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SUMMARY 

A T u r a i r  e lec t romagnet ic  and a i r b o r n e  magnet ic  s u r v e y  w a s  c a r r i e d  

out ove r  a block in  the Leduc a r e a  of B r i t i s h  Columbia.  

The known Granduc  minera l iza t ion  toge ther  with the Granduc  Faul t  

immedia te ly  to  the w e s t  of the orebodies  revea led  itself in  a complex  d is tor t ior  

pa t te rn .  

approximate ly  10  mhos .  A long, l i nea r  magnet ic  high coincides  with the 

e a s t e r n  p a r t  of the conductor ,  ref lect ing a concentrat ion of magnet i te  i n  the 

known minera l iza t ion .  

net ic  high which is a s soc ia t ed  with the long t r a i l  of the plase r e s p o n s e s  and 

might  re f lec t  m i n o r  sulphides  connected with a magnet i te  band i n  the sed i -  

men t s .  

The conductivity-thickness of this  banded zone is e s t i m a t e d  to  be 

To the wes t  of this  zone o c c u r s  another  p a r a l l e l  mag-  

The e l ec t romagne t i c  d i s tor t ions  obtained ove r  the ice field t o  the 

nor th  of the m a i n  conductor zone are m o s t  l ikely r e l a t ed  to  the Granduc  Faul t  

zone. No appreciable magnet ic  coincidence o c c u r s  with the l a t t e r  d i s to r t ions ,  

and i t  is the re fo re  a s s u m e d  that  this  conduction is r e l a t ed  to  the shear zone 

r a t h e r  than to  sulphide minera l iza t ion .  
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R E P O R T  ON A 
TURAIR ELECTROMAGNETIC AND 
AIRBORNE MAGNETIC SURVEY, 

LEDUC MOUNTAIN AREA 
BRITISH COLUMBIA 

ON B E H A L F  O F  
GRANDUC OPERATING COMPANY 

INTRODUCTION 

On Ju ly  1 8 , 1 9 , 2 4  and 25 ,  1971,  a T u r a i r  e l ec t romagne t i c  and 

a i rbo rne  magnet ic  s u r v e y  was  executed  on behalf of Granduc  Opera t ing  

Company in  the Leduc Mountain area,  n e a r  S tewar t ,  B r i t i s h  Columbia ,  

covering approximate ly  four  s q u a r e  miles. 

cluded e l ec t romagne t i c  and magnet ic  m e a s u r e m e n t s .  

The a i rbo rne  s u r v e y s  in- 

The f o r m e r  em- 

ployed a Sc in t r ex  TAR- 1 T u r a i r  e l ec t romagne t i c  unit m e a s u r i n g  the 

ampli tude (70) and phase  (O) of a s t a t iona ry  400 c .p .  s .  e l ec t romagne t i c  

field;  and the l a t t e r  employed a Sc in t r ex  MAP-2 nuclear  r e sonance ,  

total  intensi ty  magne tomete r  wi th  a basic sensi t ivi ty  of 2 1 g a m m a .  

Appendix ICt a t tached gives  full de ta i l s  of the a i r b o r n e  geo- 

physical  equipment  and the anc i l l a ry  equipment  employed ,  as wel l  as 

the s u r v e y  techniques and the t r e a t m e n t  of the d a t a  resu l t ing  f r o m  this 

su rvey .  

Hel icopters ,  w a s  employed  as the basic t r a n s p o r t  vehicle both to  l a y  the 

T u r a i r  'Iloop" and to  execute  the su rvey .  

A Be l l  206A - J e t  Ranger  he l icopter ,  on c h a r t e r  f r o m  Okanagan 

The flight l ines  w e r e  flown a t  a nominal  l ine in t e rva l  of 1 /8 

mile. Flight navigation and flight pa th  r e c o v e r y  have been  based  upon 

an  en larged  aerial photo of the area on the scale of 1 inch  = 1000 feet ,  



The magne tomete r  s e n s o r  and the T u r a i r  ' b i rd '  w e r e  flown 

sepa ra t e ly ;  the f o r m e r  50 fee t  and the l a t t e r  100 feet  below the he l i cop te r ,  

The T u r a i r  "loop" was  deployed by he l icopter  on the g l a c i e r s  sur rounding  

Leduc Mountain. 

The  total  magnet ic  field in  the area m e a s u r e s  approximate ly  

58,000 g a m m a s .  

74 d e g r e e s  and the decl inat ion is 2 3  d e g r e e s  e a s t  of geographica l  nor th .  

The inclination of the total  magnet ic  field i s  approximate ly  

The purpose  of the e l ec t romagne t i c  s u r v e y  was t o  loca te  sulphide 

mine ra l i za t ion  of the type occuring in  the area (which genera l ly  f o r m  bodies  

of m e d i u m  to  good e l e c t r i c  conductivity);  e .  g. Granduc  A,  B ,  C and F o re -  

bodies .  

of feet  of g l ac i e r - i ce .  

T h e s e  conductors  m a y  be expected to be covered  with up to  hundreds  

The s imul taneous  magne tomete r  s u r v e y  was  used p r i m a r i l y  to  

de t e rmine  co r re l a t ion ,  if any ,  between the magnet ic  field and conductor  

s y s  t e m s  . 

PRESENTATION O F  DATA 

The r e s u l t s  of the geophysical  s u r v e y s  are p resen ted  on P l a t e s  2 

and 3 ,  on the scale of 1 inch  = 500 fee t .  

f ea tu re s  are shown on the p la tes .  

r e s u l t s .  

the magnet ic  con tour s ,  d rawn  at  an in t e rva l  of 100 g a m m a s  o r  less accord ing  

Fl ight  l ines  and s o m e  topographic  

P la t e  2 shows the T u r a i r  e l ec t romagne t i c  

P la t e  3 shows The conductors  are coded as shown i n  appendix IC ' .  

t o  magnet ic  relief. 

The or ig ina l  geophysical  da t a  w e r e  r e c o r d e d  on two dual  t r a c e  



Moseley  7100B r e c o r d e r s .  The e l ec t romagne t i c  ampli tude r a t i o  and phase 

d i f fe rence  are on one c h a r t  and magne tomete r  and a l t i m e t e r  r e c o r d s  on the 

second c h a r t .  

m a r k  w e r e  r eco rded  on e a c h  c h a r t  to  enable  c o r r e l a t i o n  of all the da t a  and 

to  locate  geophysical  f ea tu re s  on the ground.  The or ig ina l  t r a c e s  w e r e  re- 

Fiducial  m a r k s  r ep resen t ing  a navigational photograph p e r  

co rded  on the following scales : 

T u r a i r  

Magnetometer  

i n c h  = 1 . 0 %  - ampli tude r a t i o  
inch  = 0.3' - phase d i f fe rence  

inch = 100 g a m m a s  

Al t ime te r  A s  shown on the ca l ibra t ion  
included with the or ig ina l  d a t a  

Detai led information on a small area near  the Granduc mine s i t e  

i s  p re sen ted  in f igures  1 - 4 on a scale of l ' ' a . 1 0 0 0 ' .  

Flight path r e c o v e r y  was  executed with g r e a t  care in  this  a r e a  in  

order t o  r emove  the effect  of the significantly vary ing  groundspeed of the 

he l icopter .  

F igu re  1 shows the flight l ines  with f iducials  of l i nes  3-11 inclusive 

in the vicini ty  of the Granduc  mine  s i t e .  

F igu re  2 shows a geological  ske t ch  taken  f r o m  C. I. M. M ,  s p e c i a l  

volume #8, 1966, pp. 306. 

F igu re  3 shows the magnet ic  contour  plan of this  area which due to  

the ref ined flight path r e c o v e r y  d i f fe rs  s l ight ly  f r o m  the contours  in th i s  area 

shown on f igure 3. 

F igu re  4 shows the e l ec t romagne t i c  r e s u l t s  ove r  these  l i nes ,  and 

f igu res  5 and 6 are copies  of s ec t ions  of the ( repos i t ioned)  or ig ina l  t r a c e s  of 

f l i nes  6 W  and 8 W .  



GEOLOGY 

The s u r v e y  area ove r l i e s  a port ion of the Coas t  Mountain Sys t em and 

l i e s  approximate ly  one mi le  e a s t  of a l a r g e  mass of Coas t  Range granodior i te .  

The  rocks  of the s u r v e y  area are of J u r a s s i c  through Lower Cre t aceous  age 

and cons i s t  of volcanic  and sed imen ta ry  r o c k s  ( s e e  f igure  2). 

elevat ion areas in the sou the rn  and e a s t e r n  por t ion  of the s u r v e y  a r e a  a r e  

underlain p r i m a r i l y  by b a s i c  volcanic  rocks  (porphyr i t ic  andes i t e s  and am- 

phibol i tes ,  e t c , ) .  while the lower elevat ion areas t o  the wes t  and no r th  a r e  

p r i m a r i l y  me tased imen t s  (g reywackes ,  a rg i l l i t e s ,  l i m e s t o n e s ,  s c h i s t s ,  e t c .  1 .  

The  h igher  

Bas i c  in t rus ive  bodies  of the Coas t  s e r i e s  have in t ruded  the s e d i m e n t a r y  rocks.  

Seve ra l  bodies  of copper  mine ra l i za t ion  (Granduc  A ,  B ,  C and F o r e -  

bodies)  are known and are located in the southwest  port ion of the s u r v e y  area. 

These  NNE s t r ik ing  bodies  cons i s t  of s teeply  w e s t e r l y  dipping zones of 

cha lcopyr i te ,  py r rho t i t e ,  pyr i te  and magnet i te .  Approximately 32 mi l l ion  tons 

of o r e  grad ing  1 . 9 3  pe rcen t  copper  is e s t ima ted .  

. This  mine ra l i za t ion  lies on the e a s t e r n  s i d e  of the Granduc  Faul t  

Zone and i t s  emplacemen t  i s  probably control led by this  zone,  This fault zone 

has been mapped a c r o s s  the width of the s u r v e y  area. F o r  f u r t h e r  de ta i l s  see 

I '  Relat ion of O r e  t o  Fold P a t t e r n s  a t  Granduc ,  B r i t i s h  Columbia", by G .  W .  H. 

Norman  and J, McCue,  C . I .M.M.  s p e c i a l  volume 8 ,  1966, pp. 305-314, 

DISCUSSION O F  RESULTS 

The p r e s e n t  T u r a i r  e l ec t romagne t i c  s u r v e y  r e su l t ed  i n  the location 

of one banded and ex tens ive  anomalous  zone coinciding with the known 



minera l iza t ion  and the Granduc  Faul t .  

A s  i t  tu rned  out ,  one s ide  of the ene rg i s ing  loop was  located re la t ive  

c lose  to the sou the rn  edge of the known mine ra l i za t ion ,  and as a r e s u l t  the 

p r i m a r y  field a t  this point w a s  too s t rong  t o  de tec t  the secondary  f ie lds  of the 

sou the rn  e x t r e m i t i e s  of the A and B o r e  bodies .  

Spacing between l ines  4, 5 and 6 was a lmos t  1000 fee t  and the A 

and C bodies  w e r e  not t r a v e r s e d .  

On l ines  6 W ,  7 W ,  and 8 W ,  a c r o s s - o v e r  type phase d i s to r t ion  with 

a peak-peak ampli tude of up to  . 3 O  and a s ingle  peaked r a t i o  d i s to r t ion  which 

peaks  a t  the c r o s s - o v e r  point of the phase  cu rve  c o r r e l a t e s  with the up t o  

500 feet  wide zone embrac ing  both the Granduc  Faul t  ( a rg i l l i t e  f i l l ing in  the 

wes t )  and the s t r i n g s  of o rebodies  t o  the e a s t  ( f igures  5 and 6 are r e p r e -  

sentat ive s a m p l e s  of r e s p o n s e s  obtained over  th i s  a r e a ) ,  

W e  have found th is  complex  anomaly  pa t t e rn ,  consis t ing of a 

posi t ive and negative phase peak and a posi t ive r a t i o  peak between the two 

phase peaks ,  t o  be c h a r a c t e r i s t i c  of a zone consis t ing of s e v e r a l  p a r a l l e l  

bands of conduc to r s ,  poss ib ly  having d i f fe ren t  conductivity-width va lues .  

A s  a r u l e ,  the outside edges  of the zone occur  s l ight ly  beyond the peak phase 

deflection. Model e x p e r i m e n t s  confirming this  type of r e sponse  have 

recent ly  been completed.  

Complicated d i s to r t ion  pa t t e rns  as obtained dur ing  the p r e s e n t  

s u r v e y  d o  not allow accura t e  de t e rmina t ion  of the & t va lues  of the con- 

t r ibut ing bands.  However ,  it  is e s t i m a t e d  that  the conductivity-width of the 

p r e s e n t  zone r anges  f r o m  10 to  20 mhos .  F o r  similar r e a s o n s  conductor  



axis depths  cannot be e s t ab l i shed  with ce r t a in ty  e i t h e r ,  but f r o m  the s teepness  

of p a r t s  of the phase slope of l ine 6W we might  a s s u m e  that  the conductors  

come c lose  to  the ground surface.  

The shape  and s t r eng th  of the r e s p o n s e s  consti tuting the zone which 

i s  m a r k e d  A on plate  2 probably r e f l ec t s  the Granduc Faul t  as i t  continues 

underneath the snow and ice  of Granduc  Mountain. C l e a r  t ie- in  points are 

lacking in  th i s  area and posit ioning is of necess i ty  inaccura t e ,  

The  detai led magnet ic  r e s u l t s  as shown in contour  f o r m  on f igure  3 

r e v e a l  a magnet ic  high coinciding with the orebodies .  The peak o c c u r s  be-  

tween orebodies  A and B and again between C and F, and m o s t  l ike ly  r e p r e -  

s en t s  the magnet i te  p r e s e n t  within the depos i t s .  

para l le l ing  the f i r s t  one is located between the Granduc and W e s t e r n  f au l t s ,  

indicating a magne t i t e - r i ch  band within the sed imen t s .  It is of s o m e  i n t e r e s t  

that  the long t ra i l ing  end of the phase  d s to r t ions  coincides  with this  magnet ic  

high,  which m a y  sugges t  weak sulphide minera l iza t ion  i n  this  zone. 

magnet ic  high weakens t o  the no r th  and d i s a p p e a r s  nor th  of the F orebody,  

A second magnet ic  high 

The m a i n  

A new l i n e a r  high,  however ,  is located on l ine 11W along s t r i k e  and d i r ec t ly  

w e s t  of the Granduc Faul t .  

on l ine 13W n e a r  f iducial  610. 

p a t t e r n  has been observed  n e a r  th i s  location. 

P l a t e  3 shows an  extension f u r t h e r  to  the nor th  

N o  anomalous e l ec t romagne t i c  d i s tor t ion  

CONCLUSIONS AND RECOMMENDATIONS 

A T u r a i r  e l ec t romagne t i c  and a i r b o r n e  magnet ic  s u r v e y  was  c a r r i e d  

out ove r  a block in  the Leduc area of B r i t i s h  Columbia,  



The known Granduc  mine ra l i za t ion  together  with the Granduc  Faul t  

immedia te ly  to  the wes t  of the orebodies  revea led  i t se l f  in  a complex  d i s to r t io  

pa t t e rn .  

d i s tor t ion ,  the l a t t e r  peaking a t  the c r o s s - o v e r  point of the phase  anomaly ,  

coincides  with the 500 feet  wide mult iple  conductor  zone. 

th ickness  of this  banded zone i s  e s t ima ted  t o  be approximately 10 m h o s ,  

indicating that the o r e  body has  a re la t ive ly  low conductivity. A long,  l i n e a r  

magnet ic  high coincides  with the e a s t e r n  p a r t  of the conductor ,  re f lec t ing  a 

concentrat ion of magnet i te  i n  the known minera l iza t ion .  

A c r o s s - o v e r  type phase  r e s p o n s e ,  together  with a s ingle  peak r a t i o  

The conductivity- 

To  the wes t  of this  zone, and located between the Granduc  and 

W e s t e r n  fau l t ,  t he re  occur s  another  parallel magnet ic  high which is associatec 

with the long t r a i l  of the phase  r e s p o n s e s  and might  re f lec t  m i n o r  sulphides  

connected with a magnet i te  band in  the sed imen t s .  

d i s tor t ions  obtained ove r  the ice field t o  the nor th  of the m a i n  conductor  zone 

are m o s t  l ikely r e l a t ed  to  the Granduc  Faul t  zone,  even  though the posit ioning 

of the anomal i e s  might  not be over ly  a c c u r a t e .  No apprec iab le  magnet ic  

coincidence occur s  with the l a t t e r  d i s to r t ions ,  and it is the re fo re  a s s u m e d  

that  this  conduction is r e l a t ed  to  the shear zone r a t h e r  than to  sulphide 

mine  r a l iz  a t  i on. 

The e l ec t romagne t i c  

No o ther  e l ec t romagne t i c  d i s to r t ions  of i n t e r e s t  w e r e  r evea led  dur ing  
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APPENDIX C 

SURVEY EQUIPMENT AND PROCEDURES 

, 

Sem--Airborne Electromagnet ic  System-Scintrex TAR-1 

I n  t h e  a p p l i c a t i o n  of e l ec t romagne t i c  p rospec t igg  
methods, it h a s  long been recognized t h a t ,  o t h e r  t h i n g s  be ing  
equal ,  much g r e a t e r  e x p l o r a t i o n  depths  can be a t t a i n e d  wi th  
systems employing a f i x e d  source  than w i t h  s y s t e n s  w h e r e  
bo th  source  and r e c e i v e r  are moved i n  unison. For example, 
a l a r g e  conduct ing body which would a l r e a d y  be u n d e t e c t a b l e  
a t  a depth of 60 m by any surface moving source  ( h o r i z o n t a l  
loop)  system, could be detectable by a fixed-S:ource method 
t o  a depth of as much as 200 m. 

Most present-day a i r b o r n e  e l ec t romagne t i c  systems are 
of t h e  moving source  type ,  and al though such systems have 
t a n g i b l e  advantages over t h e  ground v e r s i o n s ,  it a p e a r s  
d i f f i c u l t  to increase t h e i r  u s e f u l  p e n e t r a t i o n  s u b s t a n t i a l l y  
beyond t h e i r  p r e s e n t  range. 
t h e  better moving source  AEM systems may reach  e x p l o r a t i o n  
depths  of as much as 100 m o r  i n  e x c e p t i o n a l  cases 1 2 5  m 
below t h e  ground surface. 
problems b u t  i n  some areas t h e  geo log ic  and toFagrash ic  
cond i t ions  n e c e s s i t a t e  a much deeper p e n e t r a t i o n  t o  conduct 
meaningful minera l  surveys.  

Under very  favouraSle  c o n d i t i o n s  

This i s  s u f f i c i e n t  f o r  rrany sea rch  

The fo rego ing  c o n s i d e r a t i o n s  have l e d  t o  t h e  develop- 
ment of t h e  T u r a i r  method f o r  t h e  purpose of deep e l e c t r o -  
magnetic exp lo ra t ion .  The system, which can be desc r ibed  
as a f i x e d  source ,  semi-airborne,  g r a d i e n t  measuring dev ice ,  
employs a l a r g e  t r a n s m i t t i n g  loop  on the grouna as a primary 
source.  The h o r i z o n t a l  g r a d i e n t s  of ampli tude and phase 
of t h e  v e r t i c a l  o r  h o r i z o n t a l  magnetic f i e l d  are measured 
from t h e  a i r ,  a long  t r a v e r s e  l i n e s  a c r o s s  t h e  source  and 
pe rpend icu la r  t o  t h e  r e g i o n a l  g e o l o g i c a l  s t r i k e ,  

The Turair method, because of i t s  semi-airborne 
c h a r a c t e r ,  i s  p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  d e t a i l e d ,  deep 
i n v e s t i g a t i o n  of s t r u c t u r e s  having g e o l o g i c a l l y  f avourab le  
c h a r a c t e r i s t i c s ,  o r  a magnetic express ion  sugges t ing  f avourab le  
geology. Because of i t s  p o t e n t i a l  depth of e x p l o r a t i o n ,  it 



can be s u c c e s s f u l l y  employed i n  areas of deep sedimentary 
cover ,  deep weather ing,  o r  t a l l  tree cover ( t r o p i c a l  area) ,  
o r  i n  areas w h e r e  shal lower e x p l o r a t i o n  has been established 
t h e  presence  of o r e  d e p o s i t s  and a deeper search is desired. 
It  is, because of i t s  f i x e d  source  conf igu ra t ion ,  less 
affected by near -sur face  conduction and can be a p p l i e d  w i t h  
a v e r y  l o w  e x c i t i n g  frequency (e.g, 200 Hz o r  less). F i n a l l y ,  
as a he l i cop te r -bo rne  system it can o p e r a t e  i n  mountainous 
topography. Te r ra in  c l e a r a n c e  has far  less effect  on 
t h e  e x p l o r a t i o n  depth of the  T u r a i r  system than  it has 
i n  moving source  m e t b d s  and it can penetrate deep t a l u s  
cover and v a l l e y  f i l l i n g s .  

Economic o r e  d e p o s i t s  may have s t r i k e  l e n g t h s  less 
than  200 m. I f  w e  want t o  search f o r  such  t a r g e t s ,  p a r t i c u -  
l a r l y  a t  g r e a t e r  depths ,  l i n e  spac ing  should n o t  be much 
grea te r  and f o r  t k  average survey l i n e  spacing of 200 m ( o r  
one-eighth m i l e )  should be cons idered  optimum. I n  f a c t ,  
l a r g e r  l i n e  spac ings  do n o t  r e p r e s e n t  s i g n i f i c a n t  s av ings ,  
because of t h e  r educ t ion  of measurable p r o f i l e  from one 
loop layout .  T h e  l a r g e s t  primary loop t h a t  can e f f i c i e n t l y  
be l a i d  o u t  (by h e l i c o p t e r )  i s  3 x 5 km. Under average 
c o n d i t i o n s  some 400-500 l i n e  km of p r o f i l e  a t  200 m i n t e r v a l s  
can be surveyed from t h i s  sou rce ,  - t he  t o t a l  o p e r a t i o n  
C O V ~ L  iiiy u p p ~ u a ~ i t t ~ L ~ i Y  VIIS u u y  a L A L L U  V . u L . . .  
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EQUIPMENT 

The S c i n t r e x  T u r a i r  i s  a f i x e d  source ,  semi-airborne 
e l ec t romagne t i c  system designed f o r  h e l i c o p t e r  ope ra t i an .  

The system embodies a f i x e d  t r a n s m i t t e r  on t h e  ground 
and a r e c e i v e r  carried i n  t he  h e l i c o p t e r .  The s i z e  of 
t h e  t r a n s m i t t i n g  loop i s  guided by geo log ica l  c o n d i t i o n s  
and the character of the survey, A t y p i c a l  loop s i z e  
would be e.g. a square ,  3 m i l e s  on each s ide- -o ther  shapes 
and s i z e d  can be used. The loop can be l a i d  o u t  from 
a t r u c k  or by h e l i c o p t e r .  For a i r b o r n e  placement a s p e c i a l  
d i spens ing  device  i s  used which can f eed  o u t  cont inuous ly ,  
s e v e r a l  m i l e s  of w i r e .  The p r e s e n t  system u t i l i z e s  a 
400 Hz primary f i e l d ,  excited by means of a 15  kW motor 
d r iven  gene ra to r  which s u p p l i e s  a c u r r e n t  of 4-10 amperes 
i n t o  t h e  t r a n s m i t t i n g  loop. The system can o p e r a t e  a t  
any other d e s i r e d  frequency depending on t h e  g e o l o g i c a l  
c o n d i t i o n s  i n  t he  survey area, 

The r e c e i v e r  system comprises 2 h o r i z o n t a l  coplanar  
o r  2 v e r t i c a l  c o a x i a l  a i r - co red  c o i l s ,  r i g i d J v  t e d  m o w  o r  2 v e r t i c a l  c o a x i a l  a i r - co red  c o i l s ,  r i g i  
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4.5 m apatt  i n  a "bird".  T h i s  b i r d  i s  towed approxi- 
mately 30 m below the h e l i c o p t e r  by means of a cable which 
a l s o  carries the  e lectr ical  s i g n a l s  from the  b i r d .  The 
h o r i z o n t a l  coplanar  c o i l  system i s  t h e  one p r e f e r a b l y  used. 
I n  areas where conduct ing overburden, etc. might tilt the  
pr imary e l ec t romagne t i c  f i e l d  from a mainly v e r t i c a l  t o  a 
more h o r i z o n t a l l y  d i r e c t e d  one, the  v e r t i c a l  t o  a more 
h o r i z o n t a l l y  d i r e c t e d  one, the  v e r t i c a l  coax ia l  c o i l  
system may have t o  be used. The p r e s e n t  Tura i r  r e c e i v i n g  
system is designed t o  detect s i g n a l s  s t ronge r  than  1 p V  i n  
t h e  c o i l s  (phase lock  p r i n c i p l e )  . The system has  a 'no ise  
l e v e l  of less than  +a. I n  t h i s  way, from a 3 Km x 3 Km 
loop ,  energ ized  by amperes, an area of about  55 squa re  
K m  can be covered i n  a r eg ion  unde r l a in  by e.g. 100 m o r  
more of overburden o r  deep weather ing of moderate conduc t iv i ty .  

The q u a n t i t i e s  measured w i t h  t h i s  dua l  c o i l  ( g r a d i e n t )  
measuring e l ec t romagne t i c  system inc lude  t h e  r a t i o  of t h e  
f i e l d  s t r e n g t h  and t h e  phase d i f f e r e n c e s  of t he  a l t e r n a t i n g  
magnetic f i e l d  a t  the two c o i l s .  The changes i n  ampli tude 
r a t i o  and phase d i f f e r e n c e  are expressed i n  p e r c e n t  and 
degrees  r e spec t ive ly .  T h e  s e n s i t i v i t i e s  of t h e  system 
are 0.1 pe rcen t  and 0.1 degrees  r e spec t ive ly .  

n-LL --+---L--- ----.+d-d :- ~ ~ \ - . l - - t ~ c ~  F r r v m  n m  uu LII put CLILIC: LGL a UI c; L LGUL UGC* I A A  U A ~ U A V ~ U ,  L - - - . L  V I -  

a d u a l  channel  r eco rde r .  D i g i t a l  ou tpu t  can be employed 
as w e l l .  The r eco rde r  scale s e n s i t i v i t i e s  can be s e t  t o  
m e e t  a l l  k inds  of survey cond i t ions .  (e.g. Deep-seated 

t a r g e t s  g i v e  g e n e r a l l y  lower responses  than  near  s u r f a c e  
ones. Therefore ,  i n  geo log ica l  cond i t ions  where 100 
rn o r  more of sediments  are p r e s e n t ,  h ighe r  scale s e n s i t i v -  
i t i e s  are  u t i l i z e d  than  i n  areas where s t rong  responses  are 
expected. ) 

Fly ing  towards o r  away from the loop  t h e  s t r e n g t h  
of t h e  f i e l d  detected a t  t h e  c o i l s  changes g radua l ly  b u t  
cons iderably .  For t h i s  reason ,  a s w i t c h  connected t o  t he  
s i g n a l  d e t e c t o r  amplifier i s  manually a c t i v a t e d  t o  keep 
the amplif ied ou tpu t  of t he  preamplifiers w i t h i n  t he  s i g n a l  
s t r e n g t h  l i m i t a t i o n s  necessa ry  f o r  the  equipment ope ra t ion .  
These swi t ch ing  markers  are shown on t h e  r eco rde r  charts 
as s h o r t  d u r a t i o n  "spikes" w i t h  app ropr i a t e  n o t a t i o n  and 
are easy  t o  i n t e r p r e t  as such. 

A t  one o r  more p o i n t s  du r ing  each f l i g h t ,  the scale 
s e n s i t i v i t i e s  and zero l e v e l s  are checked by means of 
c a l i b r a t i o n  and ze ro ing  s i g n a l s  r e spec t ive ly .  The r e f e r e n c e  
o r  ze ro  l e v e l  f o r  each Tura i r  e l ec t romagne t i c  trace i s  
an a r b i t r a r y  one, and i s  ob ta ined  empi r i ca l ly  from t h e  

r + 
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r e g i o n a l  l e v e l  of each s e c t i o n  of a trace between t h e  
swi tch ing  markers. These l e v e l s  may d r i f t  s lowly .during 
a f l i g h t  because of temperature  changes. The d r i f t s  are 
very  g radua l  and are r e a d i l y  d i s t i n g u i s h a b l e  from l o c a l  changes 
due t o  conductors of a geologic  o r i g i n .  

S ince  t h e  g r a d i e n t s  of t h e  s i g n a l s  recorded  c l o s e  
(i.e. w i t h i n  about  175  m )  t o  t he  loop  sides are t o o  s t r o n g ,  
it i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  f i e l d  changes due t o  
conductors  of geologic  o r i g i n  l y i n g  i n  these " b l i n d  zone" 
r eg ions ,  From a s t a t i s t i c a l  p o i n t  of view t h e  chances of 
missing a s i g n i f i c a n t  conductor i n  these " b l i n d  zone" 
r eg ions  are very  s m a l l ,  s i n c e  these r eg ions  c o n s t i t u t e  
on ly  about  8% of t h e  area surveyed from each loop. 

The amplitude r a t i o  and phase d i f f e r e n c e  are 
recorded i n  such a way t h a t  f l y i n g  "towards" t h e  loop  us ing  
t h e  h o r i z o n t a l  coplanar  c o i l  system, a norrcal anomaly 
shows a p o s i t i v e  s i g n  (i.e. upward d e f l e c t i o n )  f o r  t h e  
former and a nega t ive  s i g n  (i,e.downward d e f l e c t i o n )  f o r  t he  
la t te r  parameter. While f l y i n g  "away" f r o 3  a loop  these 
s i g n s  are reversed.  Reversed anomalies can a l s o  be t h e  
r e s u l t  of p a r t i c u l a r  geometr ic  s i t u a t i o n ,  egg .  when t h e  
source  i s  l o z a t e d  on the  hanging w a l l  s i d e  af a f l a t l y  
d ipping  conductor (Bosschar t ,  1964,  p.22 an2 f i g u r e  9)  . 
Man-made d i s tu rbances  inc lud ing  power l i n e s ,  pi2e l i n e s ,  
m e t a l  f ences ,  r a i lways ,  etc. may cause s2u r ious  anomalies. 
The former are  recognizable  as such when they  appear as 
c y c l i c  n o i s e  of i r r e g u l a r  shape and phase r e l a t i o n s h i p .  
Non-energized, grounded power l i n e s  (e. 9. 3 phase systems) 
sometimes g i v e  r ise t o  anomalies t h a t  are ra re  d i f f i c u l t  t o  
i d e n t i f y .  Such i n d i c a t i o n s  as w e l l  as t h o s e  from p i p e  
l i n e s  and m e t a l  f ences ,  etc. are however, of s h a r t  d u r a t i o n  
and can be d i s t i n g u i s h e d  from m o s t  geo log ic  sources  except  
f o r  ve ry  narrow, near -sur face  conductors.  I n  some i n s t a n c e s ,  
ground i n v e s t i g a t i o n  may be necessary  i n  orZer t o  r e s o l v e  
t h e  ambiguity of p o s s i b l e  sources.  Althouch t h e  a i r b o r n e  
geophysical c r e w  attempts t o  n o t e  v i s i b l e  nan-made 
conductors  of the  above type ,  t he  ground r a v e s  so r a p i d l y  
a t  t h e  low f l i g h t  e l e v a t i o n  employed t h a t  100% r e c o g n i t i o n  
of such sources  c m n o t  always be expected from t h e  a i r ,  

The normal t e r r a i n  c l ea rance  of the b i r d  i s  30- 
60 m depending on t h e  s u r f a c e  topography, t ree  cover ,  
etc. wi th  t h e  h e l i c o p t e r  30 m above. The e s t a b l i s h e d  
u s e f u l  depth of d e t e c t i o n  of t h e  system f o r  moderate-to- 
l a r g e  conducting bod ies ,  i ,e.  300 m or more i n  p l a n  
l e n g t h ,  i s  a t  least  1 7 5  m sub-bird under c o n d i t i o n s  of 
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low extraneous geo log ic  n o i s e ,  i.e. where t h e  g e n e r a l  
l e v e l  of conduc t iv i ty  of t h e  overburden and rock types  
of t h e  area i s  low. The u s e f u l  depth of d e t e c t i o n  of 
t h e  system i s  t h e r e f o r e ,  a t  least  125-150 m beneath 
t h e  ground surface under t h e s e  COnditionS- 

PRESENTATION OF RESULTS 

The e l ec t romagne t i c  r eco rds  are i n t e r p r e t e d  t o  
determine t h e  presence  of conducting bodies  and t o  o b t a i n  . 

. some informat ion  r e l a t i n g  t o  the i r  character, The i n t e r v a l -  
ometer t i m e  marks are synchronized w i t h  t h e  p o s i t i o n i n g  
camera f i l m  s t r i p  and the reby  permi t  t h e  r e l a t i n g  of t h e  
conductors  w i t h  a p p r o p r i a t e  ground loca t ions .  The 
t e r r a i n  c l ea rance  i s  ob ta ined  from t h e  a l t i m e t e r  d a t a ,  
p r e s e n t e d  i n  t he  form of s idepen markers whose s e p a r a t i o n  
is  n e a r l y  p r o p o r t i o n a l  t o  t h e  h e l i c o p t e r  t e r r a i n  clearance. 

A p l a n  i s  prepared ,  e i ther  us ing  a subdued photo- 
mosaic ( " g r e y f l e x " )  or  an ove r l ay  from a mosaic o r  topo- 
g r a p h i c  p l a n  a s  base.  The f l i g h t  p a t h  of each survey l i n e  
i s  obta ined  by means of " t i e  p o i n t s " ,  which are f e a t u r e s  
on t h e  mosaic o r  topographic  p l a n ,  i d e n t i f i e d  on t h e  

between t h e s e  t i e  p o i n t s .  

~csiticzin~ c ~ ~ , ~ ~ ~  fF1.m. 9.e f l i ~ h . , t  p~t- - is FFti-rnnl atnd 
J J.* - --- - -- 
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INTERPRETATION 

Where f i e l d  d i s t o r t i o n  occurs  the  curves i n d i c a t e  
t h e  l o c a t i o n  and t h e  depth of t h e  main c u r r e n t  flow. The 
" c u r r e n t  a x i s "  i s  w e l l  de f ined  when t h e  c u r r e n t  i s  concen- 
t r a t e d ,  f o r  i n s t a n c e ,  i n  t h i n ,  s t e e p l y  d ipp ing  conductors.  
I n  wide, banded conductors ,  o r  i n  h o r i z o n t a l  conductors  such 
as overburden, t h e  c u r r e n t  is u s u a l l y  more d i s p e r s e d  and t h e  
anomalies y i e l d  less p o s i t i v e  information,  

(a) Peak Location 

The peak l o c a t i o n  of t he  ampli tude r a t i o  (us ing  
t h e  h o r i z o n t a l  coplanar  c o i l  system o r  t h e  cross-over i n  
case  t h e  v e r t i c a l  c o a x i a l  c o i l  system i s  used)  i s  shown on 
t h e  p l a n  by a circle i n  t h e  a p p r o p r i a t e  l o c a t i o n .  I n  t h e  
case of broad conductors  o r  c l o s e l y  spaced m u l t i p l e  conductor 
zones t h e r e  may be more than  one peak, i n  which event  a l l  
major peaks a r e  shown., 
i s  i n d i c a t e d  by an X r a t h e r  than  by a circle.  

A conductor which i s  l i k e l y  man-made 

As a r u l e  t h e  c u r r e n t  a x i s  i s  l o c a t e d  r i g h t  below 
t h e  maximum f i e l d  s t r e n g t h  r a t i o  d e f l e c t i o n  o r  t he  maximum 
phase anomaly, f o r  t h e  h o r i z o n t a l  coplanar  r e c e i v i n g  c o i l  
system i v e r t i c a i  F i e i d ; .  For  t h e  v e r t i c a i  codxicrl coil 
system (Hor izonta l  F i e l d ) ,  t h e  c u r r e n t  a x i s  i s  l o c a t e d  r i g h t  
below t h e  i n f l e c t i o n  p o i n t  of t h e  anomaly. 
t h e  t r a v e r s e  i s  i n d i c a t e d  by t h e  shape of t h e  anomaly. 

I ts  depth under 

(b) Depth and Conductor Width 

The " h a l f  wid th" ,  i.e. t h e  d i s t a n c e  between t h e  
p o i n t s  of ha l f  t he  maximum response ampli tude i s  f o r  s imple 
l i n e  c u r r e n t  sources ,  u s ing  the  h o r i z o n t a l  coplanar  c o i l s ,  
approximately equal  t o  t h e  depth of t h e  sou rce  under t h e  
d e t e c t o r .  I n  case t h e  v e r t i c a l  c o a x i a l  system i s  used  t h e  
peak t o  peak s e p a r a t i o n  i s  f o r  t a b u l a r  bod ie s  equal  t o  1.15 
t i m e s  t h e  depth of t h e  source  under t h e  d e t e c t o r .  
conductors  (e. g. overburden) c h a r a c t e r i s t i c a l l y  g i v e  rise 
t o  very l a r g e  h a l f  w id ths ,  combined w i t h  rather i r r e g u l a r  
curve shapes. H e r e  t h e  h a l f  width may ref lect  t h e  conductor 
w i d t h  rather than  t h e  depth and t h e  l a t t e r  can u s u a l l y  n o t  
be determined. 
i n t e r p r e t e d  t o  have a p p r e c i a b l e  width,  the s e p a r a t i o n  between 
t h e  edges i s  i n d i c a t e d  on the p l a n  by an open bar symbol 
a long  t h e  f l i g h t  l i n e .  W e l l  d e f ined  peaks w i t h i n  t h i s  zone 
should be marked, and i f  p o s s i b l e  i n t e r p r e t e d  as i n d i v i d u a l  
anomalies, The subsu r face  depth of t he  c u r r e n t  a x i s  (subtract  

F l a t - l y i n g  

I n  cases where t he  conduc t iv i ty  zone i s  

d e t e c t o r  a l t i t u d e )  i s  marked on t h e  lower left, of t h e  peak 
l o c a t i o n  circle.  



(c) Conductor Gradinq 

F i e l d  s t r e n g t h  r a t i o  and phase d i f f e r e n c e  anomaly 

Their  primary s i g n i f i c a n c e  
ampli tudes are dependent on t h e  o v e r a l l  geometry as w e l l  
as on t a r g e t  s i z e  a n d G t  value.  
i s  i n  t he  degree of c e r t a i n t y  they  lend  t o  d e t e c t a b i l i t y  and 
q u a n t i t a t i v e  i n t e r p r e t a t i o n .  
g rad ing  three c a t e g o r i e s  are used: ca tegory  1, f u l l y  shaded; 
Category 2 ,  ha l f  shaded; and Category 3 ,  unshaded, 

For the purpose of ampli tude 

(d)  Conduct i v i  ty-Thickness Fac to r  

The f i e l d  s t r e n g t h  r a t i o s  and phase d i f f e r e n c e s  
provide  a measure of t h e  conduc t iv i ty  of t h e  conducting bod ies ,  
i.e. good conductors  are c h a r a c t e r i z e d  by f i e l d  s t r e n g t h  
d i s t o r t i o n  combined wi th  r e l a t i v e l y  l i t t l e  phase s h i f t i n g ,  
whereas poor conductors  a f f e c t  t h e  phase r a t h e r  t han  t h e  
s t r e n g t h  of t h e  r e s u l t a n t  f i e l d ,  

For an a c c u r a t e  grad ing  t h e  conduc t iv i ty - th i ckness  
f a c t o r  (dt  va lue )  of i n d i v i d u a l  conductors can be de r ived  
from t h e  c a l c u l a t e d  in-phase and out-of-phase components, 
t a k i n g  i n t o  cons ide ra t ion  t h e  e x c i t i n g  frequency and t h e  
s t r i k e  l eng th  of conductor ,  by means of t h e  d i ag ramdesc r ibed  
L ~ ~ O W .  
of t h e  peak l o c a t i o n  circle.  

~ i e  /i v i i i ~ e  is iiieii iiiaiLeCi uri iiie u p p , e L - - L i g ~ i ~  aLuc * - I  

Large, h i g h l y  conducting bod ies  such as massive 
su lph ides  o r  g r a p h i t e  and seawater, etc.,  g e n e r a l l y  have 
h igh  dt va lues ,  Moderate conductors  w i l l  have d t  va lues  
between 10 and 100 mhos. Poorly conducting bod ies  ( e.g, most 
overburden and some su lph ide  and g r a p h i t i c  zones) w i l l  have 
d t  v a l u e s  of less than  10 mhos. 
clear d i f f e r e n t i a t i o n  i n  conduc t iv i ty  between t h e  t a r g e t s  
of p o t e n t i a l  economic i n t e r e s t  and o t h e r  p o s s i b l e  conductors ,  
t h e  dt v a l u e s  may form the  main basis f o r  d i sc r imina t ion .  
When t h e  conduc t iv i ty  ranges  of economic and non-economic 
ove r l ap ,  t h e  f t  va lue  cannot ,  of course ,  be r i g i d l y  relied 
upon. 

I n  areas where t h e r e  i s  a 

D i a q r a m  f o r  t h e  Evalua t ion  of Conductivity-Thickness (dt) Factor2 

This  diagram has  been prepared  from data ob ta ined  i n  
model s t u d i e s  (R, A. Bosschart:  " A n a l y t i c a l  I n t e r p r e t a t i o n  of 
Fixed Source Electromagnet ic  Prospec t ing  D a t a .  ' I )  and is  v a l i d  
f o r  T a b u l a r  s t e e p l y  d ipping  'Th in '  Conductors. 



To ob ta in  t he  conduct iv i ty- th ickness  f a c t o r  fo r  
a conductor system the  ampl i tude- ra t io  and phase d i f f e r e n c e  
are p l o t t e d  on abscissa and o r d i n a t e  r e s p e c t i v e l y  and a 
l i n e  2 s  drawn through the  r e s u l t a n t  p o i n t  and t h e  o r i g i n ,  
Where t h i s  l i n e  i n t e r s e c t s  t h e  curve corresponding t o  t h e  
i n t e r p r e t e d  s t r i k e  l eng th  of t he  anomaly system one i n t e r -  
p o l a t e s  between t h e  va lues  of conduct iv i ty- th ickness ,  i n  
mhos, shown on t h e  upper bounding curve. 

Example: Amplitude R a t i o  0.7% 
Phase d i f f e r e n c e  0.2O 
I n t e r p r e t e d  s t r ike  l eng th  

Conductivity- t h i  cknes s 
of system t 1000 metres 

va lue  (dt) 35  mhos 

Current  P a t  t e r n  

T o  o b t a i n  the  p r o j e c t i o n  of t h e  c u r r e n t  p a t t e r n ,  t h e  
anomalies are connected between l i n e s ,  u s ing  depth dt va lues  
and o t h e r  character is t ics  of t h e  curves as c r i te r ia .  The 
s t r i k e  of t h e  formation,  i f  known, i s  a l s o  taken i n t o  
cons idera t ion .  

{fj iviaynetic C o r r e i a t i o n  

Where magnetic data are a v a i l a b l e ,  p r e f e r a b l y  from 
a co inc iden t  magnetometer record ing ,  any c o r r e l a t i n g  magnetic 
express ion  i s  noted f o r  t he  p e r t i n e n t  conductor peak. A 
conductor peak wi th  d i r e c t  magnetic c o r r e l a t i o n  i s  i n d i c a t e d  
by  a double concen t r i c  circle.  

Location of a conductor on t h e  f l a n k  of a magnetic 
anomaly i s  i n d i c a t e d  by means of one ha l f  of a concen t r i c  
c i rc le  on the  side of t he  magnetic high,  

The s i g n i f i c a n c e  of d i rec t  o r  f l a n k  c o r r e l a t i o n  
depends on the  search problem. I n  t h e  former case t h e  
magnetic and conduct ive p r o p e r t i e s  may be co inc iden t  
or belong t o  two narrow ad jo in ing  zones. I n  t h e  l a t t e r  
case t h e  conductor may be loca ted  a t  t h e  c o n t a c t  of a 
k i d e r  magnetic formation, 
t h e  magnetic va lue  i s  marked on the  lower r i g h t  s i d e  of 
t h e  peak l o c a t i o n  c i rc le ,  

I n  case of d i r e c t  coincidence,  



REDUCTION OF DATA 

Upon completion of a f l i g h t ,  t h e  f i l m  i s  developed 
and t h e  ac tua l  pa th  of t h e  a i r c r a f t  i s  p l o t t e d  on a base 
m a p .  This  i s  accomplished by comparing f i l m  p o i n t s  w i th  
t h e  base m a p  planimetry.  For any given p o i n t ,  t h e  
appropriate f i d u c i a l  number i s  p laced  on t h e  base m a p  ( o r  
photo laydown). The a c t u a l  f l i g h t  pa th  i s  produced by 
j o i n i n g  t h e  f i d u c u a l  p o i n t s .  

Where f i e l d  r e s u l t s  are d e s i r e d ,  anomalies are 
chosen and are  ass igned  a p p r o p r i a t e  f i d u c i a l  numbers .  The 
anomalies are then t r a n s f e r r e d  t o  t h e i r  c o r r e c t  p o s i t i o n  
on t h e  base map. 

F l i g h t  l i n e s  and f i d u c i a l  numbers are f i n a l l y  
p r e s e n t e d  on a g r e y f l e x  which i s  made us ing  t h e  photo 
mosaic as a base. 

I n  t h e  case of E M  r e s u l t s  t h e  anomalies are 
p l o t t e d  on t h e  g r e y f l e x  as  boxes wi th  symbols r e p r e s e n t i n g  
anomaly grade of ampli tude (as noted  on t h e  legend accom- 
panying each map) . Anomaly "systems" are then  o u t l i n e d  
uc. -L .-L: w A I I c . l I  ,L 2 t - a ~ ~  2 s ~ ~ p k y ~ i ~ ~ l  i ~ t ~ r p r e t ~ t l c ~  CZT: k~ ~ 2 2 ~ .  

* (Bosschart ,  1964, p. 22  and f i g u r e  9 )  A n a l y t i c a l  
I n t e r p r e t a t i o n  of Fixed Source Electromagnet ic  Prospec t ing  
D a t a .  



Gt value in m h o s  
85 

cj rn 
260" s 

Category  one ,  no magnet ic  co r re l a t ion  

Subsurface  depth in fee t  

' T \  
m a g n e t i c  arrj.pli t ud e 

A 

8.5 40 

Categor7- two,  rr1E;;neti.c co r re l a t ion  

I 

Categc ry  t h r e e ,  tic m z r , a . ~ L ~ c  corre'!atiar,, 
anoma1.y too w e a k  o r  ;:gSuifizien:l:- ? . . k i n e 3  
f o r  quantitative de t ePd ina t ions .  

. I  

1 
1iri.d~ conductive zcne , -: rnded ( t h r e ?  
rr, a r 1< ed ) 

CategGr:: t h r e s ,  r e v e r s e d  z z z r e n t  i'i.cy/, 
mar_: n e t  i c c o r : e la  t i on 

P: o b a j l y  rrlan-nlade ccnductoz.. 

E X A M P L E S  OF CONDUCTOR CODING 
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LOCATION MAP 
. LEDUC G-LACIER AREA, STEWAR.D-.:.B.C,: . .  

Survsy by 
SEJGEL ASSOCIATES LiMlTED 
A U G U S T  1971 

. *  ' .  
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DOMINION OF CANADA: 

PROVINCE OF BRITISH CoLumIA. 1 #n the &&r af a T u r a i r  e lec t romagnet ic  and a i rborne  
magnet ic  su rvey ,  Leduc Mountain area, 
Br i t i sh  Columbia on behalf of Granduc  
Ope rating Company 

J To WIT: 

#, J a n  Klein, M,Sc ,  , P. Eng. ,  for  Seigel Assoc ia t e s  Limited 

of 222 Snidercrof t  Road, Concord,  Ontar io  

in the Province of British Columbia, do solemnly declare that 
a Hel icopter-borne T u r a i r  e lec t romagnet ic  survey  has been executed about 25 m i l e s  
north-northwest  of Stewart ,  Br i t i sh  Columbia,  Skeena Mining Division, 560 North 
Latitude I 130° West  Longitude; between July 18 to  July 19 and July 24 to  July 25, 
1971. 

The following expenses  w e r e  incu r red :  

(1) Wages:  C. Mohagen 10 days a t  $35.00/day -$350.00 
R, P a r a d i s  10 days  a t  $32.30/day -$323.00 

(2) Transpor ta t ion  and shipping to  the job 

(3) Food and living expenses  

(4)  Helicopter:  20 hours  a t  $195.00 = $3900.00 
e x t r a  fuel cha rges  = $ 27 5.80 

$673.00 

$604.42 

$181.05 

$417 5.80 

Arid I make this solemn declaration conscientiously believing it to be true, and knowing that it is of 

the same €orce and effect as if made under oath and by virtue of the " Canada Evidence Act." 

Declardf'before me at the City 

of Vanc ouve r 

Province of British Columbia, this 31 s t  

day of May, 1972 

m d  befoore me at the 

, in the 

, A.D. 

c 
Expiry Gate: & t i l  5, 1973 

of 

Royjnce of BFitish 

, A.D. 
day of 



4n thp a€ 

Statutory Declaration 
(CANADA EVIDENCE ACT) 

. .  














