o n  was 1 nT. The update r a t e  was 4  seconds. 

Radar A1 t i m e t e r  

A  K ing  KRA-10 radar  a1 t i m e t e r  was used t o  r e c o r d  t e r r a i n  c learance .  
The o u t p u t  f rom t h e  ins t rument  i s  a  1  i n e a r  f u n c t i o n  o f  a1 t i t u d e .  

Track ing Camera 

A  Panasonic c o l o u r  v ideo  camera was used t o  r eco rd  f l i g h t  pa th  on VHS 
v ideo  tape. The camera was operated i n  cont inuous mode. The f l i g h t  
number, 24 hour  c l ock  t ime ( to.01 second), and manual f i d u c i a l  number 
a r e  encoded on t h e  v ideo  tape. 

Radar Ranging Nav iga t ion  System 

A Motor01 a  M i n i  ranger  I I I p o s i t i o n i n g  system was i n s t a l  1  ed t o  gu ide 
t h e  p i l o t  over  a  prograrmed g r i d .  The ranges t o  a t  l e a s t  two ground 
s t a t i o n s  were d i g i t a l l y  recorded. The o u t p u t  sampl ing r a t e  i s  1  
second. Ranges a r e  recorded w i t h  a  r e s o l u t i o n  o f  0.1 m. 



Anal oa Recorder 

A RMS dot matrix recorder was used t o  display the  data during the  
survey. Record contents a r e  a s  follows: 

Label Contents Scale 

GEOPHYSICAL SENSOR DATA 

MAGF 
M AGC 
VLT 
VLQ 
VOT 
VOQ 
CXIl 
CXQ1 
CX I2 
CXQ2 
CP I1 
CPQl 
CP I2 
CPQ2 

Total Fiel d Magnetics, Fi  ne 
Total Fiel d Magnetics, Course 
VLF-EM, Total Field,  Line Stat ion 
VLF-EM, Vertical Quadrature, Line Stat ion 
VLF-EM, Total Fiel d ,  Ortho Sta t ion 
VLF-EM, Vertical Quadrature, Ortho Stat ion 
935 Hz, Coaxial , Inphase 
935 Hz, Coaxi a1 , Quadrature 
4600 Hz, Coaxial , Inphase 
4600 Hz, Coaxial , Quadrature 
41 75 Hz, Coplanar, Inphase 
41 75 Hz, Copl anar , Quadrature 
33 kHz, Coplanar, Inphase 
33 kHz, Copl anar,  Quadrature 

ANCILLARY DATA 

RALT Radar A1 t imeter  
PWRL 60 Hz Power Line Monitor 

Chart speed i s  2 mm/second. The 24 hour clock time i s  printed every 
20 seconds. The to ta l  magnetic f i e l d  value i s  printed evey 30 
seconds. The ranges from the radar navigation system are  pr in ted 
every time. 

Vertical 1 ines crossing the  record a re  operator ac t ivated manual 
f iduc ia l  markers. The s t a r t  of any survey l i n e  i s  iden t i f i ed  by two 
c losely  spaced manual f iduc ia l s .  The end of any survey l i n e  i s  
iden t i f i ed  by three  c losely  spaced manual f iduci  a1 s. Manual f iducia l  s 
a r e  numbered i n  order. Every tenth manual f iducia l  i s  indicated by 
i t s  number, printed a t  the bottom of the record. 

Calibrat ion sequences a r e  located a t  the s t a r t  and end of each f l i g h t  
and a t  intermediate times where needed. 



Di g i  t a l  Recorder 

A DGR-33 data system recorded the  d i g i t a l  survey data on magnetic 
media. Contents and update r a t e s  were as fo l lows:  

DATA TYPE RECORDING INTERVAL 

Magnetometer (1 Channel ) 0.2 s 
VLF-EM ( 4  Channels) 0.2 s 
HEM (8  Channels) 0.1 s 
Posi ti on ( 2 Channel s )  0.2 s 
A1 t i m e t e r  (1 Channel ) 0.2 s 
Power L ine  Moni tor  (1 Channel ) 0.2 s 
Manual F i  duc ia l  
C l  oc k T i  me 

6. DATA PROCESSING AND PRESENTATION 

Base Map 

The base map was prepared by f i v e  t imes photographic enlargement o f  a 
1 :50,000 sca le  topographic map (NTS 82E/9). The survey area 
boundaries and UTM reference p o i n t s  were added. 

6.2 F l i g h t  Path Map 

The f l i g h t  pa th  i s  taken from the  1:20,000 scale nav iga tors  map. 
Manual f i d u c i a l s ,  marked by the  nav,igator, were d i g i t i z e d .  A f t e r  
expansion t o  a sca le  o f  1 :10,000, these d i g i t i z e d  con t ro l  p o i n t s  form 
the  bas i s  o f  t he  f l i g h t  path. 

The manual f i d u c i a l s  a re  shown as a small c i r c l e  and l a b e l l e d  by 
f i d u c i a l  number. The 24 hour c lock  t ime i s  shown as a small square, 
p l o t t e d  every 30 seconds. Small t i c k  marks a re  p l o t t e d  every 2 
seconds. Larger t i c k  marks a r e  p l o t t e d  every 10 seconds. The l i n e  
and f l i g h t  numbers a re  g iven a t  t he  s t a r t  and end o f  each survey l i n e .  

The f l i g h t  pa th  map i s  merged w i t h  t h e  base map us ing  a b e s t  f i t  match 
between se lec ted  f l i g h t  path p o i n t s  over prominent topographic 
fea tures  and those same fea tures  as shown on the  base map. 

The fl i ght  pa th  i s  drawn us ing  non-1 i nea r  i n t e r p o l a t i o n  between 
f i d u c i a l  po in t s .  Small dev ia t i ons  i n  f l i g h t  path may be in t roduced 
du r ing  magnetic 1 eve1 1 i ng (see be1 ow). 



6 .3  El ectromagneti c  Survey Data 

The electromagnetic data were recorded d i g i t a l l y  a t  a  sample r a t e  of 
10 per second w i t h  a  t ime constant  o f  0.1 seconds. A two stage 
d i g i t a l  f i l t e r i n g  process was c a r r i e d  o u t  t o  r e j e c t  major s f e r i c  
events and the  reduce system noise. 

Local s f e r i c  a c t i v i t y  can produce sharp, l a r g e  amplitude events t h a t  
cannot be removed by convent ional f i  l t e r i  ng procedures. Smoothing o r  
s tack ing  w i l l  reduce t h e i r  ampl i t u d e  b u t  leave a  broader res idua l  
response t h a t  can be confused w i t h  geological  phenomena. To avo id  
t h i s  p o s s i b i l i t y ,  a  computer a lgo r i t hm searches o u t  and r e j e c t s  the  
major s f e r i c  events. 

The s igna l  t o  no ise  r a t i o  was f u r t h e r  enhanced by the  a p p l i c a t i o n  o f  a  
low pass d i g i t a l  f i l t e r .  This  f i l t e r  has zero phase s h i f t  which 
prevents any l a g  o r  peak displacement from occurr ing,  and i t  
suppresses on l y  v a r i a t i o n s  w i t h  a  wavelength l e s s  than about 0.25 
seconds. This 1  ow e f f e c t i v e  t ime constant  gives minimal p r o f i l e  
d i s t o r t i o n .  

Fol lowing the  f i l t e r i n g  process, a  base l e v e l  co r rec t i on  was made 
us ing  EM zero l e v e l s  determined du r ing  h igh  a1 t i t u d e  c a l i b r a t i o n  
sequences. The c o r r e c t i o n  app l i ed  i s  a  1  i n e a r  f unc t i on  o f  t ime t h a t  
ensures the  cor rec ted  ampl i tude o f  the  var ious  i nphase and quadrature 
components i s  zero when no conduct ive o r  permeable source i s  present.  
The f i l t e r e d  and l e v e l l e d  data were used i n  the  determinat ion o f  
apparent r e s i s t i v i t y  (see be1 ow). 

6.4 Tota l  Fie1 d  Magnetics 

The aeromagnetic data were co r rec ted  f o r  d iu rna l  v a r i a t i o n s  by 
adjustment w i t h  the  recorded base s t a t i o n  magnetic values. Where 
needed, t he  magnetic t i e  1  i n e  r e s u l t s  were used t o  f u r t h e r  l e v e l  t he  
magnetic data. No c o r r e c t i o n s  f o r  reg iona l  v a r i a t i o n s  were appl i ed .  
The cor rec ted  p r o f i l e  data were i n t e r p o l a t e d  on t o  a regu la r  g r i d  
us ing  an Akima s p l i n e  technique. The g r i d  prov ided the bas is  f o r  
threading the  presented contours. The m i  nimum contour i n t e r v a l  i s 
2nT. A g r i d  c e l l  s i z e  o f  25 m (1 / l o t h  i n c h  a t  map sca le)  was used. 

6.5 V e r t i c a l  Magnetic Gradient  

The v e r t i c a l  magnetic g rad ien t  was ca l cu la ted  from the gr idded t o t a l  
f i e l d  magnetic data. The c a l c u l a t i o n  i s  based on a  17 x 17 p o i n t  
convo lu t ion  i n  t h e  space domain. The r e s u l t s  a re  contoured us ing  a  
minimum contour  i n t e r v a l  o f  0.05 nT/m. 



6.6 Apparent Resi s t i v i  t.y 

The apparent  r e s i s t i v i t y  i s  c a l c u l a t e d  by assunling a  200 metre t h i c k  
conduc t i ve  1  ayer  over  r e s i s t i v e  bedrock. The computer determines t h e  
r e s i s t i v i t y  t h a t  would be c o n s i s t e n t  w i t h  t he  sensor e l e v a t i o n  and 
recorded inphase and quadrature response ampl i tudes a t  t h e  se lec ted  
frequency. The apparent r e s i s t i v i t y  p r o f i  l e  data were i n t e r p o l a t e d  
on to  a  r e g u l a r  g r i d  a t  a  25 metres t r u e  sca le  i n t e r v a l  u s i n g  an Akima 
sp l  i ne techn iqe  and contoured u s i n g  l o g a r i  thmica l  l y  arranged contour  
i n t e r v a l s .  The minimum con tour  i n t e r v a l  i s  0.1 l o g  (0hm.n). 

The h i g h e s t  measurable r e s i s t i v i t y  u s i n g  t h e  4600 Hz da ta  i s  10,000 
ot1m.m. Given t h e  d i f f i c u l t i e s  o f  i n v e r t i n g  low amp1 i tude s i gna l  s, 
apparent  r e s i s t i v i t i e s  over  5,000 0hm.m a r e  probably  i n d i s t i n g u i s h a b l e .  

6.7 VLF-EM 

The VLF To ta l  F i e l d  da ta  f rom t h e  L i n e  S t a t i o n  (NLK, J im Creek, 24.8 
kHz) i s  l e v e l l e d  such t h a t  a  response o f  0% i s  seen i n  non-anomalous 
reg ions.  The c o r r e c t e d  p r o f i l e  da ta  a r e  i n t e r p o l a t e d  onto a  r e g u l a r  
g r i d  ( g r i d  c e l l  s i z e  25 rn) u s i n g  an Akima s p l i n e  technique. The g r i d  
p rov ided  t h e  b a s i s  f o r  t h r e a d i n g  t h e  presented contours.  The minimum 
con tour  i n t e r v a l  i s  1%. 

i 6.8 Apparent Weight Percent  Magnet i te  

The apparent  we igh t  pe rcen t  magnet i te  has been c a l c u l a t e d  f rom the  935 
Hz inphase EM response. The a1 g o r i  thm i s  based on the  HEM response t o  
a  non-conduct i  ng, magnet ica l  l y  po l  a r i zeab l  e  ha1 f-space. The 
c a l c u l a t i o n  i n v o l v e s  a  c o r r e c t i o n  t o  a  sensor e l e v a t i o n  o f  30m 
f o l l owed  by a  convers ion t o  we igh t  percent .  The e l e v a t i o n  c o r r e c t i o n  
i s  based on t h e  cub ic  f a l l  - o f f  o f  response amp1 i t u d e  w i t h  he igh t .  As 
a  r u l e  o f  thumb, a  nega t i ve  inphase response o f  1  ppm i n  e i t h e r  
coax ia l  channel w i l l  work o u t  t o  a  pe rcen t  magnet i te  by we igh t  o f  
about 0.2%. 

The r e s u l t s  a r e  mis lead ing  i f  t h e  source i s  a  n e a r - v e r t i c a l  dyke o r  
i n t r u s i o n .  I n  such cases, t h e  c a l c u l a t e d  we igh t  pe rcen t  magnet i te  may 
be t o o  l i t t l e  by a  f a c t o r  o r  10  o r  more. 

The c a l c u l a t e d  apparent pe rcen t  magnet i te  da ta  were i n t e r p o l a t e d  on a  
square g r i d  (25m g r i d  c e l l  s i z e ) .  The g r i d  p rov ided  t he  b a s i s  f o r  
t h read ing  t h e  presented con tours .  The m i  nimum con tour  i n t e r v a l  i s  
0.1 %. 



7. INTERPRETATION 

7.1 General Comments 

The e x p l o r a t i o n  t a r g e t  i s d isseminated meta l  1 i c  sulphides. These may 
be assoc ia ted  w i t h  i n t r u s i o n s  which a r e  s t r o n g l y  magnetic and may 
appear i n  t he  aeromagnetic da ta  as c i r c u l a r  magnet ic highs. 

The su lph ides  a re  g e n e r a l l y  found i n  l ow  volume percen t  (5%).  Local 
concen t ra t i on  i n  v e i  n-1 i ke f e a t u r e s  i s poss ib l e .  Minera l  i z e d  areas 
may be weakly s i l i c i f i e d .  

The area geology i s  dominated by t h e  F r a n k l i n  group (greenstone, 
che r t y ,  q u a r t z i t e ,  a1 t e r e d  t u f f ) ,  t h e  K e t t l e  R i ve r  f o rma t i  on 
(conglomerate, a r k o s i c  g r i t ,  a c i d i c  t u f f )  and an unnamed group ( u n i t  1 
- g r a n o d i o r i t e ,  gne iss ) .  Older  mine work ings a r e  shown near Mount 
F r a n k l i n  and McKinley Creek. A l l  a r e  shown i n  t h e  F r a n k l i n  group. 
The immediate v i c i n i t y  o f  these work ings i s  cha rac te r i zed  by an 
absence o f  d i s t i n c t i v e  a i r b o r n e  geophys ica l  response. 

I n  t he  absence o f  a d i s t i n c t i v e  geophys ica l  s igna tu re ,  t a r g e t  areas 
may be se lec ted  based upon one o r  more f avou rab le  c h a r a c t e r i s t i c s  such 
as 

A. l o c a l ,  s t r ong  magnet ics (seen i n  t h e  countoured magnetic map o r  as 
nega t i ve  inphase anomalies i n  t h e  HEM o f f s e t  p r o f i l e s )  

B. EM bedrock conductors  which may be v e r y  weak and o f  s h o r t  s t r i k e  
1 ength. 

C. Local apparent r e s i s t i v i t y  anomaly. Resi s t i  v i  ty  v a l  ues may be o n l y  
s l i g h t l y  l e s s  than  background values. 

There i s  some reason t o  s e l e c t  t a r g e t  areas which a re  w i t h i n  t h e  
Frank1 i n Group. 

Some general  comments on i n t e r p r e t i n g  a i r b o r n e  geophysical  da ta  a r e  
g iven  i n  Appendix 1. 

Magnetics 

Magnetic axes have been ass igned t o  e longa ted  magnetic h ighs.  These 
axes appear on t h e  compi 1 a t i o n / i  n t e r p r e t a t i  on map. These axes a re  
used t o  g i v e  some i dea  o f  geo log i c  s t r i k e .  



Magnetic axes are  drawn w i t h o u t  reference t o  magnetic anomaly 
ampl i tude. Weak and s t rong magnetic h ighs are represented on the 
compi la t ion  map simply as magnetic axes. Magnetic anomal i e s  which are 
c i r c u l a r  o r  o f  s h o r t  s t r i k e  l e n g t h  are  n o t  we1 1 represented on the  
compi 1 a t i  on map. 

Magnetic zone boundaries which separate areas o f  d i f f e r e n t  magnetic 
character  a r e  shown on the  comp i la t i on  map. They are l a b e l l e d  Z1 t o  
24. Thei r  c h a r a c t e r i s t i c s  and poss ib le  geologic  c o r r e l a t i o n  are  as 
f o l  1  ows : 

Z1 : Areas o f  re1 a t i  ve ly  s t rong magnetic re1 i e f .  Anomaly ampl i t udes  - 
are 1000 t o  2000 nT above background. These are  the st rongest  
features on the  contoured aeromagnetic map. I n  the  cen t ra l  and 
western p a r t s  o f  the  survey area, these zones appear t o  be 
r e l a t e d  granod ior i te ,  g re i ss .  I n  the  area o f  Mount Frank l in ,  
t h i s  zone may be an expression o f  basal t i c  vo lcanics.  

22: Area o f  moderate r e l i e f  between two h igh  g rad ien t  zones (Z1 ). - 
The geology map shows 22 as be ing  rocks o f  the  F r a n k l i n  group. 

23: A d i s t i n c t i v e  zone o f  low magnetic r e l i e f .  A few small ( l e s s  - 
than 50nT) l o c a l  anomal i e s  are  ove rp r i n ted  on a smooth reg iona l  
gradient .  The reg iona l  g r a d i e n t  i s  probably due t o  sources a t  
l a r g e  depths. This zone o u t l i n e s  rocks o f  the  F r a n k l i n  Group. 

24: An area i n  the south-east p a r t  o f  t he  survey area w i t h  moderate - 
magnetic re1 i e f .  (Anomalies o f  up t o  200nT). 

The overwhelming s t r i k e  o f  magnetic anomalies i n  the  survey area i s  
north-east/south -west. A few weaker anomalies s t r i k i n g  
north-west/south-east i n t e r r u p t  t h i s  pa t te rn .  

The map o f  ca l cu la ted  weight  percent  magnet i te  shows a number o f  
anomalous areas. The more prominent areas have been t r a n s f e r r e d  t o  
the compil a t i o n  map. Such areas represent  anomalous near-surface 
concentrat ions o f  magneti te.  They may o r  may n o t  correspond t o  an 
anomaly i n  t he  t o t a l  magnetic f i e l d  contour  map. Deep seated magnetic 
sources w i l l  n o t  g ive  a negat ive  EM response. D i f f e r e n t  sensor-source 
geometries mean anomaly peaks (magnetic f i e 1  d and percent  magnet i te)  
may n o t  co inc ide.  The EM response may be the  most r e l i a b e  i n d i c a t o r  
o f  the l o c a t i o n  o f  1 ocal near-sur face concent ra t ions  o f  magnetite. 

I n  t h i s  q u a l i t a t i v e  use o f  t h e  aeromagnetic data, the  v e r t i c a l  
g rad ien t  r e s u l t s  have n o t  been used. The v e r t i c a l  g rad ien t  data and a 
more q u a n t i t a t i v e  ana lys i s  cou ld  f o l l o w  i n  areas o f  spec ia l  i n t e r e s t .  
The v e r t i c a l  g rad ien t  resu l  t s  a re  c a l c u l a t e d  from the  t o t a l  f i e l d  



data. Small e r r o r s  i n  p o s i t i o n  w i l l  produce m is l ead ing  p a t t e r n s  i n  
t he  contoured v e r t i c a l  g r a d i e n t  map. Such e r r o r s  a r e  expected i n  some 
p a r t s  o f  t he  survey area g i ven  t h e  methods used t o  e s t a b l i s h  the  
f l i g h t  path.  

The apparent  r e s i s t i v i t y  map i s  produced f rom t h e  4600 hz coax ia l  HER 
data.  EM response ampl i t u d e s  a r e  l ow  th roughout  most o f  t h e  survey 
area. The r e s u l t  i s  moderate t o  h i g h  background apparent 
r e s i s t i v i t i e s  (over  2500 ohm-m) . 
Anomalous apparent r e s i s t i v i t i e s  have been ass igned t o  va lues l e s s  
than 1000 0hm.m. Areas o f  1000 0hm.m o r  l e s s  a r e  shown on t h e  
comp i l a t i on  map. 

EM anomalies which a re  thought  t o  be t h e  response t o  bedrock 
conductors a re  p i cked  from t h e  analog reco rds  and o f f s e t  p r o f i l e  
maps. The s e l e c t i o n  c r i t e r i a  a r e  o u t l i n e d  below. As a general  
comment, EM anomalies p i cked  a re  weak and few i n  number. They a re  
found mos t l y  i n  t h e  eas te rn  p a r t  o f  t h e  survey area. 

Em Anomaly S e l e c t i o n  and Ana l ys i s  

The i d e n t i  f i c a t i o n  o f  poss i  b l  e bedrock coduc to rs  i s based on p i c k i  ng 
a1 1 promi s i n g  EM anomal i e s .  I dea l  anomaly c h a r a c t e r i s t i c s  are:  

- a de tec tab le  935 Hz inphase response 
- a c o i n c i d e n t  p o s i t i v e  peak i n  t h e  4600 Hz inphase channel 
- a c o i n c i d e n t  low i n  t h e  41 75 Hz inphase channel 

Special  ca re  i s  r e q u i r e d  over  magnet ic anomalies - t h e  quadrature 
channels may be t he  o n l y  i n d i c a t o r s  o f  a c o i n c i d e n t  conductors.  

The requi rement  o f  a 935 Hz inphaze response has been waved and more 
s t r e s s  has been p laced  on anomalies i n  t h e  4600 Hz inphase channel. 
Th is  i s  because weak conductors  which m i g h t  have no 935 Hz express ion 
may be o f  i n t e r e s t .  

Broad, low ampl i t u d e  EM anomalies which do n o t  appear as t he  response 
t o  near v e r t i c a l  conductors a r e  n o t  p icked.  Such responses a r e  b e s t  
represented on t h e  apparent  r e s i s t i v i t y  map. 

Having p i cked  an EM anomaly, t h e  4600 Hz inphase and quadrature 
anomaly ampl i tudes a r e  used t o  determine t h e  conductance and depth o f  
b u r i a l  o f  a v e r t i c a l  t h i n  sheet  conduc to r  model. These da ta  appear i n  
Appendix 11. 

The 4600 Hz inphase anomaly ampl i tude  and t h e  t h i n  sheet  conductance 
range as determined f rom the  4600 Hz response ampl i tudes a r e  shown 
w i t h  t he  p l o t t e d  anomaly symbols. Each anomaly i s  i d e n t i f i e d  by 
f l i g h t  1 i n e  number and conductor  l e t t e r .  



EM anomalies due t o  c u l t u r a l  sources a r e  so judged i f  t h e r e  i s  a 
c o i n c i d e n t  response i n  t h e  power 1 i n e  mon i t o r  (as seen on t h e  analog 
reco rds ) .  I f  present ,  they  a r e  shown on t h e  maps as open squares. 
Conductance range es t imates  and inphase response ampl i tudes a r e  n o t  
p l o t t e d  w i t h  t he  anomaly symbol. No c u l t u r a l  anomalies have been 
i d e n t i f i e d .  

The comp i l a t i on  map shows EM anomaly cen t res  w i t h  f l i g h t  1 i nes ,  survey 
area boundary and topographic  base map. The f o l l o w i n g  have been added 

- conductor axes 
- magnet ic axes 
- magnetic zone boundaries 
- areas o f  low apparent r e s i s t i v i t y  ( l e s s  than  1000 0hm.m) 
- areas of  measurable we igh t  pe rcen t  magnet i te  

The Magnetic zones have been l a b e l  l e d  Z1 t o  24. Comments on these 
zones a r e  g iven  above. 

F i v e  t a r g e t  areas have been s e l e c t e d  f o r  comment. They a r e  l a b e l l e d  
A1 t o  A5. The l a b e l 1  i n g  o r d e r  i s  geographic.  These t a r g e t  areas a r e  
discussed be1 ow. 

7.4 Discuss ion 

F i v e  t a r g e t s  o r  t a r g e t  areas have been s e l e c t e d  f o r  f u r t h e r  
d iscuss ion .  They a r e  l a b e l l e d  A1 t o  A5 on t he  
compi 1 a t i o n / i  n t e r p r e t a t i o n  map. 

A1: L i ne  10530, F i d  9:41:45 - 
This  i s  a one 1 i n e  EM anomaly some 250111 e a s t  o f  F rank l  i n  Creek a t  
t he  no r the rn  edge o f  t he  survey area. The anomaly i s  more 
d e f i n i t e  than most o t h e r s  i n  t h e  survey. The conductance 
es t ima te  i s  low ( l e s s  than  1 mho). 

The anomaly i s  i n  a low r e s i s t i v i t y  area. There i s  no c o i n c i d e n t  
magnet ic anomaly. 

The magnetic zoning suggests t h i s  t a r g e t  may n o t  be i n  t h e  
F r a n k l i n  group. The geology suggests t h a t  i t  i s .  

The p r o x i m i t y  t o  F rank l  i n  Creek should h e l p  t o  l o c a t e  t h i s  smal l  
t a r g e t .  



A2: A number o f  apparent bedrock conductors near the summit o f  Mount - 
Frankl i n .  Conductors have co inc iden t  negat ive i nphase i n d i c a t i n g  
near-surface magnetite. The conductance est imates o f  l e s s  than 1 
mho are  too low. The area i s  one o f  a s t rong magnetic anomaly 
(500 nT). 

The magnetic zoning suggests t h i s  t a r g e t  i s  n o t  w i t h i n  the  
Frankl i n  group. 

A3: L ine 10330, F i d  11:46:10 - 
This i s  the  most a t t r a c t i v e  EM anomaly i n  the survey area. 
Although conductance est imates a re  low ( l ess  than 1 mho), the  
response shapes i n  41 75 and 4600 Hz. A1 though shown as two 
separate conductors, the  EM response i s  t y p i c a l  o f  a lOOm wide 
f l  a t - l y i  ng, near sur face conductor. 

The t a r g e t  i s  some 400 metres west o f  F r a n k l i n  Creek and on the  
edge o f  a broad zone o f  low r e s i s t i v i t i e s  (which may be due i n  
p a r t  t o  stream sediments ) . 
The t a r g e t  has no co inc iden t  magnetic response ( i t  i s  near a mag 
low). It i s  we1 1 w i t h i n  the  Frankl i n  group and some 500 meters 
n o r t h  o f  o l d e r  a d i t s .  

A4: L ine 10260, F i d  11:19:11 - 
This i s  a prominent negat ive EM response near B l u e j o i n t  Creek i n  
the  western p a r t  o f  the survey area. It i s  a t  t he  no r the rn  end 
of a narrow zone a t  low apparent r e s i s t i v i t i e s .  I n  combination, 
the t a r g e t  can be considered t o  be  1 km l o n g  nor thsouth s t r i k i n g  
geophysical anomaly which i s  over  o r  near B l u e j o i n t  Creek. The 
whole t a r g e t  i s  a l so  expressed as a prominent magnetic low (some 
300 nT below background) 

The st rong i n d i c a t i o n  o f  magnet i te  w i t h  no t o t a l  f i e l d  mag 
anomaly i s  i n t r i g u i n g .  The low r e s i s t i v i t y  zone i n  o the r  
circumstances might  be expla ined by stream sediments. The EM 
responses however are most ly  inphase - conduct ive overburden i s  
normal ly  seen as quadrature anomalies. Any i n fe rence  about 
bedrock conductors i s  unce r ta in  g iven the  weak EM responses. 

A5: This i s  an area south o f  Frankl i n  Creek o f  negat ive inphase - 
responses, a number o f  weak EM conductors and moderate magnetic 
anomalies (250 nT), The t a r g e t  area i s  i n t e r p r e t e d  t o  be ou ts ide  
the  Frankl i n  group. 

EM responses are  l e s s  d e f i n i t e  than those described i n  t a r g e t s  A1 
and A3. A t ten t i on  might  focus on the  negat ive inphase response 
a t  l i n e  10210, F i d  10:58:20. 



Based p r i n c i p a l l y  on t he  a i r b o r n e  geophysical  data, t h e  f i v e  t a r g e t  
areas may be ranked as f i r s t  p r i o r i t y  ( A l ,  A2, A 3 )  and second p r i o r i t y  
(A4) and ( ~ 5 ) .  

8. CONCLUSIONS 

High r e s o l  u t i o n  he1 i cop te rborne  geophysical  surveys have been completed 
ove r  an area near  Grand Forks, B.C. To ta l  coverage i s  about  250 l i n e  
k i l o m e t r e s  ( p l u s  t h ree  ( 3 )  t i e  l i n e s ) .  Resu l ts  a re  presented on b lack  
1 i n e  maps a t  a sca le  o f  1 :10,000. Map types i n c l u d e  EM anomaly cen t res ,  
apparent  r e s i s t i v i t y ,  contoured magnet ic f i e l d ,  contoured v e r t i c a l  
magnet ic g rad ien t ,  and contoured VLF t o t a l  f i e 1  d. 

P r e f e r r e d  geophysical  c h a r a c t e r i s t i c s  have been b u i  1 t up from a model 
geo log i ca l  t a r g e t .  These c h a r a c t e r i s t i c s  have been e x t r a c t e d  f rom va r i ous  
map p roduc ts  and t r a n s f e r r e d  t o  a compilation/interpretation map. 
Favourable areas a re  discussed w i t h  r e fe rence  t o  t h i s  c o m p i l a t i o n  map. 

Respet fu l  l y  submi t ted,  

I an  Johnson, Ph.D., P.Eng. 
Consul ti ng Geophysi c i  s t  

f o r  
AERODAT LIMITED 
February 7, 1991 



APPENDIX I 
GENERAL INTERPRETIVE CONSIDERATIONS 

Electromagnetic 

The Aerodat four frequency system utilizes two different transmitter-receiver coil geometries. 
The traditional coaxial coil configuration is operated at two widely separated frequencies. The 
horizontal coplanar coil configuration is similarly operated at two different frequencies where one 
pair is approximately aligned with one of the coaxial frequencies. 

The electromagnetic response measured by the helicopter system is a function of the "electrical" 
and "geometrical" properties of the conductor. The "electrical" property of a conductor is 
determined largely by its electrical conductivity, magnetic susceptibility and its size and shape; 
the "geometrical" property of the response is largely a function of the conductor's shape and 
orientation with respect to the measuring transmitter and receiver. 

Electrical Considerations . 

For a given conductive body the measure of its conductivity or conductance is closely related to 
... the measured phase shift between the received a n d  transmitted electromagnetic field A small 

i' I --. phase shift indicates a relatively high conductance, a large phase shift lower conductance. A 
: : 

M small phase shZt results in a large inphase to quadrature ratio and a large phase shift a low ratio. 
This relationship is shown quantitatively for nonmagnetic vertical half-plane and, half-space 
models on the accompanying phasor diagrams. Other physical models will show the same trend 
but different quantitative relationships. 

The phasor diagram for the vertical half-plane model, as presented, is for the coaxial coil 
configuration with the amplitudes in parts per million (ppm) of the primary field as measured at 
the response peak over the conductor. To assist the interpretation of the survey results the 
computer is used to identify the apparent conductance and depth of selected anomalies. The 
results of this calculation are presented in anomaly listings included in the survey report and the 
conductance and inphase amplitude are presented in symbolized form on the map presentation. 

The conductance and depth values as presented are correct only as far as the model approximates 
the real geological situation. The actual geological source may be of limited length, have 
significant dip; may be strongly magnetic, its conductivity and thickness may vary with depth 
andfor s e e  and adjacent bodies and overburden may have modified the response. In general 
the conductance estimate is less affected by these limitations than is the depth estimate, but both 
should be considered as relative rather than absolute guides to the anomaly's properties. 

Conductance in mhos is the reciprocal of resistance in ohms and in the case of narrow slab-like 
bodies is the product of electrical conductivity and thichess. 

P 

Most overburden will have an indicated conductance of less than 2 mhos; however, more 
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conductive clays may have an apparent conductance of say 2 to 4 mhos. Also in the low 
conductance range will be electrolytic conductors in faults and shears. 

The higher ranges of conductance, greater than 4 mhos, indicate that a sigmficant fraction of the 
electrical conduction is electronic rather than electrolytic in nature. Materials that conduct 
electronically are limited to certain metallic sulphides and to graphite. High conductance 
anomalies, roughly 10 mhos or greater, are generally limited to sulphide or graphite bearing 
rocks. 

Sulphide minerals, with the exception of such ore minerals as sphalerite, cinnabar and stibnite, 
are good conductors; sulphides may occur in a disseminated manner that inhibits elecmcal 
conduction through the rock mass. In this case the apparent conductance can seriously underrate 
the quality of the conductor in geological terms. In a similar sense the relatively non-conducting 
sulphide minerals noted above may be present in significant consideration in association with 
minor conductive sulphides, and the electromagnetic response only =late to the minor associated 
mineralization. Indicated conductace is also of little direct significance for the identification of 
gold mineralization. Although gold is highly conductive, it would not be expected to exist in 
sufficient quantity to create a recognizable anomaly, but minor accessory sulphide mineralization 
could provide a useful indirect indication. 

. . In summary, the estimated conductance of a conductor can provide a relatively positive 
identification of significant sulphide or graphite mineralization; however, a moderate to low 
conductance value does not rule out the possibility of significant economic mineralization. 

Geometrical Considerations 

Geometrical information about the geologic conductor can often be interpreted from the profile 
shape of the anomaly. The change in shape is primarily related to the change in inductive 
coupling among the transmitter, the target, and the receiver; The accompanying figure shows a 
selection of HEM response profile shapes from nine idealized targets. Response profiles are 
labelled A through I. These labels are used in the discussion which follows. 

In the case of a thin, steeply dipping, sheet-like conductor, the coaxial coil pair will yield a near 
symmetric peak over the conductor. On the other hand, the coplanar coil pair will pass through 
a null couple relationship and yield a minimum over the conductor, flanked by positive side 
lobes.(Profde A) As the dip of the conductor decrease from vertical, the coaxial anomaly shape 
changes only slightly, but in the case of the coplanar coil pair the side lobe on the down dip side 
strengthens relative to that on the up dip side.(Profiles B and C). 

As the thickness of the conductor increases, induced current flow across the thichess of the 
conductor becomes relatively significant and complete null coupling with the coplanar coils is 
no longer possible.(Profde D) As a result, the apparent minimum of the coplanar response over 
the conductor diminishes with increasing thichess, and in the limiting case of a N l y  3 



HEM RESPONSE PROFILE SHAPE AS AN 
INDICATOR OF CONDUCTOR GEOMETRY 

COAXIAL vertical scale i ppm/unit --- COPLANAR vertical. scale 4pprn/unit 
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dimensional body or a horizontal layer or half-space, the minimum disappears completely. 

A horizontal conducting layer such as overburden will produce a response in the coaxial and 
coplanar coils that is a function of altitude (and conductivity if not uniform). The profde shape 
will be similar in both coil configurations with an amplitude ratio (coplanarcoaxial) of about 
4:l*.(Profiles E and G). 

In the case of a spherical conductor, the induced currents are confined to the volume of the 
sphere, but not relatively resmcted to any arbitrary plane as in the case of a sheet-like form. The 
response of the coplanar coil pair directly over the sphere may be up to 8* times greater than that 
of the coaxial pair.(Profile F) 

In summary, a steeply. dipping, sheet-like conductor will display a decrease in the coplanar 
response coincident with the peak of the coaxial response. The relative st~ength of this coplanar 
null is related inversely to the thickness of the conductor; a pronounced nullindicates a relatively 
thin conductor. The dip of such a conductor can be inferred from the relative amplitudes of the 
side-lobes. 

Massive conductors that could be approximated by a conducting sphere will display a simple 
. single peak profile form on both coaxial and coplanar coils, with a ratio between the coplanar 

to coaxial response amplitudes as high as 8*. 
-. - 
' . 

Overburden anomalies often produce broad poorly defined anomaly profiles.(Profile I) In most 
cases, the response of h e  coplanar coils closely follows that of the coaxial coils with a relative 
amplitude ratio of 4*. 

Occasionally, if the edge of an overburden zone is sharply defined with some significant depth 
extent, an edge effect will occur in the coaxial coils. In the case of a horizontal conductive ring 
or ribbon, the coaxial response will consist of two peaks, one over each edge; whereas the 
coplanar coil will yield a single peak.(Profile H) 

* It should be noted at this point that Aerodat's definition of the measured ppm unit is related 
to the primary field sensed in the receiving coil without normalization to the maximum coupled 
(coaxial configuration). If such normalization were applied to the Aerodat units, the amplitude 
of the coplanar coil pair would be halved. 

Magnetics 

The Total Field Magnetic Map shows contours of the total magnetic field, uncorrected for 
regional variation. Whether an EM anomaly with a magnetic correlation is more likely to be 
caused by a sulphide deposit than one without depends on the type of mineralization. An 
apparent coincidence between an EM and a magnetic anomaly may be caused by a conductor 
which is also magnetic, or by a conductor which lies in close proximity to a magnetic body. The 



majority of conductors which are also magnetic are sulphides containing pyrrhotite and/or 
magnetite. Conductive and magnetic bodies in close association can be, and often are, graphite 
and magnetite. It is often very difficult to bstinguish behveen these cases. If the conductor is 
also magnetic, it will usually produce an EM anomaly whose general pattern resembles that of 
the magnetics. Depending on the magnetic permeability of the conducting body, the amplitude 
of the inphase EM anomaly will be weakened, and if the conductivity is also weak, the inphase 
EM anomaly may even be reversed in sign. 

VLF Electroma~netics 

The VLF-EM method employs the radiation from powerful military radio transmitters as the 
primary signals. The magnetic field associated with the primary field is elliptically polarized in 
the vicinity of electrical conductors. The H e n  Totem uses three coils in the X, Y, Z 
configuration to measure the total field and vertical quadrature component of the polarization 
ellipse. 

The relatively high frequency of VLF (15-25) kHz provides high response factors for bodies of 
low conductance. Relatively "disconnected" sulphide ores have been found to produce 
measurable VLF signals. For the same reason, poor conductors such as sheared contacts, breccia 
zones, narrow faults, alteration zones and porous flow tops normally produce VLF anomalies. 
The method can therefore be used effectively for geological mapping. The only relative 
disadvantage of the method lies in its sensitivity to conductive overburden. In conductive ground 
the depth of exploration is severely limited. 

The effect of strike direction is important in the sense of the relation of the conductor axis 
relative to the energizing electromagnetic field. A conductor aligned along a radius drawn from 
a transmitting station will be in a maximum coupled orientation and thereby produce a stronger 
response than a similar conductor at a different strike angle. Theoretically, it would be possible 
for a conductor, oriented tangentially to the transmitter to produce no signal. The most obvious 
effect of the strike angle consideration is that conductors favourably oriented with respect to the 
transmitter location and also near perpendicular to the flight direction are most clearly rendered 
and usually dominate the map presentation. 

The total field response is an indicator of the existence and position of a conductivity anomaly. 
The response will be a maximum over the conductor, without any special filtering, and strongly 
favour the upper edge of the conductor even in the case of a relatively shallow dip. 

The vertical quadrature component over steeply dipping sheet-like conductor will be a cross-over 
type response with the cross-over closely associated with the upper edge of rhc conductor. 

The response is a cross-over type due to the fact that it is the vertical rather than total field 
quadrature component that is measured. The response shape is due largely to geomemcal rather 



than conductivity considerations and the distance benveen the maximum and minimum on either 
side of the cross-over is related to target depth. For a given target geometry, the larger this 
distance the greater the depth. 

The amplitude of the quadrature response, as opposed to shape is a function of target conductance 
and depth as well as the conductivity of the overburden and host rock. As the primary field 
navels down to the conductor through conductive material it is both attenuated and phase shifted 
in a negative sense. The secondary field produced by this altered field at the target also has an 
associated phase shift. This phase shift is positive and is larger for relatively poor conductors. 
This secondary field is attenuated and phase shifted in a negative sense during return travel to 
the surface. The net effect of these 3 phase shifts determine the phase of the secondary field 
sensed at the receiver. 

A relatively poor conductor in resistive ground will yield a net positive phase shift. A relatively 
good conductor in more conductive ground will yield a net negative phase shift. A combination 
is possible whereby the net phase shift is zero and the response is purely in-phase with no 
quadrature component. 

A net positive phase shift combined with the geometrical cross-over shape will lead to a positive 
quadrature response on the side of approach and a negative on the side of departure. A net 
negative phase shift would produce the reverse. A further sign reversal occurs with a 180 degree 
change in instrument orientation as occurs on reciprocal line headings. During digital processing 
of the quadrature data for map presentation this is corrected for by normalizing the sign to one 
of the flight line headings. 
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AMPLITUDE (PPM) 
CONDUCTOR BIRD 
CTP DEPTH HEIGHT 

FLIGHT ------ 

13 

13 

13 
13 

14 
14 
14 
14 

14 

14 
14 
14 
14 

14 
14 

14 
14 

14 

14 

14 
14 

14 
14 

14 
14 
14 
14 

14 
14 

14 

INPHASE ------- 
3.7 

2.7 

2.6 
2.6 

3.3 
-0.3 
-0.9 
0.4 

1.5 

1.3 
1.8 
0.7 
2.1 

2.2 
1.1 

1.1 
0.4 

1.8 

1.6 

2.3 
3 :4 

4.7 
5.3 

1.1 
3.6 
5.6 
5.1 

1.7 
1.7 

3.2 

QUAD. ----- 

6.6 

7.7 

8.9 
8.4 

8.1 
12.0 
14.5 
11.1 

8.5 

7.9 
10.2 
11.8 
6.4 

8.0 
5.9 

8.4 
9.2 

6.6 

6.7 

7.7 
5.3 

8.4 
8.7 

9.9 
19.0 
16.8 
9.1 

3.6 
9.9 

8.6 

MHOS ---- 

0.2 

0.1 

0.0 
0.0 

0.1 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 

0 .o 

0.0 
0.3 

0.3 
0.3 

0.0 
0.0 
0.1 
0.3 

0.1 
0.0 

0.1 

MTRS ---- 

0 

0 

0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

1 
3 

0 
0 

4 

2 

0 
7 

0 
3 

0 
0 
0 
0 

4 
5 

0 

Estimated depth may be u n r e l i a b l e  because t h e  s t ronger  p a r t  
of t h e  conductor may be deeper o r  t o  one s i d e  of t h e  f l i g h t  
l i n e ,  o r  because of a shallow d i p  o r  overburden e f f e c t s .  
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FLIGHT ------ 

14 

15 
15 

15 

15 
15 

10 
10 

10 

10 
10 

10 
10 

10 

10 
10 

10 

10 

10 

AMPLITUDE (PPM) 
INPHASE ------- 

4.6 

1.7 
2.1 

2.0 

1.8 
1.9 

1.8 
0.0 

1.6 

-15.6 
-7.6 

-0 -2 
0.8 

-12.5 

-10.5 
1.3 

12.4 

2.6 

1.1 

QUAD. ----- 

10.4 

15.4 
5.5 

5.3 

9.0 
11.1 

6.6 
8.1 

8.6 

18.0 
20.1 

7.5 
8.4 

11.5 

12.7 
8.2 

18 - 5  

6.8 

11.1 

CONDUCTOR BIRD 

MHOS ---- 

0.2 

0.0 
0.1 

0.1 

0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

0.6 

0.1 

0.0 

MTRS ---- 

0 

0 
0 

0 

0 
0 

0 
0 

0 

0 
0 

0 
0 

0 

0 
0 

0 

3 

0 

CTP DEPTH HEIGHT 
MTRS ---- 

4 8 

3 4 
5 6 

5 9 

4 6 
4 9 

4 9 
5 3 

42 

2 8 
27 

43 
5 7 

2 6 

2 4 
5 6 

5 2 

4 6 

,39 

Estimated depth may be u n r e l i a b l e  because t h e  s t ronger  p a r t  
of t h e  conductor may be deeper o r  t o  one s i d e  of t h e  f l i g h t  
l i n e ,  o r  because of a shallow dip o r  overburden e f f e c t s .  
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CONDUCTOR BIRD 
AMPLITUDE (PPM) CTP DEPTH HEIGHT 

FLIGHT L I N E  ANOMALY CATEGORY INPHASE QUAD. MHOS MTRS MTRS ------ ---- ------- -------- ------- ----- ---- ---- ---- 

Estimated depth may be u n r e l i a b l e  because t h e  s t r o n g e r  p a r t  
of t h e  conductor may be deeper o r  t o  one s i d e  of t h e  f l i g h t  
l i n e ,  o r  because of a  shallow d i p  o r  overburden e f f e c t s .  
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CONDUCTOR BIRD 
AMPLITUDE (PPM) CTP DEPTH HEIGHT 

FLIGHT L I N E  ANOMALY CATEGORY INPHASE QUAD. MHOS MTRS MTRS ------ ---- ------- -------- ------- ----- ---- ---- ---- 

Estimated depth may be unreliable because the stronger part 
of the  conductor may be deeper o r  t o  one s i d e  of t h e  f l i g h t  
l i n e ,  o r  because of a shallow d i p  o r  overburden e f f e c t s .  
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AMPLITUDE (PPM) 
CONDUCTOR BIRD 
CTP DEPTH HEIGHT 

FLIGHT ------ 

2 

2 
2 

2 
2 

2 
2 
2 

2 
2 

2 

2 
2 
2 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

INPHASE ------- 

0.2 

2.6 
-1.1 

2.6 
4.0 

3.5 
4.5 

-0.8 

-1.7 
2.0 

2.1 

2.3 
0.0 
5.5 

0.9 
6.2 
5.3 
1.5 
1.7 
1.2 

1.1 
-1.0 
-0.6 
1.6 

2.6 
1.0 
0.0 
3.5 
1.3 
0.8 
2.0 
4.2 

6.2 
5.0 
2.9 

QUAD. ----- 

13.0 

13.6 
10.3 

12.4 
13.4 

9.5 
9.5 

13.3 

9.6 
17.6 

12.0 

14.5 
13.1 
16.8 

21.5 
22.6 
16.8 
12.0 
11.0 
11.3 

16.8 
7.9 
7.6 
10.8 

10.9 
8.5 
8.0 

12.1 
9.0 
6.1 
9.6 

13.9 

13.1 
15.9 
13.5 

MHOS ---- 

0.0 

0.0 
0 -0 

0.0 
0.1 

0.1 
0.2 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.1 

0.0 
0.1 
0.1 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.1 

0 - 2  
0.1 
0.0 

MTRS ---- 

0 

0 
0 

0 
0 

0 
0 
0 

0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

MTRS ---- 

4 2 

4 4 
4 4 

52 
47 

4 8 
53 
42 

5 2 
5 0 

5 4 

5 1 
5 6 
4 8 

4 1 
4 1 
4 5 
5 1 
4 8 
62 

5 0 
4 8 
5 9 
6 1 

5 1 
47 
37 
45 
4 5 
50 
6 1 
52 

4 9 
5 1 
5 4 

Estimated depth may be u n r e l i a b l e  because t h e  s t ronger  p a r t  
of t h e  conductor may be deeper o r  t o  one s i d e  of t h e  f l i g h t  
l i n e ,  o r  because of a shallow d i p  o r  overburden e f f e c t s .  
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FLIGHT ------ 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

2 

1 
1 
1 

1 
1 

1 
1 

59089 

AMPLITUDE (PPM) 
QUAD. ----- 

9.0 
8.9 

10.5 
6.2 
5.7 

12.2 
10.0 
10.2 
16.3 
16.1 
17.7 

7.7 
26.0 
16.5 
15.9 
10.1 
10.5 

25.4 

5.0 
8.6 

10.1 

13.6 
14.6 

9.5 
7.7 

CONDUCTOR BIRD 
CTP DEPTH HEIGHT 

MHOS ---- 

0.0 
0.0 
0.0 
0.0 
0.0 

0.1 
0 .o 
0.0 
0.0 
0.1 
0.1 

0.2 
0.1 
0.1 
0.0 
0.0 
0.0 

0.2 

0.5 
0.5 
0.3 

0.7 
0.6 

1.0 
0.4 

MTRS ---- 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

17 
0 
8 

6 
5 

15 
14 

MTRS ---- 

4 7 
4 4 
5 1 
4 9 
67 

3 9 
4 3 
4 6 
5 1 
52 
5 1 

8 1 
3 5 
53 
5 3 
4 9 
43 

32 

4 8 
5 5 
3 8 

4 0 
3 8 

3 9 
4 1 

Estimated depth may be u n r e l i a b l e  because t h e  s t ronger  p a r t  
of t h e  conductor may be deeper o r  t o  one s i d e  of t h e  f l i g h t  
l i n e ,  o r  because of a shallow d i p  o r  overburden e f f e c t s .  
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