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SUMMARY AND CONCLUSIONS 

Copper, s i l v e r  bea r i ng  m i n e r a l i z a t i o n  has been l o c a t e d  

i n  t h e  eas te rn  p o r t i o n  o f  t h e  ORK c l a i m  group as a  r e s u l t  o f  f i n d i n g  

f l o a t  f ragments i n  1981. I n  a d d i t i o n  a  r e l a t i v e l y  s t r o n g  magnet ic  

anomaly has been o u t l i n e d  which may be due t o  a  magne t i t e  skarn.  

Newmont E x p l o r a t i o n  o f  Canada L i m i t e d  have ob ta i ned  s i g n i f i c a n t  t i n  

m i n e r a l i z a t i o n  assoc ia ted  w i t h  magnet i te  skarn on t h e  MINDY c l a ims  t o  

t h e  eas t .  

These i n d i c a t i o n s  o f  m i n e r a l i z a t i o n ,  t oge the r  w i t h  

o t h e r  anomalous zones on t h e  p rope r t y ,  wa r ran t  f u r t h e r  geo log i ca l  and 

geophys ica l  i n v e s t i g a t i o n  and diamond d r i l l i n g  i s  recomnended t o  t e s t  

t h e  p r e s e n t l y  i n d i c a t e d  zones. 



INTRODUCTION 

P r e l i m i n a r y  geo log i ca l  mapping and geochemical sampling 

was done on t h e  ORK 1 - 36 m ine ra l  c la ims  d u r i n g  1980 and 1981. Th i s  

work o u t l i n e d  t he  genera l  geo log iaa l  s e t t i n g  and showed geochemical 

i n d i c a t i o n s  o f  t i n  and tungsten. Prev ious s i l t  sampl ing i n  1976 had 

shown anomalous r e s u l t s  f o r  copper and z inc .  I n  1981 massive su lph ide  

f l o a t  was found on open ground between t h e  ORK and MINDY c l a i m  groups. 

These e a r l y  i n d i c a t i o n s  l ead  t o  t h e  d e c i s i o n  t o  have 

an adequate base map prepared f rom a i r  photos and t o  conduct more de t -  

a i l e d  work d u r i n g  1982 

mizneral i z a t i  on. 

The c l a  

n an e f f o r t  t o  o u t l i n e  d e f i n i t e  zones o f  

m group was en larged t o  44 c la ims  e a r l y  i n  t h e  

summer o f  1982. A craw, which v a r i e d  from two t o  f i v e  persons, conducted 

geo log i ca l  mapping , geophysical  surveys and geochemical sampl i ng d u r i n g  

p a r t s  o f  June and J u l y  1982 w i t h  t o t a l  expend i tu re  o f  $20,689.00. 



LOCATION AND ACCESS 

See F igu re  1  Loca t i on  Map 

The ORK c l a i m  group l i e s  a t  t h e  h e i g h t  o f  l a n d  between 

t h e  Wolf and N i s u t l  i n  R i ve r s  approx imate ly  35 m i l e s  (56 k i l o m e t r e s )  

n o r t h  eas t  o f  T e s l i n  on t h e  Alaska Highway. F i s h  Lake, s u i t a b l e  f o r  

f i x e d  wing a i r c r a f t ,  l i e s  10 m i l e s  (16 km) eas t  o f  t h e  p r o p e r t y  and a  

t r a c t o r  road  on t h e  south s i d e  o f  t h e  Wolf  R i v e r  1  i e s  8 m i l e s  (13 km) 

sou th  east .  

A l l  access t o  t h e  p r o p e r t y  has been by h e l i c o p t e r  gen- 

e r a l l y  through i e s l  i n .  M o b i l i z a t i o n  o f  equipment c o u l d  be done by h e l -  

i c o p t e r  o f f  t h e  South Can01 road  22 m i l e s  (35 km) west o f  t h e  p rope r t y .  

Tree l i n e  on t h e  p r o p e r t y  l i e s  a t  about t h e  4500 f o o t  

e l e v a t i o n  (1372 metres)  and n e a r l y  a l l  areas o f  i n t e r e s t  a r e  l o c a t e d  

above t h i s  e l e v a t i o n .  P o r t i o n s  o f  t h e  broad v a l l e y s  i n  t h e  e a s t  and 

west p a r t s  o f  t h e  p r o p e r t y  a r e  covered by deep t i l l  and mora ine w i t h  

o n l y  ve ry  l i m i t e d  outcrop.  Small t a r n  l akes  supp ly  adequate wa te r  

throughout  t h e  summer. 





PHOTO 1 ORK WATERFALL AREA 

FACING SOUTH 



REGISTER OF CLAIMS 

See F igure  2 Claim Map 

Group Claim Record No. Record Date 

O R K  O R K  1 - 1 6  YA 46061 - 076 September 20,  1979 

ORK 17 - 24 YA 46182 - 189 October 3 ,  1979 

ORK 25 - 32 YA 46077 - 084 September 20,  1979 

ORK 33 - 36 YA 46190 - 193 October 3 ,  1979 

O R K  37 - 44 YA 68511 - 518 June  1 8 ,  1982 

O R K  1 - 36 were t r a n s f e r r e d  from i n d i v i d u a l  s t a t u s  

t o  J.C. Stephen August 1 2 ,  1980. 





GEOLOGY 

REGIONAL GEOLOGY 

The ORK group covers a p o r t i o n  o f  M u l l i g a n ' s  U n i t  3 

(G.S.C. Memoir 326)  " t y p i c a l l y  o f  unmetamorphosed, dark  weather ing 

sedimentary rocks which a r e  l o c a l l y  h o r n f e l  sed and i n c l u d e  1 imestone 

and skarn." 

Th i s  rock  s e r i e s  extends t o  t h e  south eas t  and t o  t h e  

n o r t h  west. To t h e  south eas t  U n i t  3 rocks i n c l u d e  p o r p h y r i t i c  v o l -  

c a n i c ~  and t u f f s  and have developed s t rong  skarn zones w i t h  s i g n i f -  

i c a n t  t i n ,  tungsten, copper and o t h e r  minera 

No vo l can i c  rocks  have been 

ORK group. 

1 i z a t i o n .  

i d e n t i f i e d  thus  f a r  on t h e  



PROPERTY GEOLOGY MAP I 

TABLE OF FORMATIONS 

Leuco G r a n i t e  

8 ( a )  Pegmat i te  

C h e r t  

7 ( a )  C h e r t  Pebble Conglomerate 

A r g i l l i t e  

6 ( a )  S i l i c k o u s  A r g i l l i t e  

Grey-Green Q u a r t z i t e  

5 ( a )  C h e r t  

A r g i l l a c e o u s  Q u a r t z i t e  

L imestone 

3 ( a )  Ca lc  S i l i c a t e  

Skarn 

A r g i l l a c e o u s  Q u a r t z i t e  



Rock D e s c r i ~ t i o n s  

1. A rg i l l aceous  Q u a r t z i t e  Dark r u s t y  f i n e  g ra ined  impure 

a u a r t z i t i c  rocks  occur below t h e  skarn- l imestone hor izon.  

Exposures a re  l i m i t e d  t o  t he  w a t e r f a l l  area i n  t h e  eas t  p o r t i o n  

of t h e  c l a i m  group, l i m i t e d  outcrops below t h e  l imes tone  around 

t h e  n o r t h  end o f  t he  main c e n t r a l  r i d g e  and t o  t he  south west o f  

t he  p rope r t y  boundary. 

These rocks  a r e  g e n e r a l l y  ho rn fe l sed  t o  some e x t e n t  

w i t h  development of b i o t i t e  and a  somewhat p u r p l i s h  c o l o r  on f r e s h  

f r ac tu re .  P y r r h o t i t e  occurs as d isseminated g r a i n s  o r  smal l  b lebs. 

The b i o t i t e  and p y r r h o t i t e  r e s u l t  i n  a  dark  r u s t y  weathered sur face.  

W i t h i n  t h e  q u a r t z i t e  sequence a t  t h e  w a t e r f a l l s  on 

ORK 42 two t h i n  hor i zons  o f  massive p y r r h o t i t e  c h a l c o p y r i t e  m i n e r a l -  

i z a t i o n  occur.  These a re  apparen t l y  about 30 cm t h i c k  and conform- 

ab le  w i t h  t h e  q u a r t z i t e s .  T h e i r  r u s t y  su r f ace  appearance i s  ve ry  

s i m i l a r  t o  t h a t  o f  t h e  hos t  q u a r t z i t e s .  

Minor  a r g i l l i t e ,  sandstone? and greywacke i s  

in terbedded w i t h  t h e  more s i l i c e o u s  q u a r t z i t e .  

2. Skarn Th in  beds o f  skarn have been l o c a t e d  a long  t h e  upper 

and lower  con tac t s  o f  t h e  main l imes tone  hor izon.  Exposures 

a r e  l i m i t e d  i n  e x t e n t  and may rep resen t  t h i n ,  i n t e r m i t t a n t  beds. 

Garnet skarns a r e  most common w i t h  some development o f  dark  green 

(hedenbergi t e ? )  skarn. Massive a rsenopyr i  t e ,  some p y r i t e ,  p y r r h o t i  t e ,  

c h a l c o p y r i t e ,  molybdeni t e ,  f l  u o r i  t e  and a x i n i  t e  have been observed. 



A s t r ong  magnet ic anomaly occurs on ORK 39 a t  about 

t he  p r o j e c t e d  l o c a t i o n  o f  t h e  l imes tone  ho r i zon  and a  p i ece  o f  massive 

magnet i te  skarn f l o a t  was found i n  t h i s  l o c a l i t y .  I t  i s  thought  t he  

magnet ic anomaly i s  due t o  magnet i te  skarn. 

3. Limestone A prominent ho r i zon  o f  l imestone,  g e n e r a l l y  

r e c r y s t a l l i z e d  t o  marble,  outcrops around t h e  n o r t h  s lopes 

o f  t he  main c e n t r a l  r i d g e ,  south o f  t h e  t a r n  l a k e  i n  t h e  west c e n t r a l  

p o r t i o n  o f  t he  c l a i m  group and t o  t h e  south west of t h e  p roper ty .  

Exposures o f  s i m i l a r  l imes tone  occur  n o r t h  o f  t h e  main west f l o w i n g  

creek. These exposures a r e  considered t o  be p a r t s  o f  a s i n g l e  

l imes tone  hor izon.  

A d d i t i o n a l  l imes tone  occurs t o  t h e  n o r t h  eas t  o f  t h e  

p rope r t y  and may be p a r t  o f  t h i s  hor izon.  

Limestone a l s o  occurs near t h e  t o p  o f  t h e  r i d g e  near 

t he  south eas t  co rner  o f  t h e  ORK p roper ty .  There i s  some doubt  t h a t  

t h i s  i s  p a r t  o f  t h e  main l imes tone  hor izon.  

The l imestones a r e  g e n e r a l l y  w h i t e  t o  g rey  i n  c o l o r  

and vary  i n  g r a i n  s i z e  due t o  d i f f e r i n g  e f f e c t s  o f  r e c r y s t a l l i z a t i o n .  

C a l c - s i l i c a t e  hor i zons  (3a)  occur i n  t h e  upper p o r t i o n  

o f  t he  l imes tone  ho r i zon  west o f  t h e  c l a i m  group. There a r e  f i n e  

g ra ined  , s i  1  i ceous , p a l e  green rocks.  



4. A r g i l l a c e o u s  Q u a r t z i t e  F i ne  gra ined,  v a r i a b l e  composi t ion,  

q u a r t z i t i c  sediments form a  t h i c k  sequence above t h e  main 

l imes tone  hor i zon .  These sediments have been termed greywacke, meta 

sandstone and q u a r t z i t e .  No d i s t i n c t  marker ho r i zon  has been recog-  

n ized  and v a r i a t i o n  o f  composi t ion a long  and across s t r i k e  causes 

con fus ion  i n  mapping. 

I n  genera l  t h e  rocks  a re  dark  g rey  t o  brown i n  c o l o r  

w i t h  v a r y i n g  a r g i l l a c e o u s  con ten t  and w i t h  v a r y i n g  development o f  

b i o t i t e  and o t h e r  micas. 

5. Grey Green Q u a r t z i t e  T h i s  r ock  i s  in te rbedded  w i t h  u n i t  4 

and i s  mere ly  a  r e l a t i v e l y  qua r t z  sand r i c h  v a r i a t i o n  o f  t h e  

same sequence. 

Cher t  (5a)  occurs  as lenses,  t h i n  i n t e r b e d s  and more 

massive f i n e  g ra i ned  c h e r t y  q u a r t z i t e  as v a r i a t i o n s  o f  t h e  q u a r t z i t i c  

ho r i zons .  

These appear t o  be zones o f  p o s s i b l e  chemical  

sed imentat ion.  

6. A r g i l l i t e  T h i s  i s  a  b l a c k  f i n e  g ra i ned  s i l t s t o n e  t o  b l a c k  

sheared g r a p h i t i c  sha le .  The r o c k  i s  g e n e r a l l y  f a i r l y  s o f t ,  

sometimes p y r i t i c  and u s u a l l y  r u s t y  weather ing.  

S i l i c e o u s  A r g i l l i t e  (6a)  i s  a  harder  v a r i e t y  o f  u n i t  6  which 

may be t r a n s i t i o n a l  t o  u n i t s  4 and 5. 



7. Cher t  7a Cher t  Pebble Conglomerate An i s o l a t e d  hump 

c o n s i s t i n g  o f  c h e r t  pebble and qua r t z  conglomerate which 

appears h i g h l y  sheared w i t h  e longated pebbles occurs a t  n o r t h  end 

o f  t h e  main r i dge .  Dur ing  e a r l i e r  work on t h e  p r o p e r t y  t h i s  had 

been assumed t o  be t h e  lower  most ho r i zon  exposed. Dur ing  t h i s  

summers work, however, t h e  r o c k  mass was suspected t o  be e i t h e r  

a  f a u l t  b l ock  o r  a  l a r g e  lands1 i d e  mass. 

Cher t  ( 7 )  w i t h  c h e r t  pebble conglomerate (7a)  beds 

and in terbedded a r g i l l i t e  occurs a t  t he  south end o f  t h e  main cen- 

t r a l  r i d g e  and t h e  c u r r e n t  i n t e r p r e t a t i o n  i s  t h a t  t h i s  f o rma t i on  

o v e r l i e s  t h e  exposed sedimentary sequence and t h a t  t h e  hump a t  t h e  

n o r t h  end o f  t he  r i d g e  i s  a  downfaul ted p o r t i o n .  

8. Leuco G r a n i t e  White t o  grey,  f i n e  t o  medium gra ined,  a p l i -  

t i c  g r a n i t e  occurs i n  severa l  smal l  ou t c rop  areas i n  t h e  west 

p o r t i o n  o f  t h e  c l a i m  group. The rock  i s  composed l a r g e l y  o f  quar tz ,  

w h i t e  f e l d s p a r  and va ry i ng  amounts o f  mica, m a i n l y  muscovi te.  

Pegmati te dykes (8a)  a r e  assoc ia ted  w i t h  t h i s  gran- 

i t e  and have a s i m i l a r  composit ion. No r a r e  e a r t h  m ine ra l s  have been 

i d e n t i f i e d  a l though f l u o r i t e  occurs w i t h i n  and ad jacen t  t o  i n t r u s i v e  

ou tc rop  areas and an u n i d e n t i f i e d  green f luo rescence  has been observed 

on some specimens. 



S t r u c t u r e  

The p r o p e r t y  i s  occupied by a  t h i c k  sequence o f  

sediments which e x h i b i t  moderate t o  g e n t l e  sou th  e a s t e r l y  d i p s  

i n  t h e  n o r t h  eas te rn  p a r t  o f  t h e  c l a i m  group and g e n t l e  sou th  

w e s t e r l y  d i p s  i n  t h e  western p a r t  o f  t h e  group. 

On t h e  h i g h  r i d g e  i n  t h e  sou th  c e n t r a l  p o r t i o n  o f  

t h e  c la im,  g e n t l e  ( 5 " , -  1 5 " )  d i p s  appear t o  o u t l i n e  a  l o c a l  

s y n c l i n e  o r  bas in  o f  smal l  dimension. 

The sedimentary sequence i s  i n t r uded ,  appa ren t l y  

r a t h e r  pass i ve l y ,  by a  l eucog ran i  t e  w i t h  r e l a t e d  pegmati t e  and 

a p l i t e .  There may be a  s l i g h t  doming a f f e c t  f rom t h i s  i n t r u s i o n  

and t h i s  may be p a r t  o f  t h e  cause o f  t h e  apparent  a n t i c l i n a l  

s t r u c t u r e  th rough  t h e  p rope r t y .  

Two s e t s  o f  f a u l t s  a r e  i n d i c a t e d  by a i r  photo 

l i n e a r s  and by moderate o f f s e t  o f  sedimentary beds. These a r e  

i n d i c a t e d  on Plap I Geology and t r e n d  N25"E and N60°E. 

The N25"E f a u l t  s e t  may be comprised o f  many more 

f r a c t u r e s  than  have been documented and t h e  ab rup t  t e r m i n a t i o n  of 

t h e  main magnet ic anomaly on ORK 39 may be due t o  t h i s  t y p e  o f  

f a u l t i n g .  



Minera l  i z a t i o n  

Disseminated p y r r h o t i  t e  w i t h  r a r e  c h a l c o p y r i t e  i s  

common w i t h i n  t h e  a r g i l l a c e o u s  q u a r t z i t e  fo rmat ions  on t h e  p r o p e r t y  

and i s  cons idered an i n t e g r a l  p a r t  o f  those rock  types. 

F l u o r i t e  and a x i n i t e  have been found w i t h i n  i n t r u s -  

i v e ~  and l imes tone  i n  t h e  western p o r t i o n  o f  t h e  p r o p e r t y  i n  assoc- 

i a t i o n  w i t h  geochemical i n d i c a t i o n s  o f  t i n  and tungs ten  a l though no 

zones o f  m i n e r a l i z a t i o n  have y e t  been i d e n t i f i e d .  

Massive a rsenopyr i  t e ,  some p y r i t e ,  p y r r h o t i  t e  and 

molybdeni te  m i n e r a l i z a t i o n  occurs w i t h  smal l  skarn zones on t h e  

n o r t h  eas t  s lopes o f  t h e  main c e n t r a l  r i dge .  No economic m ine ra l -  

i z a t i o n  has been l o c a t e d  here. 

Dur ing  1981 massive su lph ide  f l o a t  was l o c a t e d  near  

t h e  w a t e r f a l l  on ORK 42. A  sample o f  t h i s  r ock  assayed 5.18% copper 

and 3.36 oz s i l v e r .  Dur ing  1982 two narrow, appa ren t l y  conformable 

beds o f  s i m i l a r  p y r r h o t i t e ,  c h a l c o p y r i t e  m i n e r a l i z a t i o n  were l o c a t e d  

i n  t h e  ou t c rop  area a t  t h e  w a t e r f a l l s .  The f o l l o w i n g  assay r e s u l t s  

were obtained. 

Sample No. D e s c r i p t i o n  Cu% Zn% Sn% Ag oz Au oz 

25678C Massive su lph ide  s t r i n g e r  2.52 0.11 0.01 . 1.70 
i n  q u a r t z i t e  Cpy py p y r r  

25679C Chip sample over  6 '  o f  2.80 0.12 <0.01 1.96 
cpy py p y r r  m i n e r a l i z a t i o n  

25680C F:oat, cpy p y r r  + m a g n e t i t e  3.48 0.22 <0.01 2.68 0.010 

25681 C Massive su lph ide  s t r i n g e r  0.57 0.04 <0.01 0.20 
i n  q u a r t z i t e  



Upstream from t h e  w a t e r f a l l s  a  p iece  o f  magnet i te  

garnet  skarn was found i n  t h e  stream bed near t h e  main magnetic 

anomaly. A sample o f  t h i s  f l o a t  assayed 0.01% Cu, 0.13% Sn. 



GEOPHYSICS 

Three separate geophysical  surveys were conducted 

as p a r t  o f  t h e  1982 program. Work was concent ra ted  p r i m a r i l y  on t h e  

ORK 37 - 44 c la ims  s taked e a r l i e r  i n  t h e  season b u t  two smal l  g r i d s  

i n  t h e  south west p o r t i o n  o f  t h e  p rope r t y  were covered by magnet- 

ometer survey as w e l l .  

A l l  surveys were done by tape  and compass f o r  s o i l  

and t a l u s  sampl ing purposes. These g r i d s  a r e  n o t  as a c c u r a t e l y  

es tab l i shed  as they  should be f o r  geophys ica l  purposes. 

Magnetometer Survey Map I 1  

Procedure 

A S c i n t r e x  MP-2 p ro ton  magnetometer was r e n t e d  f o r  

use on t h e  ORK c l a i m  group. Technica l  data on t h i s  magnetometer 

t ype  i s  p rov ided  i n  Appendix I Geophysical Instrumenks. 

S t a t i o n s  were read  a t  100 f o o t  i n t e r v a l s  on l i n e s  

nom ina l l y  200 f e e t  apa r t .  A base s t a t i o n  was e s t a b l i s h e d  a t  t h e  

camp and check readings were taken t o  c o r r e c t  d a i l y  survey r e s u l t s .  

Dur ing  c e r t a i n  per iods  readings were appa ren t l y  a f f e c t e d  by mag- 

n e t i c  storms and t h e  survey was delayed u n t i l  base read ings  were 

s tab le .  

Near t h e  end o f  t h e  program an a t tempt  was made t o  

extend t h e  survey n o r t h  eas t  o f  t h e  w a t e r f a l l s  area. The i n s t r u -  

ment, a l though i t  gave readings,  seemed t o  be u n r e l i a b l e  and those 

readings on l i n e s  107E t o  113E should be disregarded. 



A standard value of 58,000 gammas was subtracted from 

a1 1 t o t a l  f ie1  d readings before p lot t ing.  

Results 

Magnetometer r e su l t s  a r e  shown on Map 11. These 

r e su l t s  have been contoured and several anomalous areas a r e  indicated. 

On l i n e s  75E t o  about 81E values range generally above 

200 gammas t o  a high.of about 400 gammas which i s  assumed t o  be a 

general background level due t o  disseminated pyr rho t i t e  in the  quartz- 

i t i c  sediments. To the e a s t  of t h i s  area values a r e  somewhat lower 

ranging from about 50 t o  200 gammas which i s  thought t o  represent  a 

general lower background over varying depths of g lacia l  t i l l  and 

moraine in the  valley bottom. 

Lines 83E, 85E and 87E were extended north across the  

exposed skarn horizon and approximately over the  assumed trend of the 

limestone horizon. Values range from 294 t o  520 gammas, well above 

general background b u t  not indicat ive  of any d i s t i n c t  anomaly based 

on present knowledge. 

On l i ne s  93E and 95E a t  36N to  38N a magnetic anomaly 

occurs which i s  en t i r e l y  covered by overburden. This anomaly i s  open 

t o  the eas t .  I t  may be re la ted  t o  the  limestone-skarn horizon out- 

cropping on the  Newmont MINDY claims. 

On l i n e  89E a t  49N a small posi t ive  anomaly occurs 

which i s  assumed t o  be re la ted  t o  the l a rge r  pos i t ive  anomaly 

extending from about 92E to  96E and 48N t o  53N. The main anomaly 

here i s  r e l a t i ve ly  intense reaching a peak of 6831 gammas. 



Nor th  sou th  p r o f i l e s  across t h i s  main anomaly a r e  

shown on F igures  5  and 6  t oge the r  w i t h  t h e  MaxMin EM p r o f i l e s .  

A magnet ic body i s  i n d i c a t e d  w i t h  a  moderate sou th  

d i p  which i s  assumed t o  be a  magne t i t e  skarn  h o r i z o n  based on t h e  

f i n d i n g  of a  p i ece  of magne t i t e  f l o a t  i n  t h e  v i c i n i t y  p l u s  t h e  

ex i s t ence  o f  magne t i t e  skarn  on t h e  MINDY c l a ims  t o  t h e  east.  

On l i n e s  99E t o  105E f rom 58N t o  62N a  more l i n e a r  

p o s i t i v e  magnetometer anomaly peaks a t  727 gammas where p y r r h o t i t e  

c h a l c o p y r i t e  m ine ra l  i z a t i o n  of s i g n i f i c a n t  grade ou tc rops  i n  t h e  

w a t e r f a l l  area. Th i s  anomaly appears t o  be c u t  o f f  t o  t h e  west 

w h i l e  t o  t h e  e a s t  magnetometer read ings  on l i n e s  107E t o  115E a r e  

cons idered un re l  i a b l  e. 

A r e l a t i v e  magnet ic h i g h  occurs  a t  115E t o  121E f r om 

60N t o  64N. Th i s  l a t t e r  magnet ic h i g h  t o g e t h e r  w i t h  a  s m a l l e r  one 

cen te red  a t  117E, 68N a re  beyond t h e  eas t  boundary o f  t h e  p resen t  

p r o p e r t y  i n  t h e  v i c i n i t y  o f  l imes tone  and skarn  outcrops.  (See Map I )  

I n t e r p r e t a t i o n  & Recommendations 

The r e l a t i v e  magnet ic h ighs  assoc ia ted  w i t h  l imes tone  

and smal l  skarn zones cen t red  a t  85Ey 68N and 115 Ey 62N may be due 

t o  skarn development assoc ia ted  w i t h  t h e  carbonate hor i zon .  A d d i t -  

i o n a l  magnet ic su rvey ing  i s  r e q u i r e d  and shou ld  be done on a  more 

c a r e f u l l y  c o n t r o l l e d  g r i d .  No p r e c i s e  t a r g e t  i s  d e f i n e d  a t  p resen t .  

The s t r o n g  magnet ic h i g h  a t  95E, 52N i s  p robab ly  due 

t o  magnet i te  skarn.  The r o l l i n g  t i l l  su r f ace  i n  t h e  area suggests 

p o s s i b l y  deep overburden b u t  t h e  sharp 6800 gamma peak and d i scove ry  

o f  a  p i e c e  o f  magne t i t e  f l o a t  i n d i c a t e  t h i s  anomaly may be 

l o c a l l y  c l o s e  t o  sur face.  The anomaly appears t o  be t e rm ina ted  

a b r u p t l y  t o  eas t  and west and t h i s  may be due t o  f a u l t i n g  a t  N25"E. 



The sma l l e r  anomaly a t  95E 37N i s  i n  t h e  genera l  

v i c i n i t y  o f  l imes tone  mapped t o  t h e  eas t  on t h e  MINDY c la ims .  I n  

t he  absence o f  o t h e r  i n f o r m a t i o n  and incomplete magnetometer cover-  

age i t  i s  assumed t h i s  zone i s  r e l a t e d  t o  a  carbonate hor i zon .  

The anomaly a t  103E 61N occurs i n  t h e  ou t c rop  area 

a t  t h e  w a t e r f a l l s  and i s  s t r a t i g r a p h i c a l l y  lower  than t h e  anomalies 

t o  t he  eas t  and west assoc ia ted  w i t h  skarn and t h e  carbonate hor i zon .  

Th in  beds o f  p y r r h o t i t e  c h a l c o p y r i t e  m i n e r a l i z a t i o n  a r e  found i n  o u t -  

c rop  and t h i s  m i n e r a l i z a t i o n  i s  presumed t o  be t h e  cause of  t h e  

anomaly. A d d i t i o n a l  magnetometer su rvey ing  t o  t h e  eas t  i s  recommended 

before d r i l l i n g .  The anomaly appears t o  be te rmina ted  t o  t h e  west, 

p robab ly  by f a u l t i n g .  

Magnetometer Resu l ts  on Small Gr ids  

Two smal l  g r i d s  were es tab l i shed ,  one a t  2E, OON and 

t h e  o t h e r  a t  41E, I O N  on which magnetometer readings were taken. 

Loca t i on  o f  these g r i d s  i s  shown on Map I and r e s u l t s  a r e  shown on 

F igures  3 and 4. 

On t h e  2E, OON g r i d  no anomalous magnet ic read ings  were 

obtained. 

On t h e  41E, I O N  g r i d  no d i s t i n c t  anomaly was l o c a t e d  

b u t  a  general  n o r t h  eas t  t r e n d  t o  s l i g h t l y  h i ghe r  than background 

values corresponds i n  a  general  way w i t h  moderate ly  anomalous z i n c  

values and s p o t t y  t i n  and tungsten va lues i n  s o i l  samples. 
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VLF - EN (EM-16) SURVEY MAP I11 

Met hod 

A Ronka EM-16 was used t o  t a k e  d i p  ang le  and quad- 

r a t u r e  readings. The o p e r a t i n g  crew found t h a t  s i g n a l s  were 

r e l a t i v e l y  weak and d i f f i c u l t  t o  read. They inc reased  t h e  s t a t i o n  

i n t e r v a l  f rom 100 f e e t  t o  200 f e e t  and, as a  r e s u l t ,  i t  i s  f e l t  t h e  

survey r e s u l t s  a r e  n o t  as p r e c i s e  as they  shou ld  be. Some readings,  

as a t  87E 54N, were n o t  taken f o r  t h e  Maine s t a t i o n  as s i g n a l s  

were t o o  weak and no isy .  

D i p  ang le  da ta  f o r  S e a t t l e  s t a t i o n  have been t r e a t e d  

us i ng  t h e  "F raser  f i l t e r "  and t h e  p o s i t i v e  r e s u l t s  a r e  contoured. 

D e s c r i p t i o n  o f  t h i s  f i l t e r  method i s  i n c l u d e d  i n  Appendix I .  

Resu l ts  

The contoured EM-16 f i l t e r e d  r e s u l t s  have a tendency 

t o  o u t l i n e  n o r t h  eas t  t rends .  Three o f  these, which pass th rough  

r e l a t i v e  magnet ic lows, a r e  i n d i c a t e d  by s t r a i g h t  t r e n d  l i n e s .  The 

s i m i l a r  n o r t h  e a s t  t r e n d  a l ong  t h e  eas t  edge o f  t h e  da ta  may be due 

t o  s i m i l a r  t r ends  o r  may be an edge e f f e c t  due t o  incomple te  da ta  

t o  t h e  east .  

Several  p o s i t i v e  con tou r  areas correspond w i t h  r e l a t i v e  

magnet ic h i g h s  as l i s t e d  below: - 
( a )  a t  85E, 68N t h e  EM-16 40" con tou r  corresponds t o  a  l o c a l  magnet ic  

h igh.  The o v e r a l l  t r e n d  o f  t h e  20° con tou r  however t r ends  n o r t h  

eas t  i n  l i n e  w i t h  t h e  t r e n d  l i n e  th rough  78E 50N. 

( b )  a t  115 E 68N t h e  EM-16 20" con tou r  corresponds g e n e r a l l y  w i t h  a  

smal l  p o s i t i v e  magnet ic anomaly i n  t h e  v i c i n i t y  o f  l imes tone  and 

smal l  skarn outcrops.  The EM-16 da ta  does n o t  extend sou th  

s u f f i c i e n t l y  t o  p r o v i d e  con tours  over  t h e  magnet ic h i g h  a t  115E 

62N. 



( c )  A t  95E 52N t h e  s t r ong  magnet ic h i g h  does n o t  appear t o  be 

conduc t i ve  t o  t h e  EM-16 f requencies,  The magne t i ca l l y  anom- 

a lous area forms an EM-16 low surrounded by t h e  0" EM-16 

con tour  and f l anked  t o  t h e  west by two s t r o n g  n o r t h  eas t  

t rends .  

( d )  The small magnet ic anomaly a t  95E, 37N i s  r e f l e c t e d  by a 

s t r ong  Ell-16 anomaly w i t h  f i l t e r  va lues t o  71". A general  

westward t r e n d  o f  EM-16 con tours  f o l l o w s ,  and extends beyond, 

a  s i m i l a r l y  o r i e n t e d  weak magnetic t rend.  T h i s  c o r r e l a t i o n  

o f  magnet ic and Ell-16 va lues i s  more s i m i l a r  t o  c o r r e l a t i o n  

over  su lph ides  i n  t h e  w a t e r f a l l  area o r  t o  weaker c o r r e l a t -  

i ons  i n  t h e  l imestone-skarn areas i n  t h e  extreme n o r t h  eas t  

and n o r t h  west areas o f  t h e  survey, than  t o  t h e  s t r ong  mag- 

n e t i c ,  weak EM-16, e f f e c t s  a t  95E 52N. 

( e )  A t  103E 61N t h e  EM-16 f i l t e r e d  con tour  values correspond 

r e l a t i v e l y  w e l l  w i t h  t h e  magnet ic anomaly over  t h e  su lph ide  

ou t c rop  area. 

( f )  A t  85E, 53N an EM-16 f i l t e r  anomaly corresponds t o  a  weak 

magnetic t r e n d  and may be s i m i l a r  i n  r e l a t i o n s h i p  t o  t h e  

eas t  west t r ends  a long  34N - 36N b u t  may a l s o  be due t o  a  

p o s s i b l e  n o r t h  eas t  t r e n d  through t h e  contoured va lues a t  

81E 44N. 



I n t e r p r e t a t i o n  

The EM-16 f i l t e r  con tours  i n d i c a t e d  by n o r t h  eas t  

t r e n d  l i n e s  a r e  presumed t o  be due t o  f a u l t i n g  assoc ia ted  w i t h  t h e  

N25"E f a u l t  se t .  I t i s  l i k e l y  t h e  h i g h  va lues a t  85E, 36N a r e  p a r t  

o f  one o f  these t rends.  

The EM-16 f i l t e r  anomalies a t  85E, 68N; 115E, 68N; 

95E, 37N and p o s s i b l y  85E 53N appear t o  be r e l a t e d  t o  l imes tone-  

skarn hor izons.  The f i r s t  two a r e  m o d i f i e d  by n o r t h  eas t  t r e n d i n g  

contours which may be r e l a t e d  t o  n o r t h  eas t  f a u l t i n g .  

The moderate EM-16 anomaly a t  103E 61N i s  p robab ly  

due t o  su lph ide  m i n e r a l i z a t i o n .  The anomaly i s  open t o  t h e  eas t  

and f u r t h e r  su rvey ing  should be done. To t h e  west t h e  h i g h  va lues 

on l i n e  97E may be due t o  c o n t i n u a t i o n  o f  t h e  no r theas t  t r e n d  l i n e  

thought  t o  be due t o  f a u l t i n g .  

No EM-16 anomaly i s  i n d i c a t e d  over  t h e  main s t r ong  

magnetic anomaly which i s  presumed t h e r e f o r e  t o  be due t o  non con- 

d u c t i v e  m a t e r i a l .  



MAX MI14 EM SURVEY MAPS I V  V V I  V I I  

Procedure 

The o r i g i n a l  massive su lph ide  f l o a t  found on what i s  

now ORK 42 was s t r o n g l y  conduc t i ve  as w e l l  as be ing magnet ic.  A  

Max Min I 1  i ns t rument  was ren ted  f o r  a  s h o r t  p e r i o d  and a  survey was 

conducted a long  t h e  g r i d  l i n e s  p r e v i o u s l y  es tab l i shed  i n  t h e  main 

va l  1  ey bottom. 

The i n i t i a l  survey was conducted w i t h  50 metre spacing 

us ing  444 and 1777 Hz f requencies i n  an a t tempt  t o  g e t  as much d e t a i l  

as p o s s i b l e  on t h e  assumption t h a t  overburden was shal low. 

Four l i n e s  were repeated a t  t h e  same f requenc ies  us ing  

150 metre spacing when the  i n i t i a l  survey f a i l e d  t o  show t h e  expected 

t y p i c a l  conductors.  

Resu l ts  

The read ings  c o l l e c t e d  a t  50 and 150 met re  cab le  

spacings a r e  p l o t t e d  on Maps I V  V V I  and VII. No s i g n i f i c a n t  anomaly 

i s  i n d i c a t e d  i n  t h e  ou tc rop  area a t  t h e  w a t e r f a l l s  where su lph ide  

m i n e r a l i z a t i o n  i s  present .  

The f o u r  l i n e s  a t  150 metre spacing l i e  west o f  t h e  

w a t e r f a l l  su l ph ide  zone and t h e r e f o r e  do n o t  t e s t  i t .  They do, 

however, c ross  t h e  main s t r o n g l y  magnet ic anomaly and two r e l a t i v e l y  

s h o r t  broad conduc t i ve  areas a r e  i n d i c a t e d .  These l i n e s  a r e  p l o t t e d  

as p r o f i l e s  i n  g rea te r  d e t a i l  on F igures  5  and 6. The two conduc t i ve  

zones l i e  on t h e  n o r t h  and sou th  f l a n k s  o f  t h e  magnet ic anomaly w i t h  

o n l y  very  weak conduc t i ve  i n d i c a t i o n s  extending t o  l i n e s  91E and 97E. 

The conduc t i ve  zones t r e n d  n e a r l y  eas t  west. 

No s i g n i f i c a n t  conduc t i ve  zone occurs over  t h e  smal l  

magnet ic anomaly a t  95E, 38N. 



I n t e g r e t a t i o n  --- 

D e t a i l e d  p l o t t i n g  o f  t h e  t i l t  angles measured by t h e  

f i e l d  crew i n d i c a t e  a  c o n s i s t a n t  over  e s t i m a t i o n  o f  t h e  topographic  

s lopes when p l o t t e d  aga ins t  ac tua l  topographic  contours .  Th i s  would 

r e s u l t  i n  t i  1  t s  appl  i e d  t o  t he  MAX F l I N  t ransmi  t t e r  and r e c e i v e r  t o o  

g r e a t  f o r  t h e  a c t u a l  topography. I t  i s  p o s s i b l e  t h i s  has con t r i bu ted ,  

a long w i t h  t h e  moderate south d i p  o f  t h e  fo rmat ion ,  t o  f a i l u r e  t o  

l o c a t e  a  conductor  i n , t h e  v i c i n i t y  o f  m i n e r a l i z a t i o n  a t  t h e  w a t e r f a l l s .  

I t  i s  a l s o  p o s s i b l e  t h a t  t h e  more massive su lph ides  do n o t  extend over  

s u f f i c i e n t  area t o  p rov ide  an adequate conductor.  The magnet ic and 

EM-16 r e s u l t s  however i n d i c a t e  l a t e r a l  e x t e n t  s u f f i c i e n t  f o r  a  cond- 

uc t o r .  

Tes t i ng  by ohm-meter o f  a  p i ece  o f  t h e  magnet i te  f l o a t  

thought  t o  be f rom t h e  main magnet ic anomaly w i t h  f l a n k i n g  MAX MIN 

conductors i n d i c a t e s  i t  t o  be moderate ly  conduct ive.  The EM cond- 

u c t o r s  then do n o t  n e c e s s a r i l y  i n d i c a t e  su lph ide  zones on t h e  f l a n k s  

o f  t he  magnet i te  a l though some su lph ide  m i n e r a l i z a t i o n  may be present .  



GEOCHEMISTRY 

Map V I I I  i l l u s t r a t e s  geochemical va lues ob ta ined  f o r  

copper, z inc ,  t i n  and tungsten over  t h e  g r i d  area on ORK 37 - 44. 

Data sheets supp l i ed  by t h e  f i e l d  crew a re  i nc l uded  i n  t h i s  r e p o r t  

as Appendix 11. 

Procedure . 

Tape and compass l i n e s  were r u n  t o  e s t a b l i s h  a n o r t h  

o r i e n t e d  g r i d .  Samples were taken o f  a v a i l a b l e  m a t e r i a l  a t  200 f o o t  

s t a t i o n  spacing. On l i n e s  75E t o  83E much o f  t h e  m a t e r i a l  sampled 

was p r i m a r i l y  t a l u s  f i n e s  w i t h  p o o r l y  developed s o i l .  Over t h e  

remainder o f  t he  g r i d  s o i l  was c o l l e c t e d  p r i m a r i l y  f rom a p o o r l y  

developed ' B '  hor izon.  Data sheets f o r  these samples a r e  i nc l uded  

i n  t h i s  r e p o r t  as Appendix 11. I n  some p laces  samples were missed 

due t o  t he  coarse rocky  na tu re  o f  t h e  m a t e r i a l  a v a i l a b l e .  

Resu l ts  and I n t e r p r e t a t i o n  

I n  general  o n l y  low va lues were ob ta ined  f o r  t h e  f o u r  

e l  ements analysed. 

I n  t h e  case o f  tungs ten  i s o l a t e d  values o f  45, 68 and 

175 ppm occur  w i t h  s c a t t e r e d  va lues f rom 10 t o  22 ppm i n  severa l  areas. 

No s i g n i f i c a n t l y  anomalous zone occurs. The values ob ta i ned  a r e  i n  

t h e  l imes tone  skarn area on t h e  eas t  boundary and t o  t h e  south of t h e  

skarn mapped i n  t he  west c e n t r a l  p o r t i o n  o f  t h e  g r i d .  

T i n  values o f  5 t o  13 ppm occur  near  t h e  eas t  boundary 

l imestone-skarn area b u t  no o t h e r  s i g n i f i c a n t  values occur.  

Z inc  and copper va lues a r e  contoured a t  100 ppm o u t -  

l i n i n g  n e a r l y  c o i n c i d e n t  zones i n  t h e  t a l u s  areas on t h e  west s i d e  of 

t h e  g r i d .  To t h e  n o r t h  i n  l i n e  85E t h e  few samples taken  show s i m i l -  

a r l y  s l i g h t l y  anomalous values. 



No i n d i c a t i o n  i s  g i ven  i n  t h e  s o i l  r e s u l t s  o f  t h e  

m i n e r a l i z a t i o n  ou t c ropp ing  i n  t h e  w a t e r f a l l s  area. 

Z inc  values, w i t h  a  h i g h  o f  480 ppm, a r e  con toured  

a t  100 ppm i n  t h e  n o r t h  eas t  p o r t i o n  o f  t h e  g r i d .  Those va lues 

have no app rec i ab le  copper accompaniment and a r e  q u i t e  w i d e l y  d i s -  

persed w i t h  no d e f i n i t e l y  anomalous zone. Again  t h i s  i n  i n  t h e  

l imes tone-skarn  area. 

Over m6st o f  t h e  v a l l e y  area, and cove r i ng  t h e  

geophys ica l  anomalies, no geochemical anomal ies a r e  found. It i s  

assumed t h i s  i s  due t o  poor  s o i l  development o v e r l y i n g  widespread, 

moderate ly  deep g l a c i a l  t i  11 and moraine. 

Geochemical Resul t s  on Small G r i ds  

Two smal l  g r i d s  were es tab l i shed ,  one a t  2E, ON and 

t h e  o t h e r  a t  41E, ION. S o i l  sampl ing was done a t  200 f o o t  i n t e r v a l s  

on these g r i d s  and r e s u l t s  a re  shown on F igures  7  and 8. 

No anomalous va lues were ob ta i ned  on t h e  2E, ON g r i d .  

On t h e  41E, ION g r i d  modera te ly  anomalous (110 t o  575 

ppm) z i n c  va lues were ob ta ined  which t r e n d  n o r t h  eas t  i n  a  zone gen- 

e r a l l y  c o i n c i d e n t  w i t h  t h e  magnet ic t r e n d  i n  t h i s  area. See 

F igu res  4  and 8. 

Assoc ia ted w i t h  t h i s  z i n c  anomaly a r e  s c a t t e r e d  tung-  

s t e n  va lues rang ing  f rom 4  t o  100 ppm and a  few t i n  va lues rang ing  

f rom 5  t o  320 ppm. No zone o f  m i n e r a l i z a t i o n  i s  known b u t  f l u o r i t e  

occurs  i n  l imes tone  and g r a n i t i c  i n t r u s i v e s  i n  t h e  area. 
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RECOMMENDATIONS 

I n d i c a t i o n s  of m i n e r a l i z a t i o n  occur  p r i n c i p a l l y  i n  

t he  eas te rn  p o r t i o n  o f  t h e  p rope r t y  which i s  l a r g e l y  overburden 

covered. The f o l l o w i n g  recommendations a r e  made t o  i n v e s t i g a t e  

these i n d i c a t i o n s  f u r t h e r :  - 

t h e  s o i l  sample-magnetometer g r i d  should be extended n o r t h  

and n o r t h  west t o  t he  n o r t h  boundary o f  t h e  c la ims ;  

i f  open ground e x i s t s  t o  t h e  eas t  between t h e  e x i s t i n g  ORK and 

MINDY c la ims  t h i s  ground should be s taked and t h e  magnetometer 

and s o i l  surveys extended t o  cover  t h a t  ground; 

d e t a i l e d  geo log i ca l  mapping o f  outcrops should be done a t  

1:2500 sca le  o r  b e t t e r  i n  t h e  g r i d  area w i t h  l o c a t i o n  o f  f l o a t  

m i n e r a l i z a t i o n  t o  be recorded; 

t h r e e  65 metre d r i l l  ho les  should be d r i l l e d  w i t h i n  t h e  magnet ic 

anomaly a t  t h e  w a t e r f a l l s  massive su lph ide  l o c a t i o n  t o  t e s t  t h e  

eastward and down d i p  ex tens ion  o f  t h e  su lph ide  occurrences; 

two ( o r  more) 120 metre d r i l l  ho les  shcu ld  be d r i l l e d  w i t h i n  

t h e  main magnet ic anomaly t o  t e s t  t h e  magnet ic anomaly i t s e l f  

and t h e  appa ren t l y  r e l a t e d  conduc t i ve  zones. To t h e  east ,  on 

t h e  MINDY c la ims ,  Newmont have encountered s u b s t a n t i a l  t i n  

m i n e r a l i z a t i o n  as t i n  bora tes  i n  magnet i te  skarn. 

One 100 metre? d r i l l  h o l e  should t e s t  t h e  magnet ic anomaly 

n o r t h  eas t  o f  t h e  t a r n  l a k e  a t  t h e  south end o f  t h e  g r i d .  



It is recommended this drilling be done using a 

hydra-wink drill with BQ core to reduce mobilization and moving 

costs. Total overall cost of this recommended program is expected 

to be: - 
6 holes total 1 ing 535 metres of dri 1 1  ing at $245/metre = $131,000 

Respectfully submitted 

J.C. Stephen Explorations Ltd. 

J.C. Stephen 



ORK CLAIM GROUP 

SALARIES 

Name 

R. Campbell 

M. Webs t e r  

N. S i l i n s  

A. Candy 

B. Lawson 

S. Kay 

J.C. Stephen 

STATEMENT OF EXPENDITURES 

P o s i t i o n  -- Dates Rate 

Geo log is t  J u n e 1 0 - J u l y 8  $1800+15% 
J u l y  23-Ju ly  29 

S r .  Asst.  June 10-Ju ly  8 1800+15% 

A s s i s t a n t  June 21-Ju ly  8 l4OO+l5% 

A s s i s t a n t  J u n e 2 1 - J u l y 8  1200+15% 

Geoph. Oper. J u l y  23-Ju ly  29 1750+15% 

A s s i s t a n t  J u l y  23-July 29 l75O+l5% 

J u l y  2, 28 150lday 

MAGNETOMETER RENTAL MP-2 SCINTREX 

20 days @ $14. 

PREPARATION OF BASE - MAP (McELHANEY SURVEYS) 

GEOCHEMISTRY 

350 S o i l s  f o r  Sn W Cu Zn @ $10.1 5 

26 Rock f o r  Cu Sn @ $5.65 

20 Rock f o r  SN Cu Ag Au @ $11.40 

MAX M I N  EM RENTAL LG WHITE & ASSOCIATES 

6 days @ $110. 

FOOD AND CAMP SUPPLIES 

11 7 Man Days @ $1 5.00 

Amount 

$2484. 



HELICOPTER KEYSTONE HELICOPTERS, ATLIN 

Airbill no. Date Hours prorated 

003239 June 10 2.5 

003721 June 21 1.4 

003632 July 9 1.4 

003769 July 23 1.4 

003884 July 29 1.4 
8.1 hrs @ $500. 



A P P E N D I X  I 

GEOPHYSICAL INSTRUMENTS 



II. 

MAGNETOMETERS 

Instrument Use 

The common types of portable magnetometers in 1 . m  

today are fluxgate. proton precession, Schmidt field 
t~alance, dip needle and other special purpose instru- 
ments F~e ld  balanccs and dip needles ars rnechaiiical 
devices comprised of p~voted magnets measuring vertical 
or horizontal intensity or field direction, and are not 
much used today being replaced by tho more serwtive 
and less cumhersome fluxgate and proton magneto- 
mr!t!rs. Portable fluxgate magnetometers employ a satur- 
able core sensor held In a vertical direction to measure 
vertical intmsity with on cffoct~ve sensitivity or.) the ordnr 
of savoral ganimiis Fluxgate rnagnc?tometcrs, tou, are 
slowly be~ng  replaced by the proton magnetometcr 
which has grecitcr sens~t~vi ty (1 gamma or better), abso- 
lute accuracy, no niovlng parts, and measures total field 
lntcnslty with freedom frorn orientation crrors. For rea- 
sons of its increas~rig u t~ l izat~on 2nd because many 
applications require theso features, the proton magne,. 
tomctor will bo the prlnc~pal in:;trunirmt under disc:ti:;nion 
in the Manclal Milch of the Manual from Chapter:; I l l  
through IX ne'ferthclcss applies to vertical cornponcnt 
flux gate magnetornctcrs as well Anomaly signatures at 
high lat~tutles (magnetic dip 70" or grcater) are practically 
identical for thc two Instruments; at other latitudes they 

. differ significantly 

Proton Magnetometer 

The proton precc3siorr magnetometer IS so named 
becduse ~t u t ~ l ~ z c s  tht: p reccwun of splrlrllng protons or 
nuc le~ of the hydroqcn atom In a sample of hydrocarbon 
f l u~d  to measure the total magnet~c ~n tens~ ty  The sp111 
nlng protons In a sample of watrr, kcrosefie, cilc,ohol 
etc . t~chdve as small splnnlng magnetic. d~poles T h ( w  
magnets are temporarily nl~qned or polar~zed by appli 
catlon of a unlform magnctlc fwld generated by a currcnt 
In a colt of wlrc Wh(1n tho current I S  renioved the spin 

of the protons cauw*; thcm to prwcss abo~rt  the d~ rc r  
tlon of the amblctnt or e'lrth's rndgnct~c f~c l t l ,  r r ~ u ~ h  '1, ,i 

splnnlng top p r e c c ~ ~ s  nbortt the cjrnvity fwld Thc? prv 
cessing protons then rjrnerate a smdll slgnal In the same 
cot1 used to p o l a r ~ ~ e  them a s~grml whost1 frccjwncy I., 

precisely proportfonal t u  the total magnet~c field ~n tens~ ty  
and ~ndf>pendcnt of thc otlerrtatlon of the c o ~ l ,  I e , sensor 
of the maqnetorneter The proport~onal~ty constant which 
relates frequency to f~e ld  Intensity IS a well known atorn~c 
constant the gyromagnetlc ratro of the proton The pre- 
cession freqrlency, typically 2000 Hz, IS measured hy 
modern d ~ g ~ t a l  counters as the absolute value of the 
total rnagnet~c f~e ld  ~n tens~ ty  w ~ t h  an accuracy of 1 garn- 
ma, and In spec~al cases 0 1 gamma, In the earth's f~e ld  
of approx~matcly 50,000 gammas 

Total Field Measwenlent 

'The total maqnetlc flcld lntenslty, as measured by a 
proton magnetornetcr, 1s a scaldr measurement or slmply 
the rnagn~tude of tho ea~t l i ' s  f ~e l d  vector ~ndependcnt of 
~ t s  d~rec t~on  The nieastrrement can be expressed as In 
I'lgure I d  as sir~lply the leriqth of the earth's f ~e l d  vector, 
F, shown here to be 50,000 gammas h local perti~rba- 

TOTAL F 1El.D 

tlon, T of 10 gammas as rri~ght be rncdsured In any of 
the appllcdtluns d~sctrsscd hcrc~r i  IS c,l~own In Fl:yil/e I t ]  
as a vector of arb~trary d~ rec t~on  T h ~ s  d~sturbance vecto~ 
adds to the ~rr ra~st~ l rbed f ~e l d  in the usual manner of 
vector adtllt~cjn as shown In I-[gum I b ,  paying spe~ la l  
riotlcn to how thc f ~ q t i w  wcluld actually appear 11 hotri 
the 50,000 allti 10 garrirrm vtxtors were diawn to scale 
It 15 c lw r  trom the f ~ ~ l u r c  thcr,, thClt slrrcc the proton 
rnClqrretorr~c+r measures only the nldgnlflldt? of the 
res~rltant vrctnr whose d~ roc t~on  IS almost exactly parallel 

'C 
17 

F - 50,000 GAMMA!, C3 
(UNI)ISTUHBtL) 1 OTAL I ILL 111 / 

I 

-\ 
(IICSUL.TANT TOTAL FlLLDl 

f l l J l / / 1 *  / I ) ,  



4 APPLICATIONS MANUAL FOR PORTABLE MAGNETOMETERS 

to the undlsturbed total fleld vector, that whlch IS mea- 
sured ts vcry nearly the component of the disturbance 
vector In the dlrectlon of the or~glnal  undlsturbed total 
fleld, or where 

IF t r l  - F +compFT 

where 

Such condttlons a r t  dirnost always valld except In the 
near f ~e l d  of large steel objects or In the vlclnlty of Iron 
ore deposlts or c e ~ t a ~ n  ultrabaslc rocks whlch produce 
anomalies larger than 10,000 gammas Thus, the change 
In total freld, A F compFT. I e , the component of the 

anomalous held, T, In the d~rectlon of F (Except where 
noted, compFT will he referred to slmply as the anomaly 

T.) The proton precession magnetometer, for small per- 
turbations, can therefore be considered to be an earth's- 
tiold-deter~rtined component magnetometer. 

This property of mensurir~g this scalar magnitude of the 
field, otherwise called total field intensity, is very signifi- 
cant with respect to the asymmetric signatures of anom- 
alies, interpretation of anomalies, and in various special 
applications. Furthermore, the fact that what 1s measured 
is independent of the orientation of the sensor, allows 
the magnetometer to be operated wlthout attention to 
orientation or levellng such as would be the case with 

a fluxgate magnetometer on the mobile platform of a 
person, vehicle, or aircraft. The only limitation of such 
a scalar measurement, albeit a minor one, is the fact 
that the component of the anomalous field which is 
measured is not normally under the control of ttie ob- 
server, but rather at the whirn of the local direction of 
the earth's magnetic field. 

Limitations of a Proton Magnetometer 

The proton magnetometer has no moving parts, produces 
an absolute and relatively high resolution measurement 
of the field and usually displays the measurement in the 
forrn of an unambiguous digital lighted readout. Several 
operat~onal restrictions exist, however, wlilch may be of 
concern under special tield conditions. Flrst, ttw proton 
precession slgrlal is sharply degraded 1r1 the presence of  
a large magnetic field gradient greater than 200 gammas 
per foot (approximately 600 gammas per meter). Also, 
the signal amplitude from the sensor is on the order of 
microvolts and must be measured to an accuracy of 
0.04 Hz of the precession frt?c~,l~ericy of several thousand 
Hz. This small signal can be rendered inimeasurable 
by the effects of nearby alternatlng current electrical 
power sources For these two reasons, a proton rnag- 
netontetcr carrr~ot usually be operated within the con- 
Ilnes of a typcdl burldlnq. Developrnt?r~ts a r ~ d  procedures 
are presented which minimize these effocts for the appli. 
cations to be described in the Manual 

MP.2 Portable Proton Prwession 
Magn~towrtcr  

Battery p x k  ~sdided fron~ eloctrcruc~ for corro 
slur1 proto~hori 

Battery pack ~ v ~ s ~ l y  cr(cri:led for wlntw use 

L qht crnlttlng c!~otle tlqtal dlsplay, w~th corvpletc: 
test ft>?turc 

Dlg~tal readout of battery voltage. 

Rugged all metal housing fur rough field use at 
all temperatures 



VLF-EM Data Processing 
a. C. FRASER, Chief Geophys~cist, 
Geophysical Engineering and Surveys Limited, 
(Keevil Mining Group Lim~ted), 
Toronto, Ontario 

I'AI'EI1 I'I1E:SENTE:l): at the 72nd Annual General 
Mcrting of the C l ~ l l ,  Toronto, April, 1970. 

K E Y  WORDS : Geophysical exploration, Data processing, 
F:lvctromagnetic surveys, Dip angles, VLF-EM surveys, 
Filter theory, Contouring. 

CIM TRANSACTIONS: Vol. LXXIV, pp. 11-13, 29'71. 

f i r ld  personnel,  a n d  simply involves aclditions ilnd sub-  
t r a ~ t i o n q .  

I<oth m : ~ ~ n c t i c ~  a n d  VI,F.EM tlnt:l cnn br c.ollectvti 
by i1 sinj,rle i~~t l ividu:d :is p a r t  of a ground  evaluat ion 
progrnm. Thc! VI,P-EM mrthod  can provide contour  
m a p s  u h i c h  m a y  be a s  useful to exp1or:dion geologisi!~ 
a s  niar!nctic maps. Thc key t o  t h e  usefulness, h r ) \~ -  
ever, l ie ;  in t h r  d a t : ~  p r o c e s ~ i n g ,  because raw dip- 
:in~11. t1:ii:i f t ~ ~ j ~ ~ r , r ~ t l y  ; I W  more  cc,nfusing t h a n  cluci- 
(lit t i t~g. T h i s  point  i s  i 1 I i v t r : ~ t d  i n  Fig t t rc  1 ,  lthirbi 
prcwrits dip-angle t i i~ ta  f r o m  1 hr Tcmngarni mine i 11 

O n i n r ~ o .  Clt'c~rly, t h e  cor,lphx p:itiern r t q u i r r d  sonle 
t h o u g h t  f o r  p roper  i:~ten.pretation. ('onverscly, Fig-  
1 1 ~  2 provides a ~ o n d i ~ ~ ~ t c ~ r  p t t e r n  which  is inmwdiat-  
ely :ipp:09t!nt w e n  t o  those  u r ~ t r h r ) ~ d  in  VLF-EM in- 
t e l y r r t i ~ r i o ~ ~ .  I t  ifl obtnillrtl f r o m  t h ~  d a t a  of F I ~ I ' P  1, 
us ing  t h e  rncthotl described i n  t h e  Al)pcndix. The  con- 
toured  ut-iitq ;we ~ x p r t ~ s w d  i n  tlegrccs. Only t h c  poai- 
tive qunnti l ies  a r e  contoured. 

PICURE 2 - Contoured VLF-EM data, in depeex, au 
calculated from the map of I7igure 1 (after Fraser, 1969). 



FIELD EXAMPIXS 

The following field examples were chosen to  illus- 
t r a t e  the  three primary uses to which VLF-EM has 
been applied by Geophysical Engineering and Surveys 
Limited. 

General Prospecting 
Grneral prospecting or ground evaluatim provides 

the most cornrr.cui lrre for  VI,F-l<3f. Ground oftell is 
obtainetl which r fyu i r i~s  only a grhneral approach to  
cxplor:~ti.r~n, a s  wht n thc~re is in ,~r~ff ic ient  get~li)gicnl 
iriforniL~tioil rcg;\l-dillg the sl)rcific, t:irgc.t sought. 111 
suc.11 c~iscs, ni:ip~~(.tii* ; ~ n d  VI,F-KM surveys art1 i ' l ~ i -  

tincly pcrfolmic'tl I\ 1111o11t the  guitl;~ncc. of a geophysi- 
cist. VLF-ICRI c~i~rtl~ic~tor-i :iixi tchtcd by :,l~cir.t travers- 
c:, with vc~rtic~:~l-lool, I:hl. 7 h c  n ~ r o r d y  patterns geri- 
eriilly :ire s u f f l c i c ~ ~ ~ t  ly ( i(s:ir YO t h ~ t  n~:tpping, trcnch- 
ing, drillin): or  : ~ l ~ : ~ ~ l t l i ~ n m e n t  will I,c tlccidcd without 
~ ( ~ u ' i u l t  ing n gcol~li .~sic,~st .  IS::ceptions c.;irl occur whcri 
I I : I ~ ~ C L . I I ~  I)c~con~t~ c.c~lrip!ts.u. 

F l g i r r ~  3 i l l~~st r : l t r s  .I survey in w11ic.h two  strong 
VLW-NM cor~tluctors :\i,re ok~t:unecl. 'l'llo snuthcrrl :in+ 
nlilly has vortic-itl-loop RhI c.orrrl;lliol~ and the north- 
cyn one does not. 'l'hc \'I,I.'-E;31 anon1:ily with vertical. 

FICUHE 5 --- Gradient-arra IY chargeability in milli- 
geconda over Lhr Rustigou,.Ke orebudy, for comparison 
with the V1.F-I*CM data of Figure 4. 

loop correlation also coincides with a magnetic ano- 
maly, and probably i s  duc to magnetic sulphides. It 
will be drilled shortly. The other equally strong VLF- 
EM anomaly without vertical-loop correlation does not 
parallel t he  magnetic patterns, and probably i s  due 
to  a fault. 

In Place of IP 

FIGUItI;: 4-Cctntoured VLP-EM in degree8 from the 
Restiguuche orebody, illustrating that the method is a 
viable altvrnate Lo 11' in thi5 environment (cf. lpigure 5). 

1PIGURF: 6 -Contoured VLF-EM in degrees from a fault- 
mapping survey in the (hbalt area. 



Other c.ttvlron~t~t.nt:i ticsc.ril)rd irt Ilitll~lf ( l!K7) :IS tilose obtained by IP, These three uses of V I 3 - E N ,  
o l d  I t I I I I I I J I  I I I S  of V I i.e,, for  genc'rill prosl)rctinjr, n ~ a p p i n ~  of st~,uct~t~.c*$ 
I of I .  A I i s s m i n t l  o r  l i t  v l  :ml  as a judicious altcrnatc to 11'. form our primary 
not provide ;I VLV-EM i~non~:tly i ~ u t  will yirM a large applirations cf VLF-EM tu property evaluation. 
11' effect, ils wiw iound to be the case fo r  the breccia 
pipes of the Tribay mine nem lhtchawana,  Ontario. 

APIDEND1X 

Structural Interpretation 

DEPTH OF EXPLORATION 

The Data-Proc+esstng Technique 
'1'11~: DATA-IBROC'ES:SING TECIINIQIJE is rlescribed in tic- 
t i ~ i l  by Froncr (1!16!) ), w h ( w  i t  i s  ; i h  rlixcussr~rl i n  
terms of f i l ter  theory*. The method is very simplc to 
apply, a s  is shown by thth caximplc of l i ' i ~ t i r c  7. Tliin 
f igure illustrittes that  the  contor~rable quantity i s  t h r  
sum of thv V : L I I I I T  itt two :itij:lcent st;ltlo~i.q m i n w  the  
sunl :kt t h ~  t l ~ ~ t  two : t( l j ;~wnt :it:~tions. The nl)ovv 
refvrcinccvl pnpw prcsctrts :r til~lll~iltlOl1 m ~ t h o d  s111llvl 
to t h ~  proccssit~g of this  dip-angle clat:~. The ci11cul:~- 
tions ;~ri. pcrformed in t h r  SicM I)y the  instrun:c.r~i 
opc.r':ltor's. 

!:ONCLIJDIN(; REMARKS 

VIA)?-EM surveys :ire exceptionally easy to ~wr fo rm,  
but the dt11-:111gIc~ clata m;ty IJC excretl in~ly difficult 
to interpret  correctly. This latter point has produced 
onfavourable comments reg:irding the  utility of VLF- 
EM as  a proupccting t t d .  The data-processing method 
used to trattqforrn somcwhat noisy, r ~ c ~ t ~ c o n t ~ ~ ~ ~ r : l b l e  
dip angles into less noisy, contourable data. gre:ttly 
incwwues the. vitluc of WAF'-ISM surveys. 

The cfficic>ncy of data flow is s igni f ic iu~t l~ ,  in- 
creased in the case c,f a n  active mining company per- 
forming such surveys in large quantities. This i s  be- 
cause 'Ihe contoured maps may be used dircbctly by 
geologists ill charge of their  various projects, rather 
than requiring a geophysicist to study each dip-angle 
map. 

Contoured VLIP-EM maps form a useful complement 
to magnetic rn;lps. The survey and dataproces.liir~g cost 
is similar to tha t  for a hand-held fluxgate magneto- 
meter. 

For  general exploration in the  Shield, VLF-EM cou- 
ductors generally should be tested with vertical-loop 
EM to separate massive sulphides (and graphite)  from 
conductive structures. As such structures can be 
1n:lppetl with VL,i.'-EM, this  provides nnother use for  
the method. Further,  some m:issive and hcukily dinse- 
minated sulphidw, which tlo not respond to conven- 
tion:d EM, will yield VLF-EM anomaliw A 9  distinct 

A 50-foot st:tlim iritcrv:ll ix r cwrn~~nc~~t l c t l  t o  rivoitl 
the pri~ldc~m of ncur-surface conduc*t~)rs a p p e a r i w  :la 
t1etq)t.r co~:tlr~c~tors, an could occur i f  t he  station sp:m 
 in^ was 1;irgcsr. I n  actual practice, da ta  a r e  collcctcd 
;tt 100-foot intew:~ls, with 50-foot rcadingn being tak- 
cln where anom:ilic?s occur. I a t e r ,  !%foot art i-  
ficial data a r e  interpolated in  non-anomalous areas 
prior to performing the  ca1cul:~tionu. This procedi~rc 
:ivoids :lome confusion in the  contour pi~ttcrn.s which 
wo11h1 result frorn nch;~r-surface 'gcc111)gicrtl noiscb'. 

Normally, only the pc~sitivc values a re  contoutwl, 
hecmse the  ~tt 'gative qunntilies gener:rlly r ~ p r c . s r ~ ~ t  
anomaly flanks. Consequently, the  inclusion of nvKn- 
t i w  contours would serve or~ly to confuso the  coldt~c-  
tor  p:itterns. However, if a backward crossover was 
p ro t l~~rcd  by n geological noorcc, : I N  erroneous 1t1ic . t  - 
prctation of thc col~tcmr map and the  d i p - a n ~ i e  pro- 
S ~ l r s  would result. To th te ,  such il crossover hn:; not 
been recognized on the  p r e t l ~ m i n a n t l ~  in-phase d i p  
angle data. 

paper presented at Canadian Centennial C w f t ~ c n c ~ .  
on Mining and Graundwt~ter Geophysics, Niag:~rn, - 
Ontario. 
- 

*The technique is analogous to  passing the dip-angle datn 
through a bandpass filter which (1) completely rrmov\> 
I)C 11i:ls and gr11:ttly ;ttter~ui~tex long wave Icngthr, ( 2 )  
c.oinpletcly rcnlows Nycluist frrquewy noise, (1) phusr- 
shifts all frequencies by !)O degl-ecs and ( 4 )  ha\ tr:e 
bandpass c e n t o ~ d  a t  a wave length of ftve 1inle.r tlrr 
station spacing. 
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STATEMENT OF QUALIFICATIONS 

I, Robert W. Campbell, am a  student  i n  t h e  Honors Bachelor 

o f  Science Program a t  Lauren t ian  Un ive rs i t y ,  Sudbury, Ontar io .  

I have t h e  f o l l o w i n g  employment experience: - 

May - Sept. 1981 Geologica l  Ass i s tan t  w i t h  J.C. Stephen Exp lo ra t i ons  

Ltd., employed on a  t i n  skarn p r o j e c t  i n  t h e  S w i f t  

River ,  Yukon area. 

June - Sept. 1982 Par ty  c h i e f  w i t h  J.C. Stephen Exp lo ra t i ons  Ltd., 

employed on a  skarn e x p l o r a t i o n  and p rope r t y  devel -  

opment program i n  t h e  S w i f t  R iver  - Tesl i n  Yukon 

area. 

September 1982 R.W. Campbell 



STATEMENT OF QUALIFICATIONS 

J . C .  STEPHEN 

Academic 

1950 Assoc ia te  Member B r i t i s h  I n s t i t u t e  Engineering Technology 

1950-1951 One year  Geology Univers i ty  of A lbe r t a  

Experience Summary 

Development and product ion experience i n  engineering and geology 

a t  Cent ra l  ~ a t r i c i a  Gold Mines, Eldorado Mining and Refining , 
Madsen Gold Mines, Hasaga Gold Mines, P i c k l e  Crow Gold Mines 

as Surveyor, A s s i s t a n t  t o  t h e  Engineer,  Geologis t .  

Regional exp lo ra t ion  experience wi th  P i c k l e  Crow Gold Mines, 

Combined Developments Ltd . ,  R.G. Crosby and Assoc ia tes ,  Jay-Kay 

Syndica te  as F ie ld  Geologis t .  

Municipal cons t ruc t ion  inc luding  monol i th ic  conc re t e  tunnels  a s  

Senior  In spec to r .  

Regional exp lo ra t ion  wi th  Mastodon Highland B e l l  Mines a s  f i e l d  

g e o l o g i s t .  

Regional exp lo ra t ion  wi th  Bacon and Crowhurst Ltd . , a s  super- 

v i s o r  of exp lo ra t ion  synd ica t e s .  

1977-Present P re s iden t  J .C. Stephen Explora t ions  Ltd. 

Manager D.C. Syndicate  (Dome, Cominco) 

Manager Target  P r o j e c t  (Dome Explora t ion)  

Manager B.C. Gold Syndicate  (Newmont, McIntyre,  Canada Tungsten) 

Manager Newex Syndicate  (Newmont , Lornex) 

During June and J u l y  1982 I was r e spons ib l e  f o r  supe rv i s ion  of 

t h e  f i e l d  crew on ORK 1 - 44 and prepared t h i s  r e p o r t  from t h e  d a t a  c o l l e c t e d .  

September 10, 1982 
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