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SUMVARY 

A %plinp: exoer iment  t o  t e s t  f o r  a r o c k  Jeochemical ha lo  around t h e  
Kootenay King Mine i n  t h e  s o u t h e r n  Rocky Mountains shows t h a t  no 
such  h a l o  e x i s t s  i n  t h e  e l emen t s  Cu, P b ,  Zn, Mo, N i ,  Co, Mn, o r  V .  

V a r i a t i o n  i n  t h e  amount o f  i r o n  s u l p h i d e  i n  t h e  sed imen t s  appears t o  
c o n t r o l  v a r i a t i o n  i n  N i  and Co, and t o  p a r t l y  c o n t r o l  v a r i a t i o n  i n  
Mn, V a r i a t i o n  i n  t h e  c a r b o n a t e  m i n e r a l s  i s  s u g g e s t e d  as a c o n t r o l  f o r  
t h e  d i s t r i b u t i o n  f o r  t h e  remainder  of t h e  Mn and a l l  o f  t h e  V .  Cu, Pb ,  
and Zn are  d i s t r i b u t e d  about  e q u a l l y  i n t o  i r o n  s u l p h i d e s  and carbon-  
a te  m i n e r a l s .  

The b l a c k  a r g i l l i t e s  of t h e  hanging  wall  t o  t h e  orebody do n o t  d i f f e r  
from t h e  brown s i l t s t o n e s  of t h e  f o o t w a l l  i n  any of t h e  above e l e m e n t s .  

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

During August 1974 a r o c k  sampl ing  program was u n d e r t a k e n  a t  t h e  
W n e r a l  King Kine p r o p e r t y  i n  t h e  Hughs Range of t h e  Rocky Mountains .  
The pu rpose  o f  t h e  program was t o  t e s t  t h e  h y p o t h e s i s  t h a t  bedded 
su lDh ide  d e p o s i t s  of t h e  Kootenay King t y p e  are  a s s o c i a t e d  w i t h  a n  
e x t e n s l v e  h a l o  i n  t h e  c h e m i s t r y  of t h e  t r a c e  elements i n  t h e  h o s t  r o c k s .  
The o b j e c t  of t h e  t e s t  i s  p u r e l y  e m p i r i c a l :  t h a t  i s ,  t o  d i s c o v e r  
any s n a t i a l  r e l a t i o n  t h a t  e x i s t s  between t h e  p o s i t i o n  of t h e  orebody 
I n  t h e  s t r a t i e r a p h v ,  and v a r i a t i o n  i n  t h e  e l emen t s  f o r  which a n a l y s e s  
were made. T h i s  is because  i t  i s  t h e  way i n  which t h e  r e s u l t s  would 
be used  i n  f u r t h e r  p r o s p e c t i n g .  No a t t e m p t  i s  made here t o  accoun t  
f o r  v a r i a t i o n  i n  r e l a t i o n  t o  t h e  orebody i n  terms of g e o l o g i c  p r o c e s s e s ,  
and e s n e c i a l l y  g e n e t i c  p r o c e s s e s ,  u n l e s s  t hese  have a c l e a r  a p p l i c a -  
t i o n  t o  p r o s p e c t i n g .  

T h i s  r e p o r t  i s  w r i t t e n  t o  accompany data s u b m i t t e d  f o r  a s ses smen t  
r e q u i r e m e n t s .  S i n c e  J u n e ,  1974 it  has n o t  been p o s s i b l e  t o  group 
Mining Leases w i t h  Mining C l a i m s  f o r  a s s e s s m e n t .  Conseauen t ly ,  data 
from Vining  Lease 5 2 ,  which c o n t a i n s  t h e  orebodyv,  a r e  n e f t h e r  r e p o r t e d  
n o r  i n t e r p r e t e d  here .  
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feet. It is approached by a dirt road along the east side of the 
ridge containing Lakit Vountain that branches from the Wildhorse 
Creek road 3.9 miles from Highway 95 at Fort Steele. 

SAMPLING 

Samples of argillite were taken at approximately 100 foot separations 
along eight traverses across the strike of the formation. The strike 
length so covered amounts to about 5,000 feet, extending 2,500 feet 
north and south of the orebody, and situated principally in the 
footwall. 

SamDles were collected up to 5 lbs. in weight in the field, with care 
being taken to avoid excessive weathering, zones of shearing, and 
auartz veining. The samples were reduced in the office, by hammering 
them, to between 1/2 lb. and 1 lb. of rock as fresh as possible for 
shipment to the analyst, Bondar-Clegg and Company Ltd., 1500 Pemberton 
Avenue, North Vancouver, B. C. 

The samples were pulvarized, and sieved to -100 mesh size. Atomic 
? Absorption analyses were made on digestions of hot H2S04 for vanadium 

(V), and hot agna regia for Cu, Pb, Zn, Mo, Co, Ni, and Mn. P 

The above elements were chosen as a first exploratory step in searching 
for variables that might display a halo, because they are a selection 
from that portion of the Periodic Table of Elements that contains Pb 
and Zn. Thus they might be expected to be transported, concentrated 
and distrlbuted In a manner similar to, but no exactly the same as, 
Pb and Zn. 

The locations of 80 samples occurring wlthin the Mineral Claims are 
shown on the attached map, and the values reported by Rondar-Clegg 
are tabulated in the appendix to this report. 

FiESULT S 

A study of the raw values for Cu, Pb, Zn, W, Coy Mn, and V shows 
immediately that there is no strong and obvious zonation of these var- 
iables that is related to the position of the Kootenay King orebody. 

It is necessary, before commencing analyses, to examine the data matrix 
to see if it reDresents one population of samples within whrch the 
variables are related in a consistent manner. No valid conclusions 
about variable.. relationships will be forthcoming from a population 
within which some of the samples display variables related in a manner 
that is different from the relationships displayed by the remainder. 
If this occurs, the two Eroups need identification. In this case it is 
expected that some of the samples will display the effects of a process 
responsible for the regional distribution of the trace elements(back- 
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ground), while other samples will display a superimnosed process 
related to the emplacement of the orebody (anomaly). 

The statistical technique chosen for this operation is factor analysis 
in Q-mode. The technique is described by Imbrie, J., and Purdy, E.G. 
in "Classification of Vodern Bahamian Carbonate Sediments", Am. Assoc. 
Petrol. Geol., Mem.1, pp. 253-272. It is a cluster analysis technique 
based on similarities of covariance among the variables. ADpendix 2 
contains graphic output from a computer application of the technique 
to the Kootenay King samples. Three dimensions are examined, amounting 
to 99.353% of the variation in the matrix: in other words, all of it. 
The diagram shows the samples plotted in the plane of the second and 
third dimensions, which is the one showing the greatest spread. The 
samples describe a tight, homogeneous group, with four outliers, giving 
no indication o f  heterogeneity of variance within the population. Thus 
there is only one population. This condition is suggested by a study 
of the frequencv distributions: if there had been more than one pop- 
ulation it should have been evidenced by multi-(bi-)modal freauencg 
plots, and difficulty in transformation to an appoximation of the 
normal (see below). 

A useful exnedient when dealing with chemical compositional variables, 
especially with trace values, is to convert the raw data to logarithms 
before subjecting them to analysis. Frequency distributions of trace 
variables are commonly highly skewed towards low values, so the log 
transformation produces a distribution that is more nearly symmetrical, 
and more nearly approximating the normal. The advantages of working 
with the (transformed) normal distribution are great: basically, most 
of the procedures of statistical analysis(for example, analysis of 
dispersion, correlation, and regression) are efficient to the extent 
that the variable is normally distributed. Bias in statistical estim- 
ators is reduced as the variable approximates the normal distribution. 

Logarithmic transforms of the variables considered here provide the 
following moment statistics: 
Variables * Yean S.D. Skewness Kurtosis 

cu 
Pb 
Zn 
Ni 
CO 
Mn 
V 

0.8216 
1.2575 
1.6593 
1.0171 
0.9564 
2.5940 
1.5152 

0.4677 -0.285 2.163* 
0.2456 0.874** 4.895"" 
0.3372 0.548* 3.787 
0.4853 not a v a i l a b l e  but l a rge  
0.4241 -0.883** 4.419* 
0.5338 -1 394s* 4.532** 
0.1048 -0.180 2 503 

xThe variable Yo was not detected in 35 samples. Substituting a 
value of zero or 0.1 ppm for this observation in the data matrix so dis- 
torts hl-variate and multi-variate exercises that Vo was dropped from the 
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- analysis. The determinations are obviously qualitative in comparison 
to those of the other variables, and should not be included in the 
same data matrix. 

The standard deviation statistics (S .D . )  are all small compared to 
mean values, indicating an approach to a satisfactory reduction in 
variation. The estimators for skewness and kurtosis (peakedness) differ 
to a greater or lesses extent from 0 and 3 respectively, indicating 
departure from the normal distribution. In particular, Ni should be 
rejected as representing one homogeneous parent population with (log) 
normal distribution. 

Although the multivariate relationships appear to indicate a single 
population, there is one obvious source of difference that requires 
testing. The footwall brown siltstones can be expected to differ 
chemically from the black argillites of the hangingwall. Subdividing 
the 80 samples into two groups representing the argillites and the 
siltstones provides two sets of means that can be compared by t-test. 
There is no element showing a difference between the two sub-populat- 
ions that is significant at the 5% level of confidence or greater. 

With one homogeneous population of randomly selected samples it is 
safe to examine the relationships of variables, one with another. 
The technique for so doing is simple linear correlation. There 
follows the matrix of simple linear correlation coefficients. 

Mn - co - Ni - Zn 
I- 

Pb - cu - 
Pb 0.338** 
Zn 0.331** 0.318** 
N 1- 0.335"" 0.178 0.266s  
co 0.539** 0.356** 0.413"" 0.730"" 
M l l  -0.014 0.100 0.119 0.635"" 0.544** 
V 0.145 0.097 0.122 -0.057 -0 .026 -0.275** 

There are 10 positive values significant at the 5% level of confid- 
ence ( * * ) ,  and one positive and one negative value significant at 
the 1% level of confidence (*I, for a total of 12 out of a possible 
twenty-one. 

Within this matrix there can be distinguished three blocks of relat- 
ionships. Cu-Pb-Zn-Ni-Co form one group of significant inter-correl- 
ations between +O.3 and + O . 5 .  Mn-NS-Co represent a grow inter- 
correlated between +0.5 and +0.8. The third group ,  considting of 
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Mn and V, are negatively related at a lower level of significance. 
Solid groups of positive trace element intercorrelations can frequently 
be explained when they all occur within one mineral. 

Blocking the correlation matrix by eye, as has been done above, 
amounts to identifying the major elements of covariation in the data 
set. The operation can be performed mathematically by the technique 
of factor anabysis in R-mode. The major elements o f  covariation are 
the factors: really they are dummy variables that correlate highly with 
different groups of real variables. The effect is the simplification 
of the message contained in the data, and the purpose is interpretation: 
it is common practice to identify the factors as indeDendent causes 
of variation (see Harman, H.J., Modern Factor Analysis, Chicago Press, 

/- 

1 9 6 0 ) .  

In the factor analysis table that follows three factors are extracted 
amounting to 73 .5% of the variation in the data. Three are presented 
because there are three apparent axis of covariation in the correlation 
matrix. Additional variation may be regarded as noise. The factor 
loadings represent the extent to which each variable correlates with 
the respective factors (dummy variables). 

Factor Loading - 
E: 
7 Var i a b 1 e Factor 1 I.--- Fact or 2 Fact or 3 Communalities s: 

-- >" 
,b 

cu 0.602 -0.473 0.004 0.5858 
Pb 0.500 -0.416 -0.534 0 .7081 
Zn 0.555 -0.372 -0.176 0.4785 
Ni 0.824 0 t 295 0.288 0.8489 
co 0.916 0.048 0.088 0.8392 

0.8714 I T  -0.026 - -0.687 0.632 
Yn 0.626 0 .639  0.093 0.8003 

---_-__ ___- 

2L 2.825 
C U M .  40.368 

1 .506  
61.885 

0.815 
73  534 

5.1322 
73.534 

The Ni,Co,Mn axis stands out clearly as the highest loadings on the first 
factor, and the Mn inverse V axis is represented as factor 2 .  The 
Cu,Pb,Zn,Vi,Co association I s  represented a lso  on factor 1 as a set of 
lower loadings for Cu,Pb,Zn: it is not separated from the Ni,Co,Vn 
axis by this analvsis. The third factor presents an inverse relation- 
ship between Pb and V, not suspected from the correlation matrix. The 
low communalities on Cu and Zn mean that more factors must be extracted 
to account for their variation. For instance, only 47.85% of the 
variation in Zn is accounted for in the analysis above. Extracting 
further factors to improve the explanation of Zn and Cu results in 
low loadings difficult to interpret: probably they represent an attempt 
to explain noise. 
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INTERPRETATION 

r-- The data m a t r i x  o f  80 samples x 7 v a r i a b l e s  has been r educed  by 
f a c t o r  a n a l y s i s  t o  th ree  v e c t o r s ,  o r  d imens ions .  T h i s  s i m p l i f i c a t i o n  
i s  an  i n t e r p r e t i v e  d e v i c e  t h a t  can  be  used  t o  i d e n t i f y  independen t  
s o u r c e s  o f  v a r i a t i o n ,  and ,  where a p p l i c a b l e ,  c a u s e s  o f  v a r i a t i o n .  

The v a r i a b l e s  groux, as f o l l o w s  i n  terms o f  t h e  f a c t o r s :  

F1 Mn, h J i ,  Co ( Cu, P b ,  Zn ) 
F2 Vn, -V ( -Cu, -Pb ,  -Zn) 

There i s ,  however,  no comparable  g r o u p i n g  o f  samples. D i f f e r e n c e s  
i n  r o c k  t y p e ,  o r  i n  g e o g r a p h i c  l o c a t i o n  do n o t  appear t o  be  a s o u r c e  
o f  v a r i a t i o n .  

T r a c e  e l e m e n t s  as a c l a s s  commonly o c c u r  as s u b s t i t u t i o n s ,  d e f e c t s ,  
o r  minor r e g u l a r  c o n s t i t u e n t s  i n  t h e  major  and a c c e s s o r y  m i n e r a l s  t h a t  
comrsrise t h e  r o c k .  The samples are  comnosed o f  q u a r t z ,  fe ldspar ,  
f e r r m a g n e s i a n  s i l i c a t e s  (micas  and c l a y s ) ,  i r o n  s u l p h i d e s ,  and 
c a r b o n a t e s .  I n  t h e  absence  o f  f u r t h e r  data on m i n e r a l  o r  major  o x i d e  
compos i t ion  i t  i s  i m p o s s i b l e  t o  do any more t h a n  t o  s u g g e s t  t ha t  t h e  
three f a c t o r s  r e c o n n i z e d  above are  e x n l a i n e d  i n  terms o f  v a r i a t i o n  i n  
t h e  three mineral-  g roups  t h a t  commonlv l n c o r p o r a t e  them. These are t h e  
FeWg s i l i c a t e s ,  t h e  c a r b o n a t e s ,  and t h e  i r o n  s u l p h i d e s .  It i s  u n l i k e l y ,  
however,  t h a t  t h e  f i rs t  o f  these ,  t h e  FeMg s i l i c a t e s ,  w i l l  appear as a 
f a c t o r  i n  t h i s  data m a t r i x .  T h i s  i s  because  t h e  s i l i c a t e s  p r o b a b l y  
w i t h s t o o d  t h e  h o t  aqua  regia  d i g e s t i o n  much be t t e r  t h a n  e i t h e r  t h e  
s u l p h i d e s  o r  t h e  c a r b o n a t e  m i n e r a l s ,  and l i t t l e  o f  t h e  t r a c e  e l emen t s  
c o n t a i n e d  r e p o r t  i n  t h e  a n a l y s e s .  

p3 V ,  -Pb 

F a c t o r  1: The main l o a d i n g s  are on Mn, Ni, and Co. It i s  s u g g e s t e d  
t h a t  these data r e p r e s e n t  v a r i a t i o n  i n  t h e  i r o n  s u l p h i d e s  
w i t h i n  which these e l e m e n t s  are  i n c o r p o r a t e d .  The main 
r e a s o n  f o r  so  d o i n g  i s  because  Cu a p p e a r s  as a minor  load -  
i n g .  Cu v e r y  seldom o c c u r s  as a r e g u l a r  s u b s t i t u t i o n  i n  
t h e  f e r romagnes i an  m i n e r a l s  ( s i l i c a t e s ) ,  and hence  t h e  
a l t e r n a t e  c a n d i d a t e  f o r  f a c t o r  1, v a r i a t i o n  i n  b i o t i t e  
and c h l o r i t e ,  i s  less  f a v o u r e d .  T h i s  c o n c l u s i o n  J s  s u p p o r t e d  
by t h e  comment about  t h e  a n a l y s i s  o f  s i l i c a t e s  i n  t h e  
p r e v i o u s  p a r a g r a p h .  

F a c t o r  2:  T h i s  f a c t o r  descr ibes  t h e  i n v e r s e  r e l a t o n  o f  Mn and V.  
V a r i a t i o n  i n  t h e  small amount o f  c a r b o n a t e  i s  s u g g e s t e d  
as t h e  c o n t r o l .  T h i s  i s  because  c a r b o n a t e s  are  t y p i c a l l y  
low i n  V ,  whereas manganese r e a d i l y  s u b s t i t u t e s  f o r  Ca 
i n  t h e  c a r b o n a t e  l a t t i c e ,  b o t h  i n  t h e  Aldridge f o r m a t i o n ,  
and u n i v e r s a l l y .  

Cu, P b ,  and Zn a l l  appear under  b o t h  f a c t o r s  1 and 2 w i t h  abou t  e a u a l  
l o a d i n g s .  The d i s t r l b u t i o n  of these e l emen t s  i s  t h u s  i n t e r p r e t e d  as 
b e i n g  i n d e p e n d e n t l y  c o n t r o l l e d  by t h e  v a r i a t i o n  i n  s u l p h i d e s  and t h e  
c a r b o n a t e  m i n e r a l s  t o  abou t  a n  e q u a l  e x t e n t .  
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The above c o n c l u s i o n s  r e g a r d i n g  t h e  c o r r e c t  i d e n t i f i c a t i o n  o f  f a c t o r s  
1 and 2 are  t e n t a t i v e  h y p o t h e s e s .  They can  be  t e s t ed ,  however,  by t h e  
f u r t h e r  a n a l y s i s  o f  t h e  samples f o r  C 0 2 ,  S ,  FeO, and Fe 0 I f  f a c t o r  
2 i s  c o r r e c t l y  i d e n t i f i e d ,  i t  shou ld  l o a d  h e a v i l y  on C02 .3 'Fac to r  1 
s h o u l d  l o a d  on  Fe 0 
e n t s  i r o n  s u l p h i d g  J a r f a t i o n ,  as s u g g e s t e d  here,  o r  s i l i c a t e  v a r i a t i o n .  

and S ,  o r  on  FeO, depending  on whezher i t  r e p r e s -  

F a c t o r  3: T h i s  f a c t o r  a c c o u n t s  f o r  t h e  rest  o f  t h e  meaningfu l  v a r i a t -  
i o n  i n  Pb and V ,  b u t  t h e  r e l a t i o n s h i p  i s  i n v e r s e .  It i s  
unaccoun tab le  w w i t h  t h e  data p r e s e n t l y  a v a i l a b l e .  

C O N C L U S I O N S  

T h e  sampl ing  and a n a l y s i s  exper iment  descr fhed  here  shows t h a t  there  
i s  no s t r o n g  d i s p e r s i o n  h a l o  i n  t h e  e l e m e n t s  Cu, P b ,  Zn, Mo, Ni, Co, 
Mn, o r  V s u r r o u n d i n g  t h e  Kootenay King orebody.  T h i s  c o n c l u s i o n  i s  
n o t  a f f e c t e d  by t h e  f ac t  t h a t  no sampl ing  c l o s e  t o  t h e  mine i s  re-  
p o r t e d :  a h a l o  r e s t r i c t e d  t o  t h e  area o f  Mining Lease 52 would be  t o o  
small t o  u s e  on  a n  e x p l o r a t i o n  basis.  

A second c o n c l u s i o n  i s  t h e  ra ther  s u r p r i s i n g  one t h a t  no t r a c e  e lement  
d i f f e r e n c e  a p p e a r s  between t h e  brown, c ros s -bedded ,  f o o t w a l l  s i l t s t o n e s ,  
and t h e  b l a c k ,  hang ingwa l l  a r g i l l i t e s .  

As a t h i r d  c o n c l u s i o n ,  i t  a p p e a r s  t h a t  v a r i a t i o n  i n  t h e  amount o f  
i r o n  s u l p h i d e  may accoun t  f o r  t h e  N i  and Coy and abou t  h a l f  t h e  Mn. 
V a r i a t i o n  i n  t h e  amount o f  c a r b o n a t e  i n  t h e  sed iment  appears t o  c o n t r o l  
v a r i a t i o n  i n  t h e  r e s t  o f  t h e  Iyn, and abou t  half  t h e  V. The e l e m e n t s  
Cu, P b ,  and Zn appear dependent  on b o t h  t h e  d i s t r i b u t i o n  o f  i r o n  
s u l p h i d e s ,  and o f  c a r b o n a t e  m i n e r a l s  i n  approx ima te ly  e q u a l  amounts .  

F.  R. Edmunds 
S r .  P r o j e c t  G e o l o g i s t  
S u l l i v a n  Mine 
Cominco L t d ,  

FRE/dp 
- November 8 ,  1974 



STATEMENT OF QUALIFICATIONS 

1. T h i s  c e r t i f i e s  t h a t  I ,  F r e d e r i c k  R .  Edmunds, of 
Kimberlev,  €3. C .  have p r a c t i s e d  my p r o f e s s i o n  of 
g e o l o g i s t  for 1 7  years;  and t h a t  I a m  a g r a d u a t e  of 
Keele I J n i v e r s i t g ,  England ( B . A .  h o n s . ,  1958) and 
of t h e  U n i v e r s i t y  of Toronto ,  Canada (M. Sc.  1 9 6 4 ) ;  
and t h a t  I a m  a u a l i f i e d  t o  submi t  t h e  f o r e g o i n E  
r e p o r t .  

F.  R .  Edmunds 
S e n i o r  P r o j e c t  G e o l o g i s t  
S u l l i v a n  Mine 
Cominco L t d .  

2 .  T h i s  c e r t i f i e s  t h a t  I ,  F. L .  Goodwin, of Kimberlev,  
R .  C .  have known F. 5 .  Edmunds f o r  1 y e a r ;  and t h a t  
t o  t h e  b e s t  o f  my knowledge t h e  c o n t e n t s  of p a r a g r a p h  
1 are  t r u e .  

F. L .  Goodwin 
Manager, Kimberley O p e r a t i o n s  
S u l l i v a n  Mine 
Cominco L td .  
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PROJECT: L 0549 Extraction Cu,Pb,Zn,Mo,Co,Ni,Mn; Hot Aqua Regia ReportNo. 24 - 7 5 

Method Atomic Absorption From Cominco Ltd. 

Fraction Used October 8 ,9 74 Date -100 mesh 
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