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GEOLOGICAL REPORT - DEL SANTO PROPERTY 

INTRODUCTION: 

The w r i t e r  first v i s i t ed  t h e  D e l  Santo  p r o p e r t y  i n  August 
1 9 6 9  w h i l e  conduct ing e x p l o r a t i o n  on an a d j a c e n t  p rope r ty .  
S ince  t h a t  t i m e ,  t h e o r i e s  r ega rd ing  volcanogenic  " e x h a l i t e "  
massive s u l p h i d e  d e p o s i t s  have matured. 
have been explored  i n  s t r a t a  contemporaneous w i t h  the Hazelton 
Group ( i .e .  t h e  Seneca Deposi t  nea r  Harr i son  M i l l s ) .  I n  

I 

I 
Volcanogenic d e p o s i t s  

I a d d i t i o n ,  r e c e n t  mapping by Tipper  and Richards has  l e d  t o  t h e  

i d e n t i f i c a t i o n  of a " s h e l f "  f a c i e s  f avourab le  f o r  volcanogenic  
d e p o s i t s  w i t h i n  t h e  Ear ly  J u r a s s i c  T e l k w a  Formation, p r e s e n t  i n  a 
broad area between Babine Lake and Bulkley R i v e r  Val ley.  A g r e a t  

number of impor tan t  showings are p r e s e n t  i n  t h i s  b e l t ,  ex tending  
from Houston t o  Smithers .  

LOCATION AND ACCESS: 

The p r o p e r t y  l i es  20  m i l e s  s o u t h e a s t  of S m i t h e r s ,  B.C. and 
8 m i l e s  eas t  of t h e  s m a l l  s e t t l e m e n t  of Quick ,  B.C.  The road 
t o  t h e  p r o p e r t y  ex tends  from highway 1 6  through ranches a d j a c e n t  
t o  Deep Creek and a long  a g r a v e l  road o r i g i n a l l y  used as a pack 
t r a i l ,  t hen  as a logging road connec t ing  w i t h  t h e  Deception Lake 
road. During w i n t e r ,  access t o  t h e  claims i s  by snowmobile, 
a l though w i t h  plowing, t h e  road could be used. A comfortable 
cab in  i s  s i t u a t e d  2 m i l e s  from t h e  p rope r ty  on t h e  access road.  

CLAIMS : 

S i x  o r i g i n a l  claims are owned by Melvin Chapman and Frances 
Madigan, S m i t h e r s ,  B.C. I n  l a te  February 1 9 7 8  fou r  a d d i t i o n a l  
claims w e r e  s t aked  by Chapman and f o u r  by t h e  w r i t e r ,  t o  p r o t e c t  
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t h e  area nor th  and w e s t  o f  t h e  showings. 
I 

The claims are p r e s e n t l y  h e l d  by Petra Gem Exp lo ra t ion  under 
op t ion  t o  purchase.  A ske tch  of t h e  claims i s  shown i n  f i g u r e  2. 

HISTORY: 

The c l a i m s  are b e l i e v e d  t o  cover t h e  same area o r i g i n a l l y  staked 

by B r e w e r  and Brandon as t h e  Deep Creek or  Tom-Tom showing, 
desc r ibed  i n  t h e  1 9 2 9  Min i s t e r  of Mines Report .  

A f t e r  r e - s t ak ing  by Chapman and Madigan the  p rope r ty  w a s  explored 
by numerous companies inc lud ing  Texas Gulf ( 1 9 6 7 ,  1968) ,  w h o  d i d  
mapping and l i m i t e d  magnetometer and E. PI. work; i n  1969 

Falconbridge conducted a comprehensive program of mapping, 
geochemistry and geophysics.  Bovan Mines L t d .  d r i l l e d  one s h o r t  
diamond d r i l l  ho le  i n  1970  ( ? ) .  Midwest O i l  Ltd.  examined t h e  
p rope r ty  and t r ench ing  w a s  carried o u t  by Chapman f o r  Union 
Miniere i n  1975. 
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DEL SANTO PROPERTY 

CLAIM LIST 

Tag R e c  . N o .  S t a k e d  Recorded 

587293 47874 Mar. 18/67 M a r .  20/67 
587294 47875 Mar. 18/67 M a r .  20/67 
793981  49493 June 1 /67  June 5/67 
793982 49494 June 1 /67  J u n e  5/67 
793983 49495 June 1 /67  J u n e  5/67 
793984 49496 June 1 /67  June 5/67 

107905M 949 Feb, 23/78 Mar. 16/78  
107906M 950 Feb, 23/78 M a r .  16 /78  
1 0 7 9 0 714 9 5 1  Feb. 23/78 Mar. 16/78  
107908M 952 Feb, 23/78 M a r .  16/78 

107909M 960 Feb. 25/78 M a r .  28/78 
107910M 9 6 1  Feb. 25/78 Mar. 28/78 
107911M 962  Feb. 25/78 M a r .  28/78 
107912M 9 6 3  Feb. 25/78 M a r .  28/78 



- 
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1 9  7 8 EXPLORATION : 

During t h e  summer of 1978, t h e  w r i t e r  and A and J. L ' O r s a  

conducted d e t a i l e d  mapping of t h e  showings area, S, Godwin re- 
p icke ted  p r e v i o u s l y  c u t  l i n e s ,  and t h e  w r i t e r  surveyed an area 
nea r  t h e  showings w i t h  a McPhar M-700 f l u x g a t e  magnetometer. 

Later i n  t h e  summer, geophys ica l  test  surveys  w e r e  run  by Glen E .  

White,Geophysical Consul t ing and Surveys Ltd.  fo r  Norcen (Great 
P l a i n s  L td , )  

~ 

Resu l t s  from a l l  i n v e s t i g a t i o n s  are inco rpora t ed  i n  t h i s  r e p o r t .  
Minera logica l  i n v e s t i g a t i o n s  done by g radua te  s t u d e n t ,  R e g  

Faulkner  a t  U.B.C., arecompleted b u t  n o t  available a t  this t i m e .  
(Costs for  t h e  mine ra log ica l  s t u d y  are t h e r e f o r e  n o t  i nc luded  h e r e ) .  

GEOLOGY: 

The Delsanto c l a i m s  are u n d e r l a i n  by Hazel ton Group rocks  - t h e  
l o w e r  J u r a s s i c  Telkwa Formation as de f ined  by Tipper  and Richards 

(GSC B u l l e t i n  2 7 0 ,  1 9 7 6 )  , 

Regional geology i s  shown i n  f i g u r e  3 .  Although r e g i o n a l  s t r ikes  

on Tipper  and Richards map are shown t r e n d i n g  n o r t h  e a s t e r l y ,  i n  
fact  on t h e  p r o p e r t y ,  sediments s t r i k e  n o r t h  t o  nor th-wes ter ly  
wi th  s t e e p  east  and w e s t  d i p s .  

Epidot ized  a n d e s i t e  f l o w s  and probably t u f f s  predominate i n  t h i s  

s e c t i o n ,  b u t  mine ra l i zed  bands occur  i n  black t u f f s ,  shales and 
limy a r g i l l i t e s  w i t h  t h i n  bands of t r u e  l imestone.  

The s t r a t i g r a p h y  appears  t o  be as  follows: 
(1) L i g h t  colored laminated v o l c a n i c  sands tones  
( 2 )  Andesi te  and l i g h t - g r e e n  daci te  (massive f l o w ? )  
( 3 )  In te rbedded  l i g h t  fe ls ic  t u f f s ,  red t u f f s ,  w i t h  a black o r g a n i c  

facies b e a r i n g  s u l p h i d e s  a s s o c i a t e d  w i t h  f i n e l y  laminated 
manganiferous c h e r t  and grey  l imes tone .  

.. . 
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( 4 )  Andes i t i c  t u f f  breccias 
(5)  Epidot ized  massive a n d e s i t e s  

STRUCTURE : 

Sedimentary ho r i zons  most ly  d i p  eastward a t  s t e e p  a n g l e s ,  b u t  
occas iona l  w e s t w a r d  d i p s  sugges t  t h a t  t i g h t  f o l d i n g  or perhaps 
i s o c l i n a l  f o l d i n g  i s  p r e s e n t .  F o l i a t i o n  i s  p a r a l l e l  w i t h  bedding 
and minor d r a g  f o l d s  have s o u t h e r l y  plunging axes .  S t r a t i g r a p h i c  
r e l a t i o n s h i p s  between t h e  limy u n i t  - t h e  on ly  p o s s i b l e  marker  

ho r i zon ,  and a d i s t i n c t i v e  under ly ing  a n d e s i t e  t u f f  breccia 
i n d i c a t e  t h a t  cross f a u l t i n g  has  d i s p l a c e d  u n i t s  i n  a sou th  w e s t -  
e r l y  d i r e c t i o n ,  fo l lowing  g u l l i e s  a long  which swampy areas and 
streams occur .  

The v o l c a n i c  sands tone ,  thought  t o  l i e  above t h e  mine ra l i zed  , 

hor i zon ,  d i p s  c o n s i s t e n t l y  westward and may i n d i c a t e  a s m a l l  
s y n c l i n a l  f e a t u r e .  

INTRUSIONS : 

I n  t h e  area of t h e  p rope r ty  road j u n c t i o n ,  a s m a l l  p lug  of b i o t i t e  
g r a n i t e  has  i n t r u d e d  and ho rn fe l sed  a d j a c e n t  rocks .  Although 
v i r t u a l l y  u n a l t e r e d ,  t h e  ox id ized  g r a n i t e  has crumbled i n  many areas 
t o  g r a n i t e  sand. The p lug  may be c u t  by one of t h e  p o s t u l a t e d  
cross f a u l t s .  Dykes of monzoni t ic  and d i o r i t i c  composition s t r i k e  

no r thwes te r ly  and a r e  v e r t i c a l .  T h e  d i o r i t e  dykes have conver ted  
a d j a c e n t  rocks t o  amphibol i te  and are very magnetic.  The g r a n i t e  
and dykes do n o t  appear  to  be related t o  m i n e r a l i z a t i o n  i n  any way. 
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M I N E R A L I Z E D  U N I T :  

The d i s t i n c t i v e  assemblage of b l ack  a r g i l l a c e o u s  t u f f ,  limy 

a r g i l l i t e ,  manganiferous c h e r t  and f i n e l y  laminated grey  l imes tone  

wi th  o v e r l y i n g  f i n e  p y r i t i c  r h y o l i t e  t u f f s  i s  w e l l  exposed i n  
t r e n c h e s  and s t r i p p i n g  ( f i g u r e  5 ) .  S e v e r a l  bands o f  massive 
su lph ide  m i n e r a l i z a t i o n  occur  i n  t h e  u n i t .  
c o n s i s t s  o f  massive f ine -g ra ined  p y r r h o t i t e ,  p y r i t e ,  c h a l c o p y r i t e ,  
magnet i te  and minor s p h a l e r i t e ,  ga l ena  and magnet i te .  T o  t h e  no r th  

of t h e  main t r e n c h e s ,  a s t r i p p e d  area exposes  d isseminated  
s p h a l e r i t e  i n  b l ack  l imes tones  and limy a r g i l l i t e s .  
l i m i t  of t h e  zone i n  unknown. 

Mine ra l i za t ion  

Southern 

I n  t h e  best  mine ra l i zed  exposures  m i n e r a l i z a t i o n  i s  p r e s e n t  i n  

bands up t o  6 f e e t  wide o f  massive su lph ide .  
g rades  7 %  copper ,  2%% z inc  and 15  oz. / ton si lver over  4% f t .  , 

(1.5m). S t r i k e  l e n g t h  of  zone is  a t  l eas t  450 f t .  (100m) wi th  
mine ra l i zed  bands 3 t o  6 f t .  (1-2m)  wide over  50 f t .  (15m) i n  

one t r e n c h .  

B e s t  m i n e r a l i z a t i o n  

PREVIOUS EXPLORATION : 

A) Geochemistry 

The on ly  map a v a i l a b l e  ( i n  assessment  r e p o r t ,  1 9 7 0 )  showing 
geochemistry from s o i l  samples,  g i v e  va lues  Cu + Zn "averaged 
t o  base z inc" .  However, Brown, 1 9 7 9  mentions anomalies i n  
copper and s i lver  a t  BL/OO, 4S/12W, and BL/32S, and shows 
copper-zinc anomalies a t  BL/100, L2-6S/lO-l2W, 2N/26W, 
10N/2E and 12N/28-30W. 

Attempts should be made t o  r e t r i e v e  o r i g i n a l  d a t a  from 

Falconbridge;  f o r  r e - i n t e r p r e t a t i o n .  Seve ra l  areas should 
be re-sampled t o  v e r i f y  r e s u l t s ,  and rock-geochemistry 

should be done on major rock u n i t s .  
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B) Geophysics 

A l a r g e  magnetic anomaly appears  t o  o u t l i n e  t h e  g r a n i t i c  
s t o c k ,  probably from presence  of  magnet i te  i n  c o n t a c t  rocks .  
Anomalies s t r o n g  b u t  s m a l l  i n  area occur  f r o m  the v i c i n i t y  
of t h e  s t o c k  northwestward. The p y r r h o t i t e  i n  t h e  massive 
s u l p h i d e  showings provides  a s t r o n g  p o s i t i v e  anomaly. 
S t a t i o n  spac ing  ( 5 0  f t . )  i s  probably too wide t o  adequate ly  
map t h e  p y r r h o t i t e  r i c h  hor izons .  A l l  anomalies should be 

surveyed i n  greater d e t a i l .  

E.  M. (Ronka Mark I V )  d a t a ,  i s  i n t e r p r e t e d  by S.  Presunka 
o p e r a t o r ,  t o  i n d i c a t e  a " l ineament"  anomaly corresponding 
w i t h  t h e  magnetic anomaly. 

E. M. 1 6  d a t a  are d i f f i c u l t  t o  i n t e r p r e t ;  Presunka sugges t s  
because m i n e r a l i z a t i o n  i s  sha l low,  b u t  t h e  l o w  r e l i e f  may 
i n d i c a t e  mal func t ioning  in s t rumen t s .  Presunka should  be 
approached t o  check h i s  i n t e r p r e t a t i o n  and survey c o n d i t i o n s .  

The w r i t e r  sugges t s  t h a t  I . P .  methods could  o u t l i n e  t h e  
mine ra l i zed  hor izons  more e f f e c t i v e l y  than  o t h e r  methods, 
a l though deep p e n e t r a t i n g  EM should also be at tempted.  

PRESENT GEOPHYSICAL STUDIES: 

A) Magnetic Survey (F igu re  6 )  

A ground magnetic survey conducted by t h e  w r i t e r  on 
p rev ious ly  c u t  l i n e s  confirmed anomalies d i scovered  by 
Falconbridge.  Prominent l i n e a l  magnetic anomalies co inc ide  
w i t h  magnetic d i o r i t e  dykes and ho rn fe l sed  v o l c a n i c s  and 
do n o t  o u t l i n e  mine ra l i zed  zones,  a l though pronounced lows 



co inc ide  w i t h  limy sediments  c o n t a i n i n g  t h e  mine ra l i zed  
hor izons .  

Fu r the r  magnetic surveys  would n o t  appear  t o  a i d  i n  l o c a t i n g  
massive s u l p h i d e s  h e r e ,  b u t  might o u t l i n e  favourable  
sedimentary ho r i zons .  

B) Pul se  E.M. Survey 

A t es t  survey w i t h  p u l s e  E.M. ( V e c t o r  EM) and h o r i z o n t a l  
loop  c o n f i g u r a t i o n s  w e r e  r u n  by Glen E.  White c o n s u l t a n t s .  
The i r  brief r e p o r t  and p r o f i l e s  are a t t a c h e d  as an appendix. 
R e s u l t s  i n d i c a t e  no s i g n i f i c a n t  conductor  i n  t h e  v i c i n i t y  
of t h e  t r enches  and m i n e r a l i z a t i o n  appears  t o  be l e n s o i d  and 
shal low.  

, 

The method does n o t  r u l e  o u t  t h e  p o s s i b i l i t y  of e x t e n s i o n s l  
of t h e  f avourab le  zone on o t h e r  p a r t s  of t h e  p rope r ty .  

CONCLUSIONS AND RECOMMENDATIONS: 

I 
I Massive su lph ide  m i n e r a l i z a t i o n  of v o l c a n i c  e x h a l a t i v e  o r i g i n  

I manganiferous c h e r t  and f i n e l y  laminated l imes tone .  The mineral-  I 

1 

occurs  on t h e  p r o p e r t y ,  a s s o c i a t e d  w i t h  limy sediments  i n c l u d i n g  I 

i z a t i o n  i s  u n d e r l a i n  by coarse a n d e s i t i c  t u f f  b r e c c i a s  and some 
t h i n  beds of r h y o l i t i c  t u f f  overlie the  m i n e r a l i z a t i o n .  Thus 
t h e  showings e x h i b i t  m o s t  of t h e  c h a r a c t e r i s t i c s  of a t y p i c a l  

age elsewhere i n  B.C. ( i .e .  Seneca a t  Harr i son  Lake) .  

I 

, 

I 
I v o l c a n i c  e x h a l a t i v e  d e p o s i t ,  such as are known i n  rocks o f  t h e  same 
I 1 

The w r i t e r  c o n s i d e r s  t h e  p rope r ty  t o  be of m e r i t  based on the  

above-mentioned characterist ics,  and t w o  d r i l l  holes each 100  meters 
t o  150  meters i n  l e n g t h  are recommended t o  test  t h e  geophys ica l  

\ 
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conclusions.  Recornended sites and or ienta t ions  are:  

1) BL/OO - L2S Az 240°, I n c l .  50° 

2 )  7S/1E Az 240°, I n c l .  SO0 

In addit ion,  further prospecting should be done keeping i n  
mind probable f a u l t  offsets of favourable zones to the 
northeast  and southwest. 

BARRY PRICE, M . S c . ,  F . G . A . C .  
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Amount  of this invoice.................. ........... S 1 6 8 0 . ~ 7  - 
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yhpi, 8 ON$i[p 
9251 Beckwith Road, Richmond, British Columbia, V6X 1V7 Telephone: (604) 2 7 3 - 6 9 6 2 

GEOPHYSICAL CONSULTING & SERVICES LTD. 
_. _--I -__ --- 

September 7, 1978 

Mr. Glen Garrett 
Great Plains Ltd. 
Mineral Exploration Dept. 
715 - 5thAve. S.W. 
Calgary, Alta. T2P 2x7 

Dear Mr. Garrett: 

Enclosed please find two copies of the test pulse 
electromagnetometer survey conducted over the Del Santo 
property, Smithera area, B. C. 

Bigure 1 shows a sketch map of  the area surveyed as 
directed by Tom Bojczyszyev. Figures 2 - 9 illustrate the 
vector data and Figure 10, the horizontal loop teat over 
Line 2s with a 75 m coil separation. 

The largest horizontal and vertical component responses 
were in the first channel which indicates low per volume 
bedrock conductivities. Figurea 2 and 3 ,  Line 0, show a 
poserible shallow weak conductor at 0 # 50W. 
appears to be energlaed by loop B on l ine  2s but not loop A, 
Figures 4 and 5. Figures 6 and 7 show a weak vector focusing 
around 1 50E. T h i s  type of focusing may possibly be indic- 
ative of a conductive lithologic contact rather than a mineral 
zone. Figures 8 and 9 show only divergent vectors typical of 
l o w  conductivity country rock. In all profiles channels 2 and 
3 showed no attempt t o  focus. 
loop profile acroaa the mineralization on line 2s. A slight 
conductive respmse was detected at 0 # 65E, 

T h i s  same sono 

Figure 10 depicts the horieontal 

In conclusion then, no significant conductor was detected 
by either the horizontal or vector pulse electromagnetometer 
modes, This would indicate that either any mineralization 
present is in discrete isolated lenses or no lenses of mineral- 
ization of significant size are present. 
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DEEPEM METIfOD 

T h i s  t e c h n i q u e  employs t h e  PEM for d e e p  p e n e t r a t i n g  

a p p l i c a t i o n s .  Large loops ( t r a n s m i t t i n g )  are  l a i d  o u t  on t h e  

ground ( 1 0 0  x l O O M  o r  400 '  x 4 0 0 ' ) .  Read ings  are  t a k e n  a t  25M 

or  1 0 0 '  i n t e r v a l s  a l o n g  a d j a c e n t  traverse l i n e s  s t a r t i n g  25M 

or  1 0 0 '  away from t h e  loop and  e x t e n d i n g  a s  f a r  as  200M o r  8 0 0 '  

f r o m  t h e  loop. D i s t a n c e  c a n  be i n c r e a s e d  t o  300M cr 1 0 0 0 '  f rom 

the loop. Two v e r s i o n s  of t h e  s e t - u p  a r e  i l l u s t r a t e d  i n  f i g u r e s  

1 and  2. I n  t h e  o v e r l a p  r e g i o n s ,  r e a d i n g s  from t w o  d i f f e r e n t  

t r a n s m i t t i n g  l o c a t i o n s  are t a k e n  a t  any  g i v e n  s t a t i o n .  T h i s  i s  

t o  e n s u r e  c o u p l i n g  be tween a ground c o n d u c t o r  ( d i p p i n g )  and  a t  

least  o n e  of t h e  t r a n s m i t t i n g  l o c a t i o n s ,  t o  o b t a i n  a s e c o n d a r y  

r e s p o n s e .  

I n  a n  area c o n t a i n i n g  h i g h  s u r f i c i a l  c o n d u c t i v i t y ,  i t  i s  

advisable t o  u s e  a m o d i f i e d  PEM receiver w i t h  a t i m e  base t w i c e  

t h a t  of. t h e  s t a n d a r d  receiver. 

l o c a t i o n s  for t h e  d i f f e r e n t  c h a n n e l s  u s i n g  t h e  t w o  d i f f e r e n t  

t i m e  bases i n  a n  area of conduct ive  o v e r b u r d e n .  

F i g u r e  3 i l l u s t r a t e s  t h e  c u r r e n t  

W e  c a n  see t h a t  w i t h i i ,  800 '  of t h e  t r a n s m i t t e r  loop t h e  

c u r r e n t  l o c a t i o n s  of t h e  f i r : : t  4 c h a n n e l s  a r e  e n c l o s e d  i n  t h e  

area of i n v e s t i g a t i o n  for  t h t .  n o r m a l  t i m e  base i n s t r u m e n t .  How- 

' .ever, when t h e  e x t e n d e d  t i ne  b.tse is  employed o n l y  t h e  f i r s t  3 

c h a n n e l s  are e n c l o s e d .  T h i s l n e a n s  t h a t  w e  s h o u l d  lose o n l y  t h e  

first 3 c h a n n e l s  t o  o v e r b u r d e n  when s e a r c h i n g  f o r  d e e p  c o n d u c t o r s  

i n  t h e  case o f  t h e  e x t e n d e d  t i m e  base u n i t  a s  opposed  t o  t h e  

f i r s t  4 c h a n n e l s  u s i n g  t h e  s t a n d a r d  u n i t .  
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I n  p lo t t i ng  t h e  geometry of t h e  secondary f i e l d  s imilar  

p rocedures  are followed as t h o s e  i n  t h e  v e r t i c a l  l d o p  d e t a i l .  

P e r p e n d i c u l a r s  are drawn from t h e  r e s u l t a n t  sum of h o r i z o n t a l  

' a n d  vertical component vectors for each  channel .  The i n t e r -  

section of these p e r p e n d i c u l a r s  d e f i n e s  t h e  a p p a r e n t  l i n e  cu r=  

r e n t  location for each  channel .  P r o f i l e s  o f  h o r i z o n t a l  compo- 

nents  and vertical  components can  be made. 

r en t s  are located by crossovers i n  t h e  ver t ical  component pro- 

f i les  and peak8 i n  the h o r i z o n t a l  component p r o f i l e s .  S t r i k e  

d i r e c t i o n s  can  be found by r o t a t i n g  t h e  receive coi l  w i t h  i t s  

Conductor l i n e  cu r -  

ax is  i n  t h e  h o r i z o n t a l  p l ane .  

d i r e c t i o n  when a minimum r e c e i v e d  s i g n a l  is achieved .  

The a x i s  p o i n t s  i n  t h e  s t r i k e ,  

FIELD PROCEDURE 

(1) R e f .  F i g u r e  1 - The t r a n s m i t  loop i s  l a i d  o u t  between t w o  

a d j a c e n t  traverse l i n e s .  

t h e  r o u t e  marked o u t  i n  p u r p l e .  Readings are t a k e n  a long  t h e  

Readings fo r  loop 1 are carried o u t  by 

traverse l i n e s  s t a r t i n g  from 25M or 100'  from t h e  loop  and ex- 

t e n d i n g  t o  a d i s t a n c e  of  200M, or  803' from t h e  loop .  Once 

r e a d i n g s  f o r  a t r a n s m i t t i n g  loca t ion  are complete ,  t h e  loop  is 

moved t o  l o c a t i o n  2 ,  whose c e n t r e  i s  200 !I or  800 '  from t h e  c e n t -  

re o f  t h e  p r e v i o u s  l o c a t i o n  a t  1 i n  p l a i n  view. 

is  r e p e a t e d  u n t i l  r e a d i n g s  from a l l  f o u r  t r a n s m i t  locat ions have 

The procedure  

been completed . 
. 
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( 2 )  Ref.  F i g u r e  2 - This  i s  a s p e c i a l  case of  t h e  above proce- 

du re .  Only t w o  t r a n s m i t  loca t ions  are used wi th  d i s t a n c e s  o f  

400M o r  1 6 0 0 '  between t h e  c e n t r e s  of t h e  t r a n s m i t  l o c a t i o n s .  

However, r e a d i n g s  f o r  each  t r a n s m i t  loca t ion  are c a r r i e d  o u t  i n  

an  i d e n t i c a l  manner, e x c e p t  t h a t  r e a d i n g s  o u t s i d e  t h e  a r e a  be- 

tween t h e  t r a n s m i t  p o s i t i o n s  are n o t  r e q u i r e d .  Th i s  whole 

t echn ique  is  q u i t e  f l e x i b l e  so t h a t  t h e  t w o  t r a n s m i t  l o c a t i o n s  

can  be s e p a r a t e d  by a n y  d i s t a n c e  which g i v e s  a d e s i r e d  area o f  

o v e r l a p .  

(3 )  When t a k i n g  r e a d i n g s  a t  e a c h  s t a t i o n  t h e  r e a d i n g s  w i t h  t h e  

receive co i l  l e v e l l e d  v e r t i c a l l y  a r e  t a k e n  f i r s t  w i t h  t h e  P . 9 .  

set p o s i t i v e ' ( f o r  each  c h a n n e l ) .  G a i n  and t iming  c o n t r o l s  are 

set and recorded, a l though  it is  n o t  necessa ry  t o  normal ize  t h e  

P.P. t o  1000. , A  g a i n  o f  50% is  used t o  enhance l a t e  t i m e  chan- 

n e l s .  Readings,  for each  channe l ,  w i t h  t h e  receive co i l  l e v e l l e d  

h o r i z o n t a l l y  are t a k e n  nex t  w i t h  t h e  t iming  and g a i n  s e t t i n g s  

l e f t  unchanged from t h e  s e t t i n g s  d u r i n q  t h e  v e r t i c a l  r e a d i n g s .  

( 4 )  The head of t h e  r e c e i v e  c o i l  must f a c e  t h e  same d i r e c t i o n s  

( v e r t i c a l l y  and h o r i z o n t a l l y ) ,  f o r  any g iven  s i d e  o f  t h e  TX Loop, 

and r e c o r d s  of t h e s e  d i r e c t i o n s  shou ld  be k e p t .  Gene ra l ly  t h e  

head i s  k e p t  up for  v e r t i c a l  r e a d i n g s  and away from t h e  loop  f o r  

h o r i z o n t a l  r e a d i n g s .  T h i s  way, for p l o t t i n g  purposes ,  t h e  p o s i -  

t i ve  ve r t i ca l  component d i r e c t i o n  is upward and t h e  p o s i t i v e  h o r i -  

z o n t a l  component d i r ec t ion  is  away from t h e  s i d e  o f  t h e  TX Loop. 
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The P.P. p o l a r i t y  switch-must be k e p t  in t h e  same position, 

r e g a r d l e s s  of t h e  p o l a r i t y  of t h e  P.POI when switching from 

vert ica l  to h o r i z o n t a l  r e a d i n g s .  

F igure  4 i l l u s t r a t e s  how coverage  can be extended around 

a transmi t  l o c a t i o n  a l o n g  four traverse l i n e s  i n s t e a d  of j u s t  

t w o  lines. 

I 
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t h e  advantage of a much s t r o n g e r  t r ansmi t  f i e l d ,  thus  g r e a t e r  

pene t ra t ion .  T h i s  is c a l l e d  , t h e  DEEPEM method. The t r ansmi t  

loop i s  l a i d  t o  one s i d e  o f  t h e  a rea  t o  be d e t a i l e d  and survey 

l i n e s  are read away from t h e  loop, s t a r t i n g  50 meters from one 

w i r e  and o u t  t o  a d i s t a n c e  of 350 meters. Both h o r i z o n t a l  and 

v e r t i c a l  components are measured and t h e  induced c u r r e n t  pa ths  

are determined a s  before. 

An example is  shown i n  Figure 14 from a t e s t  survey 

over t h e  FLYING DOCTOR prospec t ,  NORTH BROKEN HILL a r e a ,  

Aus t r a l i a .  I n  t h i s  case t h e  s u r f i c i a l  conduct iv i ty  is caused by 

brackish  ground w a t e r .  

t o  a depth of 7 meters - a conduct iv i ty  th i ckness  o f  1.5 Mhos. 

The massive su lph ide  body c o n s i s t s  almost e n t i r e l y  of galena 

and s p h a l e r i t e  w i t h  a c a l c u l a t e d  conduct iv i ty  th ickness  from t h e  

I t  has  a conduct iv i ty  of 4 . 2  ohm-meters 

PEM survey 'of  9 Mhos. 

meters. 

t i v i t y  and does n o t  form an eddy c u r r e n t  pa th  p o s i t i o n .  

second, t h i r d  and fourth samples produce eddy c u r r e n t  pa th  posi-  

t i ons  along the  c o n t a c t  of the su lphide  l e n s  t h a t  faces the 

t r ansmi t  loop. 

the response of the f i f t h  and s i x t h  szmples are weak and t h e  

eddy c u r r e n t  pa ths  are n o t  accu ra t e ly  def ined.  

The body i s  weathered t o  a depth of 40 

The f i rs t  sample is dominated by t h e  s u r f i c i a l  conduc- 

The 

S ince  the sulphide l e n s  has  a low conduct iv i ty ,  

I n  order t o  show 

the amplitudes of the responses  measured, the v e r t i c a l  component 

is usua l ly  p l o t t e d  as shown i n  Figure 15. The conductor is  lo- 

ca t ed  below t h e  cross-over p o s i t i o n .  

i 



The presence of  a conductive h a l f  space below t h e  

t ransmi t  loop r e s u l t s  i n  eddy c u r r e n t s  t h a t  flow i n  concen t r i c  

r i n g s  around and o u t s i d e  t h e  loop. The f i r s t  sample eddy cur- 

r e n t  flows c l o s e  t o  t h e  loop, with t h e  l a t e r  samples spaced 

f u r t h e r  o u t  as shown i n  the upper p o r t i o n  of Figure 16. 

i n t e r v a l  between t h e  eddy c u r r e n t  pa ths  dec reases  as t h e  conduc- 

t i v i t y - t h i c k n e s s  of  t h e  h a l f  space inc reases .  

t i o n  of Figure 1 6 ,  shows t h e  c u r r e n t  p a t h s  induced i n  a massive 

su lphide  body without  t h e  presence of  a s u r f i c i a l  conductive 

zone. 

then both s u r f i c i a l  and su lphide  eddy c u r r e n t s  are p resen t  as 

shown i n  the upper p o r t i o n  of  Figure 17. I n  t h i s  case, a re- 

s u l t a n t  c u r r e n t  pa th  w i l l  be detected by t h e  r ece ive r '  t h a t  is 

s h a m  as a dashed l i n e .  

e a r l y  o r  high frequency samples, w i l l  be dominated by t h e  sur- 

f ic ia l  conduct iv i ty  response.  

r e s u l t a n t  response,  w i l l  be inf luenced t o  a greater degree by 

the more conductive su lphide  body. The n e t  effect i s  f o r  t h e  

r e s u l t a n t  c u r r e n t  p a t h  t o  form a l i n e  that  l i es  between t h e  sur-  

f i c ia l  and su lphide  c u r r e n t  paths .  

ployed on e i t h e r  side of  t h e  t a r g e t  a r e a ,  then  t h e  approximate 

p o s i t i o n  of  t h e  su lphide  zone can be determined as t h e  area en- 

closed by t h e  t w o  r e s u l t a n t  c u r r e n t  pa ths ,  as shown i n  t h e  

lower por t ion  of Figure 17. 

The 

The lower por- 

When t h e  su lphide  body occurs  i n  a conduct ive h a l f  space,  

This  r e s u l t a n t  c u r r e n t  pa th  f o r  t h e  

The l a t e r  sample or  low frequency 

If t r a n s m i t  loops a r e  em- 

This  method was f i r s t  tested i n  a p r o f i l e  over  t h e  

! 

f 
i 

i 
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AARJA massive su lphide  body i n  the  S u l t a n a t e  of Oman. The body 

approximates a c y l i n d e r  some 50 t o  1 0 0  meters i n  diameter of 

massive su lphides  t h a t  has a shallow plunge of 20" from t h e  

ho r i zon ta l .  The test s e c t i o n  has a depth t o  t h e  top  of t h e  su l -  

phide zone of I50 meters. 

area is 9 ohms m e t e r s  to  a depth of approximately 30 or 40 me- 

ters. The resul tant  induced c u r r e n t  pa ths  are shown i n  Figure 

18, t h e  eddy c u r r e n t  paths from t h e  e a s t e r n  t r ansmi t  loop as 

The s u r f i c i a l  conduct iv i ty  i n  t h i s  

dashed circles, t h e  p a t h s  from t h e  western loop as s o l i d  c i r -  

cles with the  orebody occurr ing  between. 

Further tests with the  DEEPEM method i n  A u s t r a l i a ,  in -  

dicate t h a t  t h e  induced c u r r e n t  p a t h  method does n o t  o u t l i n e  

deep (100 meters p l u s )  massive su lphide  conductors ,  when t h e  

s u r f i c i a l  conduct iv i ty- th ickness  product  i s  i n  the o rde r  of 10 

Mhos . 
In  this case the anomalous information is  a v a i l a b l e  

i n  the measured read ings  b u t  t h e  eddy c u r r e n t  pa th  method l acks  

the s e n s i t i v i t y  t o  unlock the su lphide  response from the  s t r o n g  

su r f i c i a l  response.  

to s t r i p  off t h e  surficial conduct iv i ty  background e f f e c t  i s  

now being i nves t iga t ed .  

Computer process ing  of the observed d a t a  

BOREHOLE PULSE EM 

Crone Geophysics developed i n  1976,  a P u l s e  Borehole 

EM system f o r  t h e  Geological Survey of Canada wi th  depth capa- 

b i l i t i e s  i n  excess of 1000 meters. The method uses  a l a r g e  

single t u r n  t r a n s m i t  loop l a i d  o u t  on s u r f a c e  and a r e c e i v e r  

probe s e n t  down t h e  borehole. The advantages of t h e  Pulse  EM 

I 
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i 
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2 are  r e a d  on a norma l . su rvey .  The secondary  f i e l d  

l i n e s  f o r  samples ( Channels ) 1 and 2 a r e  shown on 

F i g u r e s  1 and 2. The r e s u l t a n t  f i e l d ,  from the  X 

and 2 component, i s  termed the  scalar f i e l d .  Thia  

f i e l d  i s  impor t an t  f o r  f i n i t e  conduc to r s .  The r i g h t  

a n g l e  t o  t h i s  resultant f i e l d  i s  the VECTOR which f o r  

an i n f i n i t e  source  model will p o i n t  a t  an eddy c u r r e n t  

p o s i t i o n .  Thus, a i l c e  8 channe l s ,  e q u i v a l e n t  t o  8 

frequencies, are o b t a i n e d  a t  each s t a t i o n .  A cons id-  

e rab le  amount of  i n f o r m a t i o n  is a v a i l a b l e  f o r  in te r -  

p r e t a t i o n  of  t h e  sou rce  f i e l d  and i t s  h o s t  environment .  

Glen E. White Geophysical  C o n s u l t i n g  & S e r v i c e s  L t d .  

has developed computer p l o t t i n g  rout ines  which p l o t  

the v e c t o r  sections, h o r i z o n t a l  components, v e r t i c a l  

components and p l a n  maps of the h o r i z o n t a l  component 

data. 

SURVEY RXSULTS 

H o r i z o n t a l  Loop Data 

F i g u r e  3 shows a low ampl i tude  h o r i z o n t a l  l o o p  

PEM anomaly. This elcample i s  from N o r t h a i r  Mines L t d .  

a s u c c e s s f u l l y  producing g o l d  m i n e  near Squamish, S.C. 

The zone shown i s  the "Discoveryt1 zone wi th  some 4s 

Pb minor p y r i t e  and c h a l c o p y r i t e  w i t h  p r e c i o u s  metal I 

v a l u e s .  The PEM i n  channels 1 - 3 d e t e c t s  a mineral- 

i z e d  f au l t  zone beneath t h e  road .  Channels 4 - 8 I 
I 
I 
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by s e t t i n g  t o  1000 a sample t aken  o f  t h e  m a x i m u m  

shut-off vo l t age  amplitude measured a t  the  r e c e i v e r .  

Thus, t h e  pu l se  method i s  f ree  of the geometr ica l  

r e s t r i c t i o n  between t h e  transmit and r ece ive  c o i l  

J 

p o s i t i o n s .  This means that a c c u r a t e  surveys can be 

obta ined  i n  rugged and h e a v i l y  t imbered t e r r a i n .  

I 
I 

I SURVEY TECHNIQUES 
I 

Horizonta l  Loop Survex I 
The PEM system can be used as a r e g u l a r  hor iz -  

o n t a l  l o o p  electromagnetometer system w i t h  c o i l  

s e p a r a t i o n s  up t o  150 a depending upon the primary 

t r a n s m i t  c o i l  s i z e .  The normal c o i l  i s  a mult i -  

turn l o o p  of wire 6 rn i n  diameter  l a i d  out i n  a 

rough c i r c l e  on the ground. Dai ly  product ion v a r i e s  f r o m  

50 - 1 2 0  r ead ings  depending upon terrain.  

i s  equ iva len t  t o  t h e  Max-Min system a t  fl 50$ o f  the 

P e n e t r a t i o n  

I c o i l  separation. Product ion by convent ional  systems I 
1 

such as t h e  Max-Min system i n  f l a t  t e r r a i n  is g r e a t e r  

than the PEM. However, where secan t  cha in ing  i s  

r e q u i r e d  o r  more than 3 f r equenc ie s  a r e  taken ,  t h e  

P E M  becomes t h e  more c o s t - e f f e c t i v e  instrument. 

This i s  p a r t i c u l a r l y  apparent  i n  t h e  C o r d i l l e r a n  

where many mineral zones a r e  poor conductors  and 

t h e i r  responses  equal that  caused by topography 
I 
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J 
with conventional systems. Thus, since the PEM 

reads only the secondary field response, it is re- 

latively free of these geometrical restrictions. 

The availability of the eight channels a l l o w s  for 

more precise interpretation of surficial conductors 

o r  changes in lithology. 

1 Vector Electromametic Surveying 
I 

I 
I 

* I  
I 

I 

The vector pulse electromagnetoneter system is 

a new survey technique which is giving deep penetration 

i n  the order of 200 - 300 m and is able to resolve 
complex finite source and infinite source conductor 

fields. This system is very cost-effective and has 

been successful in detecting narrow finite gource 

conductors such as lenses of massive sulphide 

mineralization and infinite aource conductors such 

as those beneath the Athabasca sandstone in Saskat- 

chewan. The vector pulse electromagnetometer system 

uses a transmit loop of 100 - 150 m / aide which g i v e s  

a powerful dipole magnetic moment. Thus, since o n l y  

the secondary field is read, the receiver can be 

moved at intervals away from the transmit l oop .  An 

4 area of 600 x 800 m can be covered / side from one , 
I 

I 

I loop setup. At each station, X, Y and 2 components I 
can be obtained. Only the horizontal X and vertical I 

j 
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INTR03UCTION 

The purpose of this short paper is to give a 

general description of the vector pulse electro- 

magnetometer method and its application and cost 

effectiveness to mineral exploration. 

INSTRUMENTATION 

The PEM technique utilizes the Crone pulse 

electromagnetometer system and is comparable to the 

DEEPEM method described by Duncan Crone. 

The pulse electromagnetometer system is a 

time domain electromagnetometer system which measures 

the secondary field directly rather than a resultant 

field reading. The primary current wave form through 

the transmitter loop is 10.8 ms on,10.8 3s off with 

a 1.4 ms ramp shut-off. The current wave form 

I pattern is transmitted to the receiver by radio 

1 

I where eight delay time-windows or Channels, of the 

( or cable if required in horizontal l o o p  surveys ) 

secondary field are sampled after the current shut- 

off at 0.15, 0.30, 0.55, 0.90, 1.45, 2.40, 4.00 and 

6.40 milliseconds to the center of the sample. This 

gives an approximate frequency equivalent range of 

2000 cps to 20 cps. The sample amplitude is normalized 
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which are  equ iva len t  t o  decreas ing  f r equenc ie s ,  d e t e c t  

the o re  zone a t  a depth of some 100 f e e t .  

F igure  4 i l l u s t r a t e s  t h e  response of t h e  PEM 

bea r ing  l a c u s t r i n e  sediments. 

system t o  a narrow nea r  s u r f a c e  zone of  conductive 

massive p y r i t  e-pyrrhot i t e  m i n e r a l i z a t i o n .  

Vet-tor EM Data Inf in te  Sources 

F igure  6 i s  presented  w i t h  t h e  kind permission 

o f  Robert and Amigo Mines and shows a c l a s s i c  v e c t o r  

s e c t i o n  o f  an inf in i te  l i n e  source conductor w i t h  

f ocus ing  o f  channels 1 - 5 a t  a depth of 400 f e e t .  

F igure  7 shows t h e  h o r i z o n t a l  l oop  p r o f i l e  

! w i t h  a s e p a r a t i o n  o f  200 f e e t  a c r o s s  the sane l i n e .  

Elsewhere on this p a r t i c u l a r  p rope r ty ,  t h e  h o r i z o n t a l  

l oop  survey g i v e s  responses  similar t o  F igure  4. 

However, the anomaly on l i n e  4s may have been over- 

, looked i f  o n l y  t h e  hor izonta l  l o o p  method had been 

I undertaken. The advantage of t h e  VEM technique is  

~ 

t h a t  a t  any given station i t  has a d e t e c t i o n  a b i l i t y  
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J 
o f  some 300 m depending upon t h e  conduc t iv i ty  th ick-  

ness product of  the 8ource. Experience has shown 

that because of the l a r g e  magnetic moment o f  t h e  

transmit loop ,  poor anomalies can be d e t e c t e d  t o  a 

depth  of some 100 - 200 m beyond t h e  conduc t iv i ty  

t h i c k n e s s  product range of bo th  t h e  PEM and Max-Mia 

systems . I 
Figure  8 i s  publ ished by the k i n d  permission of 

Mr. Don Buchholz, P.  Eng, Manager of Mining, Asamera 

O i l  Corporat ion,  who with h i s  experience i n  t ime 

domain EM i n  Australia w a s  wi l l ing  t o  t e s t  our 

technique i n  Saskatchewan. This F igure  i s  a composite 

of two loop  se tups  and shows only  t h e  channels 1 and 

2 d a t a .  A turam p r o f i l e  taken w i t h  an Androtex uni t  

i s  shown for comparison. The v e c t o r  d a t a  c l e a r l y  

d e f i n e s  both  flanks o f  the conductor and g i v e s  a depth 

t o  t o p  of some 100 m.  

Vector EM Data F i n i t e  Sources 

F igu res  9, 1 0  and 11 are i l l u s t r a t e d  w i t h  t h e  

kind permission of Nels Vollo o f  Craigmont Mines L t d .  

and cover a l i n e  across a massive sulphj.de prospec t  

n e a r  Kamloops, B. C. Figure  9 shows channels  1 and 

2 p l o t s  o f  t h e  secondary electromagr,etic f i e l d  d a t a  

which i n d i c a t e s  that t h e  mineral  zone is reeponding 
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obtained with a 60 m Wenner array which gave two weak- 

ly anomalous peaks, one in an area of a resistivity 

low and the other in an area of high resistivity. 

I 
/ 

v 
as a dipole magnet or as a finite electromagnetic 

source. The vectors on the dashed lines show a very 

shallow focus and can not be used in this model. The 

actual horizontal and vertical component plots are 

shown on Figures 10 and 11 where a conductor of good 

conductivity thickness product is easily interpreted. 

Figure 12 illustrates an example where a conven- 

tional horizontal loop survey has insufficient mag- 

netic moment to energize a plunging lense of poorly 

conductive sulphide mineralization. The center of 

this lense contains 10 feet of 3.5% copper. The 

vector technique on the other hand, with its large 

magnetic moment, energizes the complete crossectional 

area of the lense, and a weak secondary field is 

generated as is indicated by the channel 1 horizontal 

component data. 

Figures 13 and 14 depict a more complex situation 

in an area of an old mine, where finite lenses of 

massive sulphide mineralization are located in a 

volcanic/sedimentary complex where there is a mixture 

of syngentic and fracture filling pyrite and irregular 

topography. They are used by kind permission but not 
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The horizontal component vector data gives a definite 

Channel 1 and 2 anomaly over the resistivity low. 

T h i s  zone is associated with a known ore zone at a 

depth of some 150 feet. The Max-Min conventional v' 
electromagnetic technique showed o n l y  topographic 

separation noise. Further to the east, Figure 14, 

the chargeability curve indicates a resistivity l o w  

associated anomaly at 6N. Here the vector horizontal 

component also indicates a conductor. This anomaly 

is caused by a narrow near surface zone containing 

some 10 feet of 3% copper. The large basin effect 

with the horizontal component at 6s reflects a h o w n  

mineral zone at a depth of some 350 feet. There is 

no chargeability response over this zone and the 

resistivity values are moderately high. Increasing 

the separation does not help as the cross-sectional 

volume of the interesting zone decreases with respect 

to the volume of irregular pyrite zones being sampled. 

Figures 15, 16 and 17 are published by the kind 

permission of M r .  L. Mayers, President Oliver Resources 

Ltd. The Burnt Basin property is a massive sulphide 

lead-zinc prospect with some chalcopyrite, in a com- 

plex of l imey argillites which have been intruded by 

the Nelson Intrusives. This propert:; contains both 

infinite and finite electromagnetic sources in a 
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4 
weakly conductive environment. Figure 15 shows a 

computer plot of a 2 channel vector focus at a depth 

of some 350 feet. Figure 16 illustrates the charge- 

ability, apparent re~iutivity and horizontal component 

vector data. The ch.Argeability readings show a 

broad high zonk r r - . i L u  reacnes a value of some 46 as. 

The high charge-L--l,tg is caused by poorly connected 

graphite and yy:,: i,c! ,isseminated throughout the 
argillite, C I ,  _ _ _  vit;y high to the east correla - .Y 

with the N c .  :wcks. The hor ... ,-l corn- 

ponent datc, ~ - .  c a t e s  the vector ~ : C J C U S  whim, 

is an int'i: . jource response as well as delineb,Lxlg 

several other finite source conductors. Figure 17 

completes this summation by illustrating the excellent 

crossovers obtained from the vertical component data. 

The advantage of the vector EM technique is, 

that the scalar f i e l d ,  vector field, horizontal and 

vertical components can be utilized to evaluate a 

conductive source, The components are not always 

definitive, neither is the vector plot, particularly 

in cases of complex half-space responses and mixed 

infinite-finite conductor source models, Thus the 

ability to examine directly the secondary field 

and the galvanic-induction response of a conductive 

half-space environment makes the vector technique 

___  -~ .___ gbri 8 ?$%& GEOPHYSICAL CONSULTING G SERVICES LTD. 
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a powerfu l ,  c o a t  e f f e c t i v e  g e o p h y s i c a l  t o o l  which 

has i n c r e a s e d  the d e p t h  p e n e t r a t i o n  f o r  poor  con- 

d u c t i v i t y  wid- th ta rge te  t o  a depth of  some 100 - 
200 m and f o r  good conduc to r s ,  some 200 - 300 m. 
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