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REPORT ON THE MAXMIN I1 EM SURVEY FOB BP MINERALS LIMITED, 3AP CIAIM 
GROUP, CLIYAL CREEK AREA, OMINECA MINING DIVISION, BRITISH COLUPilBIA 

PREAMBLE 

A f t e r  t he  assessment information and t h e  statement of  t h e  ob- 

j ec t ive  of t h e  survey a r e  sect ions  dealing with t h e  equipment and i t s  

appl icat ion toward t h e  detection of massive sulphide zones. By i n t r o -  

ducing these  sect ions  b e f o ~ e  the  sec t ion  on t h e  i n t e r p r e t a t i o n  of  t h e  

f i e l d  r e s u l t s ,  it is t h e  wr i t e r ' s  i n t en t ion  t o  give t h e  reader  a def- 

i n i t e  f e e l i n g  f o r  the  effectiveness of t h e  coverage on t h e  Bap claim 

group 

ASSESSMENT INFORMATION 

0 
The Bap claim group is  t h e  property of BP Minerals Ltd. It 1 

I 

is loca ted  7 miles SSE of Johanson Lake i n  t h e  Omineca Mining Division 

of B r i t i s h  Columbia. 

The f i e l d  work was done i n  July of 1976, 

OBJECTIVE OF SURVEY 

The objective of t h i s  sumrey w a s  t o  test t h e  rus t - s ta ined  

volcanic t u f f  u n i t s  on the property f o r  t h e  existence of deep massive 

sulphide zones. 

The existence of shallow massive sulphide zones had already 

been eliminated by a Crone JEM shoot-back survey in 1974, 

EOUIPMENT AND PROCEDURES 

The Maflin I1 system was designed t o  operate  i n  two modes -- 

0 one ca l l ed  Max-Coupled and the other  Min-Coupled, The Max-Coupled mode 

uses i n - l i ne  coplanar c o i l s ,  wherein t h e  t w o  a i l s  are held p a r a l l e l  t o  

the  mean s lope o f  t he  terrain. In flat  terrain, the Max-Coupled mode 



0 
is one i n  t h e  same with the well-known Horizontal Loop mode. The Min- 

Coupled mode uses in - l ine  mutually perpendicular c o i l s ,  wherein the  

turns of  t h e  t ransmit t ing and receiving c o i l s  are p a r a l l e l  and perpend- 

icular, respect ively ,  t o  the  mean slope of t h e  t e r r a i n .  

The Max-Coupled mode i s  t h e  most commonly used, because it is  

easy t o  perform and it couples wel l  with most conductor configurations,  

g iving recognizable anomaly shapes. However, t he  Min-Coupled mode is 

of proven super ior i ty  i n  t h e  case of deep, very wide conductive zones, 

where it gives  - la rger  anomaly amplitudes than the  Max-Coupled mode. 

Also, t h e  Min-Coupled anomaly shape po in t s  unequivocally t o  a wide 

a source, whereas t h e  Max-Coupled anomaly shape over ls ingle  wide conduct- 

o r  a t  depth is similar t o  that over two separate  p a r a l l e l  conductors 

0 at depth. I 

The Max-Coupled mode w a s  used over t he  e n t i r e  Bap gr id .  The 

Min-Coupled mode was used on one l i n e  only i n  an e f f o r t  t o  enhance t h e  

i n t e rp re t a t i on  given by the Max-Coupled r e s u l t s .  

i 
I 

SECANT CHAINING ! 
! 

The l i n e s  "run" during t h i s  survey were first secant  chained ? 
I 

to insure  f u l l  control  over t h e  c o i l  geometry (separation and t i l t ) .  

This is necessary t o  obtain clean "in-phase" data.  Clean in-phase da ta  

are necessary f o r  t he  detection of deep massive sulphide bodies. This 

po in t  can be b e t t e r  appreciated when t h e  reader bears  i n  mirid t h a t  mas- 

s i v e  sulphide bodies nearly always have a l a r g e r  in-phase than out-of- 

phase response over t h e  frequency range of t h e  MaxMin I1 system. None- 



t h e l e s s ,  t h e  amplitude of  t h e  in-phase response can be smal l  due t o  an  

apprec iab le  body depth. The in-phase no i se  r e s u l t i n g  from poor c o n t r o l  

o f  t h e  c o i l  geometry can "bury" t h e  low amplitude in-phase response 

from a deep t a r g e t .  

A by-product of t h e  secan t  chain ing is a s e t  o f  topographic 

contours  wi th  exact  l i n e  and s t a t i o n  l o c a t i o n s  over  t h e  e x t e n t  of  t h e  

i d .  The g r i d  can then be accura te ly  l o c a t e d  on a contour map made 

from o r t h o  photos,  by matching t h e  two sets of  contours .  

I n  t h i s  ve in ,  it is o f  i n t e r e s t  t o  no te  t h a t  superimposi t ion 

o f  t h e  (reduced-scale) topo p lan  from secan t  chain ing onto  t h e  top0 p lan  

from o r t h o  photos revealed t h a t  t h e  Bap g r i d  is 500 f t  (150 m) more g r i d  

0 
nor th  and 150 ft  (45 m) more g r i d  east, than  o r i g i n a l l y  p l o t t e d  by t h e  

l i n e  c u t t e r s ,  

COIL SPACING AND DEPTH OF DETECTION 

A horizontal-plane c o i l  spacing o f  600 f t  was 'used dur ing  t h e  

survey t o  i n s u r e  deep search,  A 600 f t  h o r i z o n t a l l y  p ro jec ted  c o i l  spa-  

c ing  is about 700 f t  on t h e  s t eep  s lopes  o f  t h e  Bap g r i d .  With t h e  s m a l l  
I 

in-phase no i se  envelope of +1%, - provided by secan t  chain ing,  very l a r g e  I 

massive su lphide  bodies,  dipping perpendicular  t o  t h e  s l o p e ,  can be de-  

t e c t e d  t o  a normal-to-slope depth o f  0.7 o f  t h e  c o i l  spacing,  i . e .  t o  a 

depth of  0.7 x 700 f t ,  o r  nea r ly  500 f t  (150 m) normal t o  t h e  s lope.  

However, more r e a l i s t i c a l l y - s i z e d  massive su lphide  bodies,  e.g. s t r i k e -  

l eng th  x dip-extent  = 1200 f t  x 1200 f t  (365 m x 365 m),  can only  be 

de tec ted  t o  a normal-to-slope depth of 0.6 o f  t h e  c o i l  spacing,  i.e. 

0 about 0.6 x 700 = 420 f t  o r  130 m,  i n  t h e  presence of a +1% in-phase - 



noise  envelope. O f  course, t h e  depth of de tec t ion  is less f o r  smaller- 

s i z ed  t a r g e t s .  For instance,  a massive sulphide  zone (600 f t  x 1200 f t  

o r  180 m x 365 m) would be de tec tab le  t o  a normal-to-slope depth of  a -  

bout 350 f t  o r  105 m f o r  t h e  same c o i l  spacing and in-phase noise  en- 

velope as s t a t e d  above. 

These statements,  pe r ta in ing  t o  t h e  depth o f  de t ec t i on ,  are I 
based on scaled-modelling results*, enhanced by f i e l d  r e s u l t s  obtained 

by t h e  writer over deep conductive sources**, 

An example of t h e  MaxMin I1 p r o f i l e s ,  t o  be expected over a 

deep sulphide source, can be seen i n  t h e  i n i t i a l  p r o f i l e  shee t ,  en- 

t i t l e d  "Model Line", toward t h e  end of  t h e  r epo r t ,  It is c l e a r  from 

0 these  p r o f i l e s  t h a t  a moderately l a r g e  massive sulphide l en se  (365 m x 

365 m) would be read i ly  detec table  a t  a normal-to-slope depth of  400 f t  

o r  122 m ,  i f  t h e  in-phase noise  envelope does no t  exceed +1&, i.e. t h e  

no i se  l e v e l  o f  t h e  recen t  survey. 

The fol lowing t a b l e  summarizes t h e  depth-of-detection capa- 

b i l i t y  of  t h e  MaxMin 11 system f o r  d i f fe ren t - s i zed  massive sulphide 

zones, when using a s i x - s t a t i o n  c o i l  spacing (about 700 f t  o r  215 m on 

a s teep  slope) : 

* The source o f  t h e  sca led  modelling r e s u l t s  i s  from t h e  writer's 
personal  modelling s u i t e ,  and from a pub l ica t ion  e n t i t l e d  "Type Curves 
f o r  t h e  In t e rp r e t a t i on  of Slingram Anomalies e t ~ . ~  Geological Survey 
o f  Finland,  Report ,of Inves t iga t ions  No. 1, by M. Ketola and M. Puranen. 

** The results over deep conductive sources are shown i n  a t e s t  program 

0 r e p o r t  f o r  t h e  MaxMin I1 system ava i l ab l e  from Apex Parametrics  Ltd., 
and i n  a s u i t e  of demonstration pos t e r s  f o r  t h e  MaxMin I1 system, a 
copy of which is  held by BP Minerals Ltd, 



Strike-Length x Depth-Extent Depth of Detection 

These depth f i gu re s  a r e  now compared with t h a t  f o r  t h e  JEM 

survey of  two years ago, It is inherent ,with t h e  c o i l  geometry of t h e  i 
latter system,to get  a depth of detect ion of about 0.5 of t h e  c o i l  spa- 

t 

r i ng ,  when dealing with clean tilt angle data. The noise  envelope of 1 
i 

the p a s t  survey is about - +3@ (which is equivalent  t o  about a - +5% i n -  I 
phase no ise  envelope with a Horizontal Loop system). A noise  envelope 

0% +3" would l i m i t  t h e  depth of detect ion of t h e  JEM system t o  about 0.4 i - I 

o f  t h e  c o i l  spacing. Considering t h a t  a two-station c o i l  spacing w a s  , 

0 used with t h e  JEM system, i.e. about 230 f t  (70 m) on t h e  s lope,  then 

*he depth of search f o r  massive sulphide zones was about 0.4 x 23 0 f t  = 

95 f t  o r  29 m. This depth of detect ion would no t  vary f o r  body s t r i k e -  

l eng ths  between 600 f t  and 2000 f t ,  because such s t r ike- lengths  are i n  

e f f e c t  i n f i n i t e l y  long f o r  a c o i l  spacing of 230 f t .  

THE n6,tn OR CONDUCTIVITY-THICKNESS PRODUCT OF MASSIVE SULSHIDE ZONES 

Tb this point  i n  t h e  repor t ,  t h e  expression massive sulphide 

zone has not  been qual i f ied i n  terms of i t s  B. f value. 

The "b;f of t h e  s a p h i d e  lense  shown under t h e  "Model Linew, 

i n  the p r o f i l e  sect ion of this r e p o r t ,  i s  of  t h e  order of  1000 mhos, o r  

g rea te r ,  A CP;f value of >, 1000 mhos may appear l a r g e  compared t o  some 

of the values seen on maps and in t h e  literature, However, it must be 

0 remembered that nearly a l l  published values t o  da te  are a f f ec t ed  by 



phenomena ca l l ed  "current gathering" and "thickness"*, and as a r e s u l t  

are much lower than the  t r u e  values. It generally requi res  a very low 

frequency t o  g e t  c l ea r  of t he  "current gatheringrt and "thicknessff ef- 

f e c t s ,  when dealing with a massive sulphide lense  i n  Nature. 

Although t h e  lowest frequency (222 Hz) of t he   in I1 system 

is not general ly  low enough t o  be f r e e  of t h e  above-mentioned e f f e c t s ,  

it is lower than most avai lable  system frequencies. Nonetheless, with 

t h e  MaxMin I1 system, a near "truew value of s;t can be obtained by 

computing a value f o r  each of t he  four  system frequencies,  based on i n -  

t eppre t ive  curves from laboratory-scaled modelling with t h i n  shee ts  i n  

f r e e  space. It has been found t h a t  such computed values of at increase 

0 as t h e  frequency decreases. By extrapolat ing t o  t he  region of very low 

frequencies, a reasonably frtrue" value of at can be obtained*". 

By using the  approach described i n  t h e  preceding paragraph, - - - - 

a tf truew value was obtained f o r  t h r ee  well-known volcanogenic massive 

sulphide bodies of economical value i n  eas te rn  Canada. The s to ry  is  t o l d  
i 

i n  t h e  following t ab l e  : I 
i 

* These phenomena o r  e f f e c t s  a r e  described with appropriate r e f e r -  
ences on t h e  demonstration pos te rs  re fe r red  t o  i n  t h e  footnote  on page 4. 

** These procedures a r e  demonstrated on the  above-mentioned posters.  



Name of 
Deposit Location 

Le Moine Chibougamau 
area 

New Insco Noranda area 

ISO n n 
( w e s t  end) 

Is0 
( c e n t r a l  p a r t )  w 

Type of  
Sulphides 

Thickness o f  Zone, 
under tes t  l i n e  "Truew at 

Massive p y r i t e  4 t o  5 meters 3000 mhos 
with s p h a l e r i t e  
& chalcopyr i te .  

Massive p y r r h o t i t e  1 5  t o  17 meters 9000 mhos 
with chalcopyr i te .  

Massive s i l i c i f i e d  16  meters 50 m b s  
f ine-gra ined p y r i t e  
with s p h a l e r i t e  . 
Same a s  above on 1 4  meters 
hanging-wall s i d e .  1000 mhos 
Chalcopyrite zone 3 meters 
on foo twa l l  s i d e .  

It is apparent from t h e  above t a b l e  t h a t ,  where a few-meter 

0 th ickness  of  massive (coarse-grained) p y r i t e ,  massive p y r r h o t i t e ,  

o r  massive chalcopyr i te  is involved, t h e  " t ruen  o;t v a l u e s  can 

be  quite high,  i.e. 2 1000 mhos. However, i n  t h e  case of fine- 

grained s i l i c i f i e d  p y r i t e  with s p h a l e r i t e ,  t h e  at va lue  can be q u i t e  low -- 
a t  t i m e s  s u b s t a n t i a l l y  lower than t h e  50 mho value  determined f o r  t h e  

west end of t h e  I so  sulphide deposi t .  

Based on t h e  contents  of t h e  preceding paragraph, it can be 

s a i d  t h a t  t h e  fit value of 1000 mhos f o r  t h e  conductive zone under t h e  

wModel Line1' is not  u n r e a l i s t i c a l l y  high, when cons ider ing  a chalco- 

p y r i t e - r i c h  content .  Given t h a t  a ~ . t  va lue  of  1000 mhos is realistic,  

t h e  depth  of  de tec t ion  figures, s t a t e d  i n  t h e  t a b l e  on page 5 ,  a r e  a l s o  

r e a l i s t i c .  
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0 
For zones containing massive s p h l e r i t e  (a non-conductor), 

with l i t t l e  o r  no associated meta l l i c  sulphides,  t h e  "&tn can be much 

smaller than LOO0 mhos. However, as long as t he re  is enough metallic 

sulphide t o  keep the  "trueTr 03 value above 10  mhos, t h e  depth of detec- 

t i o n  f i gu re s  w i l l  be almost as l a rge  a t  t h e  highest  system frequency 

(1777 Hz) as they w i l l  f o r  a 1000 mho conductor. In other  words, t h e  

amplitude of the in-phase anomaly w i l l  be above the in-phase noise  en- 

velope a t  1777 Hz (but not a t  t h e  lower frequencies) f o r  a 10  mho sul- 

phide zone a t  the  depths l i s t e d  i n  the  t a b l e  on page 5 ,  A s  t h e  wuiTTt 

of t h e  sulphide zone drops below 10  mhos, t h e  in-phase anomaly amplitude 

a t  1777 Hz decreases rapidly ,  and t h e  sulphide zone must become progress- 

ive ly  more shallow than l i s t e d  i n  the t a b l e  on page 5 t o  be detected by 

t h e  M a i n  II system. 

A s  far a s  stratabound massive sulphide zones a r e  concerned, 

a "6.t" of  less than 10 mhos means t h a t  t h e r e  cannot be a chalcopyri te-  

r i c h  layer .  Zones of such low d values would get  t h e i r  conductivity 

primarily from fine-grained py r i t e ,  and t h e  only chance f o r  economical 

v i a b i l i t y  would be i n  la rge  amounts of spha l e r i t e ,  possibly with 

precious metals. 

THE CHOICE OF SYSTEM FREQUENCIES 

During the reconnaissance phase of a survey, two widespread 

frequencies a r e  routinely used. The reasons f o r  t h i s  are as follows: 

a) The high frequency, through its out-of -phase component, can map 

very poorly conductive un i t s ,  which may be of  s t r u c t u r a l  s ignificance.  

0 
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0 
b) The low frequency, through i t s  in-phase t o  out-of -phase r a t i o  can 

i n d i c a t e  t h e  presence of  a highly conductive u n i t  a t  depth, which may 

n o t  be  as apparent a t  t h e  high frequency due t o  t h e  s t r o n g  effect of a 

near-surface ,  poorly-conductive u n i t  be ing superimposed on t h e  deep 

highly-conductive un i t .  

c) The comparative c r ; t  es t imates  a t  two frequencies can l e a d  t o  a first 

o rder  estimate of t h e  t r u e  "at '\ and i n d i c a t e  whether t h e  subsequent 

use  o f  t h e  two a d d i t i o n a l  system f requenc ies  is  warranted t o  g e t  a more. 

accura te  estimate. 

d) The comparative depth es t imates  a t  two f requenc ies  can l e a d  t o  a first 

order  e s t ima te  of t h e  "truett  depth,  and i n d i c a t e  whether t h e  subsequent 

0 use o f  t h e  two a d d i t i o n a l  system f requenc ies  is warranted t o  g e t  a more 

j accurate es t imate .  i 
I 

e) The r e s u l t s  a t  one frequency serve  t o  monitor i n e v i t a b l e  reading o r  

recording e r r o r s  a t  t h e  other .  

f) I n e v i t a b l e  co i l - con t ro l  e r r o r s ,  computational o r  o therwise ,  are 

pointed  o u t  by i d e n t i c a l  e f f e c t s  on t h e  in-phase readings  a t  both f r e -  

quencies. I d e n t i c a l l y  unusual in-phase readings  are o f t e n  t r a c e d  back 

t o  a n  e r r o r  i n  t h e  co i l - con t ro l  computations. 

The use o f  a second frequency adds only  about  1 5  t o  20% t o  t h e  

o v e r a l l  survey t ime,  because a l a r g e  percentage of  t h e  o v e r a l l  t i m e  is 

spen t  i n  t r a v e l l i n g  t o  and from t h e  p roper ty ,  and i n  walking from s t a t i o n  



PRESENTATION OF RESULTS 

The MaxMin I1 pro f i l e s ,  topographic p r o f i l e s ,  and t h e  i n t e r -  

pre ted conductor p ic ture  f o r  each l i n e  a r e  p lo t t ed  on s p e c i a l  sheets.  

Reduced-scale copies of these  shee ts  a r e  bound with a nlegend'F shee t  

toward t h e  end of t h e  repor t ,  Immediately preceding t h e  p r o f i l e s  of 

t h e  f i e l d  r e s u l t s  is  a s e t  of scaled-modelling-based p r o f i l e s  over a 

deep massive sulphide zone, The l a t t e r  p r o f i l e s  have already been r e -  I 
f e r r ed  t o  i n  t h e  e a r l i e r  sections,  

A plan map showing t h e  gr id  l i n e s ,  topographic contours, and 

in t e rp re t ed  conductive zones, i s  included i n  t h e  pocket a t  t h e  end of 

t he  repor t .  

0 INTERPRETATION OF RESUER 

No s ign of massive sulphide zones (nearly-pure spha le r i t e  not-  

withstanding) is v i s i b l e  i n  t h e  r e s u l t s ,  This statement is based on t h e  

complete absence of anomalous in-phase r e s u l t s  beyond t h e  normal noise- 

envelope of  51%. 

However, there  are weakly conductive zones present  on t h e  prop- 

e r t y ,  as indicated i n  the  out-of-phase results. These zones a r e  l i s t e d  

"At? through "F" on t h e  plan and on t h e  p r o f i l e  sheets.  

The dip of the  zones shown on t h e  p r o f i l e  shee t s  is only approx- 

imate. However, with exception of zone F ,  f o r  which t h e r e  is i n s u f f i c i e n t  

da t a ,  t h e  d ips  are probably within 20' of t h a t  shown. 

Indeed, t he  most prominent zones are A.and C,  both of which 

extend across  t h e  e n t i r e  g r id  from l i n e  804N t o  l i n e  828N, with t h e  

0 



exception' of  a break o r  gr id  westward swing i n  zone C on l i n e  824N. 

It is of i n t e r e s t  t o  note t h a t  t h e  a rea  bounded by zones 

A and C contains most of the  nrustytv outcrop and t a l u s  on t h e  prop- 

e r ty .  There is an indication i n  t h e  r e s u l t s  t h a t  zones A and C f 
are not completely i so la ted  zones, but  t h a t  t he re  is  addi t iona l  

poorly-conductive material  between them, although, no ind ica t ion  t o  

this e f f e c t  has been made i n  the  plan o r  sections.  

The exact GI values of t h e  conductive zones are indeterm- 

ina te ,  bu t  they a r e  only a f r ac t ion  of a mho. For t h i s  reason, it is 

f e l t  t h a t  they a r e  due t o  water-f i l led  f r a c t u r e s  o r  shear zones i n  1 
I 

0 
t h e  py r i t i zed  ash tuff units.  The water i n  t he  shear zones i s  suf -  

f i c i e n t l y  ionized through contact with the  p y r i t e  t o  become EM sen- 

s i t i v e .  Certainly,  the  ant values a r e  too small t o  be due t o  any 

kind of interconnectivi ty between p a r t i c l e s  o r  patches of sulphides. 

CONCLUDING REMARKS 

With the  possible exception of nearly-pure spha le r i t e , there  

ace no M s s i v e  sulphide zones of economically v iab le  s i z e  within 400 

f t  of sur face  under the  Bap grid.  This point  should be borne i n  mind, 

should any reconnaissance d r i l l i n g  be planned on t h i s  gr id .  
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