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REPORT ON 
AIRBORNE GEOPHYSICAL SURVEYS 
ANYOX AREA, BRITISH COLUMBIA 

ON BEHALF OF 
HOGAN MINES LIMITED 

INTRODUCTION 

On Ju ly  19 through 24, 1971 airborne geophysical surveys were 

executed on behalf of Hogan Mines Limited i n  the  Anyox area ,  B r i t i sh  

Columbia covering approximately 7 square miles. 

\ 

The airborne survyes included electromagnetic and magnetic 

measurements. The former employed a Scintrex TAR-1 Turair  electromagnetic 

un i t  and the  l a t t e r  a Scintrex MAP-2 nuclear resonance, t o t a l  i n t ens i t y  

magnetometer . 
Appendices ' A ,  'B '  and ' C ' ,  a t tached, give f u l l  d e t a i l s  of the 

airborne geophysical equipment and the  anc i l l a ry  equipment employed, a s  

wel l  a s  the  survey techniques and the  treatment of the data  resu l t ing  from 

these surveys. A Bel l  206 - J e t  Ranger hel icopter ,  on char te r  from 

Okanagan Helicopters,  was employed a s  the  bas ic  t ransport  vehicle  both t o  
/ 

l ay  t he  Turair  "loop" and t o  execute the  surveys. 

The electromagnetic survey l i n e s  were flown at a nominal 118 

mile l i n e  i n t e rva l .  F l igh t  navigation and f l i g h t  path recovery have been 

based upon a photomosaic of t he  area  on the  sca le  of 1 inch = 1500 f ee t .  

The magnetometer sensor and the  Turair  "birds" were flown 

separate ly ,  t he  former 50 f e e t  below the  hel icopter  and the  l a t t e r  

100 f e e t  below the  hel icopter .  The Turair  "loop" was deployed by hel icopter  

i n  the  areas  of l e a s t  topographic r e l i e f :  Bonanza Creek, Cascade Creek 

and the  shore of Granby Bay. 

The purpose of t he  present programme was t o  map the  d i s t r ibu t ion  



of subsurface conductors i n  t h e  survey a r e a  where t h e  t a r g e t s  of i n t e r e s t  

a r e  massive m e t a l l i c  sulphides.  

The electromagnetic d a t a  provide t h e  b a s i c  information r e l a t i n g  

t o  the  poss ib le  presence of such bodies. The purpose of t h e  magnetometer 

survey is pr imar i ly  one of c o r r e l a t i o n  with t h e  electromagnetic conductors 

and secondar i ly  t o  i n f e r  geological  s t r u c t u r e .  

The t o t a l  magnetic f i e l d  i n  the  a r e a  measures approximately 

58,000 gammas. The i n c l i n a t i o n  of the  t o t a l  f i e l d  is  approximately 

74 degrees and t h e  dec l ina t ion  is 23 degrees e a s t  of geographical nor th .  

PRESENTATION OF DATA 

The r e s u l t s  of t h e  geophysical surveys are presented on P l a t e s  

2 a n d ' 3 ,  on t h e  s c a l e  of 1 inch = 1500 f e e t .  Some topographic f e a t u r e s  

and f l i g h t  l i n e s  are shown on t h e  p l a t e s .  P l a t e  2 shows t h e  electromagnetic 

r e s u l t s .  The electromagnetic conductors loca t ions  a r e  shown along wi th  

t h e i r  i n t e r p r e t e d  subsurface depth, magnetic a ssoc ia t ion  ( i f  any) and 

conductivi ty-thickness (4 t )  product. These conductors a r e  coded a s  shown 

i n  appendix 'A' .  P l a t e  3 shows t h e  magnetic contours, contoured a t  an 

i n t e r v a l  of 100 gammas o r  less according t o  magnetic r e l i e f .  

The o r i g i n a l  geophysical d a t a  were recorded on two dual  t r a c e  

Moseley recorders:  electromagnetic amplitude r a t i o  and phase d i f fe rence  

on one t r a c e  and magnetometer and a l t i m e t e r  records on the  second t race .  

F iduc ia l  marks represent ing a nav iga t iona l  photograph p e r  mark were 

recorded on each t r a c e  t o  enable c o r r e l a t i o n  of a l l  the  d a t a  and t o  

l o c a t e  geophysical f e a t u r e s  on t h e  ground. The o r i g i n a l  t r a c e s  were 

recorded on t h e  following sca les :  



Magnetometer 

Altimeter 

Turair  1 inch = 1.0% - amplitude r a t i o  

1 inch = .so - phase difference 

1 inch = 100 gammas 

A s  shown on ca l ib ra t ion  included with 
or ig ina l  data. 

GEOLOGY 

The survey area is underlain by rocks of Mesozoic age. In  

the  southern par t  of the survey area,  along the shore of Granby Bay and i n  

an area below Tauw Creek i n  the middle of the  survey area g r a n i t i c  

in t rus ive  rocks belonging t o  the s e r i e s  of Coast Range Intrusions a r e  

found. Volcanic rocks, chief ly  andes i t i c  pillow lavas,  a r e  found i n  the 

western pa r t  of the  survey area and i n  the  eastern pa r t  adjacent,  t o  the 

west, t o  the  g ran i t i c  rocks. The cen t ra l  portion of the  area contains 

sedimentary rocks, chief ly  a r g i l l i t e s ,  i n  a basin s t ruc tu re  underlain by 

the volcanic rocks except where the  sediments have been intruded by one 

la rge  and several  small g ran i t i c  stocks. 

/ The sedimentary and volcanic rocks i n  the  cen t r a l  portion of 

the  survey area a r e  extensively folded i n  a n t i c l i n a l  and syncl inal  s t ruc tures  

s t r i k i n g  primarily i n  a northeast-southwest direct ion.  Faulting is previ lent  

a s  well .  

Economic mineralization consist ing of f i ne  grained massive t o  

disseminated pyr rhot i te  with small sect ions  of chalcopyrite and minor 

py r i t e  has been located and mined i n  four areas i n  the  v i c in i ty  of the 

survey area. In  a l l  instances the mineralization has been found i n  s ch i s t  

zones i n  the volcanic rocks adjacent t o  the  volcanic-sediment contact. 



DISCUSSION OF RESULTS 

Anomalous e lec t romagnet ic  conduction has  been loca ted  i n  seven 

p laces  w i t h i n  t h e  survey a rea .  I n  a l l  ca ses  t h e  e lec t romagnet ic  responses 

a r e  weak and poorly def ined .  

The magnetometer survey has  o u t l i n e d  one 300 gamma f e a t u r e  cent red  

on Showings Creek, s e v e r a l  sma l l e r  f e a t u r e s  and two major g rad ien t s .  

Near t h e  e a s t e r n  ends of l i n e s  12  and 14  (zone A), weak e l e c t r o -  

magnetic responses have been obtained.  These have been i n t e r p r e t e d  t o  l i e  

nea r  s u r f a c e  and t o  have conduct iv i ty- th ickness  ( k t )  products  of 50 mhos. 

These conductors a r e  a s soc ia t ed  w i t h  a magnetic g rad ien t  which h a s  been 

i n t e r p r e t e d  a s  probably r e f l e c t i n g  t h e  volcanic-sediment con tac t  ( see  P l a t e  4 ) .  

Although such anomalous e lec t romagnet ic  response was n o t  obta ined  on l i n e  1 3  

t h e  responses on l i n e s  12 and 14  have been c o r r e l a t e d  because turbulence  

on l i n e  1 3  was of l a r g e  enough i n t e n s i t y  t o  have masked any such response. 

Lines 10 through 15 have exh ib i t ed  wide anomalous e lec t romagnet ic  

responses (zone B) i n  t h e  c e n t r e  of t h e  survey a r e a  ( see  P l a t e  2 ) .  These 

responses a r e  l o c a t e d  on t h e  f l a n k  of t h e  magnetic f e a t u r e  cen t r ed  on Showings 

Creek and on t h e  magnetic g rad ien t  p a r a l l e l  t o  Tauw Creek. A s  w e l l ,  they 

a r e  l o c a t e d  along t h e  s t r i k e  of t h e  Bonanza Mines d ike  s w a r m  and along a 

mapped north-south f a u l t .  Q u a n t i t a t i v e  de terminat ions  of t h e  depth and 

conduct iv i ty- th ickness  product  of t h e s e  responses are n o t  p o s s i b l e  because 

of t h e i r  weakness al though t h e  width of t h e  responses would i n d i c a t e  a 

l a r g e  subsurf  ace  depth t o  t h e  conductive m a t e r i a l .  

On survey l i n e  ("Mine Line") was flown so  as t o  t r a v e r s e  both  

t h e  Bonanza and Double Ed showings along Bonanza Creek. No anomalous e l e c t r o -  

magnetic responses were obta ined  over  t h e s e  showings a s  excess ive  topographic 

r e l i e f  r e s u l t e d  i n  t h e  loop be ing  laye@ .so t h a t  Bonanza showing l a y  w i t h i n  



t h e  "b l ind  zone" and t h e  "Mine Line" passed t o o  f a r  t o  t h e  n o r t h  of t h e  

Double Ed showing. 

A magnetic g rad ien t  has  been revea led  along t h e  l e n g t h  of T a w  

Creek which probably r e p r e s e n t s  topographic r e l i e f  w i t h i n  t h e  c reek  v a l l e y .  

Three i n t e r r u p t i o n s  of magnetic p a t t e r n  have been i n t e r p r e t e d  a s  probably 

r e f l e c t i n g  f a u l t  t r a c e s .  

CONCLUSIONS AND RECOMMENDATIONS 

The e lec t romagnet ic  responses loca ted  by t h i s  survey a r e  of smal l  

amplitude and consequently f u r t h e r  i n v e s t i g a t i o n s  are requ i red  t o  determine 

t h e i r  s i g n i f i c a n c e .  

A s  no c a l i b r a t i o n  responses were obta ined  over  known a r e a s  of 

economic m i n e r a l i z a t i o n  along Bonanza Creek because of t h e i r  proximity t o  

t h e  t r a n s m i t t i n g  loo? and a s  t h e  conduct ivi ty- thickness product  c a l c u l a t e d  

f o r  zone A is  u n r e l i a b l e ,  aga in  because of loop proximity,  it  is d i f f i c u l t  

t o  assess t h e  s i g n i f i c a n c e  of t h e  conductors of zone A without  follow-up work 

on t h e  ground. However t h e i r  a s s o c i a t i o n  w i t h  an i n f e r r e d  geo log ica l  

con tac t  would i n d i c a t e  t h a t  t h i s  follow-up i s  warranted.  

The zone B responses a r e  s i t u a t e d  i n  a l o c a t i o n  p o t e n t i a l l y  

favourable  f o r  mine ra l i za t ion  because of t h e  proximity t o  t h e  i n t e r p r e t e d  

edge of t h e  body causing t h e  magnetic response cent red  on Showings Creek 

and because of t h e  geo log ica l  s t r u c t u r a l  f e a t u r e s  i n  t h i s  l o c a t i o n .  However 

t h e  low conduct iv i ty- th ickness  product  and t h e  width of t h e  conduct ive zones 

w i t h i n  zone B may i n d i c a t e  conduct ive l a y e r s  w i t h i n  t h e  sediments.  Ground 

follow-up of zone B i s  warranted t o  a s c e r t a i n  t h e  cause of t h e  anomalous 

conduction. 

A ground Turam survey should b e  conducted as t h e  ground e l e c t r o -  



magnetic follow-up procedure because of t h e  excess ive  topographic r e l i e f  

i n  the v i c i n i t y  of zones A and B. A s  w e l l ,  a ground magnetometer survey 

should be conducted over  t h e  same g r i d s  t o  a s s i s t  i n  conductor loca t ion .  

I f  t h e  r e s u l t s  of t h e s e  surveys a s  w e l l  as geo log ica l  reconnaissance of 

t h e  areas prove favourable  then  diamond d r i l l i n g  may be  warranted.  

Respect fu l ly  submit ted,  

SEIGEL ASSOCIATES LIMITED 

Vancouver, B .  C. 
August 31, 1971 

Richard 0. Crosby , B. Sc. , F!E~~. 
Geophysicis t  

John P. S t e e l e ,  B.Sc. 
Geophysicis t  



NERAL ACT 

Affidavit on Application for Certificate of Work 

make oath and say:- 

The following is a detailed statement of such work:- 
(Set out full particulars of the work done in the twelve months in which such work is required to be do-) 

That I have not and will not use the work declared herein in any way for the purposes of obtaining tax 
exemption on a Crown-granted mineral claim under the terms of the Taxation Act. 



DOMINION OF CANADA: 1 
I 

in the Province of British Columbia, do solemnly declare that &*ome g e a ~ h ~ a i c d .  89-8 h m  
been executed on aome CM, REB, PAUL, DOUG, RON, NOm, TOM, FBED, BARRI and 
DELTA claim between July 19 to July 24, 1971. Th. folloving errpanuaa w e r e  
incurred : 

(1) Wage. : 
J. Steele 5 days @ $50.00/day $2SOo00 
C, Kohagen 5 day8 @ $3S000/day 175 . 00 
B. Paradia 5 days @ $27.50/&y 137.50 

(2) Transportation on the job 
28 houra helicopter 

(5) Paid to S e i g e l  Auuociatea Limited 
t o  cover geophpiciet 'a 8~p8&8&0n 
calculating, plotting and fdrdrmdng 
data and preparation of final mporta. 

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

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

Declared before me at the City 

Vmco\mt , in the 

Province of British Columbia, this 218t 

day of Sept-er, 1971 , A.D. 



APPENDIX 'A' 

SURVEY EQUIPMENT AND PROCEDURES 

Semi-Airborne Electromagnetic System - Scin t rex  TAR-1 

I n  t h e  app l i ca t ion  of electromagnetic prospecting methods, 
i t  has long been recognized t h a t ,  o the r  th ings  being equal ,  much 
g r e a t e r  explora t ion depths can be a t t a i n e d  wi th  systems employing a 
f ixed  source than wi th  systems where both source and rece ive r  a r e  
moved i n  unison. For example, a l a r g e  conducting body which would 
a l ready be undetectable a t  a depth of 60 m by any su r face  moving source 
(hor izon ta l  loop) system, could be de tec tab le  by a fixed-source method 
t o  a depth of a s  much a s  200 m. 

Most present-day a i rborne  electromagnetic systems a r e  of 
t h e  moving source type,  and although such systems have t ang ib le  advantages 
over t h e  ground 'versions, i t  appears d i f f i c u l t  t o  inc rease  t h e i r  use fu l  
pene t ra t ion  s u b s t a n t i a l l y  beyond t h e i r  present  range. Under very favourable 
condi t ions  t h e  b e t t e r  moving source AEM systems may reach explora t ion 
depths of a s  much a s  100 m o r  i n  except ional  cases 125 m below t h e  ground 
surface .  This is s u f f i c i e n t  f o r  many search problems b u t  i n  some a reas  
the  geologic and topographic condit ions n e c e s s i t a t e  a much deeper 
pene t ra t ion  t o  conduct meaningful mineral  surveys. 

The foregoing considera t ions  have l e d  t o  development of Tura i r  
method f o r  t h e  purpose of deep electromagnetic explorat ion.  The system, 
which can be described as a f ixed  source,  semi-airborne, gradient  measuring 
device,  employs a l a r g e  t r ansmi t t ing  loop on the  ground a s  a primary source. 
The h o r i z o n t a l  g rad ien t s  of amplitude and phase of the  v e r t i c a l  o r  hor izon ta l  
magnetic f i e l d  a r e  measured from t h e  a i r ,  along t r a v e r s e  l i n e s  across  t h e  
source and perpendicular  t o  t h e  reg iona l  geological  s t r i k e .  

The Tura i r  method, because of i t s  semi-airborne charac te 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 inves t iga t ion  of s t r u c t u r e s  '. having geological ly  favourable c h a r a c t e r i s t i c s ,  o r  a magnetic expression 
suggest ing favourable geology. Because of i t s  p o t e n t i a l  depth of 
explora t ion,  i t  can be  successful ly  employed i n  areas  of deep sedimentary 
cover, deep weathering, o r  t a l l  t r e e  cover ( t r o p i c a l  a r e a ) ,  o r  i n  a reas  
where shallower explora t ion has been es tab l i shed  t h e  presence of o re  
deposi ts  and a deeper search is des i red .  It is,  because of i t s  f ixed  
source conf igura t ion,  less a f fec ted  by near-surface conduction and can 
be appl ied  wi th  a very low e x c i t i n g  frequency (e.g. 200 Hz o r  l e s s ) .  
F ina l ly ,  a s  a helicopter-borne system i t  can opera te  i n  mountainous 
tooography. Terra in  clearance has  f a r  less e f f e c t  on t h e  explora t ion 
depth of t h e  Tura i r  system than it has  i n  moving source methods and it 
can pene t ra te  deep t a l u s  cover and v a l l e y  f i l l i n g s .  



Economic o re  deposi ts  may have s t r i k e  lengths  l e s s  than 200 m. 
I f  we 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  spacing should no t  be much g r e a t e r  and f o r  t h e  average survey l i n e  
spacings of 200 m (o r  one-eighth mile) should be considered optimum. I n  
f a c t ,  l a r g e r  l i n e  spacings do no t  represent  s i g n i f i c a n t  savings,  because 
of the  reduction of measurable p r o f i l e  from one loop layout.  The 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  out  (by he l i cop te r )  is  3 X 5 km. 
Under average condit ions 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  source,  t h e  t o t a l  operat ion covering approximately 
one day's f i e l d  work. 

EQUIPMENT 

The Sc in t rex  Tura i r  i s  a f ixed source,  semi-airborne e lec t ro -  
magnetic system designed f o r  h e l i c o p t e r  operat ion.  

The system embodies a f ixed  t r ansmi t t e r  on t h e  ground and a 
rece ive r  c a r r i e d  i n  the  he l i cop te r .  The s i z e  of the  t r ansmi t t ing  loop 
is guided by geological  condit ions 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 miles on each side-other 
shapes and s i z e s  can be used. The loop can be  l a i d  out  from a t ruck  o r  
by h e l i c o p t e r .  For a i rborne  placement a s p e c i a l  dispensing device i s  
used which can feed out continuously, s e v e r a l  miles of wire.  The present  
system u t i l i z e s  a 400 Hz primary f i e l d ,  exc i t ed  by means of a 15 kw motor 
driven genera tor  which suppl ies  a cur ren t  of 4-10 amperes i n t o  t h e  
t r ansmi t t ing  loop. The system can operate a t  any o the r  des i red  frequency 
depending on the  geological  condit ions i n ' t h e  survey area .  

The rece ive r  system comprises 2 hor izon ta l  coplanar o r  2 
v e r t i c a l  coaxia l  air-cored c o i l s ,  r i g i d l y  mounted 4.5 m a p a r t  i n  a 
"bird". This b i r d  i s  towed approximately 30 m below t h e  h e l i c o p t e r  by 
means of a cable  which a l s o  c a r r i e s  the  e l e c t r i c a l  s i g n a l s  from t h e  b i rd .  

' The h o r i z o n t a l  coplanar c o i l  system i s  the  one preferably  used. In  a reas  
where conducting overburden, e t c .  might tilt t h e  primary electromagnetic 
f i e l d  from a mainly v e r t i c a l  t o  a more hor izon ta l ly  d i rec ted  one, t h e  
v e r t i c a l  coaxia l  c o i l  system may have t o  be used. The present  Tura i r  
receiving system i s  designed t o  d e t e c t  s i g n a l s  s t ronger  than 1 V i n  the  
c o i l s  (phase lock p r i n c i p l e ) .  The system has a no i se  l e v e l  of less than 
3 V. I n  t h i s  way, from a 3 km x 3 km loop, energized by 4 amperes, an 
a r e a  of about 55 square km can be covered i n  a region under la in  by e.g. 
100 m o r  more of overburden o r  deep weathering of moderate conductivi ty.  

The q u a n t i t i e s  measured wi th  t h i s  dual  c o i l  (gradient )  measuring 
electromagnetic system include 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 fe rences  of t h e  a l t e r n a t i n g  magnetic f i e l d  a t  t h e  two c o i l s .  
The changes i n  amplitude r a t i o  and phase d i f fe rence  a r e  expressed i n  
percent  and degrees respect ively .  The s e n s i t i v i t i e s  of t h e  system a r e  
0.1 percent  and 0.1 degrees respect ively .  

Both parameters a r e  recorded i n  analogue form on a dual  channel 
recorder.  D i g i t a l  output  can be  employed a s  w e l l .  The recorder  s c a l e  
s e n s i t i v i t i e s  can b e  set t o  meet a l l  kinds of survey condit ions.  (e.g. 
Deep-seated t a r g e t s  g ive  genera l ly  lower responses than near  su r face  ones. 



Therefore, i n  geological  condit ions where 100 m o r  more of sediments 
a r e  p resen t ,  h igher  s c a l e  s e n s i t i v i t i e s  a r e  u t i l i z e d  than i n  a reas  where 
s t rong  responses a r e  expected). 

Flying towards o r  away from t h e  loop the  s t r eng th  of t h e  f i e l d  
detec ted  a t  the  c o i l s  changes gradually but  considerably. For t h i s  
reason,  a  switch 'connected t o  t h e  s i g n a l  de tec to r  ampl i f ier  is manually 
a c t i v a t e d  t o  keep the  amplif ied output of t h e  preampl i f iers  wi th in  t h e  
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  necessary f o r  t h e  equipment operat ion.  
These switching markers a r e  shown on t h e  recorder c h a r t s  a s  s h o r t  dura t ion 
wepikes" with appropriate notation and are easy to interpret aa such, 

A t  one o r  more po in t s  during each f l i g h t ,  t h e  s c a l e  s e n s i t i v i t i e s  
and .zero l e v e l s  a r e  checked by means of c a l i b r a t i o n  and zeroing s i g n a l s  
r espec t ive ly .  The reference  o r  zero l e v e l  f o r  each Turai r  electromagnetic 
t r a c e  is an a r b i t r a r y  one, and i s  obtained empir ica l ly  from t h e  regional  
l e v e l  of each s e c t i o n  of a  t r a c e  between the  switching markers. There 
l e v e l s  may d r i f t  slowly during a f l i g h t  because of temperature changes. 
The d r i f t s  a r e  very gradual  and a r e  read i ly  d i s t ingu i shab le  from l o c a l  
changes due t o  conductors of a geologic o r ig in .  

Since t h e  gradients  of t h e  s i g n a l s  recorded c lose  ( L e a  wi th in  
about 175 m) t o  t h e  loop s i d e s  a r e  too  s t rong,  it i s  no t  poss ib le  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  ly ing  
i n  these  "blind zone" regions. From a s t a t i s t i c a l  po in t  of view the  
chances of missing a s i g n i f i c a n t  conductor i n  these  "blind zone1' regions 
a r e  very smal l ,  s i n c e  these  regions c o n s t i t u t e  only about 8% of t h e  a rea  
surveyed from each loop. 

The amplitude r a t i o  and phase d i f fe rence  a r e  recorded i n  such 
a way t h a t  f l y i n g  "towards" the  loop using the  hor izon ta l  coplanar c o i l  
system, a normal anomaly shows a p o s i t i v e  s i g n  ( i . e .  upward de f lec t ion)  
f o r  t h e  former and a negat ive  s ign  ( i . e .  downward de f lec t ion)  f o r  t h e  
l a t t e r  parameter. While f l y i n g  "away" from a loop these  s igns  a r e  
reversed. Reversed anomalies can a l s o  be t h e  r e s u l t s  of p a r t i c u l a r  
geometric s i t u a t i o n ,  e. g. when the  source is located  on t h e  hanging 
wa l l  s i d e  of a  f l a t l y  d i p p i ~ g  conductor (Bosschart, 1964, p a  22 and 
f i g u r e  9 ) .  Man-made disturbances inc luding power l i n e s ,  p ipe  l i n e s ,  
metal  fences ,  rai lways,  e t c .  may cause spurious anomalies. The former 
a r e  recognizable a s  such when they appear a s  c y c l i c  no i se  of i r r e g u l a r  
shape and phase re la t ionsh ip .  Non-energized, grounded power l i n e s  
(e.g. 3 phase systems) sometimes g ive  r i s e  t o  anomalies t h a t  a r e  more 
d i f f i c u l t  t o  i d e n t i f y .  Such ind ica t ions  a s  w e l l  a s  those from pipe 
l i n e s  and metal fences,  e t c .  a r e  however, of shor t  dura t ion and can 
be d is t inguished from most geologic sources except f o r  very narrow, 
near-surface conductors. I n  some ins tances ,  ground i n v e s t i g a t i o n  may 
be necessary i n  order  t o  resolve  t h e  ambiguity of poss ib le  sources.  
Although t h e  a i rborne  geophysical crew at tempts t o  no te  v i s i b l e  man-made 
conductots of t h e  above type,  t h e  ground moves s o  rap id ly  a t  t h e  low 
f l i g h t  e l eva t ion  employed t h a t  100% recogni t ion  of such sources cannot 
always b e  expected from t h e  air. 



The normal t e r r a i n  clearance of the  b i r d  i s  30-60 m depending 
on the  su r face  topography, t r e e  cover, e t c .  with the  he l i cop te r  30 m 
above. The es tab l i shed  use fu l  depth of de tec t ion  of the  system f o r  
moderate-to-large conducting bodies,  i . e .  300 m o r  more i n  plan length ,  
i s  a t  l e a s t  175 m sub-bird under condit ions of low extraneous geologic 
n o i s e ,  i . e .  where the  general  l e v e l  of conductivi ty of t h e  overburden 
and rock types of t h e  a r e a  is  low. The u s e f u l  depth of de tec t ion  of 
t h e  system is the re fo re ,  a t  l e a s t  125-150 m beneath the:ground sur face  
under these  condit ions.  

PRESENTATION OF RESULTS 

The electromagnetic records a r e  i n t e r p r e t e d  t o  determine the  
presence of conducting bodies and t o  obta in  some information r e l a t i n g  
t o  t h e i r  character .  The i n t e ~ a l o m e t e r  t i m e  marks a r e  synchronized wi th  
the  pos i t ion ing  camera f i l m  s t r i p  and thereby permit t h e  r e l a t i n g  of 
the  conductors with appropr ia te  ground locat ions .  The t e r r a i n  clearance 
is obtained from the  a l t i m e t e r  da ta ,  presented i n  the  form of s i d e  pen 
markers whose separa t ion is near ly  propor t ional  t o  t h e  h e l i c o p t e r  t e r r a i n  
clearance.  

A plan i s  prepared, e i t h e r  using a subdued photmosaic ("greyflex") 
o r  an overlay from a mosaic o r  topographic plan a s  base. The f l i g h t  path 
of each survey l i n e  is obtained by means of "tie points",  which a r e  f e a t u r e s  
on t h e  mosaic o r  topographic p lan ,  i d e n t i f i e d  on the  pos i t ion ing  camera 
f i lm.  The f l i g h t  pa th  is  in te rpo la ted  between these  t i e  points .  

INTERPRETATION 

Where f i e l d  d i s t o r t i o n  occurs t h e  curves i n d i c a t e  the  loca t ion  
and t h e  depth of t h e  main cur ren t  flow. The "current axis" is w e l l  
defined when t h e  current  is  concentrated,  f o r  ins tance ,  i n  t h i n ,  s t eep ly  
dipping conductors. I n  wide, banded conductors, o r  i n  hor izon ta l  conductors 
such as overburden, t h e  cur ren t  is  usual ly  more dispersed and t h e  anomalies 
y i e l d  less p o s i t i v e  information. 

(a) Peak Locations 

The peak loca t ion  of t h e  amplitude r a t i o  (using the  hor izon ta l  
coplanar c o i l  system o r  t h e  cross-over i n  case the  v e r t i c a l  coaxia l  c o i l  
system i s  used) is  shown on t h e  p lan  by a c i r c l e  i n  the  appropr ia te  
locat ion.  I n  the  case of broad conductors o r  c lose ly  spaced mul t ip le  
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. A conductor which is l i k e l y  man-made is ind ica ted  
by an X r a t h e r  than by a c i r c l e .  

A s  a r u l e  the  cur ren t  a x i s  i s  located  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  de f lec t ion  o r  t h e  maximum phase anomaly, f o r  t h e  
h o r i z o n t a l  coplanar receiving c o i l  system (Ver t ica l  Fie ld) .  For t h e  
v e r t i c a l  r o a x i a l  c o i l  system (Horizontal F i e l d ) ,  t h e  cur ren t  a x i s  is: 
loca ted  r i g h t  below t h e  i n f l e c t i o n  po in t  of t h e  anomaly. Its depth under 
t h e  t r a v e r s e  is ind ica ted  by t h e  shape of t h e  anomaly. 



(b) Depth and Conductor Width 

The "half width", i . e .  the  d i s t ance  between the  po in t s  of ha l f  
the  maximum response amplitude is f o r  simple l i n e  current  sources,  using 
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 the  
source under t h e  de tec to r .  In  case the  v e r t i c a l  coaxia l  system i s  used 
the  peak t o  peak separa t ion i s  f o r  t abu la r  bodies equal  t o  1.15 times t h e  
depth of t h e  source under t h e  de tec to r .  Flat- lying conductors (e.g. 
overburden) c h a r a c t e r i s t i c a l l y  g ive  r i s e  t o  very l a r g e  ha l f  widths,  combined 
wi th  r a t h e r  i r r e g u l a r  curve shapes. Here t h e  ha l f  width may r e f l e c t  the  
conductor width r a t h e r  than the  depth and t h e  l a t t e r  can usual ly  no t  be 
determined. I n  cases where the  conductivi ty zone i s  i n t e r p r e t e d  t o  have 
appreciable  width, the  separa t ion between the  edges i s  ind ica ted  on t h e  
p lan  by an open b a r  symbol along t h e  f l i g h t  l i n e .  W e l l  defined peaks 
w i t h h  t h i s  zone should be marked, and i f  poss ib le  i n t e r p r e t e d  a s  individual  
anomalies. The subsurface depth of t h e  cur ren t  a x i s  ( sub t rac t  de tec to r  
a l t i t u d e )  i s  marked on the  lower l e f t  of the  peak loca t ion  c i r c l e .  

(c)  Conductor Grading 

F ie ld  s t r e n g t h  r a t i o  and phase d i f fe rence  anomaly amplitudes 
a r e  dependent on the  o v e r a l l  geometry a s  w e l l  a s  on t a r g e t  s i z e  and It 
value.  Their  primary s ign i f i cance  i s  i n  t h e  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 .  For t h e  purpose of 
amplitude grading th ree  ca tegor ies  a r e  used: Category 1, f u l l y  shaded; 
Category 2 ,  h a l f  shaded; and Category 3, unshaded. 

(d) Conductivitv-Thickness Factor 

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 fe rences  provide a measure 
of t h e  conductivi ty of t h e  conducting bodies,  i . e .  good conductors a r e  
character ized 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  than 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 accura te  grading the  conductivity-thickness f a c t o r  
( d t  value) of ind iv idua l  conductors can be derived from t h e  ca lcu la ted  
in-phase and out-of-phase components, taking i n t o  considerat ion t h e  
e x c i t i n g  frequency and the  s t r i k e  length  of conductor, by means of t h e  
diagram described below. The A t  va lue  is then marked on t h e  upper-right 
s i d e  of the  peak loca t ion  c i r c l e .  

Large, h ighly  conducting bodies such a s  massive sulphides o r  
g raph i t e  and seawater, e t c . ,  genera l ly  have high A t  values.  Moderate 
conductors w i l l  have d t  values between 10 t o  100 mhos. Poorly conducting 
bodies (e.g. most overburden and some sulphide and g r a p h i t i c  zones) w i l l  
have A t  values of less than 10 mhos. In  a reas  where t h e r e  is a c l e a r  
d i f f e r e n t i a t i o n  i n  conductivi ty between the  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  poss ib le  conductors, t h e  A t  values may form the  main 
b a s i s  £0; discrimination.  When t h e  conductivi ty ranges of economic and 
non-economic overlap,  t h e  It value  cannot, of course, b e  r i g i d l y  r e l i e d  
upon. 



Diagram f o r  the  Evaluation of Conductivity-Thickness (At) Factors 

This diagram has been prepared from d a t a  obtained i n  model 
s t u d i e s  (R. A. Bosschart,: "Analytical I n t e r p r e t a t i o n  of Fixed Source 
Electromagnetic Prospecting Data") and i s  v a l i d  f o r  Tabular s t eep ly  dipping 
'Thin' Conductors. 

To obta in  the  conductivity-thickness f a c t o r  f o r  a conductor 
system t h e  amplitude-ratio and phase d i f fe rence  a r e  p l o t t e d  on absc i s sa  
and o rd ina te  respec t ive ly  and a l i n e  is  drawn through t h e  r e s u l t a n t  po in t  
and the or ig in .  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  length of t h e  anomaly system one i n t e r p o l a t e s  
between t h e  values  of conductivi ty-thickness,  i n  mhos, shown on t h e  upper 
bounding curve. 

Example : Amplitude Rat io  
Phase d i f fe rence  
In te rp re ted  s t r i k e  length  

of sys  t e m  
Conductivi ty-thickness 

value (At) 

1000 meters 

120 mhos 

(e) Current P a t t e r n  

To ob ta in  t h e  p ro jec t ion  of t h e  current  p a t t e r n ,  t h e  anomalies 
a r e  connected between l i n e s ,  using depth A t  values and o the r  c h a r a c t e r i s t i c s  
of t h e  curves a s  c r i t e r i a .  The s t r i k e  of t h e  formation, i f  known, is 
a l s o  taken i n t o  considerat ion.  

( f )  Magnetic Corre la t ion  

N Where magnetic d a t a  a r e  a v a i l a b l e ,  preferably  from a coincident  
magnetometer recording,  any c o r r e l a t i n g  magnetic expression is noted f o r  
the  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  ind ica ted  by a double concentr ic  c i r c l e .  

Location of a conductor on the  f l ank  of a magnetic anomaly is 
ind ica ted  by means of one h a l f  of a concentr ic  c i r c l e  on the  s i d e  of 
t h e  magnetic high. 

The s ign i f i cance  of d i r e c t  o r  f l ank  c o r r e l a t i o n  depends on 
t h e  search problem. I n  t h e  former case t h e  magnetic and conductive 
p r o p e r t i e s  may be coincident  o r  belong t o  two narrow adjoining zones. 
In  t h e  l a t t e r  case t h e  conductor may be located  a t  the  contact  of a 
wider magnetic formation. I n  case of d i r e c t  coincidence, t h e  magnetic 
value is  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 r c l e .  

REDUCTION OF DATA 

Upon completion of a f l i g h t ,  t h e  f i l m  is developed and t h e  
a c t u a l  pa th  of t h e  a i r c r a f t  is p l o t t e d  on a base map. This i s  accomplished 
by comparing f i l m  po in t s  wi th  the base map p l a n h e t r y .  For any given 



poin t ,  t h e  appropr ia te  f i d u c i a l  number i s  placed on the  base map (o r  
photo laydown). The a c t u a l  f l i g h t  path is produced by jo in ing the  
f i d u c i a l  points .  

Where f i e l d  r e s u l t s  a r e  des i red ,  anomalies a r e  chosen and a r e  
assigned appropr ia te  f i d u c i a l  numbers. The anomalies a r e  then t r a n s f e r r e d  
t o  t h e i r  co r rec t  pos i t ion  on the  base map. 

F l igh t  l i n e s  and f i d u c i a l  numbers a r e  f i n a l l y  presented on a 
g reyf lex  which i s  made using t h e  photomosaic a s  a base. 

In t h e  case of EM o r  radiometric r e s u l t s  t h e  anomalies are 
p l o t t e d  on t h e  greyf lex  a s  boxes with symbols represent ing anomaly grade 
of amplitude (as noted on t h e  legend accompanying each map). Anomaly 
1 I systems" a r e  then out l ined a t  which s t a g e  a geophysical i n t e r p r e t a t i o n  
can be  made. 

* (Bosschart,  1964, p. 22 and f i g u r e  9) Analyt ica l  I n t e r p r e t a t i o n  of 
Fixed Source Electromagnetic Prospecting Data. 
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APPENDIX 'B' 

MAGNETOMETER - MAP-2 
The MAP-2 is a lightweight, one gamma airborne proton- 

precession magnetometer with a range of 20,000 to 100,000 gammas 
and an automatic five digit visual display. This new instrument 
has several significant advantages over other instruments of this 
type besides its compact size and light weight. 

t 

One of its most interesting features is that, unlike 
other airborne magnetometers which have to be switched manually 
from one narrow (usually 4000 - 6000 gammas) range to another, 
the MAP-2 tracks automatically over its full 80,000 gamma range. 

This advantage is particularly significant in surveys 
flown at low terrain clearances in areas of high magnetic relief, 
conditions which are common in mineral prospecting. 

The instrument is of compact modular design (112 standard 
rack size) and has both digital and analogue outputs. The analogue 
outputs are either 100 or 1000 gammas full scale, with automatic 
stepping. During each step, an indication of the new stepping 
level is recorded, providing a permanent reference identifying 
each step. 

The measuring sequence can either be sequentially triggered 
y internally throught its own programmer or initiated by a suitable 

command pulse. 

In addition while on internal triggering, the instrument 
provides an. external output command pulse enabling other instrumen- 
tation to be synchronized with the magnetometer, 



SPECIFICATIONS - MAP-2 
Range : 

Sensitivity: 

Accuracy : 
\ 

Sampling Rate: 

Readout-Visual: 

Digital Data Output: 

Analog Data Output: 

External Trigger: 

Tigger Output : 

Power Requirements: 

Temperature Range: 

20-100.000 gammas (world-wide) continuous 
range (automatic tracking) 

!: 1 gamma (fully automatic) 

+ 1 gamma 
Automatic standard 1 second, with provision 
for external triggering from other equipment 
with minimum 1 second intervals. 

Digital Display by 5 incadescent , 7 bar . 
display lights 

BDC 1-2-4-8 DTL, TTL Compatible 

5 V full scale for 1000 gammas, 100 gammas; 
1 gamma resolution 

Requirement: +4 V to 0 transition (as slave) 

+4 V to 0 transition at start of cycle 
(as master) 

24-30V DC, 3.2 A max. 

-30 to +50 degrees C 

Dimensions and Weights: Console 
8 1/2" X 5 114" X 13" (half-rack) 
(21 1/2 cm X 13 112 cm X 33 cm) 
12 lbs. (5.4 kg) 

Tow Bird 
7" X 23" (18 cm X 58 cm) 
20 lbs. (9 kg) 



APPENDIX ' C ! 

ANCILLARY EQUIPMENT 

1. Alt imeter  

A Bonzer, high frequency s o l i d  s t a t e  r ad ioa l t ime te r  
i s  employed t o  continuously i n d i c a t e  the  mean t e r r a i n  c l e a r -  
ance of t h e  he l i cop te r  or  o t h e r  t r anspor t ing  a i r c r a f t .  The 
a l t i m e t e r  i s  i n s t a l l e d  i n  t h e  a i r c r a f t  (unless otherwise 
ind ica ted)  so t h a t  t h e  e leva t ion  of  t h e  sensing b i r d s  (e lec t ro -  
magnetic o r  magnetic) w i l l  be l e s s  by the  usual  v e r t i c a l  
displacement of  these  b i r d s  below t h e  a i r c r a f t ,  

The output  of t h e  Bonzer may be expressed i n  
analogue form on a s u i t a b l e  graphic recorder,  o r  may be, f o r  
convenience, converted t o  a semi-digi ta l  form on a recorder 
s i d e  pen. I n  t h e  l a t t e r  event t h e  a l t i m e t e r  record i s  a 
s e r i e s  of spaced pulses whose separa t ion is  propor t ional  
t o  t h e  mean t e r r a i n  clearance. 

2. Posi t ioning Camera 

A Vinten Mark 3 16 nrm posi t ioning camera i s  employed 
with a wide angle lens. Photographs of the  ground a r e  taken 
with s u f f i c i e n t  frequency t o  g ive  a complete record of t h e  
f l i g h t  pa th  of t h e  a i r c r a f t  o r  hel icopter .  The frequency 
of exposure i s  control led  by t h e  intervalometer  
r e f e r r e d  t o  below, 

3. Intervalometer  

A Sc in t rex  IA-2 intervalometer  provides regu la r ly  
spaced timing pulses which d r i v e  t h e  posi t ioning camera 
exposure mechanism and produces synchronous " f i d u c i a l  marks" 
on t h e  s i d e  pen of t h e  geophysical graphic recorder  o r  
recorders,  Because of t h e  synchronization of t h e  
geophysical t r a c e s  and t h e  pos i t ion ing  camera it i s  then 
poss ib le  t o  r e l a t e  t h e  geophysical events of i n t e r e s t  t o  
t h e i r  proper ground location,  The timing pulse  frequency 
may be adjus ted  i n  accordance wi th  t h e  ground speed of t h e  
a i r c r a f t  so  t h a t  an adequate f l i g h t  path record i s  obtained. 



DOMINION OF CANADA: 1 
PROVINCE OF BRITISH COLUMBIA. I %n tho a ~ t t ~ r  of a geophysical survey on behalf  of 

I 
- - 

Hogan Mines Limited 
TO WIT: 

1, L. A. Mer r i f i e ld  f o r  Se ige l  Associates  Limited 

of 750 - 890 West Pender S t r e e t ,  Vancouver 

in the Province of British Columbia, do solemnly declare that a i rbo rne  geophysical surveys have 
been executed on some CM, PAUL, DOUG, RON, NORM, TOM, FRED, BARRY, DELTA and 
MINERAL LEASE 95,claims between J u l y  19 t o  J u l y  24, 1971. The fol lowing expenses 
were incurred:  

(1) Wages : 
J. S t e e l e  5 days @ $50.00/day $250.00 
C. Mohagen 5 days @ $35.00/day 175.00 
B. Parad i s  5 days @ $27.50/day 137.50 
H. Winzeler 5 days @ $27 .50 /da~  137.50 

(2) Transpor ta t ion  on t h e  job 
28 hours  h e l i c o p t e r  

(3) Food & l i v i n g  expenses 

(4) Use of geophysical equipment 
5 days @ $60.00/day 

Cost of supp l i e s  - w i r e  

(5) Paid t o  S e i g e l  Associates  Limited 
t o  cover geophys ic i s t ' s  superv is ion  
c a l c u l a t i n g ,  p l o t t i n g  and fairdrawing 
d a t a  and p repa ra t ion  of f i n a l  r epor t s .  

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

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

Declared before me at the 

of Vancouver 

Province of British Columbia, this 

day of November, 19 71 

Ci ty  1 

, A.D. J 

- h\\i<iP!G RECORDER 
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I LOCATION MAP. 1 
1 TAUW CREEK AREA,, ANYOX B.C. . 

SCALE 0 4 miles 
1 : 250,000 

I Survey by I I 

I SEIGEL ASSOCIATES LIMITED 
AUGUST 1371 A- PLATE 1 1 p i: 



L E G E N D  

D R A I N A G E  

R I V E R  

ELECTROMAGNETIC C O N D U C T O R S  

P L A T E  2 

A N Y O X  AREA,  RlTlSH COLUM 

N O R M A L  C U R R E N T  FLOW REVERSED C U R R E N T  F L O W  

NO MAGNETIC ASSOCIATION NO MAGNETIC ASSOCIATION 
-- CATAGORY THREE &' + SUBSURFACE DEPTH : O/ - CATAGORY TWO 

150 150 

COINCIDENT MAGNETIC RESPONSE @) COINCIDENT MAGNETIC RESPONSE 
- CATAGORY TWO /00/325------- MAG N E T l C  A M P L I T U D E  100/325 - CATAGORY THREE 

F L A N K I N G  MAGNETIC RESPONSE TO WEST CONDUCTIVITY x TH ICKNESS & FLANKING MAGNETIC RESPONSE TO E A S T  
- CATAGORY ONE 200/325 200/325 - CATAGORY ONE 

INSUFFICIENTLY DEFINED FOR 
QUANTITATIVE DETERMINATIONS 

0 0 IN SUFFICIENTLY DEFINED FOR 
QUANTITATIVE DETERMINATIONS 

CONDUCTIVE ZONE 1-1 - INTERPRETED CONDUCTOR AXIS 

TO ACCOMPANY A GEOPt-IYSICAL REPORT 
BY R.O. CROSBY AND J.P. STEELE DATED AUG. 31, 1971 

F ~ L I G H T  L INES AND ELECTROMAGNETIC 
CONDUCTOR LOCATION 

APPROX. SCALE I inch = 1500 feet 

3000 6000 feet 
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LOCATION MAP 
SCALE : I inch = 4 M ILES 

4 0 4rniles 

L E G E N D  P L A T E  3 

HOGAN MINES LIMITED 1730 
L- 5 E ------0 FLIGHT L I N E ,  FLIGHT LINE NUMBER AND NUMBERED 

FlDUClAL POINTS A N Y O X  AREA,  BRITISH COLUMBIA 

1000 GAMMA ISOMAGNETIC CONTOUR INTERVAL 

100 GAMMA ISOMAGNETIC CONTOUR INTERVAL 

20 GAMMA ISOMAGNETIC CONTOUR INTERVAL AIRBORNE GEOPHYSICAL SURVEY 
MAGNETIC CONTOUR PLAN 

MAGNETIC LOW 

MEAN AIRCRAFT TERRAIN CLEARANCE - 400 FEET 

MEAN FLIGHT L lNE SPACING - 600 FEET 

APPROX SCALE I inch = 1500 feet 

0 3000 6000 feet 

BASE INTENSITY 57,000 GAMMAS 

--+/ DRAINAGE 

\ 

IATES LIMITED 

TO ACCOMPANY A GEOPHYSICAL REPORT 
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CLAIM GROUP 

D C A T I O N  MAP 
SCALE : I inch = 4 M ILES 

L E G E N D  
P L A T E  4 

W M M M L ~ ~ ~  P R O B A B L E  FAULT 

P R O B A B L E  GEOLOGICAL CONTACT 

- - a  - .. - C L A I M  BOUNDARY 

TO ACCOMPANY A GEOPHYSICAL REPORT 
v 

B Y  R . O .  CROSBY AND J. P. STEELE DATED AUG. 31, 1971 

HOGAN MINES LIMITED 
ANYOX AREA,  BRITISH COLUMBIA 

AIRBORNE GEOPHYSICAL SURVEY 
M A G  N ETIC INTERPRETATION 

AND CLAIM LOCATION 
APPROX. SCALE I inch = 1500 feet 

0 3000 6000 feet 

I SURVEY BY SEIGEL ASSOCIATES LIMITED , j\ 1 , 
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