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I NTRC3UCT 1 ON: 

Dur ing  the  1967 f i e l d  season I supervised an e x p l o r a t i o n  

progranme over the  proper ty  he ld by Ilt. Washington Copper Co. 

located on Vancouver Is land, 13 m i l r s  northwest of Courten iy .  

The e x p l o r a t i o n  programme encompassed prospect ing,  geo log i ca l  

mapping, geochemical sampling and a magnetic and induced po ' ien t ia l  

survey. 

Th is  repo r t  reviews the  geophysical program and sunnar izes 

the  geology w i t h i n  the  area surveyed. It i s  being submit ted i n  

l i e u  o f  phys ica l  work t o  accompay an a f f i d a v i t  on a p p l i c a t i o n  

f o r  c e r t i f i c a t e  o f  work t o  s a t i s f y  t h e  assessment requirements on 

49 minera l  c l a i m .  

PROPERTY AiiD TITLE: 

Secause o f  i t s  l o c a t i o n  i n  the  Esquimsl t  and Ilanaimo 

Ra i l road gran t  area,  t i t l e  t o  the base metal  minera l  r i g h t s  a re  

he ld by Canadian P a c i f i c  O i l  and Gas. 

on these r i g h t s  t o  M t .  Washington Over an area o f  sane I 1  squa,-e 

miles, and M t .  Uashington has staked minera l  c la ims i n  t h e  namc 

o f  Qualicum Mines Ltd., t o  acqu i re  t i t l e  t o  the prec ious metals.  

They have granted an o p t i o n  
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LOCAT IO!4 AND ACCESS : 

M t .  '.lashington i s  located on Vancouver Is land, 105 m i les  

northwest o f  Vancouver, a t  49"45' Nor th l a t i t u d e  and 125" 15 '  

\ les t  Longi tude. I t  i s  s i t u a t e d  16 m i les  northwest o f  Couri-enay, 

a s t a t i o n  on the  E. & 11. Railway a t  Tidewater.  Access i s  

gained over improved roads from Courtenay through a Crown Zel le rbach 

t imber  l i cence.  The copper smel ter  of American Smel t ing and 

Re f in ing  Co. a t  Tacoma i s  located 240 m i les  sou the r l y .  

The copper, lead, z inc,  s i l v e r  depos i t  o f  Western 

Mines i s  located i n  Strathcona Pzric near the  southern end o f  B u t t l e  

Lake, 19 mi les  souchwest of M t .  ! lashington. The Argonaut Mine 

i s  located 13 m i l c s  northwest of M t .  \,!ashington. Shaf ts  and 

tunnels  near Comox Lake, t e n  t o  f i f t e e n  m i les  southeas ter ly  f rom 

M t .  Washington, imsrk the  p o s i t i o n  o f  severa l  dormant coa l  

mines. 

H ISTORY:  

Gold, s i l v e r  and copper bear ing quar tz  ve ins were 

discovered and staked i n  1940 by J. M. and R .  E. IicKay. The 

Spr inger  i n t e r e s t s  f inanced and drove a d i t s  on these ve ins d u r i n g  

1944 and 1945. 

M t .  Washington Copper Co. was formed i n  1956 by 

G .  C .  Murray. 



HISTORY:  (Continued) 

Under an agreement w i t h  fdoranda Mines Ltd., a major 

exp lo ra t i on  program was conducted d u r i n g  1957 - 1959. Consol idated 

Min ing and Smelt ing Company opt ioned the  p roper t y  and i n i t i a t e d  

an e x p l o r a t i o n  programme du r ing  1963 and 1964. A copper m i l l  

located a t  Greenwood, B. C,, owned by Cumberland Min ing Company, 

was moved t o  M t .  Washington, and commenced produc t ion  i n  1965. 

This  m i l l ,  w i t h  a capac i ty  o f  s i x  hundred tons per  day, t rea ted  

392,178 tons o f  o re  w i t h  an average grade o f  1.16$/, copper, and 0.01 

ounces gold, and 0.5 ounces s i l v e r  per  ton, between January 1965 

t o  November 1966. 
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GEOLOGY: 

The o ldes t  rocks exposed on the  proper ty  a re  massive 

t h i c k  layered, gen t l y  dipping, da rk  basa l t s  w i t h  vo l can ic  t u f f  and 

b recc ia  members. Th is  vo lcan ic  ser ies,  p a r t  of the  Vancouver 

Group, extends over a l a rge  p a r t  o f  Vancouver Is land and over the  

lower Mainland of  B r i t i s h  Columbia. 

subdiv ided i n t o  t h e  Lower Volcanic  Horizon named t h e  Karmutsen, 

and the  upper vo l can ic  hor izon  named t h e  Bonanza, which a r e  

separated by t h e  Quatzino Limestone member. 

age, i s  unconforrnably o v e r l a i n  by gen t l y  d ipp ing  sandstone, 

qua ' r t z i t e  and shale beds, which con ta in  minor amounts o f  carbonaceous 

ma te r ia l  here, and which are  the  host rocks o f  the  coa l  on Vancouver 

Is land.  These o v e r l y i n g  sediments, p a r t  of the  Comox fo rmat ion  are  

o f  the  Cretaceous Age. 

The Vancouver Group i s  

Th is  group of T r i a s s i c  
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GEOLOGY: (Continued) 

Mt. Washington rises to an elevation of 5,215 feet, a 

distance of twelve miles from the ocean. The Karmutsen volcanic 

formation covers the lower slopes and the sedimentary Comox 

formation extends over the upper slopes of the mountain. The core 

of the mountain is an igneous stoc!( that outcrops over an area of 

somewo square miles, and which intruded the volcanic and sedimentary 

formations in Tertiary time. This intrusive complex has an 

irregula'r shape, 'elongate in an easterly-westerly direction. A 

number of porphyry'stocks and sills of the Tertiary Age are 

shown on G. S. C. Geological Map 2-1965 Comox Lake by J. E .  Mullur, 

over an area of approximately 140 square miles enccmpassing 

Mt. Washington. 

The intrusives are pipe-like, possibly representing volcanic 

vents with associated porphyry s i l l s .  One of these, the Gem Lake 

Prospect, located j' & miles southwesterly From Mt. Washington, is 

described as a zone of copper mineralization disseminated throuoh 

a breccia pipe. 

The intrusive rocks on Mt. Washington are quartz diorite 

with associated porphyry and two or more intrusive breccias. 

These breccias contain an assemblage of angular fragments, both 

large and small, in a fine rnatrix of granular quartz,'felaspar, 

and debris from other rocks. Fragments of porphyry are invariably 

present, accompanied, depending on the adjacent wall  rock, by 

fragments 0: volcanirrocks, quartzite and shale. 
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GEOLOGY: (Continued) 

The breccias associated with the :It. Washington 

intrusive extend easterly along the igneous contact over a 

distance of several thousand feet. The form shape and extent 

of  this breccia complex is largety unltnown. 

The most predominant faulting within the MT. !,lashington 

property is southeasterly parallel to the regional Cordilleran 

trend. 

direction have been napped in this area. The fault pattern as it 

affects this area is only imperfactly !known. These faults hove 

prov ided quidsnce t o  ths einpiccernont of the intrusive bodies and 

to the localization of mineralization. 

Faults with nort$outh and northwest-southeast strike 

tl I i.1iRb.L I Z!IT I Oi.!: 

On the !It. Wzshingtcn property mineralization is wide- 

spread and can be fotrnd in all roc!< types. This mineralization 

is essentially pyrite, pyrrhotite, arsenopyrite and chalcopyrite, 

with variable anounts of  gold, silver and molybdenite. Three 

types of mineralization deposits have been observed: 

1 .  Gently dipping shears containing narrow quai-tz 

veins and lenses mineralized with copper sulphides 

and molybdenum. 

1 1 .  Hassive sulphides conzaining iron and copper in 

shear zones cutting the volcanic roc! 6.. 
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I1 I N E I V  L I ::AT I ON : (Con t i nued) 

I l l .  Disseminated low grade copper m i n e r a l i z z t i o n  i n  

d i o r i t e ,  b recc ias ,  v o l c a n i c s ,  and sediments.  

A g e n t l y  d i p p i n g  shear zone t h a t  c o n t a i n s  q u a r t z  v e i n s  

and lenses m i n e r a l i z e d  w i t h  copper has been t h e  source o f  a l l  

p r o d u c t i o n  t o  date.  T h i s  v e i n  v a r i e s  between a few inches up t o  

twenty f e e t  t h i c k  though avera2es p o s s i b l y  f i v e  f e e t  th ick .  I t  

OCCUI-s near  t h e  c o n t a c t  between sedimentary beds 2nd p o r p h y r y  

s i l l s .  Th? q u a r t z  v e i n s  have been  developed i n  two open p i t s .  

The nresence of a s u b s t a n t i a l  Connage of 10% grade m a t e r i a l  ex tecd -  

i n g  oLit t r w  ti-ase op-3 i;i:s uII.. - - A  eisewhei-e cn t ! x  p r o p r t y  h a s  

been i n d i c a t e d  by t k  p a s t  blot-!;. 

Small Iso1a:ed h i s 5  grade occurrences o f  c h a l c o p y r i r e  

have been no ted  i n  nany l o c a l i t i e s .  T ! i i s  m i n e r a l i z a t i o n  i s  rando:, i ly  

exposed i n  0 1 1  r o c k  t ypcs  and wide:y  d i s t r i b u t e d  ove r  t h e  

p r o p e r t y .  Thesc occur;-ences a r e  i r r e g u l c r ,  d i s c c n c l n u s u s  and oi 

uti!tno~,m leng th .  l ! iey  a r e  f r e q u e n t l y  a s s o c i a t e d  w i t h  s t e e p l y  

d i p p i n g  shear zones. 

- 

Gisseminated c h a l c o p y r l t e  along w i t h  o t h e r  s u l p h i d e s  h<s 

been found w i t h i n  q u a r t z  d i o r i t e ,  porphyry,  i n t r u s i v e  b r e c c i z s ,  

t h e  v o l c a n i c  and sedirncntary ho r i zons .  

A l t e r z t i o n  products ,  r r e i n l y  b i o i r i t e ,  a c t i n o l i t o ,  c h j o r i t e ,  

e p i d o t i t e  and q u a r t z  have been noted.  As t h e  z l t e r e d  rocks  a r e  

g e n e r a l l y  f r a c t u r e d  a n d  o f t e n  c o r i i a i n  copper m i n e r a 1 i z a t i o ; i  t h e  

alterstion appears t o  be r a l a t e d  t o  the  main p e r i o d  0.F n i n e r a l i i a t i o n .  
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c GEOPHYS I CP.L PROGRA!:,: 

:Iqnetic Survey 

Five traverse lines were surveyed in the vicinity of ttie 

f 

mill with a Torsion Magnetometer having an accuracy of 2 gaclmas. 

Readings were taken at 100 foot intervals along these lines. A 

report dated November 30, 1957 with maps prepared by Dr. D. \/. 

Smellie, P.Eng., Consulting Geophysicist, and marked P.ppendix "I+" 

is attached. 

This report indicated that magnetic variations provide 

guidance for interpretation of lithology and alteration patterns. 

As the magnetic low is supported by bo:h geochenical and induced 

potential responses it provides a guide in searching for sulfide 

mineralization. 

Induced Potential Survey 

Five traverse lines in the vicinity of the mill were 

surveyed with a McPhar 1 .  P. Unit. Readings were taken at 200 

foot intervals along these lines. A report with maps, dated Docenber 

18, 1967, prepared by t.ic?har Geophysics Limited and marked 

Appendix "i" is attached, 

The work by NcPhar has produced a number of strong I.P. 

responses, which are typical of the  results obtained over metallic 

mineralization and which warrant further investigation. 

Their interpretation shows one zone with variable 

metallic contents 2,000 feet wide, 3,600 feet long which is coincident 

with the position of a magnetic high and an area of high copper 

content in the soil. 



GEOPHYS I CAL PROG9-W: (Con: inued) 

A number of other strong responscs were obtained in 

the vicinity of the mill, however, the interpretation of  this 

is difficult due to the wide separation of the traverse lines. 

One other traverse line was surveyed with the 1 .  P. 

instrument. This $+as poslticned approximately 2 miles 

Westerly from the mill 2nd- 1/2 mile southerly from the open pits. 

Two strong responses were obtained along this line. Additional 

surveying will be necessary to properly assess the data 

CUI!CLiiS i0:is : 

1. The geochemical survey in the area of  Murex Copper- has 

exposed a band $00 to 1,003 feet wide where the copper content 

in the soil is anomalously high. T h i s  band is circular in outline 

up to one mile in diameter. The soil within the interior part 

of this circle has uniforpily low copper content. 

2 .  I: magnetic high coincides with the perimeter of this 

zone toward the north. 

3 .  A large strong 1.  P. anomaly named zone A was developed 

which coincides with a part of thc northern perimeter of the 

geochemical high and with the magnetic high. 

4. Four traverse lines crossed this I. P .  anomaly and the 

1 .  P. survey does not appear to have extended to the extremities 

of this zone. 
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COI!CLUS I O i i S :  (Continued) 

5. A d d i t i o n a l  I .  P. work i s  brarranted. Traverse l ines,  

p s r a l l e l  w i t h  the  e x i s t i n g  l i n e s  should be es tab l i shed midway 

between the  surveyed l i n e s  and a d d i t i o n a l  l i n e s  should be 

es tab l i shed toward t h e  east  and west beyond the  l i m i t s  o f  zone 

A. 

6. F i v e  diamond d r i l l  holes were pu t  down i n t o  the  

edge o f  Zone A a number of years ago. 

wide sec t ions  of low grade copper % i n e r a l i z a t i o n .  

7. The l o c a t i o n  of  the  geochemical anomaly co inc ides  w i t h  t h e  

p o s i t i o n  o f  an i nc rus i ve  b recc ia  and i t s  shape suggests t h a t  i t  

represents a vo l can ic  vent.  

8 .  Copper, i r o n  m i n e r a l i z a t i o n  i s  exposed 2 m i les  

wester ly  on an area c a l l e d  the  bendk. 

9. An I .  P. t r ave rse  l i n e  crossed t h i s  zone and the  

responses suggest a d d i t i o n a l  e x p l o r a t i o n  i s  warranted. 

i h e s e  holes exposed 

Respect fu l l y  submit ted 

id .  G. Stevenson, P.Eng. 
Consul t ing Geologis t  
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DOMINION OF CANADA: 1 
I 

PROVINCE OF BRITISH COLUMBIA. } i n  thp &fipr nf 
I th. grrphystot suwey cmr certaln 

Tn Wrr. I mlneral clalaa held by Qurllcua 
I - . . . . . 

E 430.00 
77.50 
77.50 
20.00 
su.75 
b2.50 
33.75 
15.00 
85.25 
65.75 
u.0g 963.00 - 6 ,  

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

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

I 
Declared before me at the 

of 4- ~ , in the 1 
! 

Province of British Columbia, this 3 a I 
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- INTRODUCTION 
A magnetometer survey has been carried out on the property 

of Mount Washington Copper Mining Company.  This is 

located 16 miles northwest of Courtenay, Nanaimo H i n i n g  

Division, B.C.. Field work W a s  carried out by the 

author on November 12, 13 and 14, 1967. 

INSTRUMENTATION 

The magnetometer survey u a a  carried out using tne nz-4 

torsion magnatometer of A . B .  Elektrisk Malmletning of 

Stockholm, Sweden. This measures the vertical magnetic 

intensity witn an accuracy of 2 gammas. 

FIELD PROCEDURE 

The magnetometer was read at 100 ft. intervals along 

lines 1, 3 ,  5 ,  7 and 9 .  The baaa station * a s  read about 

e v e r y  two hours to measure the diurnal field variation. 

The reduced vertical magnetic intensity values a r e  esti- 

mated to have an accuracy of 10 gammas. 

RESULTS 

The reduced magnetometer values are plotteu on the 

accompanying P l a n .  Contours are drawa at L G O O  gamma 
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i n t e r v a l s  t o  show c o n s i s t e n t  changes  i n  v e r t i c a l  m a g n e t i c  

i n c e n s i t y ,  but s i n g l e - s t a t i o n  changes  a r e  i n  g e n e r a l  

ignor-en.  I n  general, m a g n e t i c  f i e l d  v a r i a t i o n s  r e f l e c t  

l i t h o l o , i c  contra8r . s  and e n a b l e  l i t n o l o ~ i c  u n i t s  t o  b e  

t r a c e  I t h i o u G h  c o v e r e d  a r e a s .  S o m e  z o n e s  01 p o r p h y r y -  

t y p e  n ? . : ~ r r ; I . : z a t i o n  o c ; c r  i n   zone^ of a l t e r a t i o n  m a r k e d  

b y  ':sa;t-t.!~ic !.oh:'. !';om t h i s  p o i n t  of view, t h e  :ow a t  

t h e .  no: .~a E n d  o f  ! i n e  3 w o u l d  b e  of i n t c r : . s t  i f  there is 

other : .uppor tAn. ;  evidence such as an I n d c c e ' :  P o l a r i z a t i o n  

ansmal;; ,;T ri d i - o c - e m i c a i  h i g h .  
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M c P H A R  G E O P H Y S I C S  L I M I T E D  
REPORT CN 

INDUCED POLARTZATION 

AND RESISTIVITY SNRVFY 

COURTENAY PROPERTY 

VANCOUVER ISLAND, BNTISH COLUNBIA 

FOR 

VOUNT WASHINGTON COPPER CG. I TD. 

1. I N T R O D U C T I O N  

A s  authoriaed by Taunt Warshinaton Copper Go. Ltd. , -n 

Induced Polnriration and Rcststivtty Survey has been carried out on the 

Courtenay Property. 

Veacouver Island of the Nanaimo Mining Divimion, Britiuh Columbia 

dnd lies in the TVY quadrant of the 1' quadrilateral whose SE corner 

is a t 6 7 *  '1, 125'W. 

This property is located in the Courtenzy A r e a ,  

The survey grid near \-rurcr Creek i s  underlain chiefly by 

gently dipping ;Carmuteen Volcanic. of Triassic Age. 

breccia of irregular shape, but elongated in  the east-west direction, 

Lies in the central portdon of the grid. A narrow hand of porphyry follows 

the sourthern edge of the breccia. 

?vetaceow age are  mqppcd on the southwest part of the firid. 

A n  intrumtvc 

Flat lying Co-ax sediq-ents of late 

SulpMde ;--lncralimtton consisting of pyrite. pyrrhotite, 

clrsenopyrite and chalcopyrite is reported in all rock types on the 

property. The three type8 of Irincrnl fiepoaits observed a re :  
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i) vein. In the sedimentm. 
ii) dismemtnated mineralisation in diorites and breccia.. 

iii) m a s d v e  sulphides in shears cutting the volcanics. 

The purpose of IP surveytng was to outline areas of increased metallic 

content that might be indicative of one of these types. 

A 'AcPhar grequency t y p  IP unit b d e l  P654 was used for 

the field surveying during November 1967. 

2.  P R E S E N T A T I O N  CF R E S U L T S  

The induced polarization and resistivity results a r e  ehown 

on the following data plots in the manner described in the notes preceang 

this report. 

Line No. 

M u r e r  Creek Grid 

1 

3 

5 

7 

9 

"The Bench" Ares 

A 

Electrode Intervals 

200 feet 

200 feet 

200 feet 

ZOO feet 

200 feet 

Dwg. No. 

IP 2779-1 

ZF 2779-7 

IP 2779-7 

IP 2779-4 

IP 2779-5 

200 feet IP 2779-6 

Enclosed wtth this report is Dwg. W s c .  3284, a plan map of 

Also attached is Figure the Vurex Creek Grid, at a scale of 1" = 400 '. 
1, which shows the location of "The Bench" a rea  with respect to the ?<urex 

Creek Grid. Its' scale is 1" * 1.000'. 
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The definite and possible induced polarisation anomalies a r e  

indicated by solid and broken ba r s  respectively on this plan map as well 

as the data plots. 

anorralous zones as interpreted from the location of the transmitter 

and receiver electrodes when the anomalous values were measured. 

These bars  rapresent the surface projection of the 

Since the induced polariration measurement is essentially 

an averaging process, as are all potentiai methods, it is frequently 

difficult to exactly pinpoint the source of an anomaly. Certainly no 

anomaly can be located with more  accuracy than the spread length; i. e. 

when using 700' spread. the position of a narrow rulphide body CZZB only 

be determined to lie between two stations 200' apart. In order to locate 

sources a t  some depth. larger spreada wust be used, with a correspond- 

tng increase in the uncertatnties of location. Therefore, while the center 

of the indicated anomaly probably corresponds fairly well with source, 

the length of the indicated anomaly along the line should not be taken to 

represent the exact edge8 of the anomalous material. 

;. DISCUSSION OF RESULTS 

A. i lurex Creek Grid. 

Five N-S travermes spaced at 1,200 foot intervals have been 

surveyed on the Vurex Creek grid. Strong IP effects occur on each of 

these lines in an area of high copper geochemical values. 

theese anomrliea a r e  cansidered important and definitely worthy of further 

investigation. 

wide line separation and additional surveying on intermediate lines might 

Nearly all  of 

Zoning and line to line correlation is difficult due to the 
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be of value in redudng the number of in&vtdual follow-up targets. 

Zone , has been interpreted as broad source trending E-V' 

through the north part of the grid. 

near the main road that suggest a serla6 of NW - SE trending zones. 

A number of narrower sources occur 

In the following. Zone A will be discussed in detail, followed 

by a description of the remaining anomalies OR each line. 

Zone A - 
7,9ie A h a s  '3een interpreted to extend across  Lines '. 5, 7 

It is characterized by broad responses and 9 and trends roughly E-W'. 

(i. e. up to 2,400 teet wide) suggesting continuous retallic -nineraliaation 

that varies appreciably in concentration. 

rnomalieo. the apparent n-eta1 factor values v a y  be very close to the 

true metal factor of the aource material. 

Because of the width of these 

S€mtlar remults have been 

obtained over wide sources of 1 to 12 percent rnetallics. 

In general, the sources appear to fie a t  shallow depth and the 

definite anomaly sywbol indicates the shallower and more concentrated 

sections. 

;9N, where there appeara to be some depth to the top of the strongest 

pwtion of the source. 

The exception to this may be Been on Line 9 ,  between 21N and 

Erratic but significantly high copper geochemical values occur 

along the entire length of Zone A. 

with the shallower IP indications (a. g. 20N on Line 7 and 44N on Line 3) but 

the preoence of a mill and steep topography -nay account for the lack of 

Some of the geochemical highs correspond 

better coincidence. 



- 5 -  

Previous drill holes C-14. C-16 and C-18 a r e  reported to 

have intersected sulphide mineralization with some copper but no assays 

a r e  available. A re-evaluation of the core or  logs of these holes may be 

of value in assessing the potential of Zone A. 

r e r r e ibe red  that Zone A is a broad shallow source that extends for at 

least 3.600 feet and relatively small percentages of copper could be of 

economic significance. 

Ftowever, it a’muld be 

Zone A lies entirely within the volcanics and definitely war- 

It appears to be quite shallow with rea- rants a thorough investigation. 

pect to the 200 foot electrodes used for the survey but additional IP work 

with shorter spreads would be required for accurate depth determinations. 

Trenching o r  bulldozing should be considered over the stronger and shallower 

par ts  of the  anomaly; information from previous drilling -nay be useful 

in assessing the feasibility of surface examinations. 

of short (i. e. 200 foot) holes should be planned to test the strongest and 

shallowest responses o r  a section of holes should be drilled across  the 

sone. 

there is existing drilling near this line. 

DDH. C-14 way not have tested the strong shallow response shown between 

14N and 16N; detailed IP surveying with shorter spreads would be required 

to pinpoint the location of this strong shallow indication. 

Alternately a ser ies  

If a croas-section is favoured, Line 7 would be recom nendad since 

However, it should be noted that 

Line 1 - 
The three definite IP responses on this line occur on the south 

part  of the grid and appear to lie within the volcanics. None of these 

cor re la te  with Zone A but all a r e  considered to be primary exploration 

tar get s. 
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The strongest IF' response extends from 9N to 16N and indicates 

a shallow. complex source of metallic mineralisation. Its shallowest. 

p o s t  concentrated portion lies between ION and 1ZN; trenching or  a short 

dri l l  hole should be considered for this locality. 

Definite anomalies a r e  centered near ZS and 11s. Both of these 

suggest telarively n-rrow sources of -,.oderate to high vetall ic content that 

a r e  remote trow the line (i. e. either at  depth or to the side of the traverse). 

They a re  definitely worthy of further investigation but additional data 0% 

parRllel line* should be obtained in order +o establish locations for test 

drilling. 

Line - 
P. strong IP anomaly centered near 1% suggests a shallow source 

that may be narrower than the 200 foot electrode interval. 

of the IP effects is exceptionally high and the source way be shallow enough 

for surface examination. 

The wagnitude 

Between 75 and 8N the IP results have been interpreted as a 

broad zone of variable metallic content. 

more concentrated mlneralization is indicated between 2s and 45, while 

there appears to be some depth to the top of the stronger part  of the source 

between 0 and 2N. 

A shallow. narrow source of 

Line 5 - 
Four definite anomalies on the south part of the line indicate 
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shallow sources that may be narrower than the 200 foot electrode tnterval. 

These a r e  centered near 235. 175, 11s and 4s. Detailed IP work with 

ehorter spreads would be of value in aesessing the metallic content and 

depth of thcee sources but surfnce examination n a y  establish their cause. 

The definite anonnaly m a r  18N displays smaller metal factor 

valuer than .?any of the other response. on the grid. Nevertheless. it 

could be due to a narrow source of high vetal l ic  content and should be 

detailed with a shorter electrode interval to further assess its importance. 

Line 7 - 
Strong IP effects and low resistivities indicate the existence 

The resistivtty values a r e  reported to of an i-nportant source near 11s. 

be too low to obtain accurate readings. 

formation to warrant surface investigations in this vicinity. 

However, there is adequate ln- 

Line 9 - 
The probzble anorraltes near 75 and 7s indicate shallow sources 

of low metallic contant and are regarded as second priority targets. 

R. "The Bench" Area 

Only one traverse, Line A, was run in this area. It crosses an 

area  of quartz diorite that intrudes the Cretaceous sediments. 

There is a strong shallow source indicated by the results on the 

west end of Line -! (i. e. to the west of 0). 

tended to complete the anomalous pattern. 

been tested by DDH. 169 located at 0. 

The IP surveying should be ex- 

Par t  of this anomaly may have 
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A probable anomaly centered at  7E indicates A eource that is 

Additional surveying on parallel lines will be re- remote from the line. 

quired to determine its’ location. 

A definite anomaly occurs near 74E. Available da ta  suggests 

tlmt the cause is a narrow, steeply dipping source of concentrated metallic 

rrineralization. However, the pattern may not be colnnleto and Line A 

should be surveyed farther east with 200 foot dipoles o r  detailed with a 

shorter electrode sepnratton. 

4. SU “ ‘ 4 A R Y  h N B  R E C Q M M E N O A T I O N S  

.A large nu-ber of strong IP responses has heen encountered 

’3n the six lines surveyed on the property. 

the result8 obtained over moderate to highly concentrated source6 of 

wetallic -...ineralieation and definitely warrant further investigation. 

importance of the IP results is enhanced by tho existence of predously 

mined copper dopoeito, geochemical htghs, interesting showings and min- 

eralized drill holes. 

‘Anst of these a r e  typical of 

The 

One anonlalow uine. Zone A, ha8 been interpreted from the 

widely spaced lines on the \furex Creek grid. It appears to represent a 

broad cornplex eource, more than 7 , 0 0 0  feet wide, that has a variable 

vetallic content. 

feet. 

to the electrode interval of 200 feet and possibly ?Tenable to investigation 

by trenching o r  bulldozing. 

Zone A trends east-west and extends for at  least  7, ADO 

'%rest of the responsea indicate sources that a r e  shallow with respect 
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Alternately a series of short dri l l  holes ahould be used to test the in- 

dicated shallow parts of Zone A o r  to cross-section the E r n e  near Line 7. 

The rewaining anomalies on the Vurex Creek grid suggest a 

sertea of NW-SE trending sones that are narrower than Zone A. However, 

the line separation of 1, ZOO feet precludes any definite zoning or line to 

line correlation. 

face work may establish their cause. However, additional IP surveylng 

on a 400 foot line spacing would be desirable before any further work is 

carried out on these anowaliea. 

Ifany of these reaponses appear to be shallow and sur- 

Strong IP effect. occur on the single traverse,  Line A ,  that 

w ~ s  surveyed in "The Bench" area. 

preted from the reaults bat Line A ahould be extended both east and west 

to evaluate the eflects on the enda of the line. Additional surveylng on 

parallel traverses will also be required to assesfa the importance of the 

preaent Indications. 

Three anomalies have been inter- 
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McPHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY O F  INDUCED POLARIZATION 

AND THE METHOD OF FIELD OPERATION 

Induced Polar izat ion as  a geophysical measu remen t  r e f e r s  

to the blocking action o r  polarization of meta l l ic  or electronic  

conductors in  a medium of ionic solution conduction. 

This e lec t ro-chemica l  phenomenon occur s  wherever  

e lec t r ica l  cu r ren t  is passed through an a r e a  which contains metal l ic  

mine ra l s  such a s  base  m e t a l  sulphides. Normally,  when c u r r e n t  is 

passed through the ground, a s  in res i s t iv i ty  m e a s u r e m e n t s ,  a l l  of t he  

conduction takes  place through ions present  in  the  water  content of the 

rock,  or so i l ,  i. e. by ionic conduction. This is because  a lmost  a l l  

mine ra l s  have a much higher specific res i s t iv i ty  than ground water. 

The group of mine ra l s  commonly descr ibed  a s  "metall ic" , however , 
have specific res i s t iv i t ies  much lower than ground waters .  

induced polarization effect takes place at  those in te r faces  where  the 

mode of conduction changes f r o m  ionic in the solutions fi l l ing the 

in t e r s t i ce s  of the rock  to e lectronic  in the metal l ic  mine ra l s  present  

in  the rock. 

The 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical  energ ies  necessa ry  to  allow 

the ions to give up or  rece ive  e lec t rons  f r o m  the metal l ic  su r f ace ,  

i nc reases  with the t ime that a d. c. cu r ren t  is allowed to flow through 



the  rock;  i. e. a s  ions pile up against  the meta l l ic  interface the 

r e s i s t ance  to c u r r e n t  flow inc reases .  

polarization in the f o r m  of excess  ions at the in te r faces  to  effectively 

s top all c u r r e n t  f low through the metal l ic  par t ic le .  This polarization 

takes  place a t  each of the infinite number of solut ion-metal  in te r faces  

in  a minera l ized  rock. 

Eventually,  t he re  is  enough 

When the  d. c. voltage used to c r e a t e  th i s  d. c. c u r r e n t  

flow is cut off, the Coulomb f o r c e s  between the charged  ions fo rming  

the polarization cause  them to  r e t u r n  to the i r  n o r m a l  position. 

movement  of cha rge  c r e a t e s  a s m a l l  c u r r e n t  flow which can be 

m e a s u r e d  on the  su r face  of the ground as  a decaying potential difference. 

This  

F r o m  an a l te rna te  viewpoint i t  can be seen  that if the 

d i rec t ion  of the cu r ren t  through the s y s t e m  is r e v e r s e d  repeatedly 

before  the polarization o c c u r s ,  t he  effective res i s t iv i ty  of the  s y s t e m  

a s  a whole will change a s  the frequency of the switching is changed. 

This  is a consequence of the  f ac t  that  the  amount of c u r r e n t  flowing 

through each  meta l l ic  in te r face  depends upon the length of t i m e  that  

c u r r e n t  has  been passing through it  in  one direction. 

The values of the  "metal  fac tor"  o r  "M. F. " a r e  a m e a s u r e  

of the amount of polarization present  in  the  rock  m a s s  being surveyed. 

This  pa rame te r  has  been found to  b e  very successfu l  in mapping areas  

of sulphide mineral izat ion,  even those in  which a l l  other  geophysical 

methods have been unsuccessful.  The induced polarization measu remen t  

i s  more sensi t ive to  sulphide content than other  e l ec t r i ca l  measu remen t s  
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because i t  i s  much m o r e  dependent upon the  sulphide content. 

sulphide content of a rock i s  i nc reased ,  the "metal  fac tor"  of the rock  

inc reases  much m o r e  rapidly than the  res i s t iv i ty  dec reases .  

A s  the 

Because of this  i nc reased  sensi t ivi ty ,  i t  is possible to 

locate and outline zones of l e s s  than 10% sulphides that  can ' t  be  

located by E. M. Methods. 

the disseminated "porphyry copper"  type mineral izat ion in  the South- 

wes te rn  United States.  

The method has  been successfu l  in locating 

Measurements  and exper iments  a l so  indicate that  i t  should 

be  possible to locate mos t  m a s s i v e  sulphide bodies a t  a g r e a t e r  depth 

with induced polarization than with E. M. 

Since t h e r e  is no I. P. effect f r o m  any conductor un less  it 

is meta l l ic ,  the  method is useful in checking E. M. anomalies  that  are  

suspected of being due to water  fi l led s h e a r  zones o r  other  ionic 

conductors. 

frequently confuses E. M. resu l t s .  

experiments  and calculations that  the  apparent  me ta l  f ac to r s  m e a s u r e d  

over  a minera l ized  zone a r e  l a r g e r  if the m a t e r i a l  overlying the zone 

is of low resist ivity.  

T h e r e  is a l so  no effect f r o m  conductive overburden,  which 

It would appear  f r o m  scale model  

Apropos of t h i s ,  i t  should be  s ta ted that  t he  induced 

polarization measu remen t s  indicate the total  amount of meta l l ic  

consti tuents in the rock. 

such a s  pyri te ,  a s  w e l l  a s  the o r e  mine ra l s  chalcopyri te ,  chalcoci te ,  

galena,  etc. a r e  responsible  fo r  the induced polarization effect. Some 

Thus a l l  of the meta l l ic  mine ra l s  in  the rock ,  
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oxides such a s  magnet i te ,  pyrolusi te ,  ch romi te ,  and some f o r m s  of 

hemati te  a l so  conduct by e lec t rons  and a r e  metal l ic .  

mine ra l s  in the rock will contribute to the induced polarization effect  

measu red  on the sur face .  

A l l  of the meta l l ic  

In the field p rocedure ,  measu remen t s  on the  su r face  a r e  

m a d e  in  a way tha t  allows the effects of lateral changes in the proper t ies  

of the ground to be  sepa ra t ed  f r o m  the effects of ve r t i ca l  changes in the 

propert ies .  

(X)  apar t ,  

a p a r t ,  in l ine with the c u r r e n t  e lectrodes.  

n e a r e s t  c u r r e n t  and potential e lec t rodes  is an  integer  number (N)  t i m e s  

the  bas ic  dis tance (X).  

Curren t  is applied to the ground at two points a dis tance 

The potentials a r e  m e a s u r e d  a t  two o ther  points (X) f e e t  

The dis tance between the 

The measu remen t s  a r e  made  along a surveyed  l ine ,  with 

a constant d i s tance  (NX) between the n e a r e s t  cu r ren t  and potential  

e lectrodes.  

values of (N);  i. e. (N)  The kind of survey  requi red  

(detailed o r  reconnaissance)  dec ides  the  number  of v a l u e s  of (N)  used. 

In most  su rveys ,  s e v e r a l  t r a v e r s e s  a r e  made  with var ious  

1 ,  2 ,  3 ,  4 ,  etc. 

In plotting the r e s u l t s ,  the  values of the apparent  res i s t iv i ty  

and the apparent  me ta l  fac tor  m e a s u r e d  f o r  each  s e t  of e lec t rode  

positions a r e  plotted at  the in te rsec t ion  of gr id  l ines ,  one f r o m  the 

center  point of the cu r ren t  e lec t rodes  and the o ther  f r o m  the  cen te r  

point of the  potential e lectrodes.  The res i s t iv i ty  values a re  plotted 

above the l ine and the m e t a l  fac tor  values below. 

ment of a given value is determined by the location along the survey  

The l a t e r a l  d i sp lace-  
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l ine of the center  point between the  c u r r e n t  and potential e lectrodes.  

The dis tance of the value f r o m  the l i ne  is determined by the dis tance 

(NX)  between the  c u r r e n t  and potential e lec t rodes  when the  m e a s u r e -  

men t  was made. 

The separat ion between sender  and r ece ive r  e lec t rodes  is 

only one fac tor  which de termines  the depth to  which the  ground is  being 

sampled in  any par t icu lar  measurement .  

contoured,  a r e  not section maps  of the e lec t r ica l  p roper t ies  of the 

ground under the survey  line. 

any given survey  mus t  be  c a r r i e d  out using the combined experience 

gained f r o m  field,  model  and theore t ica l  investigations. The position of 

the e lec t rodes  when anomalous values a r e  measu red  m u s t  be  used in the 

interpretation. 

These plots then, when 

The  interpretat ion of the  resul ts  f r o m  

In the field procedure ,  the interval  over  which the potential 

differences a r e  measu red  is the  s a m e  a s  the interval  over  which the 

e lec t rodes  a r e  moved af ter  a s e r i e s  of potential readings h a s  been made. 

One of the advantages of the induced polarization method is that the 

s a m e  equipment can be used f o r  both detailed and reconnaissance surveys  

m e r e l y  by changing the dis tance ( X )  over  which the electrodes a r e  moved 

each t ime. 

to 1000 fee t  for  (X) .  In each c a s e ,  the decision a s  to the dis tance (X)  

and the values of (N) i s  l a rge ly  de te rmined  by the expected s i ze  of the  

m i n e r a l  deposit  being sought, the s i ze  of the expected anomaly and the  

speed with which i t  i s  des i r ed  to progress .  

In the past ,  in te rva ls  have been used ranging f r o m  100 feet 
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The d i ag ram in  F igu re  1 below demons t r a t e s  the method 

used in plotting the resu l t s .  

and the apparent  "Metal fac tor"  is plotted and identified by the position 

of the four  e lec t rodes  when the measu remen t  was made. It can be s e e n  

that the  values measu red  fo r  the l a r g e r  values of (n)  a r e  plotted f a r t h e r  

f r o m  the l ine indicating that  the  thickness  of the l aye r  of the e a r t h  that  

is being tes ted is g r e a t e r  than fo r  t he  s m a l l e r  values of (n);  i. e. the 

depth of the measu remen t  is increased .  

Each value of t he  apparent  res i s t iv i ty  

METHOD USED IN PLOTTING DIPOLE-DIPOLE 

INDUCED POLARIZATION AND RESISTIVITY RESULTS 

I 2 36 /'4 5 6 7 8 9 
\," 

Stations on line x = Electrode spread length 
n = Electrode semrotion 

n - 4  P P P 
1.2-6.7 2.37.8 3.4-89 

1.2~5.6 2,3-6,7 3,4-7,8 4 5 8 9  

12-95 23-5.6 3.4-67 4,5-7,8 56-8.9 

n- 3 ~P P P P Apporenl Resislivily 

n - 2  P P P P P 

n- I P P P P P P 
1.2-3.4 2,3-4$ 3.4-5.6 4,5~6,7 5,6-7,8 6.7-8.9 

9 
, ,,' , 

'\ \. , \ /'  i\ ,' , ,I \~ ,' 

MF ME MF MF MF MF 
l,2-3,4 2.3-4.5 3.4-5.6 4,5-6.7 5,6-7,8 6.7-8.9 

n - l  

MF MF ME MF MF 
12-4.5 235.6 30-67 4.5-7.8 5,6-89 

MF MF MF MF 
195.6 2.3&,7 3,4-7,8 4 5 8 . 9  

n -2 

n-3 Apparenl Meld Foclor 

n -4  - MF MF MF 
1.7 6.7 2,3-7,8 3,4-89 




























