
N S T I T U T E S  A P U B L I C  OFFERING OF  THESE S E C U R I T I E S  ONLY 
r - IONS WHERE THEY MAY BE LAWFULLY OFFERED FOR SALE AND 
I TXEREIN ONLY BY PERSONS PERMITTED TO S E L L  SUCH S E C U R I T I E S .  

NO S E C U R I T I E S  COMMISSION OR S I M I L A R  AUTHORITY I N  CANADA HAS I N  ANY WAY 
P A S S E D  UPON THE M E R I T S  O F  T H E  S E C U R I T I E S  O F F E R E D  HEREUNDER AND ANY 
REPRESENTATION TO THE CONTRARY I S  AN OFFENCE. 

PROSPECTUS DATED: MARCH 3, 1987 

NEPHELINE RESOURCES LTD- 
( h e r e i n a f t e r  ca l led  the  " I s s u e r " )  

PUBLIC OFFERING 
300,000 Common Shares 

P r i c e  N e t  P r o c e e d s  t o  be 
t o  P u b l i c  C o m m i s s i o n  R e c e i v e d  by the Issuer * 

P e r  Share $0.35 
T o t a l  $105,000 

* B e f o r e  d e d u c t i o n  o f  the costs o f  the i s s u e  estimated t o  be $ 1 0 , 0 0 0 .  

THERE IS  NO MARKET FOR THE S E C U R I T I E S  OF  THE I S S U E R .  

A PURCHASE O F  T H E  S E C U R I T I E S  O F F E R E D  B Y  T H I S  P R O S P E C T U S  MUST BE 
C O N S I D E R E D  A S  SPECULATION.  ALL O F  THE P R O P E R T I E S  I N  WHICH THE I S S U E R  
HAS AN INTEREST ARE I N  THE EXPLORATION AND DEVELOPMENT STAGE ONLY AND 
ARE WITHOUT A KNOWN BODY OF  COMMERCIAL ORE* NO SURVEY O F  ANY PROPERTY 
OF THE I S S U E R  HAS BEEN MADE AND THEREFORE- I N  ACCORDANCE W I T H  T H E  LAWS 
O F  THE J U R I S D I C T I O N  I N  WHICH T H E  P R O P E R T I E S  ARE S I T U A T E ,  T H E I R  
E X I S T E N C E  AND AREA COULD B E  I N  DOUBT. S E E  A L S O  T H E  H E A D I N G  " R I S K  
FACTORS I' HERE I N  . 
T H I S  O F F E R I N G  I S  S U B J E C T  TO A MINIMUM S U B S C R I P T I O N  BEING RECEIVED BY 
THE I S S U E R  W I T H I N  180 DAYS O F  T H E  E F F E C T I V E  DATE O F  A P R I L  2 2 ,  1 9 8 7  
FURTHER PARTICULARS O F  THE MINIMUM S U B S C R I P T I O N  ARE DISCLOSED ON PAGE 
2 UNDER THE CAPTION "SHARE OFFERING AND PLAN OF D I S T R I B U T I O N " .  

T H E  VANCOUVER S T O C K  EXCHANGE HAS CONDITIONALLY L I S T E D  THE S E C U R I T I E S  
BEING OFFERED PURSUANT TO T H I S  PROSPECTUS. L I S T I N G  I S  S U B J E C T  T O  T H E  
I S S U E R  F U L F I L L I N G  ALL THE L I S T I N G  REQUIREMENTS OF THE VANCOUVER STOCK 

1 EXCHANGE ON OR B E F O R E  OCTOBER 1 9 ,  1 9 8 7  I N C L U D I N G  P R E S C R I B E D  

1 D I S T R I B U T I O N  AND F I N A N C I A L  REQUIREMENTS. 



NO PERSON I S  AUTHORIZED BY THE I S S U E R  TO PROVIDE ANY INFORMATION OR TO 
MAKE ANY REPRESENTATION OTHER THAN THOSE CONTAINED I N  T H I S  P R O S P E C T U S  
I N  CONNECTION W I T H  THE I S S U E  AND S A L E  O F  THE S E C U R I T I E S  O F F E R E D  BY THE 
I S S U E R .  

UPON C O M P L E T I O N  O F  T H I S  O F F E R I N G  T H I S  I S S U E  W I L L  REPRESENT 2 0 . 6 9 %  O F  
THE SHARES THEN OUTSTANDING A S  COMPARED T O  5 1 . 7 2 %  T H A T  W I L L  T H E N  B E  
OWNED B Y  T H E  C O N T R O L L I N G  P E R S O N S ,  P R O M O T E R S ,  D I R E C T O R S  AND S E N I O R  
O F F I C E R S  O F  T H E  I S S U E R  AND A S S O C I A T E S  O F  T H E  A G E N T .  R E F E R  T O  T H E  
HEADING " P R I N C I P A L  HOLDERS O F  S E C U R I T I E S "  H E R E I N  FOR D E T A I L S  O F  SHARES 
HELD BY D I R E C T O R S ,  PROMOTERS AND CONTROLLING PERSONS AND A S S O C I A T E S  O F  
T H E  AGENT. 

ONE O R  MORE O F  THE D I R E C T O R S  O F  THE I S S U E R  HAS AN I N T E R E S T ,  D I R E C T  OR 
I N D I R E C T ,  I N  OTHER NATURAL R E S O U R C E  C O M P A N I E S *  R E F E R E N C E  S H O U L D  B E  
MADE T O  T H E  H E A D I N G  " D I R E C T O R S  AND O F F I C E R S "  H E R E I N  FOR A COMMENT A S  
TO THE RESOLUTION O F  P O S S I B L E  C O N F L I C T S  O F  I N T E R E S T .  

WE, A S  A G E N T ,  C O N D I T I O N A L L Y  O F F E R  T H E S E  S E C U R I T I E S  S U B J E C T  T O  P R I O R  
S A L E ,  I F ,  A S  AND WHEN I S S U E D  B Y  T H E  I S S U E R  AND A C C E P T E D  B Y  U S  I N  
ACCORDANCE W I T H  T H E  C O N D I T I O N S  C O N T A I N E D  I N  T H E  AGENCY AGREEMENT 
REFERRED TO UNDER "PLAN O F  D I S T R I B U T I O N "  I N  T H I S  PROSPECTUS.  

AGENT 

CANARIM INVESTMENT CORPORATION LTD. 
2 2 0 0  - 609 G r a n v i l l e  S t reet  
V a n c o u v e r ,  B r i t i s h  C o l u m b i a  

EFFECTIVE DATE: APRIL 22, 1987 
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SUMMARY OF PROSPECTUS 

The  f o l l o w i n g  summary  i s  q u a l i f i e d  b y  t h e  m o r e  d e t a i l e d  
i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  P r o s p e c t u s .  

THE COMPANY: N e p h e l i n e  R e s o u r c e s  L t d  . ( t h e  
i n c o r p o r a t e d  u n d e r  t . h e  B r i t  
Company A c t  on May 7 ,  I986  and  
b u s i n e s s  o f  t h e  I s s u e r  i s  t h e  
e x p l o r a t i o n  a n d  d e v e l o p m e n t  
r e s o u r c e  p r o p e r t i e s  o f  merit .  

" I s s u e r "  ) was 
i s h  C o l u m b i a  
t h e  p r i n c i p a l  
a c q u i s i t i o n ,  

o f  n a t u r a l  

I n  t h e  o n g o i n g  s e a r c h  o f  t h e  I s s u e r  f o r  
m e r i t o r i o u s  p r o p e r t i e s  t o  a c q u i r e ,  e x p l o r e  
a n d  d e v e l o p ,  t h e  I s s u e r  h a s  p u r s u a n t  t o  a n  
a s s i g n m e n t  a g r e e m e n t  d a t e d  A p r i l  2 5 ,  I 9 8 6  
b e t w e e n  Racer R e s o u r c e s  L t d .  and t h e  I s s u e r ,  
as  amended  p u r s u a n t  t o  a n  a g r e e m e n t  d a t e d  
S e p t e m b e r  3 0 ,  1986 be tween  t h e  I s s u e r ,  Racer 
R e s o u r c e s  L t d .  a n d  R i c h a r d  A d d i s o n  a n d  
O k a n a g a n  N e p h e l i n e  L t d . ,  o n  November  1 4 ,  
1 9 8 6 ,  t h e  I s s u e r  a c q u i r e d  t h e  o p t i o n  t o  
p u r c h a s e  u p  t o  a 7 5 %  i n t e r e s t  i n  and  t o  t h e  
NEP M i n i n g  C l a i m s .  The  claims c o n t a i n  
d e p o s i t s  o f  a m i n e r a l  c a l l e d  n e p h e l i n e  
s y e n i t e  which is a s i l i c a - d e f i c i e n t  r o c k  u s e d  
p r i m a r i l y  i n  t h e  m a n u f a c t u r e  o f  ceramics and  
g l a s s .  

ISSUE : 300 ,000  commmon s h a r e s  ( t h e  " S h a r e s " ) .  

PRICE: $0.35 p e r  s h a r e .  

USE OF 
PROCEEDS : The  e s t i m a t e d  n e t  p r o c e e d s  f rom t h e  sale o f  

t h e  S h a r e s  w i l l  a m o u n t  t o  a p p r o x i m a t e l y  
$ 9 0 , 0 0 0  a f t e r  d e d u c t i n g  A g e n t ' s  Commissions .  
P u r s u a n t  t o  f  a v o u r a b l e  e n g i n e e r i n g  r e p o r t s  
d a t e d  Sep t ember ,  1986,  t h e  Company e x p e c t s  t o  
expend  $85,000 on t h e  e x p l o r a t i o n  p r o g r a m  o n  
t h e  P r o p e r t y .  

RISK FACTORS: An i n v e s t m e n t  i n  t h e  S h a r e s  i n v o l v e s  a h i s h  
d e g r e e  o f  r i s k  d u e  t o  t h e  s p e c u l a t i v e  n a t u ; e  
o f  t h e  b u s i n e s s  o f  t h e  I s s u e r  and  t h e  p r e s e n t  
s t a g e  o f  i t s  d e v e l o p m e n t .  See  " R i s k  F a c t o r s "  
f o r  a d i s c u s s i o n  o f  c e r t a i n  f a c t o r s  w h i c h  
c o u l d  e f f e c t  t h e  b u s i n e s s  o f  t h e  I s s u e r .  



SHARE OFFERING AND PLAN OF DISTRIBUTION 

Offer ing 

The I s s u e r  by  i t s  Agent h e r e b y  o f f e r s  ( t h e  "Offer ing")  t o  
t h e  p u b l i c  t h r o u g h  t h e  f a c i l i t i e s  of  t h e  Vancouver S t o c k  
Exchange ( t h e  "Exchange" ) 300,000 s h a r e s  ( t h e  "Sharesu ) of 
t h e  I s s u e r  a t  a  p r i c e  o f  $0.35 p e r  s h a r e  ( t h e  " O f f e r i n g  
P r i c e " ) .  The O f f e r i n g  w i l l  b e  made i n  accordance wi th  t h e  
r u l e s  and p o l i c i e s  o f  t h e  Exchange and on a  d a y  ( t h e  
"Offer ing  Dayn) determined by t h e  Agent and t h e  I s s u e r ,  wi th  
t h e  c o n s e n t  o f  t h e  Exchange,  w i t h i n  a  p e r i o d  o f  180 d a y s  
from t h e  d a t e  ( t h e  " E f f e c t i v e  Da ten )  upon which t h e  Shares  
of t h e  I s s u e r  a r e  c o n d i t i o n a l l y  l i s t e d  on t h e  Exchange. 

Appointment of Aqent 

The I s s u e r ,  b y  a n  agreement  ( t h e  "Agency Agreement" ) da ted  
December 3, 1986 a s  amended March 3, 1987,  a p p o i n t e d  t h e  
fol lowing a s  i ts  agent  ("Agentn)  t o  o f f e r  t h e  Shares  through 
t h e  f a c i l i t i e s  of t h e  Exchange as fo l lows:  

Name of Aqent P a r t i c i p a t i o n  

Canar i m  Investment 
Corporat ion Ltd . 

The Agent w i l l  r e ce ive  a commission of $0.05 per  s h a r e .  

The Agent r e s e r v e s  t h e  r i g h t  t o  o f f e r  s e l l i n g  g r o u p  
p a r t i c i p a t i o n ,  i n  t h e  normal  c o u r s e  of  t h e  b r o k e r a g e  
bus ines s  t o  s e l l i n g  groups or  o t h e r  l i c enced  broker -dea le rs ,  
b r o k e r s  and i n v e s t m e n t  d e a l e r s ,  who may o r  may n o t  b e  
o f f e r e d  p a r t  of t h e  commissions o r  bonuses der ived  from t h i s  
Offe r ing .  

The o b l i g a t i o n s  of t h e  Agent under t h e  Agency Agreement may 
be t e r m i n a t e d  b e f o r e  , t h e  open ing  o f  t h e  marke t  on t h e  
O f f e r i n g  Day a t  t h e  Agen t ' s  d i s c r e t i o n  on t h e  b a s i s  of i ts  
assessment  o f  t h e  s t a t e  of  t h e  f i n a n c i a l  m a r k e t s  and may 
a l s o  b e  t e r m i n a t e d  a t  any  t i m e  upon t h e  o c c u r r e n c e  o f  
c e r t a i n  s t a t e d  even t s .  

The I s s u e r  has  g ran ted  t h e  Agent a r i g h t  of f i r s t  r e f u s a l  t o  
provide f u t u r e  e q u i t y  f i nanc ing  t o  t h e  I s s u e r  f o r  a  p e r i o d  
of twelve ( 1 2 )  months from t h e  E f f e c t i v e  Date. 



Those persons holding an interest of not less than 5% in 
Canarim Investment Corporation Ltd. are A.E. Turton, 
Peter M. Brown, Brian D. Harwood, C. Channing Buckland, and 
Michael W. Murphy. 

There are no payments in cash, securities or other 
consideration being made, or to be made, to a promoter, 
finder or any other person or company in connection with the 
Offering. 

The Directors, Officers and other Insiders of the Issuer may 
purchase shares from this Offering. 

The Vancouver Stock Exchange has conditionally listed the 
securities being offered pursuant to this Prospectus. 
Listing is subject to the Issuer fulfilling all the listing 
requirements of the Vancouver Stock Exchange on or before 
October 19, 1987 including prescribed distribution and 
financial requirements. 

Minimum Subscri~tion 

This Offering is subject to a minimum of 300,000 shares 
being sold on the Offering Day within the period of 180 days 
from the Effective Date. All funds received from the sale 
of the Shares will be held in trust by Montreal Trust 
Company until the minimum of 300,000 shares have been sold 
and the subscription price of $105,000 has been received. If 
the minimum of 300,000 shares are not sold within 180 days 
from the Effective Date, all funds will be returned to the 
purchasers without deduction. If the minimum of 300,000 
shares are sold and notice of the release of funds is given 
to the Superintendent, the proceeds received will be paid to 
the Issuer less the commission payable to the Agent. 

RISK FACTORS 

The securities offered hereby are considered speculative due 
to the nature of the Issuer's business and the present stage 
of its development. A prospective investor should consider 
carefully the following factors. 

Resource exploration and development is a speculative 
business and invol.ves a high degree of risk. The 
marketability of natural resources which may be acquired or 
discovered by the Issuer will be affected by numerous 
factors beyond the control of the Issuer. These factors 
include market fluctuations, the proximity and capacity of 
natural resource markets and processing equipment, 



government regulations, including regulations relating to 
prices, taxes, royalties, land tenure, importing and 
exporting or minerals and environmental protection. The 
exact effect of these factors cannot be accurately 
predicted, but the combination of these factors may result 
in the Issuer not receiving an adequate return on invested 
capital. 

The existence of title opinions should not be construed to 
suggest that the Issuer has good and marketable title to all 
of the properties described in this Prospectus. The Issuer 
follows the usual industry practice in obtaining title 
opinions with respect to its lands. 

The securities being offered by this Prospectus represent 
20.69% of the shares that will be issued and outstanding 
after the completion of the offering compared to 51.72% of 
the shares that will be held by the promoters, directors and 
officers and substantial security holders. 

The offering price per share, exceeds the net tangible book 
value per common share, assuming the issuance of 300,000 
shares, by $0.21 determined as follows: 

Net tangible book value, 
before distribution; 

Increase in net tangible 
book value attributable to 
the issuance of common shares; 

Net tangible book value after 
the distribution. 

Net tangible value per share 
after distribution 

Dilution of subscribers per share 

Percentage of dilution in 
relation to the offering 
price 



There appears to be a limited international market for the 
Issuer's product. And the high transportation costs as 
compared to the production costs may result in limiting the 
feasible markets for the product. 

There have been no metallurgical tests done to determine 
whether a sufficiently clean separation of iron can be 
attained to produce a marketable product. 

The property of the Issuer contains a lower soda to potash 
ratio than other suppliers of the product which may cause 
sales resistance. 

U S E  OF PROCEEDS 

The estimated minimum net proceeds to be derived by the 
Issuer from the sale of the securities being offered hereby 
is $90,000. The principal purposes for which the minimum net 
proceeds are to be spent, together with working capital as 
at February 28, 1987 in the approximate amount of $33,300 
for a total of $123,300 are, in order of priority, as 
follows: 

(a) to pay expenses of this issue 
(including legal, audit and 
printing) 

(b) to carry out Phase I of the 
exploration program on the 
NEP Claims as recommended 
by John G. Payne, PhoD., P.Geol., 
in his report dated ~eptember, 
1986 

(c) to provide reserve for working 
capital and general administrative 
expenses 

Total: 



I n  t h e  e v e n t  o f  a n y  ma te r i a l  c h a n g e  i n  t h e  a f f a i r s  o f  t h e  
I s s u e r  d u r i n g  t h e  p r i m a r y  d i s t r i b u t i o n  o f  t h e  s h a r e s  o f f e r e d  
b y  t h i s  P r o s p e c t u s ,  a n  amendment t o  t h i s  P r o s p e c t u s  w i l l  b e  
f i l e d .  F o l l o w i n g  c o m p l e t i o n  o f  t h e  p r i m a r y  d i s t r i b u t i o n  o f  
t h e  s h a r e s  o f f e r e d  b y  t h i s  P r o s p e c t u s ,  s h a r e h o l d e r s  w i l l  be 
n o t i f i e d  o f  c h a n g e s  i n  t h e  a f f a i r s  o f  t h e  I s s u e r  i n  
a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  a p p r o p r i a t e  
r e g u l a t o r y  a u t h o r i t i e s .  

I f  t h e  f i r s t  s t a g e  o f  t h e  e x p l o r a t i o n  p r o g r a m  i s  
u n s u c c e s s f u l  a n d  t h e  I s s u e r  elects n o t  t o  p r o c e e d  w i t h  t h e  
s u b s e q u e n t  s t a g e s  o f  t h e  p r o g r a m ,  t h e  f u n d s  w i l l  be u s e d  t o  
p r o v i d e  a d d i t i o n a l  w o r k i n g  c a p i t a l .  The I s s u e r  h a s  r e t a i n e d  
C h a r l e s  K. I k o n a  as a c o n s u l t a n t  w i t h  r e s p e c t  t o  g e o l o g i c a l  
matters . 
No p a r t  o f  t h e  p r o c e e d s  w i l l  b e  u s e d  t o  i n v e s t ,  u n d e r w r i t e  
o r  t r a d e  i n  s e c u r i t i e s  o t h e r  t h a n  t h o s e  t h a t  q u a l i f y  as  
i n v e s t m e n t s  i n  w h i c h  t r u s t  f u n d s  may be i n v e s t e d  u n d e r  t h e  
laws o f  t h e  j u r i s d i c t i o n  i n  w h i c h  s e c u r i t i e s  o f f e r e d  b y  t h i s  
P r o s p e c t u s  may b e  l a w £  u l l y  s o l d .  S h o u l d  t h e  I s s u e r  p r o p o s e  
t o  u s e  t h e  p r o c e e d s  t o  a c q u i r e  n o n - t r u s t e e  t y p e  s e c u r i t i e s  
a f t e r  i n i t i a l  d i s t r i b u t i o n  o f  t h e  s e c u r i t i e s  o f f e r e d  b y  t h i s  
P r o s p e c t u s ,  a p p r o v a l  o f  t h e  s h a r e h o l d e r s  m u s t  f i r s t  b e  
o b t a i n e d ,  a n d  p r i o r  d i s c l o s u r e  m u s t  b e  made  t o  t h e  
s e c u r i t i e s  r e g u l a t o r y  b o d i e s  h a v i n g  j u r i s d i c t i o n  o v e r  the 
sale o f  t h e  s e c u r i t i e s .  

SHARE AND LOAN CAPITAL STRUCTURE 

Amount 
Out st a n d  i ng Amount Out - 

Amount Amount Out-- as o f  t h e  s t a n d i n g  o n  
D e s i g n a t  i o n  A u t h o r i z e d  s t a n d i n g  a t  d a t e  o f  t h i s  C o m p l e t i o n  
o f  S e c u r i t y  t o  i s s u e  10/15/86 P r o s p e c t u s  o f  O f f e r i n g  

Common S h a r e s  1 0 , 0 0 0 , 0 0 0  1 , 1 5 0 , 0 0 1  1 , 1 5 0 , 0 0 1  1 , 4 5 0 , 0 0 1  
W i t h o u t  P a r  
V a l u e  

NAME AND INCORPORATION 

T h e  f u l l  name o f  t h e  I s s u e r  is N e p h e l i n e  R e s o u r c e s  L t d .  The 
I s s u e r  was i n c o r p o r a t e d  b y  Memorandum a n d  Articles u n d e r  t h e  
B r i t i s h  C o l u m b i a  Company A c t  o n  May 7 ,  1 9 8 6 .  T h e  h e a d  
o f f i c e  o f  t h e  I s s u e r  is s i t u a t e d  a t  700 - 6 7 5  W e s t  H a s t i n g s  



S t r e e t ,  V a n c o u v e r ,  B r i t i s h  C o l u m b i a ,  V6Z 1G3, i t s  
r e g i s t e r e d  a n d  r e c o r d s  o f f  i c e s  a r e  s i t u a t e d  a t  1 6 0 0 - 6 0 9  
G r a n v i l l e  S t r ee t ,  V a n c o u v e r ,  B r i t i s h  C o l u m b i a .  

DESCRIPTION OF BUSINESS AND PROPERTY OF THE ISSUER 

D e s c r i p t i o n  o f  B u s i n e s s  

T h e  p r i n c i p a l  b u s i n e s s  o f  t h e  I s s u e r  i s  t h e  a c q u i s i t i o n ,  
e x p l o r a t i o n  a n d  d e v e l o p m e n t  o f  n a t u r a l  r e s o u r c e  p r o p e r t i e s  
o f  mer i t .  A t  p r e s e n t  t h e  I s s u e r  is p r o p o s i n g  t o  c o n d u c t  a n  
e x p l o r a t i o n  p r o g r a m  o n  c e r t a i n  m i h i n g  c la ims as m o r e  
p a r t i c u l a r l y  d e s c r i b e d  b e l o w .  The claims c o n t a i n  d e p o s i t s  
o f  a m i n e r a l  c a l l e d  n e p h e l i n e  s y e n i t e  w h i c h  i s  a 
s i l i c a - d e f  i c i e n t  r o c k  u s e d  p r i m a r i l y  i n  t h e  m a n u f a c t u r e  o f  
ceramics a n d  g l a s s ,  w h e r e  t h e  material is  v a l u e d  a s  a f l u x ,  
a n d  a s  a s o u r c e  o f  t h e  o x i d e s  o f  a l u m i n u m ,  s o d i u m  a n d  
p o t a s s i u m .  F o r  g r e a t e r  d e t a i l  o f  t h e  n a t u r e  a n d  u s e s  o f  
n e p h e l i n e  s y e n i t e  r e f e r e n c e  i s  m a d e  t o  t h e  L o d e 1 1  R e p o r t  
w h i c h  R e p o r t  i s  a t t a c h e d  h e r e t o  a n d  a l s o  i s  s u m m a r i z e d  
b e l o w .  

T h e  I s s u e r  i s  c o n t i n u a l l y  e x a m i n i n g  a d d i t i o n a l  p r o j e c t s  f o r  
a c q u i s i t i o n ,  e x p l o r a t i o n  a n d  d e v e l o p m e n t .  

P r o p e r t i e s  o f  t h e  I s s u e r  

NEP C l a i m s ,  Osoyoos  M i n i n g  D i v i s i o n ,  B r i t i s h  C o l u m b i a  

P u r s u a n t  t o  a n  A s s i g n m e n t  Agreement  made t h e  8 t h  d a y  o f  May, 
1 9 8 6  b e t w e e n  Racer R e s o u r c e s  L t d . ,  o f  7 0 0  - 6 7 5  West 
H a s t i n g s  S t r e e t ,  V a n c o u v e r ,  ( "Racer I' ) a n d  t h e  I s s u e r ,  as  
a m e n d e d  p u r s u a n t  t o  a n  a g r e e m e n t  d a t e d  S e p t e m b e r  3 0 ,  1986 
b e t w e e n  t h e  I s s u e r ,  Racer a n d  R i c h a r d  A d d i s o n ,  a n d  O k a n a g a n  
N e p h e l i n e  L t d . ,  b o t h  o f  1 1 4 1  West 3 3 r d  Avenue,  V a n c o u v e r ,  
B r i t i s h  C o l u m b i a  o n  November 1 4 ,  1986.  The I s s u e r  a c q u i r e d  
t h e  o p t i o n  t o  p u r c h a s e  u p  t o  a 7 5 %  i n t e r e s t  i n  a n d  t o  t h e  
NEP M i n i n g  C l a i m s  ( t h e  "NEP C l a i m s "  ) , l o c a t e d  i n  t h e  Osoyoos  
M i n i n g  D i v i s i o n ,  B r i t i s h  C o l u m b i a .  The a g r e e m e n t  c a l l s  f o r  
t h e  I s s u e r  t o  p a y  Racer $ 1 0 , 0 0 0  ( w h i c h  h a s  b e e n  p a i d )  a n d  t o  
e x p e n d  n o t  less t h a n  $ 1 0 0 , 0 0 0  o n  e x p l o r a t i o n  a n d  d e v e l o p m e n t  
w o r k  o n  t h e  NEP C l a i m s  o n  o r  b e f o r e  F e b r u a r y  7 ,  1 9 8 9  a t  
w h i c h  t i m e  t h e  I s s u e r  w i l l  h a v e  e a r n e d  a 50% i n t e r e s t  i n  t h e  
NEP C l a i m s  ( t h e  " F i r s t  O p t i o n " ) .  I n  o r d e r  t o  e a r n  a n  
a d d i t i o n a l  25% i n t e r e s t  i n  t h e  NEP C l a i m s  t h e  I s s u e r  m u s t  o n  
o r  b e f o r e  N o v e m b e r  1 ,  1 9 9 0  c a u s e  t h e  c o m m e n c e m e n t  of  
c o m m e r c i a l  p r o d u c t i o n  f r o m  t h e  NEP C l a i m s ,  and upon  d o i n g  s o  
w i l l  h a v e  e a r n e d  a t o t a l  75% i n t e r e s t  i n  t h e  NEP C l a i m s  ( t h e  



"Second O p t i o n " ) .  Upon t h e  I s s u e r  e x e r c i s i n g  t h e  F i r s t  
Option o r  t h e  Second Opt ion,  a s  t h e  c a s e  may be ,  t h e  p a r t i e s  
w i l l  e n t e r  i n t o  a  j o i n t  v e n t u r e  a g r e e m e n t  i n  o r d e r  t o  
commence commerc i a l  p r o d u c t i o n  o r  c o n t i n u e  commerc i a l  
p roduc t i on  on t h e  NEP Claims. 

Locat ion and Access 

The N E P  C l a ims  a r e  l o c a t e d  approx imate ly  10 k i l o m e t e r s  w e s t  
of t h e  Town of Osoyoos i n  South C e n t r a l  B r i t i s h  Columbia and 
a c c e s s  i s  by  r o a d  f rom t h e  j u n c t i o n  o f  Highways 3  and 97 
j u s t  n o r t h  of Osoyoos. The NEP Claim b l o c k  is c o m p r i s e d  on 
n ine  ( 9 )  u n i t s .  

P ro spec t i ng  H i s t o r y  

From 1963  t o  1985 t h e  p r e v i o u s  e x p l o r a t i o n  work under taken 
i n  t h e  a r e a  c o n s i s t e d  of sampling and chemical  a n a l y s i s .  I n  
1963 a  Mr. Ken B u t l e r  sampled t h e  p r edeces so r  claims and had 
them ana ly sed  by B.C. Research Council  and by I n t e r n a t i o n a l  
M i n e r a l s  and Chemica l  Corp .  I n  1972 Be th lehem b l a s t e d  
s e v e r a l  s m a l l  p i t s  and sampled  f o r  c h e m i c a l  a n a l y s i s  and 
m e t a l l u r g i c a l  s t u d y .  A l s o  a  J . R .  Be l l amy u n d e r t o o k  
g e o l o g i c a l  mapping which appea r s  t o  be of l i t t l e  va lue .  

The N E P  C l a ims  a r e  t h e  s u b j e c t  o f  a r e p o r t  ( t h e  "Pa~yne 
Repor t " )  p repared  by John G. Payne, Ph.D., P.Geo1. which i s  
appended  h e r e t o  and f o r m s  a  p a r t  o f  t h i s  P rospec tus .  The 
i n fo rma t ion  set o u t  be low is  t a k e n  f rom t h e  Payne R e p o r t ,  
which r e p o r t  should  be r e f e r r e d  t o  f o r  g r e a t e r  d e t a i l .  

The r e g i o n a l  g e o l o g y  o f  t h e  a rea  be tween  Osoyoos and t h e  
S imi lkameen  V a l l e y ,  as mapped by  - t h e  Geolog ica l  Survey of 
Canada i n  1961, shows two ( 2 )  major  u n i t s ,  t h e  Kobau Group 
and t h e  Nelson I n t r u s i o n s .  The Kobau Group of Carbon i fe rous  
a g e  c o n s i s t s  o f  metamorphosed s i l i c e o u s  s e d i m e n t s  and 
i n t e r m e d i a t e  v o l c a n i c  r o c k s  ; t h e s e  s t r i k e  nor th - sou th  and 
d i p  m o d e r a t e l y  t o  l o c a l l y  s t e e p l y  t o  t h e  west. F u r t h e r  
n o r t h  t h e  u n i t  i s  more c o m p l e x l y  f o l d e d .  A m a j o r  f a u l t  
a long t h e  Okanagan V a l l e y  j u x t a p o s e s  t h e s e  r o c k s  a g a i n s t  
t i g h t l y  p a r a g n e i s s  o f  t h e  E a r l y  P a l e o z o i c  Monashee Group. 
The Kobau group rocks  a r e  i n t r u d e d  by t h e  Nelson I n t r u s i o n s  
o f  J u r a s s i c  t o  C r e t a c e o u s  a g e .  These  i n c l u d e  t h e  Kruger  
a l k a l i c  r ocks ,  a d o r i t e  b a t h o l i t h ,  and s t o c k s  o f  m o n z o n i t e  
w i t h  minor  p e g m a t i t e .  Rocks o f  t h e  Kobau Group show 
moderate c o n t a c t  metamorphism and metasomat  i s m  a l o n g  t h e  
bo rde r s  of t h e  i n t r u s i v e  rocks .  



The Kruge r  a l k a l i c  r o c k s  f o r m  s i l ls  c o n f o r m a b l e  t o  f o l i a t i o n  
i n  t h e m s e l v e s  a n d  i n  r o c k s  o f  t h e  Kobau g r o u p .  F o u r  ( 4 )  
m a i n  s i l l s  a r e  d e s i g n a t e d  E a s t ,  Main,  S o u t h  and  N o r t h w e s t .  
The s i l l s  are d o m i n a t e d  b y  n e p h e l i n e  s y e n i t e  w i t h  l o c a l l y  
a b u n d a n t  s y e n i t e  . 
The  m a i n  b a t h o l i t h  is d o m i n a t e d  b y  d i o r i t e ,  w i t h  l o c a l  
g a b b r o i c  d i o r i t e  z o n e s  n e a r  t h e  e a s t e r n  m a r g i n .  Much o f  t h e  
d i o r i t e  is u n f o l i a t e d ,  w i t h  more  s t r o n g l y  f o l i a t e d  v a r i e t i e s  
m a i n l y  t o  t h e  west o f  t h e  p r o p e r t y .  S c a t t e r e d  s t o c k s  a n d  
d i k e s  o f  m o n z o n i t e  and  much less p e g m a t i t e  c u t  t h e  d i o r i t e ;  
some o f  t h e s e  a l s o  show a p e n e t r a t i v e  . f o l i a t i o n .  

M i n o r  d a c i t e  p o r p h y r y  d i k e s  a n d  p a t c h e s  
T e r t i a r y  a g e ,  a n d  r e l a t e d  g e n e t i c a l l y  t o  

p r o b a b l y  a r e  
a l a r g e  z o n e  

T e r t i a r y  v o l c a n i c  r o c k s  t o  t h e  n o r t h .  

S e v e r a l  l a t e  f a u l t s  c u t  t h e  r e g i o n .  Some s h o w  s l i g h t  
l e f t - l a t e r a l  o f f s e t  o n  t h e  K r u g e r  s i l l s .  Two ( 2 )  l a r g e  
f a u l t s  t r e n d  n o r t h e a s t w a r d s ;  t h e s e  a l s o  may h a v e  
l e f t - l a t e r a l  o f  £ s e t  o f  u p  t o  1 , 000  meters. 

T h i n  s e c t i o n  s t u d y  o f  5 3  s a m p l e s  o f  n e p h e l i n e  s y e n i t e  a n d  
s y e n i t e  s h o w  t h r e e  ( 3 )  m a i n  t y p e s  o f  n e p h e l i n e  s y e n i t e  
c h a r a c t e r i z e d  b y  d i f f e r e n t  a s s e m b l a g e s  o f  maf i c  m i n e r a l s ,  
a n d  d e s i g n a t e d  ( 1  ) h o r n b l e n d e  z o n e ,  ( 2 )  a e g i r i n e - a u g i t e  
zone ,  and  ( 3 )  b i o t i t e  zone .  The h o r n b l e n d e  zone  commonly i s  
much f i n e r  g r a i n e d  t h a n  t h e  o t h e r  t w o  ( 2 ) ,  and  o c c u r s  a l o n g  
t h e  b o r d e r s  o f  t h e  s i l ls .  T e x t u r e s  are m a i n l y  m e t a m o r p h i c ,  
w i t h  r e l i c  p r i m a r y  i g n e o u s  f e a t u r e s  p r e s e r v e d  i n  some c l o t s  
o f  m a f i c  m i n e r a l s  a n d  p o s s i b l y  as some K - f l e d s p a r  
p h e n o c r y s t s .  The  n e p h e l i n e  s y e n i t e  h a s  a much h i g h e r  
K20/Na20 r a t i o  t h a n  mos t  n e p h e l i n e  s y e n i t e  b o d i e s .  

E x p l o r a t i o n  Work Unde r t aken  by t h e  I s s u e r  

Dur ing  J u n e  o f  1986,  t h e  I s s u e r  u n d e r t o o k  a n  m a g n e t o m e t e r  
s u r v e y  a n d  c o l l e c t e d  l a r g e  g r a b  s a m p l e s  f r o m  o u t c r o p s  a l o n g  
s u r v e y  l i n e s  a n d  n e a r b y .  E l e v e n  s a m p l e s  were a n a l y z e d ,  
w h i c h  r e s u l t s  a r e  m o r e  p a r t i c u l a r l y  se t  o u t  i n  T a b l e  3  o f  
t h e  Payne R e p o r t .  

The  p u r p o s e  o f  t h e  t w o  ( 2 )  r e c o n n a i s s a n c e  m a g n e t o m e t e r  
s u r v e y s  u n d e r t a k e n  b y  t h e  I s s u e r  were t o  d e t e r m i n e  i f  
g e o l o g i c a l  u n i t s  h a d  a c h a r a c t e r i s t i c  m a g n e t i c  r e s p o n s e ,  
which  c o u l d  b e  u sed  t o  t race g e o l o g i c a l  u n i t s  i n t o  a reas  o f  
n o  o u t c r o p .  The s u r v e y  u n d e r t a k e n  i n  May, 1986 i n c l u d e d  f o u r  
( 4 )  l i n e s  w i t h  t h e  s t a t i o n  s p a c i n g  o f  1 0  meters a l o n g  



l i n e s .  The J u n e ,  1986 s u r v e y  inc luded  f i v e  ( 5 )  l i n e s  w i th  
s t a t i o n  spac ing  of  20 meters a l o n g  l i n e s .  R e s u l t s  o f  t h e  
su rveys  a r e  shown i n  F igu re  5  of  t h e  Payne Report .  

The s u r v e y s  a g r e e  i n  g e n e r a l ,  and i n d i c a t e  t h a t  d i f f e r e n t  
u n i t s  h a v e  d i f f e r e n t  m a g n e t i c  r e s p o n s e s ,  w i t h  mos t  
g e o l o g i c a l  c o n t a c t s  between u n i t s  marked by a  s h a r p  b reak  i n  
magnet ic  r esponse .  C o r r e l a t i o n  between l i n e s  and s u r v e y s  is 
no t  a s  s h a r p  a s  a long  l i n e s ,  p o s s i b l y  because  o f  an  o v e r a l l  
i n c r e a s e  i n  m a g n e t i t e  c o n t e n t  towards  t h e  s o u t h  end of  t h e  
NEP C l a i m s .  Values from t h e  d i f f e r e n t  u n i t s  which c o m p r i s e  
t h e  NEP Claims a r e  l i s t e d  i n  Table 3 of t h e  Payne Repor t .  

On t h e  b a s i s  of t h e  responses  i n  a r e a s  of abundan t  o u t c r o p ,  
t h e  magne tome te r  s u r v e y  r e s u l t s  were u sed  t o  e x t e n d  
g e o l o g i c a l  bounda r i e s  i n t o  t h e  North i n t o  a r e a s  of l i t t l e  o r  
no o u t c r o p .  A s  w e l l ,  t h e  l o c a t i o n  and  s h a p e  o f  some 
bounda r i e s  were somewhat r e f i n e d .  

To c o n f i r m  t o n n a g e  est imates  b a s e d  on g e o l o g i c a l  d a t a ,  a  
d i a m o n d - d r i l l i n g  p rogram was u n d e r t a k e n .  The o r i g i n a l  
p u r p o s e  was t o  d r i l l  one  ( 1 )  h o l e  up t o  300 m e t e r s  long  
t h r o u g h  t h e  main  s i l l .  Hole 86-1 was s e t  up f o r  t h a t  
p u r p o s e  ( s e e  F igu re  4  of  t h e  Payne R e p o r t ) ,  however, due  t o  
d r i l l i n g  p r o b l e m s  it was t e r m i n a t e d  a t  a  d e p t h  o f  170 
m e t e r s .  Hole 86-2 was d r i l l e d  p a r a l l e l  t o  Hole 86-1 from a  
p o i n t  140 me te r s  due n o r t h ,  however, it was a l s o  t e r m i n a t e d  
b e c a u s e  o f  t e c h n i c a l  problems a t  120 mete r s .  Hole 86-3 was 
d r i l l e d  from t h i s  same s t a t i o n  as Hole 86-2, and i n c l i n e d  60 
d e g r e e s  t o  t h e  southwest  and d r i l l e d  t o  a dep th  of  40 meters 
t o  complete  t h e  d r i l l i n g  c o n t r a c t .  I t  was nephe l i ne  s y e n i t e  
th roughout  i t s  l e n g t h .  

The d r i l l  h o l e  r e s u l t s  a g r e e  w i th  t h e  g e o l o g i c a l  d a t a  t h a t  
t h e  s i l l s  a r e  t a b u l a r  bod i e s  ex tend ing  t o  d e p t h s  of a t  least  
170 m e t e r s .  The main and e a s t  s i l l s  a r e  t a r g e t s  f o r  
development of q u a r r i e s  and based on a  mining dep th  of about  
twice t h e  width  of t h e  s i l l s ,  t h e  t onnages  which a r e  p r e s e n t  
i n  t h e  two s i l l s  a r e  11.5 x 1 0 ( 6 )  i n  t h e  main s i l l  and 13.2  
x  1 0 ( 6 )  i n  t h e  sou the rn  h a l f  of t h e  e a s t  s i l l .  The n o r t h e r n  
h a l f  o f  t h e  e a s t  s i l l  i s  n o t  i n c l u d e d  b e c a u s e  it i s  
u n c e r t a i n  how much o f  it is nephe l i ne  s y e n i t e  and how much 
is  s y e n i t e .  For f u r t h e r  d e t a i l s ,  p l e a s e  r e f e r  t o  page  14 o f  
t h e  Payne Report .  

A s  a t  t h e  d a t e  h e r e o f  t h e  I s s u e r  h a s  expended  $51,603 on 
e x p l o r a t i o n .  



M e t a l l u r g i c a l  F a c t o r s  

A c r i t i c a l  f a c t o r  i n  t h e  economic f e a s i b i l i t y  of  nephe l i ne  
s y e n i t e  f o r  t h e  g l a s s  and ceramic i n d u s t r y  is t h e  c o n t e n t  of  
i r o n  i n  t h e  f i n a l  p r o d u c t .  T h i s  d e p e n d s  on t h e  o r i g i n a l  
i r o n  c o n t e n t  o f  t h e  r o c k ,  and t h e  e x t e n t  t o  which t h e  
i ron-bear ing  m i n e r a l s  can  be removed from t h e  rock by s imple  
me thods .  I n  t h e  Kruger  s i l l s ,  t h e s e  m i n e r a l s  a r e  
h o r n b l e n d e ,  b i o t i t e ,  a e g i r i n e - a u g i t e ,  and g a r n e t .  The 
s t a n d a r d  method of  removal of i ron-bear ing  p h a s e s  is a h i g h  
i n t e n s i t y ,  d r y  m a g n e t i c  s e p a r a t i o n  i n  a  series of s t a g e s ,  
w i th  g r i n d i n g  of  m a t e r i a l  between s t a g e s .  The purpose  i s  t o  
p r o d u c e  a p r o d u c t  composed o f  g r a i n s  and a g g r e g a t e s  o f  
f e l d s p a r s  and n e p h e l i n e ,  w i t h  a min ima l  amount o f  
i n t e r g r o w t h s  o f  i r o n - b e a r i n g  p h a s e s .  The t e x t u r e  of  t h e  
rocks  is an impor tan t  gu ide  t o  e v a l u a t i o n  of t h e  s u i t a b i l i t y  
of  a raw m a t e r i a l  t o  y i e l d  a d e s i r e d  p roduc t  low i n  i r o n .  

M e t a l l u r g i c a l  t e s t s  a r e  n e c e s s a r y  f o r  d i f f e r e n t  t y p e s  o f  
nephe l i ne  s y e n i t e  t o  de te rmine  whether o r  no t  a  s u f f i c i e n t l y  
c l e a n  s e p a r a t i o n  o f  i r o n  c a n  b e  a t t a i n e d  t o  p r o d u c e  a  
marke tab le  p roduc t .  

Recommendat i o n s  

The Payne R e p o r t  recommends t h a t  t h e  n e x t  s t a g e  o f  
e x p l o r a t i o n  i n c l u d e  t h e  fo l lowing  : 

1. A d e t a i l e d  g e o l o g i c a l  mapping w i t h i n  t h e  d e p o s i t  t o  
a t t emp t  t o  o u t l i n e  m i n e r a l o g i c a l  zones more a c c u r a t e l y ,  
and  t o  d e t e r m i n e  t h e  n o r t h e r n  e x t e n t  o f  n e p h e l i n e  
s y e n i t e  i n  t h e  east s i l l .  Th i s  w i l l  i n v o l v e  f o l l o w - u p  
t h i n  s e c t i o n  a n a l y s i s ,  which w i l l  a l s o  b e  u s e f u l  i n  
d e t e r m i n a t i o n  of t e x t u r e s  ; 

Bulk s a m p l i n g  o f  t h e  d i f f e r e n t  m i n e r a l o g i c a l  zones of 
n e p h e l i n e  s y e n i t e  f o r  m e t a l l u r g i c a l  t e s t i n g  t o  
d e t e r m i n e  t h e  optimum m a t e r i a l s  and e x t r a c t  i on  methods 
t o  o b t a i n  a  p r o d u c t  w i t h  a s  l ow  an i r o n  c o n t e n t  a s  
p o s s i b l e .  E x t r a c t i o n  methods should  be t h o s e  ammenable 
f o r  u s e  i n  normal  m i l l i o n  a c t i v i t y ,  p r e f e r a b l y  d r y ,  
h i g h - i n t e n s i t y  magnet ic  s e p a r a t i o n  i n  a  s t a g e  program, 
w i t h  g r i n d i n g  between s t a g e s .  

The e s t i m a t e d  c o s t  of t h e  program is $45,000. 

C o n t i n g e n t  upon t h e  r e s u l t s  o f  t h e  Phase  I p rog ram,  t h e  
Payne R e p o r t  recommends a  fol low-up phase i n  t h e  amount of  
$40 ,000 .  T h i s  n e x t  s t a g e  o f  work c o n s i s t s  o f  diamond 



d r i l l i n g  t o  de te rmine  t h e  e x t e n t  of  f avou rab l e  zones w i t h i n  
t h e  main s i l l s ,  w i t h  f o l l o w - u p  p e t r o g r a p h i c  and m i l l i n g  
s t u d i e s  t o  c o n f i r m  t h e  d i s t r i b u t i o n  o f  f a v o u r a b l e  and 
unfavourab le  zones i n  t h e  p a r t s  of t h e  s i l l s  a v a i l a b l e  f o r  
qua r ry ing .  

The N E P  C l a i m s  c o n t a i n  a  d e p o s i t  o f  n e p h e l i n e  s y e n i t e ,  
however it i s  y e t  t o  b e  d e t e r m i n e d  i f  t h e  i r o n  c a n  b e  
e x t r a c t e d  i n  o r d e r  t o  make t h e  d e p o s i t  commercia l ly  v i a b l e .  
The p rogram t o  be  u n d e r t a k e n  by  t h e  I s s u e r  i s  t o  f i r s t  
d e t e r m i n e  which p a r t  o f  t h e  d e p o s i t  i s  most  s u i t a b l e  f o r  
m e t a l l u r g i c a l  t e s t i n g  and s e c o n d l y ,  t o  d e t e r m i n e  t h r o u g h  
m e t a l l u r g i c a l  t e s t i n g  i f  t h e  i r o n  can -be  e x t r a c t e d .  

EXAMINATION OF MARKETS FOR NEPHELINE SYENITE 
- LOBDELL REPORT 

In o r d e r  t o  g a t h e r  market  and economic i n f o r m a t i o n  t o  j udge  
t h e  m e r i t s  o f  i n c u r r i n g  t h e  expense  of  t h e  recommended work 
program, t h e  I s s u e r  commiss ioned  a  s t u d y  t o  e v a l u a t e  t h e  
p o t e n t i a l  economic g a i n  of t h e  program. Although t h e r e  is a  
l a c k  of economica l ly  s i g n i f i c a n t  t e c h n i c a l  d a t a  wi th  r e s p e c t  
t o  t h e  N E P  C l a i m s  and t h e  d e p o s i t ,  it was c o n s i d e r e d  
a p p r o p r i a t e  t o  under take  such a  s t u d y  i n  o r d e r  t o  e v a l u a t e  
t h e  concep t  of  producing nephe l i ne  s y e n i t e  . 
The o b j e c t i v e s  of t h e  s t u d y  were t o  i d e n t i f y  t h e  p o t e n t i a l  
m a r k e t  r e g  i o n ,  t o  o b t a i n  t h e  c u r  r e n t  p r o d u c t  i o n  and 
consumption s t a t i s t i c s  f o r  a l u m i n o u s  m a t e r i a l s  w i t h i n  t h e  
m a r k e t  r e g i o n s ,  t o  d e f i n e  consumer  s p e c i f i c a t i o n s  and 
c o m p e t i t i v e  f o r c e s  which m a t e r i a l s  f rom t h e  d e p o s i t  would 
e n c o u n t e r ,  and t o  p o s t u l a t e  what  c o s t s  and revenues  would 
l i k e l y  r e s u l t  from any f u t u r e  development.  

I t  i s  t o  be  n o t e d  t h a t  t h e  s t u d y - i s  a  p r e l i m i n a r y  one and 
many assumpt ions  had t o  be made i n  o r d e r  t o  i n c o r p o r a t e  t h e  
r e s u l t s  o f  t h e  m a r k e t  s t u d y  i n t o  an economic e v a l u a t i o n  of 
t h e  p r o j e c t  as a  concep t .  

The I s s u e r  r e t a i n e d  D . G .  L o b d e l l  C o n s u l t i n g ,  o f  P.O. 
Box 3103, Kamloops, B r i t i s h  Columbia, V2C 6B8 which  R e p o r t  
was reviewed by Alex Burton,  'P .  Eng, ( t h e  "Lobdel l  R e p o r t " ) .  
The i n f o r m a t i o n  s e t  o u t  be low is t a k e n  f rom t h e  L o b d e l l  
R e p o r t ,  which i s  appended  h e r e t o  and forms a  p a r t  of  t h i s  
P rospec tus .  For g r e a t e r  d e t a i l  of t h e  i n f o r m a t i o n  s e t  o u t  
below, t h e  Lobdel l  Report should  be r e f e r r e d  t o  d i r e c t l y .  



Nature and Use of  Nepheline S y e n i t e  

Nephel ine  s y e n i t e  i s  a  s i l i c a - d e f i c i e n t  c r y s t a l l i n e  r o c k  
composed o f  a l b i t e  and m i c r o c l i n e  f e l d s p a r s  and n e p h e l i n e ,  
t o g e t h e r  w i t h  v a r y i n g  amounts  o f  m a f i c  s i l i c a t e s  and 
a c c e s s o r y  m i n e r a l s .  G l a s s  and c e r a m i c - q u a l i t y  n e p h e l i n e  
s y e n i t e  is  produced commercial ly a t  t h r e e  ( 3 )  l o c a t i o n s  by 
Indusmin Ltd.  a t  Nephton, On ta r i o ,  Norsk Ne fe l i n  a t  S t j e r n o y  
I s l a n d  near  t h e  no r the rn  t i p  of  Norway, and most r e c e n t l y  by 
A u s t r a l  Ltd . ,  n ea r  Rio d e  J a n e i r o ,  B r a z i l .  

Commercial o p e r a t i o n s  i nvo lv ing  o t h e r  u s e s  i n c l u d e  two ( 2 )  
s i tes i n  t h e  Sov i e t  Union where nephel- ine s y e n i t e  is  used as 
a  s o u r c e  of a lumina i n  t h e  p roduc t ion  of aluminum. Po r t l and  
c e m e n t ,  sod ium c a r b o n a t e  and p o t a s s i u m  c a r b o n a t e  a r e  
produced a s  co-product  and b y - p r o d u c t  m a t e r i a l s  f rom t h i s  
unique Russian p roce s s  of winning aluminum. 

L a s t l y ,  c o n s t r u c t i o n  a g g r e g a t e s  and r o o f i n g  g r a n u l e s  a r e  
produced from a  b a s t a r d  nephe l i ne  s y e n i t e  i n  Arkansas.  

N e p h e l i n e  s y e n i t e  i s  r e a d i l y  s u b s t i t u t e d  by  f e l d s p a r ,  
f e l d s p a t h i c  s a n d s  ( a  f e l d s p a r - s i l i c a  m i x t u r e ) ,  a p l i t e ,  and 
s tee l  m i l l  f l a g .  The cho i ce  i s  l a r g e l y  d e p e n d e n t  upon t h e  
e f f e c t i v e  d e l i v e r e d  c o s t  of  each  ox ide  s o u r c e ,  wi th  c r e d i t s  
f o r  each  d e s i r e d  ox ide  ( a lumin i a ,  s i l i c a ,  and a l k a l i e s )  and 
p e n a l  i t e s  d e l e t e r i o u s  c o n s t i t u e n t s  ( u s u a l l y  i r o n ) .  In some 
c e r a m i c  a p p l i c a t i o n s ,  p a r t i c u l a r l y  t i l e  m a n u f a c t u r e ,  
p y r o p h y l l i t e  can  a l s o  s u b s t i t u t e  f o r  nephe l i ne  s y e n i t e .  

M a r k e t a b i l i t y  of  Kruger Nepheline S y e n i t e  

P a s t  work i n  t h e  a r e a  of t h e  NEP C l a i m s  i s  c o n s i d e r e d  o f  no 
r e a l  v a l u e  i n  a s s e s s i n g  t h e  economic  p o t e n t i a l  o f  t h e  
n e p h e l i n e  s y e n i t e .  The p r e l i m i n a r y  f i e l d  and l a b o r a t o r y  
work be ing  conducted by t h e  I s s u e r  s u g g e s t s  t h e  i r o n  c o n t e n t  
i n  t h e  d e p o s i t  might  be reduced t o  a  l e v e l  s u i t a b l e  f o r  some 
economic  a p p l i c a t i o n s  b u t  would be d i f f i c u l t  t o  reduce  t h e  
i r o n  c o n t e n t  t o  a  l e v e l  r e q u i r e d  by  h i g h - q u a l i t y  g l a s s  and 
c e r a m i c  a p p l i c a t i o n s .  The r a t i o  of  sodium t o  po tass ium is  
much lower t h a n  t h a t  used .by t h e  g l a s s  i n d u s t r y .  The h i g h  
potass ium c o n t e n t  might be f avou rab l e  f o r  some u se s .  For t h e  
purposes  of t h e  Lobdel l  Repor t ,  it i s  assumed t h a t  t h e  i r o n  
c o n t e n t  c a n  be  r educed  t o  an a c c e p t a b l e  l e v e l  and t h a t  t h e  
market r e s i s t a n c e  a s s o c i a t e d  wi th  t h e  l ow  s o d i u m / p o t a s s i u m  
r a t i o  cou ld  be overcome. 



Geographical  Market Scope 

I t  i s  p r o b a b l e  t h a t  m a t e r i a l  f r om t h e  NEP Claims would be 
c o m p e t i t i v e  i n  marke t s  e a s t  of t h e  110th Mer id ian ,  a s  t h o s e  
t o  t h e  e a s t  a r e  w e l l - s e r v e d  b y  e s t a b l i s h e d ,  i n e x p e n s i v e ,  
h i g h - q u a l i t y  p r o d u c t s  f rom n e a r b y .  N e p h e l i n e  s y e n i t e  
p rodu ced  a t  Nephton ,  O n t a r i o  d o m i n a t e s  t h e  e a s t e r n  market  
f o r  over  1,000 m i l e .  A m a t e r i a l  produced i n  Wes te rn  Canada 
m i g h t  compete  e f f e c t i v e l y  o v e r  s i m i l a r  r a d i u s .  Markets i n  
North America were examined west o f  t h e  11 0 t h  m e r i d i a n  and 
a s  f a r  s o u t h  a s  C a l i f o r n i a .  S i g n i f i c a n t  g l a s s  and ceramic  
p r o d u c t i o n  i s  known t o  o c c u r  o n l y  i n  A l b e r t a ,  B r i t i s h  
Columbia, Washington, Oregon and C a l i f o r n i a .  A s  i n fo rma t ion  
f o r  s e l e c t e d  P a c i f i c  R i m  c o u n t r i e s  was r e a d i l y  a v a i l a b l e  and 
d u e  t o  t h e  l o c a t i o n  of t h e  NEP Claims,  t h i s  i n fo rma t ion  was 
a l s o  i n c o r p o r a t e d  i n t o  t h e  s t udy .  

The s t u d y  i s  l i m i t e d  t o  an  examinat ion of g l a s s  and ceramic  
m a r k e t s  o n l y ,  a s  a b o u t  90% o f  t h e  e x p e c t e d  m a r k e t s  f o r  
n e p h e l i n e  s y e n i t e  r e l a t e  t o  i t s  u s e  i n  t h e  manufacture  of 
g l a s s  and ce ramics .  

Study L i m i t a t i o n s  

The m a n u f a c t u r e r  o f  g l a s s  appea r s  t o  be dominated by a few 
l a r g e ,  h i g h - p r o f i l e  compan i e s  who a r e  r e a d i l y  i d e n t i f i e d ,  
t h u s  t h e  g l a s s  m a r k e t s  f o r  w e s t e r n  r e g i o n s  of  t h e  United 
S t a t e s  and Canada a r e  cons ide r ed  t o  be we l l - de f i ned  b y  t h i s  
s t udy .  On t h e  o t h e r  hand, t h e  ceramic  i n d u s t r y  is comprised 
of numerous, s m a l l ,  l ow-p ro f i l e  companies t h u s  it i s  l i k e l y  
t h a t  t h e  m a r k e t s  f o r  c e r a m i c - g r a d e  m a t e r i a l s  a r e  
s i g n i f i c a n t l y  u n d e r e s t i m a t e d  i n  t h i s  s t u d y .  Only  t h e  
s a n i t a r y  w h i t e  wear m a n u f a c t u r e r s  were i d e n t i f i e d  a s  major 
u s e r s  of ceramic-grade nephe l i ne  s y e n i t e  . 
Market Study 

Most o f  t h e  Nor th  American g l a s s  i n d u s t r y  combine  h i g h  
p u r i t y  s i l i c a  s a n d  w i t h  a s u i t a b l e  a l u m i n u s  m a t e r i a l  i n  
t h e i r  b a t c h  f o r m u l a t i o n s ,  t h e  p o i n t  be ing t h e y  buy s i l i c a  
and a lumina s e p a r a t e l y  and combine them d u r i n g  ba t ch ing .  Due 
t o  g e o l o g i c  h i s t o r y ,  western  North America has  an abundance 
of f e l d s p a t h i c  sands  ( q u a r t z - f e l d s p a r  m i x t u r e s )  and an a c u t e  
s h o r t a g e  of h i g h - p u r i t y  sands  such a s  a r e  found i n  t h e  Eas t .  
Where s i l i c a  is s c a r c e ,  f e l d s p a t h i c  sands  have a  compe t i t i ve  
e d g e  o v e r  h i g h l y - a l u m i n o u s  m a t e r i a l s  d u e  t o  t h e i r  h i g h  
s i l i c a  c o n t e n t .  There fore ,  it i s  impor tan t  t o  recogn ize  t h e  
i m p o r t a n c e  o f  b o t h  s i l i c a  and alumina s u p p l i e s  i n  a  market  
s t u d y  i nvo lv ing  nephe l i ne  s y e n i t e .  



N o r t h w e s t  M a r k e t s  

T h e  g l a s s  i n d u s t r y  i n  w e s t e r n  Canada  is  p r e s e n t l y  c o n £  i n e d  
t o  t h e  m a n u f a c t u r e  o f  c o n t a i n e r  g l a s s  a n d  f i b r e g l a s s  
i n s u l a t i o n ,  w i t h  f i v e  ( 5 )  o p e r a t i o n s  i n  A l b e r t a  a n d  B r i t i s h  
Columbia .  I n  t h e  U n i t e d  States P a c i f i c  N o r t h w e s t ,  c o n t a i n e r  
g l a s s  is  m a n u f a c t u r e d  i n  Seatt le a n d  P o r t l a n d  a n d  a new f l a t  
g l a s s  o p e r a t i o n  is coming o n - l i n e  i n  C h e h a l i s ,  W a s h i n g t o n .  

H i g h - q u a l i t y  s i l i c a  i s  s u p p l i e d  f r o m  p r o d u c e r s  i n  S e l k i r k ,  
M a n i t o b a ,  G o l d e n ,  B r i t i s h  Columbia ,  a n d  V a l l e y ,  W a s h i n g t o n .  
T h e s e  s i l i c a  d e p o s i t s  h a v e  a m p l e  r e s e - r v e s  and  are c e n t r a l l y  
l o c a t e d  w i t h  r e s p e c t  t o  t h e  m a r k e t s  t h e y  s e r v e  ( e x c e p t  f o r  
t h e  S e l k i r k  o p e r a t i o n ,  w h i c h  i s  o u t s i d e  a n d  e a s t  o f  t h e  
consuming  r e g i o n ) .  

Alumina is s u p p l i e d  t o  w e s t e r n  Canada l a r g e l y  f r o m  n e p h e l i n e  
s y e n i t e  f r o m  Nephton ,  O n t a r i o ,  a l t h o u g h  a f  e l d s p a t h i c  s a n d  
d e p o s i t  n e a r  E m m e t t ,  I d a h o ,  s u p p l i e d  t h i s  m a r k e t  p r i o r  t o  
t h e  marked  d e v a l u a t i o n  o f  t h e  C a n a d i a n  d o l l a r .  

The o n l y  i d e n t i f i e d  u s e r  o f  a l u m i n a  i n  ceramic p r o d u c t i o n  i n  
t h e  N o r t h w e s t  i s  s a n i t a r y  w h i t e  wear m a n u f a c t u r e ,  C r a n e  
C a n a d a  I n c . ,  a t  C o q u i t l a m ,  B r i t i s h  Columbia .  R e f e r e n c e  is  
made t o  T a b l e  7 o f  t h e  L o b d e l l  R e p o r t  w h i c h  s u m m a r i z e s  t h e  
s u p p l y - a n d - d e m a n d  r e l a t i o n s h i p s  f o r  a l u m i n o u s  materials i n  
t h e  N o r t h w e s t ,  

C a l i f o r n i a  M a r k e t s  

T h e  g l a s s  i n d u s t r y  i n  C a l i f o r n i a  c o n s i s t s  o f  t h r e e  ( 3 )  
f l a t - g l a s s  p l a n t s ,  t h r e e  ( 3 )  f i b r e g l a s s  p l a n t s ,  a n d  15  
c o n t a i n e r  g l a s s  m a n u f a c t u r e r s .  The l a t t e r  are c e n t e r e d  i n  
t h e  L o s  A n g e l e s / S a n  F r a n c i s c o  a-reas w i t h  much o f  t h e  
c o n t a i n e r  g l a s s  p r o d u c t i o n  b e i n g  w i n e  b o t t l e s .  

S i l i c a  s a n d  is  p r o d u c e d  f o r  i t s  own u s e  b y  O w e n s - I l l i n o i s  
Co.  i n  I o n e ,  C a l i f o r n i a  a n d  as w e l l  s u p p l y  o t h e r  c o n s u m e r s .  
S e v e r a l  p r o d u c e r s  i n  t h e  O v e r t o n ,  N e v a d a  a rea  p r o v i d e  m o s t  
o f  t h e  n o n - c a p t i v e  s i l i c a - t o  C a l i f o r n i a .  

C a l i f o r n i a  is s h o r t  o f  h i g h - q u a l i t y  s i l i c a  s a n d ,  b u t  h a s  a n  
a m p l e  s u p p l y  o f  f e l d s p a t h i c  s a n d .  R e f e r e n c e  i s  m a d e  t o  
T a b l e  8 i n  t h e  L o b d e l l  R e p o r t  f o r  d e t a i l s  o n  t h e  
supply-and-demand r e l a t i o n s h i p s  f o r  a l u m i n o u s  materials u s e d  
i n  C a l i f o r n i a  g l a s s  a n d  ceramic m a n u f a c t u r e .  



P a c i f i c  R i m  Markets 

I t  a p p e a r s  a l l  P a c i f i c  R i m  c o u n t r i e s  have  a d e q u a t e  
ind igenous  s o u r c e s  of a l u m i n o u s  m a t e r i a l  e x c e p t  A u s t r a l i a  
and p o s s i b l y  Hong Kong. J a p a n  is  known t o  have  imported 
about  6,000 s h o r t  t o n n e s  of  f e l d s p a r  from China and I n d i a  i n  
1979 and i n  a d d i t i o n ,  p roduced  500 ,000  s h o r t  t o n n e s  o f  
i n d i g e n o u s  m a t e r i a l s .  A u s t r a l i a  would a p p e a r  t o  b e  a 
p o t e n t i a l  m a r k e t  i f  t r a n s p o r t a t i o n  c o s t s  were s u f f i c i e n t l y  
low. A u s t r a l i a  h a s  imported some nephe l i ne  s y e n i t e  b u t  t h e  
e x a c t  d e t a i l s  a r e  no t  known. I t  would appear  t hen  t h a t  o n l y  
A u s t r a l i a  would o f f e r  p o t e n t i a l  s a l e s  f o r  n e p h e l i n e  s y e n i t e  
f o r  o f f s h o r e  P a c i f i c  R i m  marke t s  and t h i s  market  shou ld  be 
b e t t e r  i n v e s t i g a t e d .  

Market Eva lua t ion  

The L o b d e l l  R e p o r t  c o n s i d e r e d  d e p o s i t  l o c a t i o n ,  o r e  
r e s e r v e s ,  p h y s i c a l  and c h e m i c a l  c h a r a c t e r  o f  c h e m i c a l  
p roduc t ,  p roduc t i on  c o s t s ,  u se r  r equ i rements  and c o m p e t i t i v e  
s o u r c e s  of p roduc t  i n  o r d e r  t o  e v a l u a t e  t h e  economics of t h e  
n e p h e l i n e  s y e n i t e  p r o j e c t .  Each of  t h e s e  f a c t o r s  ha s  been 
b r i e f l y  d e s c r i b e d  below. 

Deposi t  Locat ion:  The NEP Claims are c e n t r a l l y  l o c a t e d  w i th  
r e s p e c t  t o  Northwest markets  and a l l  i n f r a s t r u c t u r a l  n e e d s  
a r e  c lose-by.  

Ore R e s e r v e s :  I n d u s t r i a l  m ine ra l  economics u s u a l l y  r e q u i r e  
a t  l e a s t  20 y e a r s  o r e  r e s e r v e s  o r  i n  t h i s  c a s e ,  one  ( 1 )  
m i l l i o n  t o n n e s .  The c o a r s e l y - c r y s t a l l i n e  n a t u r e  of t h i s  t y p e  
of an i n t r u s i v e  s t r o n g l y  s u g g e s t s  t h a t  i f  a  m a t e r i a l  s u i t e d  
t o  b e n e f  i c i a t i o n  cou ld  be l o c a t e d ,  it would l i k e l y  be  found 
i n  s u f f i c i e n t  volume t o  meet needed  o r e  r e s e r v e  
r equ i  rement s . 
P h y s i c a l  and Chemica l  Cha rac t e r  of Commercial Product :  I t  
is  e v i d e n t  t h a t  any commercial p r o d u c t  f rom t h e  N E P  C l a ims  
would have  a low sodium/potassium r a t i o  and p o s s i b l y  a  h igh  
i r o n  c o n t e n t ,  r e l a t i v e  t o  m a t e r i a l s  n o r m a l l y  u sed  i n  t h e  
m a n u f a c t u r e  o f  g l a s s .  The  N E P  C l a i m s  may a l s o  c o n t a i n  
d e l e t e r i o u s  m a t e r i a l s  s u c h  a s  r e f r a c t o r y  m i n e r a l s ,  o r  
i n t o l e r a b l e  l e v e l s  o f  i m p u r i t i e s  chromium, c o b a l t ,  
manganese, t i t a n i u m  o r  copper .  

The s o d i u m / p o t a s s i u m  r a t i o  r e p r e s e n t s  a  market ing  problem 
which t i m e  s h o u l d  s o l v e ,  a s  t h e  p r o d u c t  becomes a c c e p t e d  
th rough  usage.  



p r o d u c t i o n  C o s t s :  A s  n o  p r o c e s s i n g  m e t h o d s  o r  e q u i p m e n t  
h a v e  b e e n  i d e n t i f i e d  as s u i t a b l e ,  t h e r e  i s  n o  b a s i s  t o  
es t imate p r o d u c t i o n  c o s t s .  H o w e v e r ,  f o r  p u r p o s e s  o f  t h e  
L o b d e l l  R e p o r t ,  p r o d u c t i o n  c o s t s  f o r  t h e  NEP C l a i m s  h a v e  
b e e n  e s t i m a t e d  a t  $ 4 0  p e r  t o n  w h i c h  h a s  b e e n  c a l c u l a t e d  b y  
u s i n g  t h e  s e l l i n g  p r i c e  f o r  n e p h e l i n e  s y e n i t e  b y  I n d u s m i n  
L t d .  a n d  a d j u s t i n g  f o r  h i g h e r  waste c o s t s  w h i c h  may b e  
a s s o c i a t e d  w i t h  t h e  NEP C l a i m s .  

User R e q u i r e m e n t s  : T h e  L o b d e l l  R e p o r t  h a s  assumed  t h a t  a 
c o m m e r c i a l l y  a c c e p t a b l e  material c a n  b e  p r o d u c e d .  T h e  m o s t  
c o n t e n t i o u s  p a r t  o f  t h i s  a s s u m p t i o n  b e i n g  t h e  r e d u c t i o n  o f  
i r o n  t o  a c c e p t a b l e  l e v e l s .  

C o m p e t i t i v e  S o u r c e s :  I n  t h e  N o r t h w e s t ,  t h e r e  are t h r e e  ( 3 )  
s o u r c e s  o f  a l u m i n o u s  materials b e i n g  n e p h e l i n e  s y e n i t e  f r o m  
N e p h t o n ,  O n t a r i o ,  a n d  f e l d s p a t h i c  s a n d s  f r o m  E m m e t t ,  I d a h o ,  
a n d  Coos  Bay, Oregon.  

The n e p h e l i n e  s y e n i t e  d o m i n a t e s  t h e  C a n a d i a n  m a r k e t ,  s e l l i n g  
f o r  a b o u t  $30 p e r  t o n .  I n  Nephton a n d  l a n d i n g  i n t o  w e s t e r n  
C a n a d a  f o r  a b o u t  $ 1 1 0  t o  $ 1 3 0  p e r  t o n ,  d e p e n d i n g  upon t h e  
d e s t i n a t i o n .  The Emmett  s a n d  s e l l s  f o r  a b o u t  $ 2 1  p e r  t o n  
a n d  w o u l d  l a n d  i n t o  S e a t t l e  a n d  P o r t l a n d  f o r  a b o u t  $ 4 5  t o  
$50  p e r  t o n .  The e f f e c t i v e  l a n d e d  c o s t  o f  t h e  Emmet t  s a n d  
w o u l d  b e  o v e r  $ 1 0 0  p e r  t o n  when c o m p a r e d  t o  h y p o t h e t i c a l  
material f r o m  t h e  NEP C l a i m s .  

T h e  C a l i f o r n i a  f e l d s p a t h i c  s a n d s  w o u l d  l a n d  a t  t h e i r  
d e s t i n a t i o n s  f o r  a b o u t  $25  t o  $40 per t o n .  B e c a u s e  o f  t h e  
e x p e n s e  o f  s i l i c a ,  t h e  e f f e c t i v e  l a n d e d  c o s t s  o f  t h e s e  
materials would  b e  less i n  m o s t  cases, when compared  t o  more  
a l u m i n o u s  materials. T h e r e f o r e ,  materials h i g h  i n  a l u m i n i a  
would b e  m o s t  c o m p e t i t i v e  i n  t h e  C a l i f o r n i a  m a r k e t p l a c e  f o r  
m o s t  u s e s .  

C o n s i d e r i n g  t h e  a b o v e  f a c t o r s  a n d  a s s u m i n g  t h e  p r o d u c t i o n  
f r o m  t h e  NEP C l a i m s  h a s  a t o t a l  i r o n  c o n t e n t  l e s s  t h a n  
0.25%, it w o u l d  b e  r e a s o n a b l e  f o r  t h e  material t o  c a p t u r e  
m o s t  o f  t h e  m a r k e t  a t h r e e  ( 3 )  y e a r  p e r i o d  o r  a b o u t  2 5 , 0 0 0  
t o n s  a n n u a l l y .  

Economic A n a l y s i s  

U s i n g  t h e  a s s u m p t i o n s  as s e t  o u t  i n  t h e  s e c t i o n  a b o v e  a n d  
a s s u m i n g  t o t a l  c a p i t a l  i n f u s i o n  o f  $ 1 , 5 0 0 , 0 0 0  e x p e n d e d  
e q u a l l y  o v e r  a t h r e e  ( 3 )  y e a r  p e r i o d  t h e  L o b d e l l  R e p o r t  
bases i t s  e c o n o m i c  a n a l y s i s  u p o n  a p i l o t / s m a l l  s c a l e d  



commercial operation in year one (l), expansion to 
commercial operation in year two ( 2 ) ,  and finally in year 
three (3) permanent facility. 

Conclusions and Recommendations 

The Lobdell Report has concluded that given certain 
assumptions (which assumptions are set out on page 14 of the 
Lobdell Report), that the materials found on the NEP Claims 
are potentially economic. The Lobdell Report recommends 
that further work concentrate on determining the most 
suitable zone for development, in order to identify suitable 
processing methods, define equipment requirements and 
o~erating costs, and produce materials representative of an 
expected commercial product. Moreover, it is critical to 
demonstrate acceptable iron levels be achieved and that 
samples be sent to the glass manufacturers to test for 
deleterious minerals and substances. 

INCORPORATION WITHIN ONE YEAR PRELIMINARY EXPENSES 

As set out in the audited financial statements of the Issuer 
for the period ending October 15, 1986, as attached hereto, 
the following preliminary expenses were incurred by the 
Issuer since its incorporation on May 7, 1986; 

(a ) Deferred exploration, development 
and other expenses $51,603 

(b) Acquisition of resource properties 
for cash and shares $10,000 

(c) Administrative expenses,- including 
incorporation expenses $11,644 

PROMOTERS 

Pursuant to the definition of the Securities Act of the 
Province of British Columbia, Brian H. Scharf, Edwin A. 
Philpot, and Patrick Harrison are the promoters of the 
Issuer in that they took an active part in the organization 
of the Issuer and/or by virtue of having received more than 



1 0 %  o f  t h e  common s t o c k  o f  t h e  I s s u e r .  B r i a n  S c h a r f  
p u r c h a s e d  7 5 0 , 0 0 0  e s c r o w  s h a r e s  i n  t h e  I s s u e r  a t  $ 0 . 0 1  p e r  
share. 

ISSUANCE OF SHARES 

T h e  a u t h o r i z e d  c a p i t a l  o f  t h e  I s s u e r  c o n s i s t s  o f  10 ,000 ,000  
common s h a r e s  w i t h o u t  p a r  v a l u e .  

T h e  s e c u r i t i e s  o f f e r e d  b y  t h i s  P r o s p e c t u s  are common s h a r e s  
o f  t h e  I s s u e r .  E a c h  common s h a r e  o f  t h e  I s s u e r  r a n k s  
e q u a l l y  a s  t o  d i v i d e n d s ,  v o t i n g  r i g h t s ,  p a r t i c i p a t i o n  a n d  
assets a n d  i n  a l l  o t h e r  respects. Each common s h a r e  car r ies  
o n e  v o t e  per s h a r e  a t  m e e t i n g s  o f  t h e  s h a r e h o l d e r s  o f  t h e  
I s s u e r .  T h e s e  are no  i n d e n t u r e s  o r  a g r e e m e n t s  l i m i t i n g  t h e  
p a y m e n t  o f  d i v i d e n d s  a n d  t h e r e  a re  n o  c o n v e r s i o n  r i g h t s ,  
s p e c i a l  l i q u i d a t i o n  r i g h t s ,  p r e e m p t i v e  r i g h t s  o r  
s u b s c r i p t i o n  r i g h t s  a t t a c h e d  t o  t h e  common s h a r e s .  T h e  
s h a r e s  p r e s e n t l y  i s s u e d  a re  n o t  s u b j e c t  t o  a n y  c a l l s  o r  
a s s e s s m e n t s  a n d  t h e  s h a r e s  o f f e r e d  u n d e r  t h i s  P r o s p e c t u s  
w i l l  n o t  b e  s u b j e c t  t o  a n y  ca l l s  o r  a s s e s s m e n t s .  

DIVIDEND POLICY 

No d i v i d e n d s  h a v e  b e e n  p a i d  o n  a n y  s h a r e s  o f  t h e  I s s u e r  
s i n c e  t h e  d a t e  o f  i n c o r p o r a t i o n  n o r  is it i n t e n d e d  t o  p a y  a 
d i v i d e n d  o n  a n y  o f  i t s  s h a r e s  i n  t h e  i m m e d i a t e  f u t u r e .  

DIRECTORS AND OFFICERS 

T h e  f o l l o w i n g  are t h e  f u l l  names,  home a d d r e s s e s ,  p o s i t i o n s  
w i t h  t h e  I s s u e r  a n d  p r i n c i p a l  o c c u p a t i o n s  w i t h i n  t h e  
p r e c e d i n g  f i v e  y e a r s  o f  a l l  o f  t h e  d i r e c t o r s  a n d  o f f i c e r s  o f  
t h e  I s s u e r :  

N a m e ,  A d d r e s s  a n d  
P o s i t i o n  w i t h  I s s u e r  

P r i n c i p a l  O c c u p a t i o n  f o r  
t h e  P a s t  F i v e  Years 

BRIAN HOWARD SCBARF * 
2277 M c G i l l  Street 
V a n c o u v e r ,  B.C. 
V6E 1El  
PRESIDENT AND DIRECTOR 
CHIEF EXECUTIVE AND 
FINANCIAL OFFICER 

S c h o o l  t e a c h e r  f o r  t h e  p a s t  
1 8  y e a r s ;  Director o f  
H e n n e s s e y  R e s o u r c e s  L t d . ,  
Time S q u a r e  R e s o u r c e s  L t d . ,  
a n d  Golden  C o i n  R e s o u r c e s  
L t d . ,  1985-1986. 



EDWIN ALEXANDER PHILPOT * 
#51 - 1122 Haro Street 
Vancouver, B.C. V5J 1Z6 
DIRECTOR AND PROMOTER 

PATRICK THOMAS HARRISON * 
700 - 675 West Hastings Street 
Vancouver, B.C. 
V6B 1N2 
DIRECTOR AND PROMOTER 

RONDA JAY ROSS 
19459 - 0 Avenue 
R. R .  #8  
Surrey, B.C. 
V3S 559 
SECRETARY 

Salesman for The Printers 
1986 to Present; Salesman for 
Schuman Harte 1975-1985. 

Member of Vancouver School 
Board 1981-1986. 

Self-employed Business 
Consultant to reporting 
companies. 

* Denotes members of the Audit Committee. 

Certain of the directors of the Issuer also serve a3 
directors of other companies involved in natural resource 
development. Accordingly, it may occur that certain natural 
resource properties will be offered to both the Issuer and 
such other companies and that the Issuer and such other 
companies will be participating in the same properties. In 
order to avoid the possible conflict of interest which may 
arise between the directors' duties to the Issuer and their 
duties to the other companies on whose Boards they serve, 
the directors and officers have agreed to the following: 

(a) Participation in natural resource prospects 
offered to the directors- will be allocated between 
the various companies on the basis of prudent 
business judgment and the relative financial 
abilities and needs of the companies t~ 
participate; and 

(b) Prospects formulated by or through the other 
companies in which the directors and officers as 3 

involved will not be offered to the Issuer excep: 
on the same or better terms than the basis o : ~  
which they are offered to third party participants 
and no commissions or other considerat ion will b,? 
paid to such directors and officers. 

The Issuer has retained Charles K. Ikona, Geologist, as a 
consultant with respect to geological matter. 



EXECUTIVE COMPENSATION 

The I s s u e r ,  a t  t h e  p r e s e n t  t i m e  h a s  one  ( 1 ) e x e c u t i v e  
o f f i c e r .  During t h e  most r e c e n t l y  completed f i n a n c i a l  y e a r  
a  management f e e  i n  t h e  t o t a l  amount of  $8,000 was pa id  t o  
t h e  e x e c u t i v e  o f f i c e r  f o r  managing t h e  a f f a i r s  o f  t h e  
I s s u e r .  The re  have been no i n c e n t i v e  s t o c k  o p t i o n s  g r a n t e d  
t o  t h e  d i r e c t o r s  o r  e x e c u t i v e  o f f i c e r  d u r i n g  t h e  r e c e n t l y  
c o m p l e t e d  f i n a n c i a l  yea r .  Reference  i s  made t o  t h e  heading 
"Escrowed Shares"  f o r  d e t a i l s  of s h a r e s  i s sued  as  p r i n c i p a l  
s h a r e s .  

ESCROWED SBARES 

Designat  i on  
of  Class 

No. of  Shares  Percen tage  
he ld  i n  Escrow of Issued Shares  

Common 750,000 65.21% 

A s  a t  t h e  d a t e  of  t h i s  P ro spec tu s  750,000 s h a r e s  a r e  he ld  i n  
e s c r o w  b y  M o n t r e a l  T r u s t  Company, 510 B u r r a r d  S t r e e t ,  
Vancouve r ,  B r i t i s h  Columbia ,  V6C 3 B 9  s u b j e c t  t o  t h e  
d i r e c t i o n  o r  de t e rmina t i on  of t h e  Supe r in t enden t  o f  B r o k e r s  
f o r  B r i t i s h  Columbia ( t h e  "Supe r in t enden t " )  p r i o r  t o  l i s t i n g  
of t h e  Company's s h a r e s  on t h e  Vancouver Stock Exchange ( t h e  
"Exchange" )  ; a n d ,  a f t e r  l i s t i n g ,  t o  t h e  d i r e c t  i o n  of  t h e  
Exchange. 

The e s c r o w  r e s t r i c t i o n s  p r o v i d e  t h a t  t h e  s h a r e s  h e l d  i n  
e s c r o w  may n o t  be  t r a d e d  i n ,  d e a l t  w i t h  i n  a n y  manner 
w h a t s o e v e r  o r  r e l e a s e d ,  no r  may t h e  I s s u e r ,  i t s  t r a n s f e r  
agen t  o r  an escrow h o l d e r  make a n y  t r a n s f e r  o r  r e c o r d  a n y  
t r a d i n g  o f  s h a r e s  wi thou t  t h e  consen t  of  t h e  Supe r in t enden t  
( p r i o r  t o  l i s t i n g  of t h e  I s s u e r ' s  s h a r e s  on t h e  Exchange) o r  
t h e  Exchange ( a f t e r  l i s t i n g ) .  

The escrow arrangements  a l s o  p rov ide ,  among o t h e r  m a t t e r s ,  

( a )  f o r  a  p r o - r a t a  r e l e a s e  of s h a r e s  a t  t h e  d i s c r e t i o n  
o f  t h e  a p p r o p r i a t e  r e g u l a t o r y  a u t h o r i t i e s  based 
upon a  formula a c c e p t a b l e  t o  t h e  Supe r in t enden t ;  

( b )  t h e  c o n s e n t  o f  t h e  a p p r o p r i a t e  r e g u l a t o r y  
a u t h o r i t y  t o  e f f e c t  a  t r a n s f e r  of r e g i s t r a t i o n  o f  
s u c h  s h a r e s  h e l d  w i t h i n  e s c r o w  t o  s u c c e e d i n g  
p r i n c i p a l s  ; and 



t h a t  a n y  e s c r o w  s h a r e s  n o t  r e l e a s e d  a t  t h e  e n d  o f  
t e n  ( 1 0 )  y e a r s  f r o m  t h e  d a t e  o f  i s s u a n c e  b y  t h e  
S u p e r i n t e n d e n t  o f  a r e c e i p t  f o r  a p r o s p e c t u s  
r e l a t i n g  t o  t h e  I s s u e r ' s  f i r s t  p r i m a r y  
d i s t r i b u t i o n  t o  t h e  p u b l i c  s h a l l  b e  c a n c e l l e d .  

The c o m p l e t e  t e x t  o f  t h e  e s c r o w  a g r e e m e n t  i s  a v a i l a b l e  f o r  
i n s p e c t  i o n  a t  t h e  r e g i s t e r e d  o f f  i c e  o f  t h e  I s s u e r ,  
1 6 0 0  - 609  G r a n v i l l e  S t r e e t ,  V a n c o u v e r ,  B r i t i s h  C o l u m b i a .  

POOLED SHARES 

O t h e r  t h a n  t h e  s h a r e s  a c q u i r e d  b y  a n  a s s o c i a t e  o f  t h e  A g e n t ,  
as m o r e  p a r t i c u l a r l y  d e s c r i b e d  u n d e r  t h e  h e a d i n g  " P r i n c i p a l  
H o l d e r s  o f  S e c u r i t i e s " ,  t h e r e  a r e  n o  s h a r e s  o f  t h e  I s s u e r  
h e l d  i n  p o o l .  

PRINCIPAL HOLDERS OF SECURITIES 

A s  a t  t h e  d a t e  o f  t h i s  P r o s p e c t u s ,  t h e  f o l l o w i n g  a r e  
p a r t i c u l a r s  o f  t h e  h o l d e r s  o f  1 0 %  o r  m o r e  o r  t h e  i s s u e d  
s h a r e s  o f  t h e  I s s u e r :  

D e s i g n a t  i o n  
N a m e  a n d  A d d r e s s  o f  Class 

B r i a n  Howard Common 
S c h a r  f  

306-2277 M c G i l l  
S t r e e t  

V a n c o u v e r ,  BC 
V5L 1C3 

Type  o f  No. o f  P e r c e n t a g e  
O w n e r s h i p  S h a r e s  I s s u e d  S h a r e s  

Direct 7 5 0 , 0 0 0  6 5 . 2 1 %  

T h e  D i r e c t o r s  a n d  S e n i o r  O f f i c e r s ,  a s  a g r o u p ,  own d i r e c t l y  
o r  i n d i r e c t l y  t h e  f o l l o w i n g  p e r c e n t a g e  o f  w i t h o u t  par  v a l u e  
s h a r e s  o f  t h e  I s s u e r :  

D e s i g n a t i o n  o f  Class 

Common 

P e r c e n t a g e  o f  Class 

An a s s o c i a t e  o f  t h e  A g e n t  h a s  p u r c h a s e d  a n  a g g r e g a t e  o f  
4 0 , 0 0 0  s h a r e s  o f  t h e  I s s u e r  a t  a p r i c e  o f  $ 0 . 2 5  p e r  s h a r e .  
T h e  h o l d e r  o f  t h e s e  s h a r e s  h a s  u n d e r t a k e n  n o t  t o  s e l l  o r  
o t h e r w i s e  d e a l  w i t h  t h e  s h a r e s  u n t i l  t h e  e x p i r a t i o n  o f  s i x  



( 6 )  months  f r om t h e  d a t e  of  l i s t i n g  and no s h a r e s  a cqu i r ed  
du r ing  t h e  non- repor t ing  s t a g e  w i l l  b e  s o l d  u n t i l  a t  l e a s t  
s e v e n  ( 7 )  d a y s  a f t e r  n o t i c e  o f  t h e  i n t ended  sale  is f i l e d  
wi th  t h e  Supe r in t enden t  and  t h e  Exchange and s u c h  s a l e  o f  
s h a r e s  s o  acqu i r ed  t o  be l i m i t e d  t o :  

( a )  25% w i t h i n  t h e  f i r s t  t h r e e  ( 3 )  months  a f t e r  t h e  
e x p i r y  o f  s i x  ( 6 )  months fo l l owing  l i s t i n g  on t h e  
Exchange ; and 

( b )  n o t  more t h a n  25 ,000  s h a r e s  each t h r e e  ( 3 )  month 
pe r i od  t h e r e a f t e r .  

PRIOR SALES 

Shares  f o r  Cash: 

The f o l l o w i n g  i s  a  summary of  t h e  s h a r e s  a l l o t t e d  f o r  c a sh  
by t h e  I s s u e r  d u r i n g  t h e  p e r i o d  f rom i t s  i n c o r p o r a t i o n  on 
May 7,  1986 t o  t h e  d a t e  of  t h i s  P rospec tus :  

Number of 
Shares  

P r i c e  p e r  
Share  

INTEREST OF MANAGEMENT AND OTHERS 
IN MATERIAL TRANSACTIONS 

The d i r e c t o r s  and o f f i c e r s  o f  the I s s u e r  h a v e  no o t h e r  
i n t e r e s t  i n  a n y  m a t e r i a l  t r a n s a c t i o n s  i n  which t h e  I s s u e r  
ha s  p a r t i c i p a t e d  o r  i n t e n d s  t o  p a r t i c i p a t e  a t  t h i s  t i m e ,  
o t h e r  t h a n  a s  d i s c l o s e d  i n  t h i s  P rospec tus .  

AUDITORS, TRANSFER AGELJT AND REGISTRAR 

The a u d i t o r s  o f  t h e  I s s u e r  a r e  Smythe,  R a t c l i f f e  & 
A s s o c i a t e s ,  C h a r t e r e d  A c c o u n t a n t s ,  o f  7 t h  F l o o r ,  Mar ine  
Bui ld ing ,  355 Burrard  S t r e e t ,  ~ a n c o u v e r  , B r i t i s h  ~ o l u m b i a ,  
V6C 2G8. 



The t r a n s f e r  a g e n t  and r e g i s t r a r  of t h e  I s s u e r  is  Montreal  
T r u s t  Company, o f  5 10 B u r r a r d  S t r e e t ,  Vancouver ,  B r i t i s h  
Columbia, V6C 3B9m 

MATERIAL CONTRACTS 

Escrow Agreement da t ed  October 7, 1986, r e f e r  t o  t h e  heading 
"Escrowed Shares" .  

Agency Agreement d a t e d  December 3,  I986 a s  amended March 3, 
1987 r e f e r  t o  t h e  h e a d i n g  " S h a r e  O f f e r i n g  and P l a n  o f  
D i s t r i b u t i o n "  . 
Ass ignment  Agreement d a t e d  May 8 ,  1986 be tween  Racer  
R e s o u r c e s  L t d .  and t h e  I s s u e r ,  r e f e r  t o  t h e  h e a d i n g  
" P r o p e r t i e s  of t h e  I s s u e r " .  

Amending Agreement d a t e d  Sep tember  30, 1986 between Racer 
Resources Ltd , Richard Addison, Okanagan Nephel i n e  Ltd  . and 
t h e  I s s u e r ,  r e f e r  t o  t h e  heading  r roper ties of t h e  I s s u e r " .  

Examination of marke t s  f o r  Nepheline S y e n i t e  d a t e d  O c t o b e r ,  
1986, r e f e r  t o  t h e  heading " P r o p e r t i e s  of t h e  I s s u e r " .  

L e t t e r  Agreement d a t e d  March 10,  1987 be tween  t h e  Company 
and C h a r l e s  I k o n a ,  G e o l o g i s t ,  r e f e r  t o  t h e  heading "Use of 
Proceeds' '  . 
T h e r e  a r e  no m a t e r i a l  c o n t r a c t s  excep t  a s  d i s c l o s e d  i n  t h i s  
P ro spec tu s ,  o r  e n t e r e d  i n t o  i n  t h e  o r d i n a r y  c o u r s e  of  t h e  
I s s u e r  I s  b u s i n e s s ,  a l l  o f  which may b e  i n s p e c t e d  a t  t h e  
r e g i s t e r e d  and r e c o r d s  o f f i c e  of t h e  I s s u e r  a t  S u i t e  1600,  
609 G r a n v i l l e  S t r e e t ,  Vancouver ,  B r i t i s h  Columbia du r ing  
no rm a l  b u s i n e s s  h o u r s  w h i l e  p r i m a r y  d i s t r i b u t i o n  o f  t h e  
s h a r e s  o f f e r e d  h e r e u n d e r  is i n  p r o g r e s s  and f o r  t h e  pe r i od  
of t h i r t y  ( 3 0 )  days  t h e r e a f t e r .  

STATUTORY RIGHTS OF RESCISSION AND WITHDRAWAL 

The B r i t i s h  Columbia S e c u r i t i e s  A c t  ( t h e  " A c t "  ) , p r o v i d e s  
p u r c h a s e r s  w i t h  a  r i g h t  of a c t i o n  f o r  damages o r  r e s c i s s i o n  
a g a i n s t  a  d e a l e r  who does  n o t  send t h e  pu rchase r :  

( a )  b e f o r e  e n t e r i n g  i n t o  t h e  w r i t t e n  c o n f i r m a t i o n  of t h e  
s a l e  a g r e e m e n t  r e s u l t i n g  f rom t h e  o r d e r  o r  
s u b s c r i p t  i o n ,  o r  

( b )  n o t  l a t e r  t h a n  m i d n i g h t  on t h e  s e c o n d  b u s i n e s s  d a y  
a f t e r  e n t e r i n g  i n t o  t h e  agreement,  



t h e  l a t e s t  p r o s p e c t u s  r e s p e c t i n g  t h e  s e c u r i t y .  The 
pu rchase r  a l s o  ha s  t h e  r i g h t  t o  w i thd raw  f rom a n  a g r e e m e n t  
t o  p u r c h a s e  s e c u r i t i e s  w i t h i n  two  ( 2 )  b u s i n e s s  days  a f t e r  
r e c e i p t  o r  deemed r e c e i p t  of a p ro spec tu s .  

The A c t  a l s o  p r o v i d e s  a  purchase r  w i th  a r i g h t  of a c t i o n  f o r  
damages  o r  r e s c i s s i o n  o f  a  p r o s p e c t u s  c o n t a i n i n g  a 
m i s r e p r e s e n t a t i o n .  

The r e m e d i e s  p r o v i d e d  i n  t h e  Act  mus t  be e x e r c i s e d  by t h e  
pu rchase r  w i th in  t h e  t i m e  l i m i t s  p r e s c r i b e d  i n  t h e  A c t  and 
R e g u l a t i o n s .  The p u r c h a s e r  should  r e f e r  t o  t h e  p r o v i s i o n s  
of t h e  A c t  f o r  t h e  p a r t i c u l a r s  o f  t h e s e  r i g h t s  o r  c o n s u l t  
wi th  a lawyer .  





SMVTHE RATCUFFE & ASSOCIATES 
CHARTERED ACCOUNTANTS 

AUDITORS' REPORT 

To The Directors 
Nepheline Resources Ltd. 

We have examined the balance sheet of Nepheline Resources Ltd. as at 
October 15, 1986 and the statements of deferred exploration and 
administrative expenditures and changes in financial position for the 
initial 161 day period then ended. Our examination was made in 
accordance with generally accepted auditing standards, and accordingly 
included such tests and other procedures as we considered necessary in 
the circumstances. 

In our opinion, these financial statements present fairly the 
financial position of the company as at October 15, 1986 and the 
results of its operations and the changes in its financial position 
for the initial period then ended in accordance with generally 
accepted accounting principles. 

A 

VANCOUVER, B.C. 
April 13, 1987 v CHARTERED ACCOUNTANTS 



NEPHELINE RESOURCES LTD. 

BALANCE SHEET 

October 15, 1986 

ASSETS 

CASH 

INVESTMENT IN MINERAL PROPERTY OPTION (Notes 3, 4 and 6) 

DEFERRED EXPLORATION AND ADMINISTRATIVE EXPENDITURES 

ACCOUNT PAYABLE 

CAPITAL STOCK (Note 5) 

COMMITMENT (Note 6 )  

I Approved by the Directors: 

LIABILITY 

SHAREHOLDERS' EQUITY 

See notes to financial statements. 



NEPHELINE RESOURCES LTD. 

STATEMENT OF DEFERRED EXPLORATION AND ADMINISTRATIVE EXPENDITURES 

For the Initial 161 Day Period Ended October 15, 1986 

EXPLORATION 
Mineral property 

ADMINISTRATIVE 
Management fee 
Office and miscellaneous 
Aud it 
Incorporation costs 
Director's fee 
Bank charges 

DEFERRED EXPLORATION AND ADMINISTRATIVE EXPENDITURES 
AT END OF PERIOD 

See notes to financial statements. 



STATEMENT OF CHANGES IN FINANCIAL POSITION 

For the Initial 161 Day Period Ended October 15, 1986 

NEPHELINE RESOURCES LTD. 

INVESTMENT ACTIVITIES 
Deferred exploration and administrative expenditures 
Acquisition of mineral properties 
Account payable 

FINANCING ACTIVITY 
Shares issued for cash 
Shares subscribed for cash 

CASH AT END OF PERIOD 

See notes to financial 'statements. 



NEPHELINE RESOURCES LTD. 

NOTES TO FINANCIAL STATEMENTS 

For the Initial 161 Day Period Ended October 15, 1986 

SIGNIFICANT ACCOUNTING POLICIES 

( a )  General: 

The company is in the development stage and has yet to generate 
significant revenues. 

(b) Deferred exploration and administrative expenditures: 

The company defers all expenditures until such time as a mineral property 
commences production on a commercial basis, is sold or abandoned. 

Upon attainment of commercial production from a property, applicable 
deferred expenditures will be depleted by the unit of production method, 
based upon the property's total estimated reserves. 

Upon sale or abandonment of a property, the net gain or loss arising from 
disposal will be charged against earnings. 

Expenditures are recorded at cost to the company. 

INCORPORATION 

The company was incorporated May 7, 1986 under the Laws of the Province of 
British Columbia. 

REALIZATION OF ASSETS 

The interest in mineral property and deferred exploration and administrative 
expenditures comprise a significant portion of the company's assets. 

Realization of the company's investment in these assets is dependent upon the 
attainment of successful production from the properties or from the proceeds 
of their disposal. 

INVESTMENT IN MINERAL PROPERTY OPTION 

NEP Claims, Osoyoos Mining Division, 
British Columbia 

Acquired for cash 



NEPHELINE RESOURCES LTD. 

NOTES TO FINANCIAL STATEMENTS 

For t h e  I n i t i a l  161 Day Per iod  Ended October 15,  1986 

5 .  CAPITAL STOCK 

Authorized:  
10,000,000 Common s h a r e s  wi thout  p a r  va lue  

I s sued :  
1  Common s h a r e  

Subscr ibed:  
1,150,000 Common s h a r e s  

During t h e  pe r i od ,  t h e  company: 

( i )  i s sued  1 common s h a r e  f o r  $1.00 cash ;  

( i i )  a l l o t t e d  400,000 common s h a r e s  f o r  $100,000 cash ;  and 

( i i i )  a l l o t t e d  750,000 common s h a r e s  t o  be he ld  i n  escrow f o r  $7,500 
cash.  

6 .  COMMITMENT 

The company has  agreed t o  a cqu i r e  a  75% j o i n t  ven ture  i n t e r e s t  i n  n ine  mineral  
c la ims  i n  t h e  Osoyoos Mining D iv i s i on ,  B r i t i s h  Columbia. The agreement c a l l s  
f o r  t h e  company t o  expend $100,000 on e x p l o r a t i o n  and development work, on o r  
i n  r e s p e c t  of t h e  Proper ty  before  February 7 ,  1989 i n  o r d e r  t o  e x e r c i s e  a  
f i r s t  o p t i o n  f o r  a  50% j o i n t  ven tu r e  i n t e r e s t ,  and t o  commence commercial 
p roduc t ion  before  November 1 ,  1990 t o  e x e r c i s e  a  second o p t i o n  f o r  a  f u r t h e r  
25% j o i n t  ven tu r e  i n t e r e s t .  



GEOLOGICAL REPORT 

NEP CLAIM GROUP 

Osoyoos Mining  D i v i s i o n  

NTS 82-E/4 

4g02 'N,  11g035'W 

f o r  

N e p h e l i n e  R e s o u r c e s  L i m i t e d  

John G .  Payne ,  PhD. 

877 L i l l o o e t  Road, 
N o r t h  Vancouver ,  B . C . ,  

V7J 2H6 

September  1986 



GEOLOGICAL REPORT 

NEP CLAIM GROUP 

Osoyoos Mining D i v i s i o n  

A Nephe l ine  S y e n i t e  P r o s p e c t  

NTS 82-E/4 

4g02'N,  119'35'-W 

INTRODUCTION 

A t  t h e  r e q u e s t  o f  Nephe l ine  Resources  L t d . ,  I examined t h e  
NEP c l a i m  g roup  between May 20 th  and 2 4 t h ,  1986.  P r e v i o u s l y ,  on  
November 1 3 t h ,  1985,  I had made a p r e l i m i n a r y  e x a m i n a t i o n  o f  t h e  
p r o p e r t y .  The p u r p o s e  o f  t h e  s t u d y  was t o  map i n  d e t a i l  t h e  
geo logy  o f  t h e  n e p h e l i n e  s y e n i t e  and s u r r o u n d i n g  r o c k s ,  and  t o  
make a  p r e l i m i n a r y  tonnage  estimate o f  t h e  d e p o s i t .  The f i e l d  
e x a m i n a t i o n  w a s  f o l l o w e d  by a p e t r o g r a p h i c  e x a m i n a t i o n  o f  53  
t h i n  s e c t i o n s  t o  d e t e r m i n e  t h e  mine ra logy  o f  t h e  d e p o s i t ,  i n  
p a r t i c u l a r  w i t h  r e f e r e n c e  t o  m i n e r a l  z o n a t i o n ,  which migh t  be  
i m p o r t a n t  i n  terms o f  s e p a r a t i o n  o f  Fe -bea r ing  m i n e r a l s .  
E leven  l a r g e  g r a b  samples  were c o l l e c t e d  f o r  whole r o c k  a n a l y s i s ' .  
A d i a m o n d - d r i l l  program was c a r r i e d  o u t  t o  b e g i n  t o  c o n f i r m  t h e  
tonnage  estimate based  on g e o l o g i c a l  d a t a .  A t o t a l  o f  1000 f e e t  
of  d r i l l i n g  w a s  comple ted  i n  t h r e e  h o l e s .  

Nephe l ine  s y e n i t e  i s  s o u g h t  i n  l a r g e  q u a n t i t y  by t h e  g l a s s  
i n d u s t r y ,  and t o  a  lesser e x t e n t  by t h e  c e r a m i c  i n d u s t r y .  I t  i s  
f i n d i n g  i n c r e a s i n g  u s e  a s  a  f i l l e r  i n  many o t h e r  i n d u s t r i a l  
p r o d u c t s ,  i n c l u d i n g  p a i n t ,  p l a s t i c ,  p a p e r ,  and foam. I n  t h e  
g l a s s  i n d u s t r y ,  it i s  p r e f e r r e d  t o  f e l d s p a r  because  o f  i t s  lower 
m e l t i n g  t e m p e r a t u r e  ( b e c a u s e  o f  i t s  h i g h e r  c o n t e n t  o f  a l k a l i s ) ,  
which r e d u c e s  f u e l  consumption and l e n g t h e n s  t h e  l i f e  of  r e f r a c t o r y  
l i n e r s  i n  f u r n a c e s .  

Indusmin ,  a t  Blue Mountain,  O n t a ~ i o ,  i s  t h e  o n l y  p r o d u c e r  of  
n e p h e l i n e  s y e n i t e  i n  Canada, and few o t h e r s  e x i s t  i n  t h e  wor ld .  A 
s o u r c e  o f  n e p h e l i n e  s y e n i t e  i n  Western Canada would be i n  a f a v o r -  
a b l e  p o s i t i o n  t o  s u p p l y  m a r k e t s  i n  Western U . S . A .  and Canada, a s  
w e l l  a s  t h e  P a c i f i c  R i m  c o u n t r i e s .  

LOCATION AND ACCESS (see F i g u r e  1) 

The d e p o s i t  o u t c r o p s  a t  e l e v a t i o n s  between 970 and 1228 m .  
on t o p  o f  and a l o n g  t h e  e a s t e r n  f l a n k  of  a  broad  r i d g e  10 km. 
w e s t  o f  t h e  town o f  Osoyoos i n  s o u t h - c e n t r a l  B . C .  Access  by r o a d  
from t h e  j u n c t i o n  o f  Highways 3 and 9 7  j u s t  n o r t h  of  Osoyoos i s  
a s  f o l l o w s :  

1) w e s t  on  Hwy 3 f o r  6 . 6  km; l e f t  t u r n  up paved r o a d  i n t o  
Osoyoos E s t a t e s  hous ing  development .  

2 )  a t  1 . 7  km., j u s t  p a s t  t h e  end of  pavement,  l e f t  t u r n  o n t o  
a  g r a v e l  r o a d  l e a d i n g  t o  Blue Lake and K i l p o o l a  Lake. 

3)  a t  5.4 km., f o l l o w  road  s t r a i g h t  a h e a d ,  j u s t  ahead  keep 
t o  t h e  r i g h t  f o r k ,  and a t  0 .9 km. keep  t o  t h e  l e f t  o n e .  

4 )  a t  0 . 7  km. from l a s t  f o r k ,  s h a r p  r i g h t  t u r n  up winding  
r o a d .  
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5) at 2.05 km., left turn at junction, continue on narrow road 
which climbs to the top of the ridge in the middle of the 
property (this is main road on property map - Figure 4). 

CLAIM DATA (see Figure 2) 

The NEP claim block is a 3 x 3 block staked by Walter Bonin 
on May 24, 1985, and in good standing [Claim No. 2236(5)]. The 
northeast corner bears the mining tag number 78111. 

TOPOGRAPHY and VEGETATION 

Semi-arid, sage- and grass-covered highland valleys to the 
south rise abruptly to prominent, barren cliffs and sparsely 
forested ridges to the north. Further north, outcrop decreases 
in abundance; vegetation is dominated by a thin to moderate 
coniferous forest, from which the largest trees have been removed 
by logging. Still further north, outcrop is minimal in a gently 
northerly sloping region covered by a moderate coniferous forest. 

EXPLORATION HISTORY 

1963 Aug. 29: Buck 1-3 claims staked by Ken Butler; nepheline 
syenite was sampled and analysed by B.C. Research Council 
and by International Minerals and Chemical Corp. 
Beneficiation methods were tested by the Minerals Resource 
Branch, Dept. of Energy, Ottawa. 

1971 Sept. 10: claims lapsed 

1972 Mar. 29: Buck 1-4 claims staked by Bethlehem. Several small 
pits were blasted and sampled for chemical analysis and 
metallurgical study. Geological mapping was done by 
J.R. Bellamy (only part of his report is available, and is 
not of much value). 

1984 May: claims staked by Denis Atkinson. 

1985 May 24: NEP claims staked by waiter Bonin, ownership 
transferred to Okanogan Nepheline. 



LEGEND (Unite near Yruger Mountain) 

Cretaceous (? )  

15 Nelson Plutonic Rocks: d i o r i t e -  
granite ,  ryeni te ,  w n z o n i t e ,  
nepheline ryeni te  

Carboniferous ( 1 )  

4 Kobau Group: quartz i te ,  s c h i s t ,  
greens tone 

Paleozoic (?)  

1 llonashee group: layered paragneirr, 
minor r c h i s t ,  aaphibol i te .  
quartz i te ,  marble, pegmatite 

I 

MAP 15-1961 



REGIONAL GEOLOGY (see Figure 3 ) 

Bostock (1929-1930) prepared Keremeos Map 341A at a scale of 
1:63,360. Little (1961) published the geology of Kettle River 
(West Half) as G.S.C. Map 15-1961. 

Between Osoyoos and the Similkameen valley to the west, 
Little mapped two major units, the Kobau group and the Nelson 
intrusions. The Carboniferous? Kobau group consists of metamor- 
phosed siliceous sediments and intermediate volcanic rocks. They 
strike north-south and dip moderately to locally steeply to the 
west. Further north the unit is more complexly folded. A major 
fault along the Okanogan Valley juxtaposes these rocks against 
tightly contorted paragneiss of the Early Paleozoic Monashee group. 
In the latter unit, axial planes of isoclinal folds generally are 
relatively flat-lying. 

The Kobau group rocks are intruded by plutons and batholiths 
of Jurassic to Cretaceous age (Nelson intrusions). An earlier 
nepheline syenite to syenite unit forms sills in the Kobau group. 
Later plutonic rocks include diorite and quartz monzonite; some 
of these show a moderate to prominent penetrative foliation. The 
rocks of the Kobau group show moderate contact metasomatism or 
metamorphism along the borders of the Nelson intrusions. 

North of the map area is a large basin of Tertiary volcanic 
rocks, described as the Penticton Tertiary Outlier by Church, 1979. 
A few minor stocks and dikes of dacite porphyry in the map area 
may belong to this unit. 

DETAILED GEOLOGY (see Figure 4, inside back cover) 

Kobau group rocks (Unit 1) include metamorphosed intermediate 
to basic volcanic rocks, and fine grained clastic to cherty meta- 
sedimentary rocks. Three main subunits form mappable zones, and 
may indicate a stratigraphic sequence. 

To the east (at the base? of the section) is subunit lb, a 
finely laminated, generally lensy metas-edimentary-exhalative rock 
dominated by pale green to grey lenses and beds of chert, generally 
less than 7 mm. in thickness. These are separated by thinner beds 
and seams of mafic-rich material dominated by hornblende or biotite/ 
chlorite. Locally, especially along the base of the Eastern sill 
of nepheline syenite, subunit lb grades into subunit la, a dark 
green to black amphibolite consisting of similar material to that 
in the mafic-rich zones of subunit lb. Grain size and abundance of 
hornblende increases towards the border of the nepheline syenite 
sill, suggesting a contact metamorphic halo in the hornblende 
hornfels metamorphic facies. 

Above the Eastern sill, and mainly at the southern end of the 
area is subunit Id, a porphyritic meta-dacite to meta-andesite, 
with abundant plagioclase phenocrysts less than 1 mm. across in an 
extremely fine grained groundmass. It commonly shows a hornfelsic 
texture. Above (to the west) and to the north, subunit Id grades 
into subunit lc. 

Subunit lc is a very fine grained siltstone to tuffaceous 
siltstone of intermediate composition. Variations in texture 
reflect original variations and variations due to different degrees 



of metamorphism. Locally the subunit is gneissic (subunit lcg), 
with a moderate segregation of felsic and mafic minerals into 
wispy lenses. In the field, some of the rocks are difficult to 
distinguish from finer grained varieties of nepheline syenite. 
Between East and Main sills, subunit lc commonly is silicified, 
with a hornfelsic texture (subunit lch), and locally contains 
abundant, extremely fine grained, disseminated pyrite. 

Rocks of the Kobau group are intruded by at least three ages 
of plutonic rocks, which in the absence of radiometric dates, are 
grouped as Jurassic-Cretaceous. The oldest consists of sills of 
nepheline syenite and lesser syenite (Kruger alkalic rocks) 
(Unit 2). This was intruded by plutons of medium to coarse grained 
diorite and much less gabbro (Unit 3). Younger plutonic rocks 
consist of small stocks and dikes of mozonite and pegmatite (Unit 4). 

The Kruger alkalic rocks form sills mainly conformable to 
foliation in themselves and in the Kobau group rocks. Four main 
sills are designated East, Main, South, and Northwest. 

The sills, particularly the larger two (Main and East), have 
a very fine to fine grained border zone (subunit 2a), which grades 
inwards into a fine to medium grained zone (subunit 2b). This in 
turn grades inwards to a medium to coarse grained core (subunit 2c) 
with local pegmatite patches. In East sill towards the north, white 
to bluish grey nepheline syenite (mainly subunit 2b) appears to. 
grade into cream-colored to pink syenite (subunit 2d) with decreasing 
content of nepheline and increasing content of plagioclase. Thin 
section study of a few samples from this region show that many of 
the rocks classified as syenite in the field actually are nepheline 
syenite. Further work must be done to determine the northern limit 
of nepheline syenite in the East sill. 

Near the base of East sill is an unusual zone exposed in two 
outcrops. It is characterized by unfoliated, coarse to pegmatitic 
K-feldspar with interstitial mafic minerals, and lesser plagioclase 
and nepheline. The larger occurrence is a 4-meter wide band parallel 
to foliation in surrounding rocks of subunit 2a. The smaller is a 
2-meter wide outcrop which grades upwards into subunit 2b. The 
unusual texture of these rocks (designated subunit 2p) may have 
formed by settling of early-formed crystals from the nepheline 
syenite magma. 

At the south end of the property at the top of the East sill 
and locally at the north end of South sill are zones of nepheline 
syenite with an unusual lensy texture (subunit 2e). These contain 
lenses parallel to foliation of leucocratic nepheline syenite 
enclosed in a very fine grained groundmass of melanocratic (mafic- 
rich) nepheline syenite. Lenses range up to a few cm. long and 
1 cm. wide. 

Much of the nepheline syenite and syenite is porphyritic, 
with 5 to 20 per cent phenocrysts of K-feldspar and 2 to 5 per 
cent phenocrysts and clots of mafic minerals. K-feldspar pheno- 
crysts commonly have an elongated prismatic habit, with lengths 
averaging 1 to 3 cm. 

Much of the western and extreme southeastern parts of the 
property are underlain by a medium to locally coarse grained 
diorite to gabbroic diorite (over 50 per cent mafic minerals). 



~ o s t  common i s  a  mass ive  t o  weakly f o l i a t e d  d i o r i t e  ( s u b u n i t  3 a ) ,  
w i t h  30 t o  40 p e r  c e n t  maf ic  m i n e r a l s ,  and a  medium t o  l o c a l l y  
c o a r s e  g r a i n  s i z e .  Near t h e  e a s t e r n  c o n t a c t  o f  t h e  main body i s  
a  zone of  c o a r s e r  g r a i n e d  gabb ro i c  d i o r i t e  t o  gabbro  ( s u b u n i t  3 c ) .  
Along t h e  wes t e rn  p a r t  of  t h e  p r o p e r t y ,  s u b u n i t  3a g r a d e s  i n t o  a  
mo t t l ed ,  p o r p h y r i t i c  d i o r i t e  ( s u b u n i t  3 b ) ,  w i t h  a  moderate f o l i a t i o n  
p a r a l l e l  t o  t h e  r e g i o n a l  t r e n d .  

S c a t t e r e d  th rough  t h e  a r e a  a r e  s m a l l  p l u g s  and d i k e s  of  massive 
t o  s l i g h t l y  f o l i a t e d  monzonite i n t r u d i n g  rocks  o f  U n i t s  1 and 3 .  
Subuni t  4a i s  v e r y  f i n e  t o  f i n e  g r a i n e d  and commonly l e u c o c r a t i c .  
Subuni t  4b i s  f i n e  t o  medium g r a i n e d  w t i h  10 t o  30 p e r  c e n t  maf ic  
m i n e r a l s .  Subun i t  4 c  i s  a  mainly  l e u c o c r a t i c  pegma t i t e .  

A few s c a t t e r e d  o u t c r o p s  c o n s i s t  of  d a c i t e  porphyry (Un i t  5 1 ,  
w i t h  abundant  p l a g i o c l a s e  phenoc rys t s  and lesser, s m a l l e r  hornblende 
phenoc rys t s  i n  an  u n f o l i a t e d  groundmass o f  ex t remely  f i n e  g r a i n e d  
f e l d s p a r s ,  ragged amphibole,  and abundant  secondary  e p i d o t e .  I n  
one o u t c r o p ,  a  d i k e  of  Uni t  5 c u t s  f o l i a t i o n  i n  Uni t  1. I n  a n o t h e r ,  
a  body of  Uni t  5 up t o  3  m.  a c r o s s  o c c u r s  a l ong  a  f a u l t  i n  Uni t  2.  
Contac t  r e l a t i o n s  i n  o t h e r  o u t c r o p s  are u n c l e a r .  On t h e  b a s i s  of  
t h e  c r o s s c u t t i n g  n a t u r e  of  t h i s  u n i t ,  it i s  c o r r e l a t e d  w i t h  t h e  
T e r t i a r y  v o l c a n i c  r ocks  t o  t h e  n o r t h .  

STRUCTURE 

A l l  u n i t s  ( excep t  Uni t  5 )  a r e  more o r  less p e n e t r a t e d  by a  
r e g i o n a l  f o l i a t i o n ,  which t r e n d s  no r th - sou th  and d i p s  modera te ly  
t o  s t e e p l y  westward. F o l i a t i o n  i s  most i n t e n s e  i n  s u b u n i t  l b ,  and i n  
p a r t s  of  s u b u n i t s  l c ,  2a ,  and 3b. I t  i s  weak t o  a b s e n t  i n  most of  
s u b u n i t s  2c ,  3a ,  3c ,  and Uni t  4 .  

I n  t h e  Kruger s i l l s  a r e  s e v e r a l  zones of  moderate t o  i n t e n s e  
c a t a c l a s t i c  de fo rma t ion ,  i n  which o r i g i n a l l y  c o a r s e r  g r a i n e d  rocks  
a r e  smeared o u t  a l ong  f o l i a t i o n ,  and c o a r s e r  c r y s t a l s  a r e  deformed 
and p a r t l y  r e c r y s t a l l i z e d  t o  ex t remely  f i n e  g r a i n e d  a g g r e g a t e s .  
Th i s  t y p e  o f  de format ion  i s  most common i n  s u b u n i t  2a. The shea r ed  
zones commonly have a d a r k e r  g r ey  c o l o r  t h a n  t h e  a d j a c e n t ,  l e s s  
s t r o n g l y  shea r ed  r o c k s .  

S e v e r a l  l a t e  f a u l t s  c u t  t h e  r e g i o n .  Some show s l i g h t ,  l e f t -  
l a t e r a l  o f f s e t  of  t h e  Kruger s i l l s .  A major t opog raph i c  d e p r e s s i o n  
t r e n d s  nor th - sou th  a long  t h e  w e s t  s i d e  of t h e  main r i d g e  i n  Main 
s i l l ;  however, o f f s e t  a l ong  t h i s  s t r u c t u r e  appea r s  t o  be s m a l l .  

The geology i s  compat ib le  w i t h  t h e  p r e sence  of  two l a r g e  
f a u l t s  t r e n d i n g  no r thea s twa rd ,  w i t h  l e f t - l a t e r a l  o f f s e t  of  from 
200 t o  ove r  1000 m .  One would o f f s e t  Northwest  s i l l  from t h e  
n o r t h  end o f  Main s i l l .  The o t h e r  would o f f s e t  t h e  c o n t a c t  of  
U n i t s  1 and 3  a t  t h e  s o u t h e a s t  c o r n e r  of  t h e  p r o p e r t y .  Th i s  i s  
t h e  major  f a u l t  shown a t  t h e  s o u t h e a s t  c o r n e r  of  t h e  p r o p e r t y  on 
t h e  r e g i o n a l  map (F igu re  3)  . 
PETROLOGY OF NEPHELINE SYENITE/SYENITE 

Thin s e c t i o n  a n a l y s i s  of  53 samples show t h r e e  main t y p e s  of 
nephe l i ne  s y e n i t e ,  c h a r a c t e r i z e d  by d i f f e r e n t  assemblages  of  maf ic  
m i n e r a l s .  These are a s  f o l l ows :  



1) Hornblende zone - abundant hornblende, porphyroblasts of 
almandine garnet, minor aegirine-augite, 
biotite, and granular aggregates of 
grossularite-almandine-andradite garnet. 

2) Aegirine-augite zone - moderately abundant aegirine-augite, 
mainly in cores of mafic clots, moderately 
abundant hornblende, biotite, and both types 
of garnet 

3) Biotite zone - abundant biotite, both types of garnet, lesser 
hornblende, minor aegirine-augite. 

The hornblende zone is characterized by a finer grain size and 
lower mafic content than the other two zones. Almost all samples 
from subunit 2a are from the hornblende zone. Other than that, no 
obvious correlation exists between textural types as distinguished 
in the field and mineralogical zones from thin section studies. 

Modal analyses of the main zones of nepheline syenite are 
listed in Table 1, with individual analyses in Appendix 1. As well, 
for comparison, modal anlayses for corresponding mineralogical 
zones in the Blue Mountain nepheline syenite are presented in Table 1. 
A detailed description of the mode of occurrence of each mineral is 
given in Appendix 2. 

Textures of nepheline syenite and syenite are mainly metamorphic, 
with relic primary features preserved in some mafic clots and 
possibly as some K-feldspar phenocrysts. However, probably many of 
the latter are metamorphic porphyroblasts, as suggested by their 
common orientation within the foliation plane, and locaily by a 
strong lineation produced by parallel orientation of the porphyro- 
blasts in the foliation plane. The latter feature is most prominent 
in subunit 2a. Many mafic clots, especially in subunit 2c, contain 
early-formed, magmatic aegirine-augite phenocrysts, rimmed by 
hornblende and/or biotite/garnet-b. Much of the hornblende may be 
primary magmatic overgrowths on and replacements of aegirine-augite. 
Biotite/garnet-b overgrowths and garnet-a porphyroblasts are of 
metamorphic origin. 

CHEMICAL ANALYSES 

During the June magnetometer survey, large grab samples were 
collected from outcrops along survey lines and nearby. Eleven were 
analysed for major elements. Three samples were from subunit 2a 
and eight were from subunit 2b/2d. Average results from the two 
subunits are shown in Table '3, individual analyses are in Appendix 3, 
and sample locations are on Figure 4. 

Table 3. Average Chemical Analyses (values in % except Ba in ppm) 

Zone No. of Si02 A1203 Fez03 MgO CaO Na20 K20 Ti02 P2O5 MnO Ba L O 1  
analyses 

Comparison with chemical analyses from modal analyses (Table 2 )  
suggests that K-feldspar contains a higher content of Na than used :n 
calculations from modal analyses, and that the mafic content was 
underestimatedin the modal analyses. 



Table 1 Modal Analyses of Mineralogical Zones 
(including comparison with major zones in the 
Blue Mountain body) 

Zone K-feld Nep Alb Mafic A-a Hbl Bio Garnet Sph Apa Opq Epi 
8 sm 8 tot a b 

Kruger sills 

Hblde 3 63 17 7 2 10 0.1 6.0 0.5 2.5 0.4 0.4 0.05 0.1 0.05 

Blot 7 53 13 10 5 17 0.2 2.0 7.5 3.5 3.0 0.6 0.1 ++ + 
Aeg-A 5 55 15 8 4 17 2.0 5.5 3.0 3.5 3.0 0.5 0.1 + - 

2P - 50 7 12 30 2.0 10.0 7.0 8.0 3.0 0.2 0.1 - ++ 
2e - 70 17 1 12 - - 7.5 -3.3 0.1 0.9 - 0.2 - 

Blue Mountain body (from Payne, 1968) 

Hblde - 23 25 48 - 4 0.2 3.0 0.2 0.2 - - - 0.4 

Biot - 19 24 52 - 4 - - 2.7 - (Mu 0.7, Ct 0.1)0.5 

Abbreviations 

K-feld 
NeP 
Alb 
A-a 
Hbl 
Bio 
Garnet 
Garnet 
S P ~  
Apa 
O P ~  
Ep i 
Mu 
Ct 

K-feldspar (microcline) 
nephel ine 
albite (plagioclase) 
aegirine-augite 
hornblende 
biotite 
almandine? prophyroblasts 
grossularite-andradite-almandine aggregates 
sphene 
apatite 
opaque (mostly magnetite in' Blue Mountain) 
epidote 
muscovite 
calcite 

@ - phenocrysts, mafic crystal aggregates 
m - non-porphyritic K-feldspar 
tot - total (including crystal aggregates) 
++ - minor 
+ - trace 
- - absent 



T a b l e  2 C h e m i c a l  A n a l y s e s  f r o m  Modal A n a l y s e s  

( i n c l u d i n g  c o m p a r i s o n  w i t h  B l u e  M o u n t a i n  b o d y )  

Zone S i 0 2  A 1 2 0 3 F e 2 0 3  MgO CaO N a 2 0  K 2 0  T i 0 2  H 2 0  A l k a l i  ~ o t a l  

K r u g e r  s i l l s  

Hblde 5 9 . 6  21 .0  3 . 0  0 . 2 6  1 . 0  3 . 6  1 1 . 6  0 . 1 5  0 . 1 2  1 5 . 2  

B i o t  5 8 . 5  2 0 . 1  4 . 7  0 . 7 4  1 . 3  3 . 3  1 1 . 4  0 . 2 5  0 . 3 3  1 4 . 7  

Aeg-A 5 8 . 7  2 0 . 4  4 . 0  0 . 6 8  2 . 2  3 . 3  1 0 . 9  0 . 2 0  0 . 2 2  1 4 . 2  

B l u e  M o u n t a i n  b o d y  ( f r o m  P a y n e ,  1 9 6 8 )  

H b l d e  5 8 . 8  2 3 . 2  2 . 2 *  0 . 0 4 *  0 . 7 7 * 9 . 2 *  5 . 1 *  0 . 0 0 *  0 . 3  1 4 . 3  

B i o t  5 9 . 4  2 3 . 0  2 . 0 *  0 . 0 3 *  0 . 5 5 * 9 . 2 *  4 . 6 *  O.OO* 0 . 4  1 3 . 8  

Notes : 

1. T o t a l  Fe r e p o r t e d  a s  F e 2 0 3  

2 .  * d e n o t e s  v a l u e s  f r o m  s p e c t r o g r a p h i c  a n a l y s i s  ( t h e y  agree very  
c l o s e l y  w i t h  t h o s e  f r o m  modal a n a l y s e s ,  b u t  are c o n s i d e r e d  more  
a c c u r a t e )  

3 .  Much l o w e r  c o n t e n t  o f  Mg a n d  T i ,  l o w e r  c o n t e n t  o f  F e ,  C a ,  and K ;  
h i g h e r  c o n t e n t  o f  N a a n d  A1 i n  B l u e  M o u n t a i n  b o d y .  T h e s e  r e f l e c t  
l o w e r  c o n t e n t  o f  m a f i c  m i n e r a l s ,  h i g h e r  a b u n d a n c e s  o f  n e p h e l i n e  
a n d  a l b i t e  ( p l a g i o c l a s e )  i n  t h e  B l u e  M o u n t a i n  b o d y .  



MAGNETOMETER SURVEYS 

Two r e c o n n a i s s a n c e  magnetometer  s u r v e y s  were conduc ted  on t h e  
p r o p e r t y ,  one  by John  Payne on May 2 4 t h ,  and t h e  o t h e r  by Bob C h a p l i n  
on  J u n e  5 t h  and  6 t h .  The p u r p o s e  was t o  d e t e r m i n e  i f  g e o l o g i c a l  u n i t s  
had a  c h a r a c t e r i s t i c  magne t i c  r e s p o n s e ,  which c o u l d  be used  t o  t r a c e  
g e o l o g i c a l  u n i t s  i n t o  a r e a s  o f  no o u t c r o p .  The May s u r v e y  i n c l u d e d  
f o u r  l i n e s  w i t h  s t a t i o n  s p a c i n g  o f  10  meters a l o n g  l i n e s .  The J u n e  
s u r v e y  i n c l u d e d  f i v e  l i n e s  w i t h  s t a t i o n  s p a c i n g  o f  20 meters a l o n g  
l i n e s .  R e s u l t s  o f  t h e  s u r v e y s  are shown i n  F i g u r e  5 .  

The s u r v e y s  a g r e e  i n  g e n e r a l ,  and  i n d i c a t e  t h a t  d i f f e r e n t  
u n i t s  have d i f f e r e n t  magne t i c  r e s p o n s e s ,  w i t h  most  g e o l o g i c a l  
c o n t a c t s  between u n i t s  marked by a s h a r p  b r e a k  i n  magne t i c  r e s p o n s e .  
C o r r e l a t i o n  between l i n e s  and  between s u r v e y s  i s  n o t  a s  s h a r p  a s  
a l o n g  l i n e s ,  p o s s i b l y  because  o f  a n  o v e r a l l  i n c r e a s e  i n  m a g n e t i t e  
c o n t e n t  towards  t h e  s o u t h  end  o f  t h e  p r o p e r t y .  

Values  from d i f f e r e n t  u n i t s  and  s u b u n i t s  are l i s t e d  i n  T a b l e  3 ,  
w i t h  U n i t  2  d i v i d e d  i n t o  two s u b u n i t s ,  one  i n c l u d i n g  r o c k s  a l o n g  t h e  
t o p  ( s o u t h w e s t )  o f  s i l l s  and t h e  n o r t h e r n  end  o f  Main s i l l  (ma in ly  
from s u b u n i t s  2a and  2 b ) ,  and  t h e  o t h e r  i n c l u d i n g  r o c k s  i n  t h e  c o r e s  
and lower  p a r t s  o f  s i l l s ,  and from t h e  s o u t h e r n  end  of  Main s i l l  
(ma in ly  s u b u n i t s  2c and 2 b ) .  

T a b l e  4 .  Va lues  and Ranges o f  Magnet ic  Response o f  Rock U n i t s  

Rock Average Frequency d i s t r i b u t i o n  i n  ' 0 0 ' s  o f  gammas 
u n i t  (gammas) 0-3 3-5 5-7 7-9 9-11 11-13 13-15 15-19 19-25 2 5 - 4 0  

On t h e  b a s i s  o f  t h e  r e s p o n s e s  i n  a r e a s  o f  abundan t  o u t c r o p ,  t h e  
magnetometer  s u r v e y  r e s u l t s  were used  t o  e x t e n d  g e o l o g i c a l  b o u n d a r i e s  
t o  t h e  n o r t h  i n t o  a r e a s  o f  l i t t l e  t o  no o u t c r o p .  A s  w e l l ,  t h e  l o c a t i o n  
and shape  o f  some b o u n d a r i e s  were somewhat r e f i n e d .  



DIAMOND DRILLING 

To b e g i n  t o  c o n f i r m  tonnage  estimates based  on  g e o l o g i c a l  d a t a ,  
a  diamond d r i l l i n g  program w a s  u n d e r t a k e n .  The o r i g i n a l  p u r p o s e  was 
t o  d r i l l  o n e  h o l e  up t o  300 meters l o n g  t h r o u g h  t h e  Main s i l l .  Hole 
86-1 was set  up f o r  t h a t  p u r p o s e  (see F i g u r e  4 f o r  d r i l l  h o l e  l o c a t i o n s  
and o r i e n t a t i o n s .  Due t o  d r i l l i n g  problems,  it was t e r m i n a t e d  a t  
170 m.  d e p t h  w i t h i n  t h e  n e p h e l i n e  s y e n i t e  s i l l .  Hole 86-2 w a s  d r i l l e d  
p a r a l l e l  t o  86-1 from a  p o i n t  140 m.  due  n o r t h .  I t  w a s  t e r m i n a t e d  
because  o f  t e c h n i c a l  problems a t  120 m.  Hole 86-3 was d r i l l e d  from 
t h e  same s t a t i o n  a s  Hole 86-2, i n c l i n e d  60' t o  t h e  s o u t h w e s t .  I t  
was d r i l l e d  t o  a  d e p t h  o f  40 m .  t o  comple te  t h e  d r i l l i n g  c o n t r a c t .  
I t  a l s o  w a s  i n  n e p h e l i n e  s y e n i t e  t h r o u g h o u t  i t s  l e n g t h .  

The d r i l l  h o l e  r e s u l t s  a g r e e  w i t h  t h e  g e o l o g i c a l  d a t a ,  t h a t  t h e  
s i l l s  a r e  t a b u l a r  b o d i e s  e x t e n d i n g  t o  d e p t h s  o f  a t  leas t  170 m .  (and  
p r o b a b l y  much more from g e o l o g i c a l  d a t a ) .  

PRELIMINARY TONNAGE ESTIMATES 

The Main and  E a s t  s i l l s  are t a r g e t s  f o r  development  of  q u a r r i e s .  
Based on a mining  d e p t h  o f  a b o u t  t w i c e  t h e  w i d t h  o f  t h e  s i l l s ,  t h e  
f o l l o w i n g  t o n n a g e s  are  p r e s e n t  i n  t h e  two s i l l s  ( S p e c i f i c  G r a v i t y  of 
r o c k  i s  e s t i m a t e d  a t  2.65 f o r  t h e  c a l c u l a t i o n s ) :  

T a b l e  5. P r e l i m i n a r y  Tonnage E s t i m a t e s  i n  Main and E a s t  S i l l s  

S i l l  l e n g t h  w i d t h  d e p t h  volume metric t o n s  

Main 340 m .  80 m .  160 m .  4.35 x  l o 6  m3 1 1 . 5  x 106 
6 E a s t *  700 m. 60 m.  120 m .  5.0 x 10  rn3 13 .2  x  l o 6  

T o t a l  t o n n a g e  25 x  l o 6  

* v a l u e s  f o r  E a s t  s i l l  are f o r  area o u t l i n e d  a s  s u b u n i t s  2a ,2b ,  a n d  
2c i n  F i g u r e  4 .  The t h i n  s e c t i o n  s t u d y  i n d i c a t e s  t h a t  n e p h e l i n e  
s y e n i t e  e x t e n d s  a t  l e a s t  a few hundred meters f u r t h e r  n o r t h .  



METALLURGICAL FACTORS 

A c r i t i c a l  f a c t o r  i n  t h e  economic f e a s i b i l i t y  o f  n e p h e l i n e  
s y e n i t e  f o r  t h e  g l a s s  and  c e r a m i c  i n d u s t r i e s  i s  t h e  c o n t e n t  o f  
i r o n  i n  t h e  f i n a l  p r o d u c t .  T h i s  depends  on t h e  o r i g i n a l  i r o n  
c o n t e n t  o f  t h e  r o c k ,  and t h e  e x t e n t  t o  which t h e  i r o n - b e a r i n g  
m i n e r a l s  c a n  be  removed firom t h e  r o c k  by s i m p l e  methods.  I n  t h e  
Kruger  s i l l s ,  t h e s e  m i n e r a l s  a r e  h o r n b l e n d e ,  b i o t i t e ,  a e g i r i n e -  
a u g i t e ,  and  g a r n e t .  The s t a n d a r d  method of  removal  o f  i r o n - b e a r i n g  
p h a s e s  i s  a  h i g h - i n t e n s i t y ,  d r y  magne t i c  s e p a r a t i o n  i n  a  series o f  
s t a g e s ,  w i t h  g r i n d i n g  o f  m a t e r i a l  between s t a g e s .  The p u r p o s e  i s  
t o  p roduce  a p r o d u c t  composed o f  g r a i n s  and a g g r e g a t e s  o f  f e l s p a r s  
and n e p h e l i n e ,  w i t h  a minimal  amount o f  i n t e r g r o w t h s  o f  i r o n -  
b e a r i n g  p h a s e s ,  s u c h  t h a t  t h e  FeZ03 c o n t e n t  i s  less t h a n  0 . 1  p e r  
c e n t  f o r  h i g h  q u a l i t y  g l a s s ,  and  below 0 . 2 5  p e r  c e n t  f o r  lower  
q u a l i t y  g l a s s .  

The t e x t u r e  o f  t h e  r o c k  i s  a n  i m p o r t a n t  g u i d e  t o  e v a l u a t i o n  
o f  t h e  s u i t a b i l i t y  o f  a  raw m a t e r i a l  t o  y i e l d  a  d e s i r e d  p r o d u c t  
low i n  i r o n .  

The Blue  Mountain n e p h e l i n e  s y e n i t e  h a s  a  v e r y  low c o n t e n t  of  
i r o n - b e a r i n g  m i n e r a l s  ( g e n e r a l l y  less t h a n  3 p e r  c e n t ) .  I t  i s  a  
medium t o  c o a r s e  g r a i n e d  r o c k  showing a  v a r i e t y  o f  m i n e r a l o g i c a l  
zones ,  i n  p a r t  s i m i l a r  t o  t h o s e  of  t h e  Kruger  s i l l s .  A t  Blue  Moun- 
t a i n ,  t h e  b i o t i t e  zone h a s  y i e l d e d  a  much b e t t e r  p r o d u c t  t h a n  t h e  
hornb lende  zone ,  because  b i o t i t e  i s  more c o a r s e l y  i n t e r g r o w n  w i t h  
f e l d s p a r s  t h a n  h o r n b l e n d e ,  and hence  more r e a d i l y  s e p a r a b l e .  

The Kruger  s i l l s  have a  h i g h e r  c o n t e n t  o f  m a f i c  m i n e r a l s  t h a n  
t h e  Blue  Mountain body. The hornb lende  zone a v e r a g e s  10 p e r  c e n t  
and t h e  b i o t i t e  and a e g i r i n e - a u g i t e  zones  a v e r a g e  17  p e r  c e n t .  The 
Kruger r o c k  g e n e r a l l y  i s  f i n e r  g r a i n e d  t h a n  t h a t  a t  Blue  Mountain.  
These f a c t o r s  would s u g g e s t  t h a t  s e p a r a t i o n  of  i r o n - b e a r i n g  m i n e r a l s  
from t h e  Kruger  d e p o s i t  would n o t  be  a s  comple te  a s  f o r  t h e  Blue  
Mountain body. However, a  modera te  amount o f  t h e  m a f i c  m i n e r a l s  i n  
t h e  Kruger d e p o s i t  a r e  c o n c e n t r a t e d  i n  c l o t s ,  which s h o u l d  s e p a r a t e  
r e l a t i v e l y  e a s i l y  from t h e  f e l s i c  m i n e r a l s .  A l s o ,  a  modera te  amount 
o f  t h e  f e l s i c  m a t e r i a l  i s  i n  K - f e l d s p a r - p h e n o c r y s t s  and i n  f e l s i c  
a g g r e g a t e s ,  b o t h  o f  which a r e  r e l a t i v e l y  f r e e  of  m a f i c  m i n e r a l s .  
Thus,  a l t h o u g h  a  l a r g e r  amount o f  t h e  raw m a t e r i a l  w i l l  be  r e j e c t e d  
i n  p u r i f i c a t i o n  o f  t h e  m a t e r i a l ,  t h e  q u a l i t y  o f  t h e  f i n a l  p r o d u c t  
i s  e x p e c t e d  t o  be low enough i n  i r o n  f o r  some economic a p p l i c a t i o n s .  

M e t a l l u r g i c a l  tes ts  a r e  n e c e s s a r y  on t h e  d i f f e r e n t  t y p e s  o f  
n e p h e l i n e  s y e n i t e  t o  d e t e r m i n e  whether  o r  n o t  a  s u f f i c i e n t l y  c l e a n  
s e p a r a t i o n  o f  i r o n  c a n  be a t t a i n e d  t o  produce  a  m a r k e t a b l e  p r o d u c t .  



CONCLUSIONS 

1. The Kruger  n e p h e l i n e  s y e n i t e  c o n s i s t s  o f  two l a r g e  s i l l s  (Main and 
E a s t )  and two much s m a l l e r  s i l l s  (Sou th  and N o r t h w e s t ) .  

2 .  P r e l i m i n a r y  e s t i m a t e s  o f  tonnage  a v a i l a b l e  f o r  q u a r r y i n g  a r e  
1 1 . 5  x 106 i n  Main S i l l  and 13 .2  x  l o 6  i n  t h e  s o u t h e r n  h a l f  o f  
E a s t  S i l l .  The n o r t h e r n  h a l f  o f  E a s t  S i l l  i s  n o t  i n c l u d e d  because  
it i s  u n c e r t a i n  how much o f  it i s  n e p h e l i n e  s y e n i t e  and  how much 
i s  s y e n i t e .  The l a t t e r  i s  n o t  a s  d e s i r a b l e  a s  n e p h e l i n e  s y e n i t e  
because  s y e n i t e  c o n t a i n s  lower  a lumina  and a l k a l i s .  

3 .  The Kruger  n e p h e l i n e  s y e n i t e  c o n t a i n s  lower  a lumina ,  and h i g h e r  
a l k a l i s  and  i r o n  t h a n  t h e  Blue  Mountain n e p h e l i n e  s y e n i t e ,  t h e  
major  Canadian  s o u r c e  of  t h i s  material .  Al so ,  t h e  Kruger  d e p o s i t  
h a s  a much h i g h e r  K / N a  r a t i o  t h a n  t h e  Blue  Mountain body. 

4 .  The Kruger  d e p o s i t  c o n t a i n s  r o c k s  o f  t h r e e  d i f f e r e n t  m i n e r a l o g i c a , l  
zones  ( b a s e d  on  abundance o f  m a f i c  m i n e r a l s ) .  The zones  a r e  b i o t i t e ,  
h o r n b l e n d e ,  and a e g i r i n e - a u g i t e .  The marg ins  of  t h e  s i l l s  a r e  f i n e r  
g r a i n e d  t h a n  t h e  c o r e s ,  and c o n t a i n  a  much lower  c o n t e n t  o f  i r o n -  
b e a r i n g  m i n e r a l s .  These f a c t o r s  and o t h e r  t e x t u r a l  f e a t u r e s  may be 
s i g n i f i c a n t  i n  s e p a r a t i o n  of i r o n - b e a r i n g  m i n e r a l s .  

5 .  The body h a s  s u f f i c i e n t  s i z e  and i s  of  a p p r o p r i a t e  c h e m i c a l  compo- 
s i t i o n  and t e x t u r e ,  t h a t  f u r t h e r  work i s  w a r r a n t e d  t o  examine i t s  
economic f e a s i b i l i t y .  

RECOMMENDATIONS 

A two-s tage  program i s  recommended, w i t h  c o s t s  b e i n g  $45,000 f o r  
t h e  f i r s t  s t a g e ,  and $40,000 f o r  t h e  second ( t h i s  w i l l  be  done based  
on p o s i t i v e  r e s u l t s  of  s t a g e  1 ) .  

S t a g e  1 

D e t a i l e d  g e o l o g i c a l  mapping i n  t h e  d e p o s i t  t o  o u t l i n e  m i n e r a l o g i c a l  
zones i n  d e t a i l ,  and t o  d e t e r m i n e  t h e  n o r t h e r n  e x t e n t  o f  nephel inl?  
s y e n i t e  i n  E a s t  S i l l .  Thin  s e c t i o n  a n a l y s i s  w i l l  f o l l o w  f i e l d  wori ,  
and w i l l  be  u s e f u l  i n  d e t e r m i n i n g  t e x t u r e s  and g u i d i n g  m i l l i n g  
t e c h n i q u e s .  

Bulk sampl ing  o f  m i n e r a l o g i c a l  zones  of t h e  n e p h e l i n e  s y e n i t e  f o r  
m e t a l l u r g i c a l  t e s t i n g  t o  d e t e r m i n e  optimum m a t e r i a l s  and extraction 
methods t o  o b t a i n  a  p r o d u c t  a s  low i n  i r o n  a s  p o s s i b l e .  E x t r a c t i o n  
methods s h o u l d  be  t h o s e  amenable t o  normal  m i l l i n g  p r o c e d u r e s ,  
p r e f e r a b l y  d r y ,  h i g h - i n t e n s i t y  magne t i c  s e p a r a t i o n  i n  a  s t a g e d  
program, w i t h  g r i n d i n g  be-tween s t a g e s .  

S t a g e  2 

1) Diamond d r i l l i n g  t o  d e t e r m i n e  e x t e n t  of  f a v o r a b l e  zones  w i t h i n  t k . ~  
main s i l l s ,  w i t h  fo l low-up p e t r o g r a p h i c  and m i l l i n g  s t u d i e s  t o  
c o n f i r m  t h e  d i s t r i b u t i o n  o f  f a v o r a b l e  and u n f a v o r a b l e  zones  i n  t k . c  
p a r t s  o f  t h e  s i l l s  a v a i l a b l e  f o r  

/ ,-5ohn G .  p i y n e ,  / 

September 1986.,,' 
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APPENDIX I - Modal Analyses 

Sam- Field K-feld Nep Alb Mafic Aug Hbl Bio Garnet Sph Apa Opq Epi Ct Cc Mu Sd PI 
ple Class 8 gm (,a Tot a b 

Hornblende Zone 

Abbreviations: K-feld - K-feldspar (microcline), (2) - phenocrysts, gm - groundmass, Nep - nepheline, 
Alb - albite, Tot - total, A-A - aegirine-augite, Hbl - hornblende, Bio - biotite, 
Garnet a - phenocrysts, Garnet b - extremely fine grained aggregates, Sph - sphene, Apa- apatite, 
A - I - i A n + a  - 1 -  - . . .  . . - . . I .  - - .  - - 



APPENDIX 1 (continued) 

Sam- F i e l d  K-feld Nep Alb Mafic Aug Hbl Bio Garnet Sph Apa Opq Epi Ct Cc Mu Sd Pl 
pl e  Class 8 gm 8 tot a b  

Aegirine-Augite Zone 

Cataclastic deformation 

* moderate 
** s trong  

***  i n t e n s e  

+ t r a c e  

++ minor 



APPENDIX 1 ( c o n t i n u e d )  

Sam- F i e l d  K-feld Nap Alb Maf ic  Aug Hbl Bio Garne t  Sph Apa Opq Epi C t  C c  Mu Sd F1 
ple  C l a s s  (8 gm Q) t o t  a b 

B i o t i t e  Zone 

46 2c  8  48 

140a 2c** 4  54 

140b 2b*** 10  48 

156 2b+ 4  54 

240 2c* 7 58 

262 2a* 0.5 7 3  

302 2b 7 53  

3140 2c  1 5  4 1  

364 2b 3  68 

368 2c  10  45 

374 2c  12  54 

3861) 2b* 7  48 

Cumulus Zone 

303 ZP - 50 

Lensy Zone 

52 2e - 7 5 1 7  1 7  - - 5. 1 . 5  0.05 0 .3  - 0 .1  0.2 1 . 5  

O t h e r  samples  
. , -  , 

58  2b - 70 15 7 2 8 0 . 3  2.0 1 . 5  0 . 1  2 .5  0 . 1  ++ 2.0 0.2 



@lode o f  Occurrence o f  Mine ra l s  
i n  Nepheline S y e n i t e  

T h i s  is a g e n e r a l  p e t r o g r a p h i c  d e s c r i p t i o n  of t h e  mode of  
occur rence  of m i n e r a l s  i n  t h e  nephe l fne  s y e n i t e  and associated s y e n i t e .  

K-feldspar 
K-fe ldspar  occu r s  i n  t w o  d i s t i n c t  modes. It forms conspicuous,  

e longa ted ,  e u h e d r a l  p r i s m a t r c  phenocrys t s  up t o  a f e w  long  
(average 1-2 c m ) .  These occu r  i n  w e l l  ove r  h a l f  t h e  o u t c r o p s  of  
nephe l ine  s y e n i t e ,  and l o c a l l y  are a s  abundant as 20% o f  t h e  rock,  
p a r t i c u l a r l y  i n  t h e  c o a r s e  g r a i n e d  c o r e s  of  t h e  sills. The pheno- 
c r y s t s  c o m o n l y  a r e  s l i g h t l y  to  moderate ly  p e r t h f t i c ,  w i t h  i r r e g u l a r ,  
wispy l e n s e s  o f  a l b i t e  i n  s u b p a r a l l e l  o r i e n t a t i o n  p a r a l l e l  t o  a 
major c r y s t a l l o g r a p h i c  d i r e c t i o n  i n  t h e  h o s t .  As w e l l ,  phenocrys t s  
c o n t a l n  i r r e g u l a r ,  equant  pa t ches  up to  0 .2  nun i n  ave rage  s i z e  of 
nephe l ine ,  wit? l o c a l  c o a r s e r  pa t ches  up t o  0 .5  mm a c r o s s .  

K-feldspar a lso o c c u r s  i n  t h e  groundmass a s  anhedra l ,  commonly 
e longa ted  g r a i n s ,  whose s f z e  r anges  from ve ry  fXne iir Uni t  2a, up 
t o  abou t  1 mm long i n  Uni t  2c. A l l  K-fe ldspar  f a  mic roc l ine .  

Nephel i n e  
Nepheline forms anhedra l  g r a i n s ,  c o m o n l y  in ters t i t ia l  i n  p a r t  

to  K-feldspar.  I n  most r o c k s  t hey  a r e  o f  similar g r a i n  s i z e  t o  
groundmass K-feldspar,  b u t  l o c a l l y  nephe l fne  forms c o a r s e r  grains 
up t o  1.5  mm across. Nepheline is  v a r i a b l y  a l t e r e d '  t o  a t  l e a s t  
t h r e e  d i f f e r e n t  secondary assemblages.  Weak a l t e r a t i o n  is mainly 
t o  hydronephel ine .  Th i s  t y p e  of  a l t e r a t i o n  l o c a l l y  is i n t e n s e ,  
such t h a t  l i t t l e  nephe l ine  remains. Other  samples are s l i g h t l y  
t o  l o c a l l y  moderate ly  a l t e r e d  X n  p a t c h e s  t o  v e r y  fine t o  f i n e  
g r a i n e d  c a n c r i n i t e  and g e n e r a l l y  lesser very fine g r a i n e d  musco- 
v i t e .  I n  samples c u t  by v e i n l e t s  o f  z e o l i t e  (up to  2 mm i n  w i d t h ) ,  
nephe l ine  is s t r o n g l y  a l t e r e d  to  ex t remely  f i n e  to  v e r y  f i n e  
g r a i n e d  a g g r e g a t e s  o f  z e o l i t e  o f  undetermined composi t ion.  

A l b i t e  

I n  nephe l ine  s y e n i t e ,  a l b i t e  mainly o c c u r s  as i r r e g u l a r  pa t ches  
o f  ve ry  f i n e  t o  f i n e  g r a i n s  i n t e r s t i t i a l  t o  c o a r s e r  g r a i n s  of  
K-feldspar.  I n  samples w i th  more abundant a l b i t e  (and p o s s i b l y  
o l i g o c l a s e ) ,  t h e  p l a g i o c l a s e  forms a f e w  c o a r s e r ,  subhedra l  g r a i n s .  
I n  s y e n i t e ,  p l a g i o c l a s e  ( o l i g o c l a s e ? )  forms moderate ly  abundant 
subhedra l  coarser g r a i n s  'surrounded by a f i n e r  grained aggrega t e  
of p l a g i o c l a s e  and K-feldspar.  A l b i t e  is fresh. It also o c c u r s  i n  
p e r t h i t i c  i n t e rg rowths  w i th  K-feldspar i n  phenoc rys t s  as d e s c r i b e d  
above . 
Mafic m i n e r a l s  

I n  coarser g r a i n e d  samples,  mafic  mine ra l s  form modera te ly  
abundant c l u s t e r s  of  g r a i n s  in  pa t ches  up t o  a few mm a c r o s s .  
These a r e  i n  p a r t  primary and i n  p a r t  metamorphgc fn mineralogy 
and texture. Mafic g r a i n s  a l s o  a r e  s c a t t e r e d  through t h e  groundmass 
of t h e  rock, mainly a s  f i n e r  s l n g l e  g r a i n s  and a g g r e g a t e s  of  a few 
g r a i n a .  



5. ~ e g i r i n e - a u g i t e  
A e g i r i n e - a u g i t e  o c c u r s  mainly  as  s u b h e d r a l  t o  a n h e d r a l  p r i s m a t i c  

g r a i n s  from 1 t o  2 mm i n  s i z e  i n  cores o f  m a f i c  c l u s t e r s .  The 
mine ra l  is p a l e  g r een  i n  c o l o r  w i t h  weak p leochro i sm.  I t  commonly 
i s  r i m m e d  and p a r t l y  r e p l a c e d  by a g g r e g a t e s  o f  hornb lende  ( p o s s i b l y  
o f  p r imary  magmatic o r i g i n ) ,  and iti and  ho rnb l ende  are r e p l a c e d  i n  
some samples  by i r r e g u l a r ,  e x t r e m e w  f i n e  t o  v e r y  f i n e  g r a i n e d  
i n t e r g r o w t h s  o f  b i o t i t e  and garne t -b .  : .  . 

I n  a f e w  samples ,  a e g i r i n e - a u g i t e  is t h e  most abundan t  mafic 
mine ra l ;  i n  t h e s e  it commonly occurs as i r r e g u l a r ,  a n h e d r a l  v e r y  
f i n e  t o  f i n e  g r a i n s  scattered th rough  t h e  rock .  Composit ion o f  
t h e  pyroxene i n  t h e s e  samples  may be closer to  a u g i t e .  

6 .  Hornblende 

Hornblende forms r i m s  on a e g i r i n e - a u g i t e  as described above,  and 
a l s o  forms s c a t t e r e d  p h e n o c r y s t s  and c l u s t e r s  o f  c r y s t a l s  w i t h  no 
c o r e  of  pyroxene.  Pleochroism is  s t r o n g  from medium y e l l o w i s h  
g r e e n  t o  d a r k  g r een .  Hornblende a l s o  forms mode ra t e ly  abundan t ,  
a n h e d r a l  v e r y  f i n e  t o  f i n e  g r a i n s  scattered th rough  t h e  groundmass. 

1 .  B i o t i t e  
B i o t i t e  o c c u r s  mainly  i n  ma f i c  c l u s t e r s ,  g e n e r a l l y  i n t e rg rown  w i t h  

minor t o  abundan t  ga rne t -b ,  and commonly r e p l a c i n g  hornb lende  and /or  
pyroxene.  I n  a few samples  b io t i t e  is t h e  dominant  m a f i c  m i q e r a l ;  
i n  some of t h e s e  it a p p e a r s  to  be o f  p r imary  o r i g i n , b e i n g  saattered 
th rough  t h e  r o c k .  I n  o t h e r s  it is main ly  i n  ma f i c  c l u s t e r s ,  and is 
o f  metamorphic o r i g i n .  P leochroism is main ly  from l i g h t  t o  d a r k  
brown t o  o r a n g i s h  brown. 

8. Garnet-a 
Garnet-a forms metamorphic p o r p h y r o b l a s t s  a v e r a g i n g  1-2 mm i n  s i z e ,  

w i t h  minor t o  abundan t  In te rg rown K-fe ldspar .  Garnet-a g e n e r a l l y  i s  
f r e e  o f  m a f i c  i n c l u s i o n s  o r  i n t e r g r o w t h s .  I t  is  medium o range  i n  
t h i n  s e c t i o n ,  s u g g e s t i n g  a compos i t ion  o f  almandine.  It is common 
i n  a l l  m i n e r a l o g i c a l  zones .  

Garnet-b forms ex t r eme ly  f f n e  g r a i n e d ,  metamorphic a g g r e g a t e s  
a l o n e  o r  w i t h  c o a r s e r  p o r p h y r o b l a s t s  of  b i o t i t e ,  r e p l a c i n g  p r imary  
a e g i r i n e - a u g i t e  and hornb lende .  Replacement is  v e r y  i r r e g u l a r  
w i t h i n  a t h i n  s e c t i o n ,  g r a d i n g  from o n l y  s l i g h t  r ep lacement  i n  
some mafic c l u s t e r s  t o  almost comple te  rep lacement .  i n  o t h e r s .  
Garnet-b is p a l e  o r ange  t o  n e u t r a l  i n  t h i n  section, and  l o c a l l y  
g r a d a t i o n a l  t o  g a r n e t - a z  ilt is p r o b a b l y  i n t e r m e d t a t e  among 
g r o s s u l a r i t e ,  a lmandine ,  an& a n d r a d i t e ,  It Xs abundan t  i'n a l l .  zones  

10.  Sphene e x c e p t  t h e  hornb lende  zone. 

Sphene o c c u r s  i n  ma f i c  c l u s t e r s ,  w i t h  s c a t t e r e d  mafic g r a i n s  and  
a l o n e  as a n h e d r a l  t o  e u h e d r a l ,  equan t  t o  elongates g r a i n s  a v e r a g i n g  
0.1-0.5 mm i n  s i z e ,  w i t h  c o a r s e r  g r a i n e d  r o c k s  con t a . i n ing  g r a i n s  
up t o  1 mm a c r o s s .  I t  is r e l a t i v e l y  un i fo rm i n  abundance t h roughou t  
t h e  n e p h e l i n e  s y e n i t e ,  be ing  s l i g h t l y  less abundan t  Fn t h e  horn-  
b l e n d e  zone. 

11. Apatite 

A p a t i t e  forms a n h e d r a l  t o  s u b h e d r a l ,  equant t~ slSghtLy p r i m a a t e  
g r a i n s ,  mode ra t e ly  c o n c e n t r a t e d  i n  mafic c l u a t e r a .  



APPENDIX 2 ( c o n t i n u e d )  

1 2 .  Opaque 
Opaque o c c u r s  i n  two main modes. I n  c o a r s e r  g r a i n e d  r o c k s  it forms 

g r a i n s  from 0.1-0.3 rnm i n  s i z e  i n t e rg rown  w i t h  hornblende and lesser 
b i o t i t e  o r  a e g i r i n e - a u g i t e  i n  ma f i c  c l u s t e r s .  I n  f i n e r  g r a i n e d  r o c k s ,  
it forms ex t r eme ly  f i n e ,  a n h e d r a l  d i s s e m i n a t e d  g r a i n s  and concen t r a -  
t i o n s  of  g r a i n s ,  ma in ly  u n a s s o c i a t e d  w i t h  maf i c  g r a i n s .  The low 
magnet ic  r e sponse  o f  t h e  f i n e r  g r a i n e d  r o c k s  su -ge s t s  t h a t  t h e  opaque 
m i n e r a l  i n  them is h e m a t i t e .  The h i g h e r  magne t ic  r e s p o n s e  o f  t h e  
c o a r s e r  g r a i n e d  r o c k s  s u g g e s t s  t h a t  t h e  opaque m i n e r a l  is  p a r t l y  
magne t i t e .  Some opaque g r a i n s  are r i m m e d  by t h i n  overgrowths  o f  sphene 
t h i s  s u g g e s t s  t h a t  t h e  opaque m i n e r a l  is  i l m e n i t e .  I n t e r g r o w t h s  o f  
o x i d e  phase s  is  p robab l e .  

13 .  Ep ido te  

Ep ido te  is  p r e s e n t  s p o r a d i c a l l y  t h roughou t  t h e  n e p h e l i n e  s y e n i t e ,  
be ing  most abundant  and u b i q u i t o u s  i n  t h e  hornb lende  zone.  I t  forms 
a n h e d r a l  to  s u b h e d r a l ,  s l i g h t l y  e l o n g a t e d  p o r p h y r o b l a s t s  up t o  0 . 3  
mm i n  s i z e .  I t  a l s o  o c c u r s  a s  a n h e d r a l  g r a i n s  a s s o c i a t e d  w i t h  mafic- 
c l u s t e r s .  

1 4 .  Calcite 

Calcite is p r e s e n t  i n  a few samples  a s  i n t e r s t i t i a l ,  a n h e d r a l  
v e r y  f i n e  g r a i n s .  I t  is most abundant  i n  t h e  hornb lende  zone . and  
i n  t h e  l e n s y  zone. 

15 .  C a n c r i n i t e  
- - - - 

C a n c r i n i t e  forms v e r y  f i n e  t o  l o c a l l y  f i n e  g r a i n e d ,  a n h e d r a l  
a g g r e g a t e s  and s i n g l e  g r a i n s  r e p l a c i n g  n e p h e l i n e  i n  a l l  m i n e r a l o g i c a l  
zones.  

16.  Muscovite  

Muscovite  o c c u r s  w i t h  c a n c r i n i t e  as a secondary  r ep l acemen t  o f  
nephe l i ne .  I t  is  less abundant  t h a n  c a n c r i n i t e ,  b u t  almost as 
widespread.  Gra in  size is  mainly  less t h a n  0 .1  mm. 

17. S o d a l i t e  
- -- 

S o d a l i t e  o c c u r s  i n  a v e r y  few samples  as  a n h e d r a l  g r a i n s  up t o  
0 .5  mm i n  s i z e .  I t  is d i s t i n g u i s h e d  by i ts i s o t r o p i c  c h a r a c t e r  and 
h i g h e r  R . I .  t h a n  f l u o r i t e .  S o d a l i t e  is  c o l o r l e s s  i n  t h i n  s e c t i o n .  

18 .  F l u o r i t e  
- - 

F l u o r i t e  is  mode ra t e ly  widespread i n  t h e  hornb lende  zone and rare 
i n  o t h e r  zones .  It forms i r r e g u l a r  i n t e r s t z t i a l  p a t c h e s  o f  v e r y  f i n e  
t o  l o c a l l y  f i n e  g r a i n  s i z e .  I t  is c h a r a c t e r i z e d  by a v a r i a b l e  c o l o r ,  
w i t h  p u r p l e  p a t c h e s  o f  v a r y i n g  i n t e n s i t y  of c o l o r - s c a t t e r e d  t h rough  
a c o l o r l e s s  background. 
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PREFACE . 

T h i s  r e p o r t  i s  a  r e v i s i o n  o f  a n  e a r l i e r  r e p o r t  (R86-3 ,  O c t o b e r  
1986)  i n  which  d e l e t i o n s  were made a t  t h e  r e q u e s t  o f  t h e  c l i e n t .  
The s i n g l e  p u r p o s e  o f  t h i s  r e p o r t  i s  t o  s a t i s f y  t h e  r e q u i r e m e n t s  
o f  t h e  Of £ i c e  o f  t h e  S u p e r i n t e n d e n t  o f  B r o k e r s  a n d  R e a l  E s t a t e ,  
s p e c i f i c a l l y  i n  r e f e r e n c e  t o  a  l e t t e r s  d a t e d  17 F e b r u a r y  1987 and 
27  March 1987.  

Excep t  f o r  c h a n g e s  o f  a n  e d i t o r i a l  n a t u r e ,  m o s t  changes  o c c u r  i n  
S e c t i o n  6.0 where  a  s e c t i o n  d i s c u s s i n g  d e g r e e  o f  m a r k e t  c a p t u r e  
h a s  b e e n  a d d e d ;  a n d  i n  S e c t i o n  7.0, w h e r e  c a s h  f l o w  p r o j e c t i o n s  
h a v e  b e e n  d e l e t e d ;  a n d  c o m m e n t s  h a v e  b e e n  made t o  s u g g e s t  t h e  
p o t e n t i a l  scale o f  o p e r a t i o n ,  r e c o g n i z i n g  t h a t  p o t e n t i a l  p r o b l e m s  
a r e  u n a d d r e s s e d  which  may p r e c l u d e  s u c c e s s f u l  deve lopment .  



A p r i l  1987  

1.0 INTRODUCTION 

T h i s  r e p o r t  s u m m a r i z e s  t h e  r e s u l t s  o f  a n  i n v e s t i g a t i o n  w h i c h  
i d e n t i f i e d  p o t e n t i a l  m a r k e t s  f o r  n e p h e l i n e  s y e n i t e  i n  w e s t e r n  
N o r t h  A m e r i c a  a n d  s e l e c t e d  P a c i f i c  R i m  c o u n t r i e s .  N e p h e l i n e  
s y e n i t e  i s  a  s i l i c a - d e f i c i e n t  r o c k  u s e d  p r i m a r i l y  i n  t h e  
m a n u f a c t u r e  o f  ceramics a n d  g l a s s ,  w h e r e  t h e  m a t e r i a l  i s  v a l u e d  
a s  a f l u x ,  a n d  a s  a s o u r c e  o f  t h e  o x i d e s  6 f  a luminum,  sod ium and  
p o t a s s i u m .  T h e  s t u d y  was c o m m i s s i o n e d  b y  N e p h e l i n e  R e s o u r c e s  
I n c . ,  M r .  B. H .  S c h a r f ,  P r e s i d e n t .  

N e p h e l i n e  R e s o u c e s  L i m i t e d  h o l d s  m i n e r a l  t i t l e  t o  t h e  NEP claim 
g r o u p  i n  t h e  R i c h t e r  P a s s  a r e a  w e s t  o f  Osoyoos,  B r i t i s h  Columbia .  
T h e  Company  p r o p o s e s  t o  c o n d u c t  a n  e x p l o r a t i o n  p r o g r a m  o n  t h e  
p r o p e r t i e s ,  f o l l o w e d  b y  s u b s e q u e n t  l a b o r a t o r y  t e s t i n g  d e s i g n e d  t o  
c h a r a c t e r i z e  t h e  n a t u r e  o f  t h e  d e p o s i t  a n d  i d e n t i f y  c o m m e r c i a l l y  
s u i t a b l e  b e n e f i c i a t i o n  methods .  

T h e  p u r p o s e  o f  t h i s  s t u d y  i s  t o  g a t h e r  m a r k e t  a n d  e c o n o m i c  
i n f o r m a t i o n  i n  o r d e r  t o  j u d g e  t h e  merits o f  i n c u r r i n g  t h e  e x p e n s e  
o f  t h e  p r o p o s e d  w o r k  p l a n ,  r e l a t i v e  t o  t h e  p o t e n t i a l  e c o n o m i c  
g a i n .  T h i s  s t u d y  e v a l u a t e s  t h e  c o n c e p t ,  n o t  t h e  d e p o s i t ,  a n d  
d o e s  s o  d e s p i t e  t h e  l a c k  o f  e c o n o m i c a l l y  s i g n i f i c a n t  t e c h n i c a l  
d a t a  r e g a r d i n g  t h e  d e p o s i t .  

T h e  s t u d y  o b j e c t i v e s  a r e  t o  i d e n t i f y  t h e  m a r k e t  r e g i o n  
p o t e n t i a l l y  a v a i l a b l e  t o  t h e  NEP d e p o s i t ,  t o  o b t a i n  t h e  c u r r e n t  
p r o d u c t i o n  a n d  c o n s u m p t i o n  s t a t i s t i c s  f o r  a l u m i n o u s  m a t e r i a l s  
w i t h i n  t h a t  r e g i o n ,  t o  d e f i n e  c o n s u m e r  s p e c i f i c a t i o n s  a n d  
c o m p e t i t i v e  f o r c e s  w h i c h  m a t e r i a l s  - f r o m  t h e  d e p o s i t  w o u l d  
e n c o u n t e r ,  a n d  t o  p o s t u l a t e  w h a t  costs a n d  r e v e n u e s  would  l i k e l y  
r e s u l t  f r o m  a n y  f u t u r e  d e v e l o p m e n t .  I t  i s  a p r e l i m i n a r y  s t u d y  i n  
w h i c h  many a s s u m p t i o n s  had  t o  b e  made i n  o r d e r  t o  i n c o r p o r a t e  t h e  
r e s u l t s  o f  t h e  m a r k e t  s t u d y  i n t o  a n  e c o n o m i c  e v a l u a t i o n  o f  t h e  
p r o j e c t  a s  a  c o n c e p t .  

S o u r c e s  o f  i n f o r m a t i o n  i n c l u d e d  t e l e p h o n e  c o m m u n i c a t i o n s  w i t h  
p r o d u c e r s  a n d  c o n s u m e r s  d u r i n g  A u g u s t  a n d  S e p t e m b e r  1 9 8 6 ,  
a v a i l a b l e  p u b l i s h e d  i n f o r m a t i o n ,  a n d  t h e  p a s t  work a n d  e x p e r i e n c e  
o f  t h e  writer .  

T h i s  r e p o r t  i s  i n t e n d e d  t o  b e  a  s u p p o r t i n g  d o c u m e n t  t o  a  master  
g e o l o g i c a l  r e p o r t  b e i n g  p r e p a r e d  b y  J o h n  G. P a y n e ,  o n  b e h a l f  o f  
N e p h e l i n e  R e s o u r c e s  L i m i t e d .  T h e  r e a d e r  i s  r e f e r r e d  t o  t h i s  
r e p o r t  f o r  t h e  d e t a i l s  r e g a r d i n g  t h e  d e p o s i t  and  i t s  g e o l o g y ,  a s  
t h i s  r e p o r t  d o e s  n o t  c o n t a i n  s u c h  i n f o r m a t i o n .  
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2 . 0  TERMS OF REFERENCE 

N e p h e l i n e  R e s o u r c e s  L i m i t e d  i n f o r m e d  t h e  wri ter  t h a t  t h e  Company 
h a d  o b t a i n e d  r i g h t s  b y  m i n e r a l  c l a i m  t o  t h e  NEP c l a i m  g r o u p ,  
w h i c h  c o n t a i n  b o d i e s  o f  n e p h e l i n e  s y e n i t e  r o c k .  C o m p a n y  
m a n a g e m e n t  a s k e d  i f  s u f f i c i e n t  m a r k e t s  e x i s t e d  f o r  n e p h e l i n e  
s y e n i t e  t o  j u s t i f y  t h e  e x p e n s e  o f  p r o p o s e d  e x p l o r a t i o n  a n d  
l a b o r a t o r y  work  d e s i g n e d  t o  e v a l u a t e  t h e  d e p o s i t .  

I n  o t h e r  words  t h e  c l i e n t  a s k e d ,  i f  a  s a l e a b l e  n e p h e l i n e  p r o d u c t  
c o u l d  b e  p roduced ,  would  c o n s u m e r s  buy t h e  m a t e r i a l  i n  s u f f i c i e n t  
q u a n t i t y  a n d  a t  s u c h  a p r i c e  t h a t  would  make t h e  p r o p o s e d  e f f o r t  
w o r t h w h i l e ?  T h e  c l i e n t  a l s o  w a n t e d  t o  know w h a t  c o n s t i t u t e d  a  
c o m m e r c i a l  l y  a c c e p t a b l e  p r o d u c t  e . ,  consumer  s p e c i f i c a t i o n s ) ,  
a n d  w h a t  c a s h  f l o w  m i g h t  b e  e x p e c t e - d  f r o m  s u c h  a n  o p e r a t i o n .  
T h i s  s t u d y  was  c o m m i s s i o n e d  t o  a n s w e r  t h e s e  q u e s t i o n s .  

Marke t  s t u d i e s  and  a  p r o j e c t  e v a l u a t i o n  a r e  n e c e s s a r y  t o  a n s w e r  
t h e s e  q u e s t i o n s ,  b u t  a s e e m i n g l y  p a r a d o x i c a l  s i t u a t i o n  e x i s t s  i n  
t h a t  i n p u t s  r e g a r d i n g  t h e  d e p o s i t  a r e  n e c e s s a r y  t o  a n  e v a l u a t i o n  
o f  t h e  merits o f  p r o c e e d i n g  w i t h  t h e  v e r y  work wh ich  would  s u p p l y  
t h e  r e q u i r e d  i n f o r m a t i o n .  A c t u a l l y ,  t h e  p a r a d o x  i s  n o t  r e a l ,  i f  
o n e  r e c o g n i z e s  t h a t  i t  i s  a  c o n c e p t  b e i n g  e v a l u a t e d ,  a n d  n o t  a 
s p e c i f i c  d e p o s i t  o r  p r o j e c t .  

I n  a  c o n c e p t u a l  e v a l u a t i o n ,  a l l  t h a t  i s  r e q u i r e d  i s  t o :  

1. Assume t h a t  a l l  a s p e c t s  o f  t h e  d e p o s i t  a r e  p o s i t i v e  t o  
t h e  e x t e n t  n o t  c o n t r a d i c t e d  b y  f a c t ,  

2 .  O b t a i n  a  q u a n t i t a t i v e  s t a t e m e n t  o f  t h e  e c o n o m i c  a n d  
m a r k e t  e n v i r o n m e n t  i n  w h i c h  t h e  d e v e l o p m e n t  o f  a n y  
d e p o s i t  m u s t  o p e r a t e ,  

3 .  And f i n a l l y ,  i n c o r p o r a t e  t h e  d e p o s i t - s p e c i f i c  
a s s u m p t i o n s  and  t h e  r e s u l t s  o f  t h e  m a r k e t  s t u d y  i n t o  a n  
economic  e v a l u a t i o n  o f  a  h y p o t h e t i c a l  o p e r a t i o n .  

I f  t h e  t h e  e v a l u a t i o n  o f  t h e  economic  and  m a r k e t  c o n d i t i o n s  a r e  
c o n s i d e r e d  p o s i t i v e  f o r  a h y p o t h e t i c a l  o p e r a t i o n ,  t h e n  t h e  
i m p l i c a t i o n  i s  t h a t  i t  i s . r e a s o n a b l e  t o  p r o c e e d  w i t h  w o r k  t o  
i n v e s t i g a t e  t h e  d e p o s i t  t o  d e t e r m i n e  i f  i t  c a n  t h e  meet t h e  same 
c r i t e r i a  r e q u i r e d  o f  a  f e a s i b l e  h y p o t h e t i c a l  o p e r a t i o n .  

S i n c e  a s s u m p t i o n s  a r e  made wh ich  s u b s e q u e n t  work may r e v e a l  t o  b e  
i n a c c u r a t e ,  a n d  b e c a u s e  t h i s  m a r k e t  s t u d y  a n d  e v a l u a t i o n  i s  
p r e l i m i n a r y  i n  n a t u r e ,  t h e  r e s u l t s  o f  t h i s  w o r k  m u s t  b e  
c o n s i d e r e d  a f i r s t  a p p r o x i m a t i o n .  

D e s p i t e  t h e  l i m i t a t i o n s  o f  t h i s  t y p e  o f  s t u d y ,  i t  r e m a i n s  t h e  
m o s t  e f f e c t i v e  t o o l  a v a i l a b l e  t o  m a n a g e m e n t  t o  e v a l u a t e  t h e  
a d v i s a b i l i t y  o f  p r o c e e d i n g  w i t h  p r o p o s e d  work,  and  f u r t h e r m o r e ,  
w i l l  a s s i s t  i n  t h e  d e s i g n o f  t h e  w o r k  p r o g r a m .  
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3.0 GENERAL BACKGROUND INFORMATION 

3.1 Definition and Uses of Nepheline Syenite. 

Nepheline syenite is a silica deficient crystalline rock composed 
of albite and microcline feldspars and nepheline, together with 
varying amounts of mafic silicates and accessory minerals. The 
poly-mineralic material is of economic significance because of 
the high alumina content (over 20% A1 03), and the contained 
alkalies (over 15% combined K20 and Na20 5 . 
Glass- and ceramic-quality nephel ine syenite is produced 
commercially at three locations: by Indusmin Ltd. at Nephton, 
Ontario (a nearby operation formerly owned by IMC has been 
recently purchased by Indusmin); by Norsk Nefelin on Stjernoy 
Island, near the northern tip of Norway; and most recently by 
Austral Ltd., near Rio de Janeiro, Brazil. 

Commercial operations involving other uses include two sites in 
the Soviet Union where nepheline syenite is used as a source of 
alumina in the production of aluminum. Portland cement, sodium 
carbonate, and potassium carbonate are produced as co-product and 
by-product materials from this unique Russian process of winning 
aluminum. Lastly, construction aggregates and roofing granules 
are produced from a bastard nepheline syenite in Arkansas. 

In the case of the Indusmin and Norsk Nefelin deposits, 80-85% of 
the material is used in glass manufacture; 12% in ceramics; and 
3-8% is sold for other uses, largely as an industrial filler. 

Nepheline syenite is readily substituted by feldspar, feldspathic 
sands (a f eldspar-silica mixture), aplite, and steel mill slag. 
The choice is largely dependent upon the effective delivered cost 
of each oxide source, with credits for each desired oxide 
(alumina, silica, and alkalies) and penalties for each 
deleterious constituent (usually iron). In some ceramic 
applications, particularly tile manufacture, pyrophyllite can 
also substitute for nepheline syenite. 

Typical commercial product specifications for glass-grade 
nepheline syenite appear in Table 1; and for ceramic-grade in 
Table 2. World production figures for aluminous materials are 
found in Table 3, excepting nepheline syenite, which would add 
another million tons. Table 4 provides typical whole-rock 
chemical and mineralogical compositions of some nepheline 
syenites. And Table 5 provides typical analyses for nepheline 
syenite and its substitutes, in the context of readily available 
commercial products in North America. (All Tables are found in 
Appendix A.) 
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Table 6 is a listing of approximate chemical compositions of 
commercial glasses. The original source of the material is dated, 
but for gross information is still useful. In tonnage, soda- 
lime-silica glass accounts for over 90% of total glass 
production; common glasses usually contain 70% silica, 15% soda, 
5010% lime, and 1-38 alumina. 

Nepheline syenite is added to the glass batch primarily as a 
source of alumina, which imparts chemical stability and strength 
to the glass product; it is a secondary source of alkalies, 
which lower the melting point of the batch and affect viscosity. 
As a rule of thumb, each unit per cent of A1203 in the final 
glass composition translates to about 4.5% contained nepheline 
syenite. Ceramics tend to contain the equivalent of 15-25% 
nephel ine syenite. 

4 . 0  PROBLEM DEFINITION 

4.1 Definition of Startinq Point. 

Geological reports and maps are available for the area, and while 
they do provide some insight into the character of the subject 
materials, they provide little in the way of economically 
significant detail. Past work in the area by those evaluating 
the economic potential of the nepheline syenite are not 
considered valuable, since modern methods of beneficiation were 
not employed, nor were the personnel and companies necessarily 
the best suited for the task. The preliminary field and 
laboratory work presently being conducted on behalf of Nepheline 
Resources is of limited utility because it is either in progress, 
or is confined to whole-rock mineralogy. 

In short, chemical analyses of beneficiated samples are not 
available? therefore it is not known exactly what the deposit 
might potentially offer for sale. However, all available 
information suggests the iron content in the deposit could be 
difficult to reduce t o ,  a level comparable to the best 
commercially available materials; and that the ratio of sodium 
to potassium is quite low relative to the materials normally used 
by the glass industry. For the purposes of this report, there is 
no practical choice but to assume that the iron content is 
reducible to an acceptable level, and that the market resistance 
associated with a non-standard material would be overcome. 

Furthermore, it is necessary to speculate as to the probable 
chemistry of a beneficiated product. The mineralogical 
composition of geological units 2c and 2e (John Payne, June 1986) 
appear to average approximately 60% K-spar, 8% Na-spar, 4.5% Ca- 
spar, and 17% nepheline. Assuming beneficiation would yield a 
product containing only these minerals, and in the same 
proportions, the chemistry of the resulting mixture was 
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c a l c u l a t e d  u s i n g  t h e  c o m p o s i t i o n s  o f  t h e  p u r e  e n d - m e m b e r s  o f  
n e p h e l i n e  a n d  t h e  f e l d s p a r s ;  a  1 / 2 - %  w a s  a l l o w e d  f o r  i r o n  a n d  
o t h e r  o x i d e s .  

The r e s u l t s  o f  t h i s  e x e r c i s e  p r e d i c t  t h a t  a  b e n e f i c i a t e d  p r o d u c t  
f rom t h e  NEP claim g r o u p  m i g h t  h a v e  t h e  f o l l o w i n g  c h e m i s t r y :  

~~0~ - 
Na 0 - 
c a 8  - 
O t h e r  - 

A c c e p t i n g  t h e  above  c h e m i s t r y  t o  b e  t h e  c h e m i c a l  c o m p o s i t i o n  o f  
a  s a l e a b l e  b e n e f  i c i a t e d  p r o d u c t  f r o m  - t h e  NEP c l a i m  g r o u p ,  a n d  
t h e  u n c e r t a i n t y  a s  t o  w h e t h e r  s u c h  a  p r o d u c t  c o u l d  i n  f a c t  b e  
r e a l i z e d ,  i t  t h e n  b e c a m e  n e c e s s a r y  t o  d e t e r m i n e  t h e  s i z e  a n d  
d i s t r i b u t i o n  o f  t h e  m a r k e t s  i n  w h i c h  t h e  NEP g r o u p  m a t e r i a l s  
w o u l d  b e  c o m p e t i t i v e .  C o n s e q u e n t l y ,  p o t e n t i a l  m a r k e t s  were 
r e s e a r c h e d ,  a  c u r s o r y  t r a n s p o r t a t i o n  s t u d y  w a s  made ,  a n d  t h e  
r e s u l t s  f o r m e d  t h e  b a s i s  f o r  t h e  m a r k e t  r e p o r t  a n d  e v a l u a t i o n  
c o n t a i n e d  i n  S e c t i o n s  5 and 6. 

4.2 G e o q r a p h i c a l  Marke t  Scope.  

S i n c e  a b o u t  9 0 %  o f  t h e  e x p e c t e d  m a r k e t s  f o r  n e p h e l i n e  s y e n i t e  
r e l a t e  t o  i t s  u s e  i n  t h e  m a n u f a c t u r e  o f  g l a s s  a n d  c e r a m i c s ,  t h e  
s t u d y  o f  o t h e r  m a r k e t  u s e s  becomes i r r e l e v a n t .  Hence, t h i s  s t u d y  
i s  l i m i t e d  t o  a n  e x a m i n a t i o n  o f  g l a s s  and  ceramic m a r k e t s  on ly .  

G e o g r a p h i c a l l y ,  i t  i s  u n l i k e l y  t h a t  m a t e r i a l  f r o m  t h e  NEP c l a i m  
g r o u p  would b e  c o m p e t i t i v e  i n  m a r k e t s  east  o f  t h e  1 1 0 t h  m e r i d i a n ,  
a s  t h e s e  a r e a s  o f  Nor th  America a r e  a l r e a d y  w e l l - s e r v e d  by w e l l -  
e s t a b l i s h e d ,  i n e x p e n s i v e ,  h i g h - q u a l i t y  p r o d u c t s  f rom r e l a t i v e l y  
c l o s e  p r o x i m i t y .  The  n e p h e l i n e  s y n e n i t e  p r o d u c e d  a t  N e p h t o n ,  
O n t a r i o ,  d o m i n a t e s  t h e  m a r k e t  f o r  o v e r  a  1 0 0 0 - k i l o m e t r e  r a d i u s ;  
a n d  i t  i s  c o n s i d e r e d  p o s s i b l e  t h a t  a  w e s t e r n - p r o d u c e d  m a t e r i a l  
m i g h t  compete  e f f e c t i v e l y  o v e r  a  s i m i l a r  r a d i u s .  Thus m a r k e t s  i n  
Nor th  Amer ica  were examined w e s t  o f  t h e  1 1 0 t h  m e r i d i a n  and  a s  f a r  
s o u t h  a s  C a l i f o r n i a .  A c t u a l l y ,  s i g n i f i c a n t  g l a s s  a n d  c e r a m i c  
p r o d u c t i o n  i s  known t o  o c c u r  o n l y  i n  A l b e r t a ,  B r i t i s h  Columbia ,  
Washington,  Oregon and  C a l i f o r n i a .  

S i n c e  i n f o r m a t i o n  f o r  s e l e c t e d  P a c i f i c  R i m  c o u n t r i e s  was r e a d i l y  
a v a i l a b l e ,  and  b e c a u s e  t h e  NEP claim g r o u p  i s  o n l y  a  f ew hundred  
k i l o m e t r e s  f rom t i d e w a t e r ,  t h i s  i n f o r m a t i o n  was a l s o  i n c o r p o r a t e d  
i n t o  t h e  r e p o r t .  
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4 . 3  S t u d y  L i m i t a t i o n s .  

G l a s s  m a n u f a c t u r i n g  t e n d s  t o  b e  d o m i n a t e d  by  a f e w  l a r g e ,  h i g h -  
p r o f i l e  c o m p a n i e s  who a r e  r e a d i l y  i d e n t i f i e d ;  t h u s  t h e  g l a s s  
m a r k e t s  f o r  w e s t e r n  r e g i o n s  o f  t h e  U .  S .  a n d  C a n a d a  a r e  
c o n s i d e r e d  t o  b e  w e l l - d e f i n e d  by  t h i s  s t u d y .  

On t h e  o t h e r  hand ,  t h e  c e r a m i c  i n d u s t r y  i s  c o m p r i s e d  o f  numerous ,  
s m a l l ,  l o w - p r o f i l e  compan ie s ,  a n d  i t  would  b e  a n  u n w i e l d y  t a s k  t o  
r e s e a r c h  s u c h  a  c o n s u m e r  g r o u p .  T h u s  i t  i s  l i k e l y  t h a t  t h e  
m a r k e t s  f o r  c e r a m i c - g r a d e  m a t e r i a l s  a r e  s i g n i f i c a n t l y  u n d e r -  
e s t i m a t e d  i n  t h i s  s t u d y .  I n  f a c t ,  o n l y  t h e  s a n i t a r y  w h i t e w a r e  
m a n u f a c t u r e r s  were i d e n t i f i e d  a s  m a j o r  u s e r s  o f  c e r a m i c - g r a d e  
n e p h e l i n e  s y e n i t e .  

N o n e t h e l e s s ,  t h i s  s t u d y  v e r y  l i k e l y  i d e n t i f i e s  o v e r  8 0 %  o f  t h e  
p o t e n t i a l  m a r k e t s  i n  w e s t e r n  Nor th  Amer ica  f o r  n e p h e l i n e  s y e n i t e  
i n  a l l  a p p l i c a t i o n s .  I n  t h e  c a s e  o f  p o t e n t i a l  o f f s h o r e  m a r k e t s ,  
t h e  d a t a  p r e s e n t e d  i s  i n c o m p l e t e .  

5 . 0  MARKET STUDY 

M o s t  o f  t h e  N o r t h  A m e r i c a n  g l a s s  i n d u s t r y  c o m b i n e  h i g h - p u r i t y  
s i l i c a  s a n d  w i t h  a  s u i t a b l e  a l u m i n o u s  m a t e r i a l  i n  t h e i r  b a t c h  
f o r m u l a t i o n s ;  t h e  p o i n t  b e i n g  t h e y  b u y  s i l i c a  a n d  a l u m i n a  
s e p a r a t e l y  a n d  c o m b i n e  t h e m  d u r i n g  b a t c h i n g .  Due t o  g e o l g i c  
h i s t o r y ,  w e s t e r n  N o r t h  A m e r i c a  h a s  a n  a b u n d a n c e  o f  f e l d s p a t h i c  
s a n d s  ( q u a r t z - f e l d s p a r  m i x t u r e s )  a n d  a n  a c u t e  s h o r t a g e  o f  h i g h  
p u r i t y  s i l i c a  s a n d s  s u c h  a s  are  found  i n  t h e  E a s t .  Where s i l i c a  
i s  s c a r c e ,  f e l d s p a t h i c  s a n d s  have  a c o m p e t i t i v e  e d g e  o v e r  h i g h l y  
a l u m i n o u s  m a t e r i a l s  d u e  t o  t h e i r  h i g h e r  s i l i c a  c o n t e n t .  
T h e r e f o r e  i t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h e  i m p o r t a n c e  o f  b o t h  
s i l i c a  a n d  a l u m i n a  s u p p l i e s  i n  a  m a r k e t  s t u d y  i n v o l v i n g  n e p h e l i n e  
s y e n i t e .  

5 .1  N o r t h w e s t  Marke t s .  

The g l a s s  i n d u s t r y  i n  w e s t e r n  Canada i s  p r e s e n t l y  c o n f i n e d  t o  t h e  
m a n u f a c t u r e  o f  c o n t a i n e r  g l a s s  a n d  f i b r e g l a s s  i n s u l a t i o n ,  w i t h  
f i v e  o p e r a t i o n s  i n  A l b e r t a  a n d  B r i t i s h  C o l u m b i a .  I n  t h e  U.S. 
P a c i f i c  N o r t h w e s t ,  c o n t a i n e r  g l a s s  i s  m a n u f a c t u r e d  i n  S e a t t l e  and  
P o r t l a n d ,  a n d  a  new f l a t g l a s s  o p e r a t i o n  i s  c o m i n g  o n  l i n e  i n  
C h e h a l i s ,  W a s h i n g t o n .  

H i g h  q u a l i t y  s i l i c a  i s  s u p p l i e d  f r o m  p r o d u c e r s  i n  S e l k i r k ,  
M a n i t o b a ;  G o l d e n ,  B r i t i s h  C o l u m b i a ;  a n d  V a l l e y ,  W a s h i n g t o n .  
T h e s e  s i l i c a  d e p o s i t s  h a v e  a m p l e  r e s e r v e s  a n d  a r e  c e n t r a l l y  
l o c a t e d  w i t h  r e s p e c t  t o  t h e  m a r k e t s  t h e y  s e r v e  ( e x c e p t  f o r  t h e  
S e l k i r k  o p e r a t i o n ,  w h i c h  i s  o u t s i d e  a n d  e a s t  o f  t h e  c o n s u m i n g  
r e g i o n ) .  
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I n  f i b r e g l a s s  a n d  c o l o u r e d - g l a s s  p r o d u c t i o n ,  l o c a l  f e l d s p a t h i c  
s a n d s  ( s u p p l i e d  f r o m  Coos  Bay,  Oregon ;  a n d  B r u d e r h e i m ,  A l b e r t a ) .  
p r o v i d e  a l o w - q u a l i t y  b u t  i n e x p e n s i v e  s o u r c e  o f  s i l i c a ,  a s  w e 1  1 
a s  a l u m i n a  A h i g h - i r o n  s i l i c a  i s  s u p p l i e d  f r o m  R a v e n s d a l e ,  
W a s h i n g t o n ,  a n d  i s  u s e d  i n  c o l o u r e d - g l a s s  p r o d u c t i o n  a t  S e a t t l e ,  
a n d  s o m e t i m e s  i n  f i b r e g l a s s  p r o d u c t i o n  a t  M i s s i o n ,  B. C. 

A l u m i n a  i s  s u p p l i e d  t o  w e s t e r n  C a n a d a  l a r g e l y  f r o m  n e p h e l i n e  
s y e n i t e  f r o m  N e p h t o n ,  O n t a r i o ,  a l t h o u g h  a f e l d s p a t h i c  s a n d  
d e p o s i t  n e a r  E m m e t t ,  I d a h o ,  s u p p l i e d  t h i s  m a r k e t  p r i o r  t o  t h e  
m a r k e d  d e v a l u a t i o n  o f  t h e  C a n a d i a n  d o l l a r .  Emmet t  c o n t i n u e s  t o  
r e t a i n  a  smal l  r e s i d u a l  C a n a d i a n  m a r k e t ,  a n d  s u p p l i e s  t h e  demand 
f o r  l o w - i r o n  m a t e r i a l  i n  P o r t l a n d  a n d  S e a t t l e  w i t h o u t  
c o m p e t i k i o n .  The  Coos  Bay f  e l d s p a t h i c  s a n d  r e p l a c e d  Emmet t  s a n d s  
i n  t h e  m a n u f a c t u r e  o f  c o l o u r e d - g l a s s  a t  P o r t l a n d ,  a n d  i s  u s e d  i n  
t h e  m a n u f a c t u r e  o f  f i b r e g l a s s  a t  M i s s i o n ,  B r i t i s h  C o l u m b i a .  

The o n l y  i d e n t i f i e d  u s e r  o f  a l u m i n a  i n  c e r a m i c  p r o d u c t i o n  i n  t h e  
N o r t h w e s t  i s  t h e  s a n i t a r y  w h i t e w a r e  m a n u f a c t u r e r ,  C r a n e  Canada 
I n c .  a t  C o q u i t l a m ,  B r i t i s h  C o l u m b i a .  

T a b l e  7  s u m m a r i z e s  t h e  s u p p l y  a n d  d e m a n d  r e l a t i o n s h i p s  f o r  
a l u m i n o u s  m a t e r i a l s  i n  t h e  N o r t h w e s t ,  w i t h  c u r r e n t  c o n s u m p t i o n  
e s t i m a t e d  a t  2 7 , 0 0 0  s h o r t  t o n s  a n n u a l l y ,  i n  terms o f  n e p h e l i n e  
s y e n i t e  ( 2 2 %  a l u m i n a )  e q u i v a l e n t .  I n  b e t t e r  e c o n o m i c  t i m e s ,  o v e r  
30,000 s h o r t  t o n s  w o u l d  b e  consumed  a n n u a l l y  b y  t h e s e  i n d u s t r i e s .  

I t  w i l l  b e  n o t i c e d  t h a t  T a b l e  7  c o n t a i n s  n o  c o n s u m p t i o n  
i n f o r m a t i o n  r e g a r d i n g  t h e  PPG f  l a t - g l a s s  f a c i l i t y  a t  C h e h a l i s .  
U n f o r t u n a t e l y  N o r t h  A m e r i c a n  f l a t - g l a s s  m a n u f a c t u r e r s  d o  n o t  
i n c l u d e  a l u m i n a  i n  t h e i r  b a t c h  f o r m u l a t i o n s ,  b u t  t h e  i n d u s t r y  i s  
r e p o r t e d l y  r e v i e w i n g  t h e  r o l e  o f  a l u m i n a  i n  f l a t - g l a s s  a n d  may i n  
t h e  f u t u r e  u s e  a l u m i n a ,  a s  t h e  J a p a n e s e  c u r r e n t l y  do. 

5 .2  C a l i f o r n i a  M a r k e t s .  

T h e  g l a s s  i n d u s t r y  i n  C a l i f o r n i a  c o n s i s t s  o f  t h r e e  f l a t - g l a s s  
p l a n t s ,  t h r e e  f i b r e g l a s s  p l a n t s ,  a n d  f i f t e e n  c o n t a i n e r  g l a s s  
m a n u f a c t u r e r s .  T h e  l a t t e r  a r e  c e n t e r e d  i n  t h e  L o s  A n g e l e s  a n d  
S a n  F r a n c i s c o  a r e a s ,  w i t h  much o f  t h e  c o n t a i n e r  g l a s s  p r o d u c t i o n  
b e i n g  w i n e  b o t t l e s .  I n  f a c t ,  t h e  l a r g e s t  c o n t a i n e r  g l a s s  p l a n t  
i n  N o r t h  A m e r i c a  i s  o p e r a t e d  b y  G a l l o  W i n e s  i n  M o d e s t o ,  who h a s  
f i v e  l i n e s  p r o d u c i n g  w i n e  b o t t l e s  f o r  i t s  own c o n s u m p t i o n .  

S i l i c a  s a n d  i s  p r o d u c e d  f o r  i t s  own u s e  b y  O w e n s - I l l i n o i s  Co. i n  
I o n e ,  C a l i f o r n i a ,  a n d  a s  w e l l  s u p p l y  o t h e r  c o n s u m e r s .  S e v e r a l  
p r o d u c e r s  i n  t h e  O v e r t o n ,  N e v a d a ,  a r e a  ( p r i n c i p a l l y  S i m p l o t  
S i l i c a  P r o d u c t s )  s u p p l y  most o f  t h e  n o n - c a p t i v e  s i l i c a  t o  
C a l i f o r n i a .  F e l d s p a t h i c  s a n d s  are  s u p p l i e d  b y  C a l i f o r n i a  S i l i c a  
a t  S a n  J u a n  C a p i s t r a n o ,  C r y s t a l  S i l i c a  a t  O c e a n s i d e ,  G i l l i b r a n d  
S a n d s  a t  S i m i  V a l l e y ,  S a n t a  C r u z  A g g r e g a t e s  a t  F e l t o n ,  a n d  Unimin  
C o r p o r a t i o n  a t  Byron  ( a l l  w i t h i n  C a l i f o r n i a ) .  
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California is short of high-quality silica sand, but has an ample 
supply of feldspathic sands. The feldspathic sands are moderate- 
to-high in iron and contain from 4 - 9% alumina. The industry 
reportedly has made adjustments to their glass-batch formulations 
in response to the economics of the available materials. 

Consequently, some container glasses in California contain up to 
6% alumina, though these same companies produce 1 - 3% alumina 
glass elsewhere. Producers in California tend to view alumina as 
free, and pay for silica. Feldspathic sand prices apparently are 
in the range of US$12 - 20/short ton, FOB the producer. Truck is 
the principal delivery mode, but most if not all plants have rail 
capabilities. 

Supply and demand relationships for aluminous materials used in 
California glass and ceramic manufacture are found in Table 8. 
This study identified an annual consumption of about 272,400 
short tons of nepheline syenite equivalent in California. 

5.3 Pacific Rim Markets. 

Feldspar production data in Table 3, suggests that all Pacific 
Rim countries have adequate indigenous sources of aluminous 
materials, except Australia and possibly Hong Kong. Japan is 
known to have imported about 6,000 short tons of feldspar from 
China and India in 1979 (Industrial Minerals, November 1981), and 
in addition produced 500,000 short tons of indigenous materials 
(primarily aplite and Toseki, and some feldspar). 

Australia would appear to be a potential market if transportation 
costs were sufficiently low. Australia has imported some 
nepheline syenite, but the exact details are not known. In 1981 
a high-quality potassium-rich feldspar deposit was expected to 
come on stream in western Australia, but its present status is 
not known. 

Nothing was found to suggest that countries in Central America or 
on the west coast of South America would be a potential market, 
with Mexico (140,000 tons), Guatemala (13,000 tons), Colombia 
(30,000 tons), Peru (10,000 tons) and Chile (1,000 tons) all 
having feldspar production in 1980. 

In summary, only Australia would appear to offer potential sales 
for nepheline syenite in offshore Pacific Rim markets, and this 
market should be investigated when the NEP claims are better 
characterized. 
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6.0 MARKET EVALUATION 

6.1 Specific Factors. 

Five deposit-specif ic factors are of paramount importance in the 
evaluation of the economics of an industrial mineral project: the 
deposit location and distance to markets, the nature of the ore 
reserves, the beneficiation methods best suited to the ore, the 
physical and chemical character of the commercial product, and 
the direct and indirect costs associated with producing and 
delivering a commercial product. 

The important market-specific factors are the user requirements 
in terms of quality and quantity, the location of alternative 
suppliers, the character of the established commercial materials, 
and the effective landed cost of these products. 

These deposit- and market-specific factors are synthesized to 
determine the value of the replacement product at the point of 
production, to forecast market share or volume of sales, and to 
estimate the vulnerability of the established producers to 
competition. Finally, the preliminary cash flow is then analyzed 
to provide an initial evaluation of the merits of the project. 

Considering the factors: 

6.1 -1 Deposit Location. The deposit is centrally located 
with respect to Northwest markets, and all infrastructural 
needs are closeby (Burlington Northern Rail way, Highways 3 
and 97, the Keremeos-Osoyoos-Oroville population centers, 
B.C. Hydro, and Inland Natural Gas). A processing facility 
could be located on either side of the international 
boundary. The 400 kilometres to tidewater would add at 
least $15/short ton to sea transportation costs. Truck 
freight to San Francisco would be at least $50/ton, and to 
Los Angeles at least $75/ton. Transportation costs to all 
markets identified in the Northwest would be less than 
$4O/ton. 

6.1 .2 Ore Reserves. Industrial mineral economics usually 
require at least 20 years ore reserves, or say at least a 
million tons in this case. The coarsely-crystalline nature 
of this type of intrusive strongly suggests that if material 
suited to beneficiation could be located, it would likely be 
found in sufficient volume to meet needed ore reserve 
requirements. 

6.1.3 Physical and Chemical Character of Commercial 
Product. It is evident that any commercial product from the 
NEP claim group would have a low sodium/potassium ratio and 
possibly a high iron content, relative to materials normally 
used in the manufacture of glass. It may also contain 
deleterious materials such as refractory minerals, or 
intolerable levels of impurities such as chromium, cobalt, 
manganese, titanium or copper. 
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The sod ium/po tas s ium r a t i o  r e p r e s e n t s  a m a r k e t i n g  problem 
w h i c h  t i m e  s h o u l d  s o l v e ,  a s  t h e  p r o d u c t  b e c o m e s  a c c e p t e d  
t h r o u g h  u s a g e .  F o r  a v i a b l e  o p e r a t i o n ,  t h e  t o t a l  i r o n  
c o n t e n t  m u s t  b e  r e d u c e d  t o  l ess  t h a n  0 .25% ( r e p o r t e d  a s  
F e 2 0 3 ) .  And t h e  g l a s s  c o m p a n i e s  t h e m s e l v e s  w i l l  q u i c k l y  
p o i n t  o u t  a n y  d e l e t e r i o u s  m i n e r a l s  o r  s u b s t a n c e s  o n  
l a b o r a t o r y  s a m p l e s  s u b m i t t e d  f rom t h e  e a r l i e s t  b e n e f i c i a t i o n  
tests .  

The b u l k  o f  t h e  m a r k e t s  demand a  commerc ia l  p r o d u c t  t o  have  
a g r a i n - s i z e  p r e d o m i n a n t l y  i n  t h e  r a n g e  o f  -30 x  +200  U . S .  
S t a n d a r d  m e s h ,  a n d  t h u s  t h e  l i b e r a t i o n  g r a i n - s i z e  i n  t h e  
m i l l i n g  p r o c e s s  mus t  b e  conduc ive  t o  p r o d u c i n g  t h i s  s i z e  of 
m a t e r i a l .  

6.1.4 P r o d u c t i o n  C o s t s .  C o n s i d e r i n g  no  s u i t a b l e  p r o c e s s i n g  
me thods  o r  equ ipmen t  have  been  i d e n t i f i e d  as  s u i t a b l e ,  t h e r e  
r e a l l y  i s  n o  b a s i s  t o  e s t i m a t e  p r o d u c t i o n  c o s t s .  F o r  t h e  
p u r p o s e s  o f  t h i s  s c e n a r i o ,  i t  would b e  r e a s o n a b l e  t o  assume 
t h a t  p r o d u c t i o n  c o s t s  f o r  t h e  NEP d e p o s i t  w o u l d  b e  n o  m o r e  
t h a n  ~ n d u s m i n ' s  s e l l i n g  p r i c e  f o r  n e p h e l i n e  s y e n i t e ,  o r  s a y  
$ 3 0 / t o n ;  b u t  s i n c e  h i g h e r  w a s t e s  a r e  a s s o c i a t e d  w i t h  t h i s  
d e p o s i t ,  a  more c o n s e r v a t i v e  f i g u r e  o f  $40/ ton  i s  used.  

6.1.5 User R e q u i r e m e n t s .  I n  t h i s  s t u d y  i t  i s  a s s u m e d  a  
commercial l y  a c c e p t a b l e  m a t e r i a  1 c a n  b e  p r o d u c e d .  The 
r e d u c t i o n  o f  i r o n  t o  a c c e p t a b l e  l e v e l s  i s  t h e  m o s t  
c o n t e n t i o u s  p a r t  o f  t h i s  a s s u m p t i o n .  A s  a  r u l e  o f  t h u m b ,  
t h e  g l a s s  i n d u s t r y  c o n s i d e r s  a m a t e r i a l  t o  b e  a c c e p t a b l e  
when t h e  r a t i o  o f  % - a l u m i n a  t o  % - i r o n  o x i d e  i s  g r e a t e r  
t h a n  100 .  Few i f  a n y  w e s t e r n  s o u r c e s  meet t h i s  s t a n d a r d ,  
and  t h e  i n d u s t r y  se t t l es  f o r  less. 

F o r  i n s t a n c e ,  t h e  Emmett m a t e r i a l  which  o n c e  d o m i n a t e d  t h e  
N o r t h w e s t  m a r k e t  h a s  a  r a t i o  o f  77, and  none o f  t h e  p r e s e n t  
C a l i f o r n i a  f e l d s p a t h i c  s a n d s  a r e  known t o  h a v e  a  r a t i o  a n y  
h i g h e r  t h a n  a b o u t  75 .  T h u s  w i t h  a  r a t i o  o f  8 8  ( 2 2 %  
a l u m i n a / 0 . 2 5 %  i r o n  o x i d e ) ,  t h e  h y p o t h e t i c a l  p r o d u c t  f r o m  
t h e  NEP d e p o s i t  s h o u l d  b e  c o m p e t i t i v e ,  i n  terms o f  i r o n  
c o n t e n t .  

A p p e n d i x  B c o n t a i n s  o n e  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n  f o r  
n e p h e l i n e  s y e n i t e  p u c h a s e d  f r o m  I n d u s m i n ,  a n d  w o u l d  b e  
c o n s i d e r e d  t y p i c a l .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  i n  many 
c a s e s  c h e m i c a l  a n d  p h y s i c a l  c o n s i s t e n c y  i s  more i m p o r t a n t  
t h a n  t h e  a c t u a l  a c t u a l  o x i d e  c o n c e n t r a t i o n s .  Consumer  
s p e c i f i c a t i o n s  i n  t h e  g l a s s  i n d u s t r y ,  i n c i d e n t a l l y ,  s h o u l d  
b e  v i ewed  w i t h  d i s c r e t i o n  s i n c e  t h e y  r e f l e c t  more t h e  n a t u r e  
o f  c u r r e n t  s u p p l i e s  t h a n  t h e  a c t u a l  n e e d s  i n  making g l a s s .  
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6.1.6 D e g r e e  o f  M a r k e t  C a p t u r e .  T h e  N o r t h w e s t  m a r k e t  i s  
r e l a t i v e l y  w e l l - s u p p l i e d  w i t h  s i l i c a ,  b u t  i s  d e f i c i e n t  i n  
a l u m i n o u s  materials .  I t  i s  a s sumed  t h a t  a nephe l i ne*  s y e n i t e  
p r o d u c t  o f  a c c e p t a b l e  q u a l i t y  w o u l d  c a p t u r e  9 0 %  o f  t h e  
N o r t h w e s t  m a r k e t ,  s i n c e  c u r r e n t  s o u r c e s  a r e  e i t h e r  o f  
i n f e r i o r  g r a d e  ( E m m e t t  a n d  Coos B a y ) ,  o r  e x c e s s i v e l y  d i s t a n t  
f r o m  t h e  c o n s u m i n g  d e s t i n a t i o n s  ( N e p h t o n ) .  W h i l e  t h i s  
a s s u m p t i o n  i s  o p t i m i s t i c ,  i t  i s  n o t  u n r e a s o n a b l e .  I n  f a c t ,  
t h e  s u c c e s s  o f  t h i s  p r o j e c t  i s  d e p e n d e n t  u p o n  a l m o s t  t o t a l  
m a r k e t  c a p t u r e  i n  v i e w  o f  t h e  s m a l l  m a r k e t  a v a i l a b l e .  

* 
A g o o d  c a s e  c a n  b e  made t h a t  9 0 %  m a r k e t  c a p t u r e  i s  
p o s s i b l e ,  b a s e d  upon t h e  f o l l o w i n g  f a c t s :  

1.) ----- T h e r e  i s  r 2 i o n a l  --- p r e c e d e n c e .  P r i o r  t o  t h e  s h a r p  ------ 
d e c l i n e  i n  t h e  v a l u e  o f  t h e  C a n a d i a n  d o l l a r  ( c i r c a  
1 9 8 2 ) ,  n e a r l y  a l l  ( i f  n o t  a l l ! )  a l u m i n o u s  
mater ia ls  i n  w e s t e r n  Canada a n d  t h e  U.S. N o r t h w e s t  
were s u p p l i e d  b y  E m m e t t .  W i t h  t h e  e x c e p t i o n  o f  
r e q u i r e m e n t s  f o r  c o l o u r e d  a n d  f i b r e g l a s s  
p r o d u c t i o n  i n  P o r t l a n d ,  S e a t t l e  a n d  V a n c o u v e r ,  
E m m e t t  i s  q u i t e  c a p a b l e  o f  r e c a p t u r i n g  a l l  o f  
t h e s e  l o s t  m a r k e t s  s h o u l d  t h e  v a l u e  o f  t h e  
Canad i an  d o l l a r  r i s e  s u f f i c i e n t l y .  

2 .  ) T h e r e  i s  commodi ty  p r e c e d e n c e .  The o n e  n e p h e l i n e  
s y e n i t e  o p e r a t i o n  a t  N e p h t o n  s u p p l i e s  
a p p r o x i m a t e l y  5 0 %  o f  a l l  N o r t h  A m e r i c a ' s  
r e q u i r e m e n t s  f o r  a l u m i n o u s  m a t e r i a l s .  E x c l u d i n g  
c o a s t a l  s t a t e s ,  it d o m i n a t e s  m a r k e t  r e g i o n s  n o r t h  
o f  t h e  O h i o  a n d  M i s s o u r i  R i v e r s  ( I n d u s t r i a l  
M i n e r a l s ,  S e p t e m b e r  1 9 7 9  i s s u e ) .  I t  i s  t h e  o n l y  
c o m m e r c i a l  s o u r c e  o f  a l u m i n o u s  m a t e r i a l s  known i n  
C a n a d a ,  a n d  p r o b a b l y  s u p p l i e s  w e l l  o v e r  9 0 %  o f  
t h i s  c o u n t r y ' s  n e e d s .  A s  a  s o u r c e  o f  a l u m i n a ,  i t  
i s  a l m o s t  50% more e f f e c t i v e  t h a n  a f e l d s p a r ,  and  
200% more e f f e c t i v e  t h a n  a f e l d s p a t h i c  s a n d ,  o n  a  
w e i g h t  b a s i s .  

3 . )  E v e n  i f  c u r r e n t  s u p p l i e r s  were t o  s u p p l y  t h e i r  
p r o d u c t s  a t  n o  c h a r g e ,  s o  t h a t  d e l i v e r e d  c o s t  
i n c l u d e d  o n l y  t h e  c o s t  o f  f r e i g h t ,  i t  i s  p o s s i b l e  
t h a t  a  m a t e r - i a l  f r o m  t h e  s u b j e c t  d e p o s i t  c o u l d  b e  
s u p p l i e d  a t  a s l i g h t  p r o f i t  m a r g i n  t o  a t  l e a s t  
h a l f  t h e  m a r k e t s  i d e n t i f i e d ,  a l l  o t h e r  t h i n g s  
b e i n g  e q u a l .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
DISCLAIMER: 9 0 %  m a r k e t  c a p t u r e  p r e s u m e s  t h a t  t h e  h i g h  

p o t a s s i u m - t o - s o d i u m  r a t i o  w i l l  b e  a c c e p t a b l e  t o  c u s t o m e r s  a n d  
t h a t  t h e  i r o n  c o n t e n t  c a n  b e  r e d u c e d  t o  less  t h a n  0 .25% Fe203. 
S h o u l d  e i t h e r  p r e s u m p t i o n  p r o v e  t o  be u n f o u n d e d ,  t h e n  it i s  n o t  
r e a s o n a b l e  t o  a s s u m e  90% m a r k e t  c a p t u r e .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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6.2 
the 

California, in marked contrast, is short of silica and long 
on alumina; many glass companies consider they are buying 
silica in feldspathic sands, and the alumina is free. The 
potential of the California market is dependent upon two 
factors, the effective landed costs of each alternative 
aluminous material and the availability of high-quality 
silica. 

6.1.6 Competitive Sources. In the Northwest there are three 
sources of aluminous materials: nepheline syenite from 
Nephton, Ontario, running 2 3.4% alumina; and feldspathic 
sands from Emmett, Idaho, and Coos Bay, Oregon, which both 
contain 8 - 8.5% alumina. (See Appendix B for Emmett sand 
and Nephton syenite specifications. ) 

The nepheline syenite dominates the Canadian market, selling 
for about $30/ton FOB Nephton, and landing into western 
Canada for about $110 - $130/ton, depending upon the 
destination. The Emmett sand sells for about C$2l/ton, and 
would land into Seattle and Portland for about C$45 - 
50/ton; the Emmett sand's effective landed cost would be 
over C$lOO/ton, when compared to hypothetical material from 
the NEP deposit. If the NEP claims were to be developed, 
the Coos Bay material would not be able to compete in 
Vancouver, but it might continue at its present sales level 
in Portland. 

The California feldspathic sands sell for CS17.50 - 28/ ton, 
and probably land at their destinations at C$25 - 40/ton. 
Because of the expense of silica, the effective landed costs 
of these materials would be -- less in most cases, when 
compared to more aluminous materials. Theref ore, materials 
high in alumina would not be competitive in the California 
marketplace, for most uses. 

Market/Project Synthesis. It is reasonable to assume 90$ of 
Northwest market (say 25,000- tons) could be captured in 

three years, and the effective value of the hypothetical material 
from the NEP claim would average at least $65/ton, FOB the 
mine/mill. The large market capture for the hypothetical product 
is due to its lower effective landed cost to the consumer; the 
$65/ton value is determined on the basis of its lowest 
competitive value within the Northwest. 

* 
DISCLAIMER: 90% market capture presumes that the high 

potassium-to-sodium ratio will be acceptable to customers and 
that the iron content can be reduced to less than 0.25% Fe203. 
Should either presumption prove to be unfounded, then it is not 
reasonable to assume 90% market capture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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G iven  t h e  l a c k  o f  s i l i c a  p r o d u c t i o n  w i t h i n  C a l i f o r n i a ,  i t  would  
a p p e a r  t h a t  c u r r e n t l y  t h e r e  i s  l i t t l e  m a r k e t  f o r  a  h i g h - a l u m i n a  
p r o d u c t ,  e x c e p t  f o r  p e r h a p s  a 2 0 , 0 0 0  t o n / y e a r  s p e c i a l t y  m a r k e t .  
T h i s  s t u d y  a s s u m e s  h a l f  o f  t h i s  s p e c i a l t y  m a r k e t  c o u l d  b e  
c a p t u r e d ,  o r  a b o u t  1 0 , 0 0 0  t o n s  a n n u a l l y .  T h e  w h i t e w a r e  
m a n u f a c t u r e r s ,  h o b b y  p o t t e r e r s ,  a n d  t h e  1 i k e  w o u l d  c o n s t i t u t e  
s p e c i a l t y  m a r k e t s .  

The w r i t e r  h a s  knowledge  o f  s e v e r a l  p r o p o s e d  s i l i c a  d e v e l o p m e n t s  
w h i c h  c o u l d  p o t e n t i a l l y  a l t e r  t h e  m a r k e t  f o r  h i g h - a l u m i n a  
m a t e r i a l s  i n  C a l i f o r n i a .  B u t  e v e n  t h e n ,  t h e  min imum C $ 5 0 / t o n  
f r e i g h t  f r o m  O s o y o o s  t o  S a n  F r a n c i s c o  w o u l d  p r o b a b l y  mean  t h a t  
t h e  NEP m a t e r i a l  w o u l d  h a v e  t o  s e l l  f o r  l e s s  t h a n  $ 5 0 / t o n  F O B t h e  
m i n e / m i l l .  Whe the r  o r  n o t  i t  i s  p o s s i b l e  t o  s e l l  h i g h e r  t o n n a g e s  
i n t o  C a l i f o r n i a  r e q u i r e s  more  i n f o r m a t i o n . o n  t h e  NEP claims t h a n  
c u r r e n t l y  e x i s t s ,  wou ld  b e  t h e  s u b j e c t  o f  a n o t h e r  m a r k e t  s t u d y ,  
a n d  w o u l d  d e p e n d  u p o n  t h e  p r o g r e s s  o f  p r o p o s e d  s i l i c a  
d e v e l o p m e n t s  i n  C a l i f o r n i a  . 
A p o t e n t i a l  o f f s h o r e  m a r k e t  e x i s t s  i n  A u s t r a l i a ,  b u t  t h e r e  i s  
i n s u f f i c i e n t  i n f o r m a t i o n  t o  comment f u r t h e r .  

6.3 Summary. T h i s  r e p o r t  a s s u m e s  t h a t  i f  t h e  NEP p r o d u c t  had  a  
t o t a l  i r o n  c o n t e n t  less t h a n  0.25% ( r e p o r t e d  a s  F e 2 0  ) ,  it would  
b e  reas,onable f o r  t h e  m a t e r i a l  t o  c a p t u r e  m o s t  o f  t i e  N o r t h w e s t  
m a r k e t  i n  a  t h r e e - y e a r  p e r i o d ,  o r  a b o u t  2 5 , 0 0 0  t o n s  a n n u a l l y .  
I n  t h i s  m a r k e t ,  t h e  p r o d u c t  s h o u l d  h a v e  a m i l l  v a l u e  o f  a t  l e a s t  
C $ 6 5 / s h o r t  t o n .  And i t  i s  e s t i m a t e d  1 0 , 0 0 0  t o n s  c o u l d  b e  s o l d  
a n n u a l l y  i n t o  C a l i f o r n i a  a n d  o t h e r  s p e c i a l t y  m a r k e t s  a t  C$5O/ton. 
T h u s  t h e *  m i l l  m i g h t  p o s s i b l y  p r o d u c e  a n d  s e l l  3 5 , 0 0 0  t o n s  
a n n u a l l y  b y  t h e  t h i r d  y e a r  o f  o p e r a t i o n ,  w i t h  a p r o j e c t e d  
a v e r a g e  m i l l  v a l u e  o f  C$60/ ton,  a t  a n  e s t i m a t e d  p r o d u c t i o n  c o s t  
o f  $40 / ton .  

7.0 ECONOMIC ANALYSES 

F o r  t h e  p u r p o s e  o f  t h i s  r e p o r t ,  i t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  
t h e  r e f e r e n c e s  t o  r e v e n u e ,  e x p e n s e s ,  p r o f i t s ,  and  payback  a re  n o t  
p r o j e c t i o n s  o f  w h a t  i s  l i k e l y  t o  o c c u r ,  b u t  r a t h e r  a r e  p r o v i d e d  
t o  i n d i c a t e  t h e  p o t e n t i a l  s c a l e  o f  o p e r a t i o n ,  t o  e s t a b l i s h  a n  
o r d e r  o f  m a g n i t u d e  f o r  p o t e n t i a l  r e w a r d ,  a n d  t o  s e t  b e n c h m a r k  
c o n d i t i o n s  w h i c h  a  v i a b l e  o p e r a t i o n  w i l l  l i k e l y  need  t o  a c h i e v e .  

* 
DISCLAIMER: 9 0 %  m a r k e t  c a p t u r e  p r e s u m e s  t h a t  t h e  h i g h  

p o t a s s i u m - t o - s o d i u m  r a t i o  w i l l  be a c c e p t a b l e  t o  c u s t o m e r s  a n d  
t h a t  t h e  i r o n  c o n t e n t  can  be r e d u c e d  t o  less t h a n  0.25% Fe203 .  
S h o u l d  e i t h e r  p r e s u m p t i o n  p r o v e  t o  be u n f o u n d e d ,  t h e n  it i s  n o t  
r e a s o n a b l e  t o  a s s u m e  90% m a r k e t  c a p t u r e .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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7 . 1  Revenue & Expenses .  

T h e  a s s u m p t i o n s  r e g a r d i n g  r e v e n u e s  a n d  e x p e n s e s  s u m m a r i z e d  i n  
S e c t i o n  6 . 3  f o r m  t h e  b a s i s  o f  t h e  e v a l u a t i o n  i n  t h i s  s e c t i o n .  

7.2 C a p i t a l  I n v e s t m e n t .  

To c o n c l u d e  t h e  s c e n a r i o  a n d  a l l o w  a p r e l i m i n a r y  a n a l y s i s ,  i t  i s  
a s s u m e d  t h a t  t o t a l  c a p i t a l  i n f u s i o n  w i l l  b e  $ 1 . 5 - m i l l i o n ,  
e x p e n d e d  e q u a l l y  o v e r  a  t h r e e - y e a r  p e r i o d .  T h i s  p h a s e d  
i n v e s t m e n t  r e p r e s e n t s  a pilot/small-scale-commercial o p e r a t i o n  i n  
y e a r  1; e x p a n s i o n  t o  c o m m e r c i a l  i n  y e a r  2; a n d  f i n a l l y ,  y e a r  
t h r e e  w i l l  see p e r m a n e n t  f a c i l i t i e s .  

O n g o i n g  c a p i t a l  e x p e n d i t u r e s  w i l l  b e  f u n d e d  f r o m  o p e r a t i n g  
b u d g e t s ,  a n d  a r e  i n t e r n a l i z e d  w i t h i n  t h e  c a t e g o r y  O p e r a t i n g  
Expenses .  

The $ 1 . 5 - m i l l i o n  d o 1  l a r  e s t i m a t e  stems f r o m  t h e  o b s e r v a t i o n  t h a t  
t h i s  i s  a b o u t  t h e  l i m i t  o f  i n v e s t m e n t  r e c o v e r a b l e  u n d e r  
a t t r a c t i v e  c o n d i t i o n s ,  c o n s i d e r i n g  t h e  s i z e  of  m a r k e t s .  I t  i s  
f e l t  t h i s  s i z e  o f  b u d g e t  may b e  r e a s o n a b l e  f o r  t h e  s m a l l  t o n n a g e s  
i n v o l v e d ,  a n d  it i s  t h o u g h t  t h a t  much o f  t h e  d r i l l i n g ,  b l a s t i n g ,  
m i n i n g  a n d  c r u s h i n g  c o u l d  b e  d o n e  u s i n g  s t a n d a r d  a g g r e g a t e  
m a c h i n e r y  o n  c o n t r a c t .  Flotation/magnetic-separation, s i z i n g ,  
s t o r a g e  a n d  s h i p p i n g  w o u l d  p o s s i b l y  b e  t h e  o n l y  f u n c t i o n s  n o t  
p r a c t i c a l  t o  c o n t r a c t - o u t .  

8.0 CONCLUSIONS AND RECOMMENDATIONS. 

T h e  m a r k e t  d a t a  p r o d u c e d  i n  t h i s  s t u d y ,  when  c o m b i n e d  w i t h  a  
r e a s o n a b l e  s c e n a r i o  f o r  t h i s  p r o j e c t ,  s u g g e s t  t h a t  t h e  m a t e r i a l s  
f o u n d  o n  t h e  NEP c l a im  g r o u p  a r e  p o t e n t i a l l y  e c o n o m i c .  T h e  
a s s u m p t i o n s  f u n d a m e n t a l  t o  t h e  s c e n a r i o  p r e s e n t e d  a r e :  

(1)  T h a t a  s a l e a b l e  p r o d u c t  i n  t h e  -30 x +200-mesh  s i z e  c a n  
b e  p r o d u c e d  w i t h  t o t a l  i r o n  ( r e p o r t e d  a s  Fe  0 ) b e i n g  
b e l o w  0 . 2 5 %  a n d  c o n t a i n i n g  n o  o t h e r  d e ? e $ e r i o u s  
m i n e r a l s  o r  s u b s t a n c e s  w h i c h  would p r e c l u d e  i t s  u s e  i n  
t h e  m a n u f a c t u r e  o f  g l a s s  and  c e r a m i c s .  

* 
DISCLAIMER: 9 0 %  m a r k e t  c a p t u r e  p r e s u m e s  t h a t  t h e  h i g h  

p o t a s s i u m - t o - s o d i u m  r a t i o  w i l l  b e  a c c e p t a b l e  t o  c u s t o m e r s  a n d  
that the iron c o n t e n t  can be reduced to less t h a n  0.25% F e 2 0 3 .  
S h o u l d  e i t h e r  p r e s u m p t i o n  p r o v e  t o  b e  u n f o u n d e d ,  t h e n  it i s  n o t  
r e a s o n a b l e  t o  a s s u m e  90% m a r k e t  c a p t u r e .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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* 
( 2 )  T h a t  9 0 %  o f  t h e  N o r t h w e s t  g l a s s  a n d  c e r a m i c  m a r k e t s  

f o r  a l u m i n o u s  m a t e r i a l s  c a n  b e  c a p t u r e d  and t h a t  s a l e s  
o f  1 0 , 0 0 0  t o n s  c a n  b e  s o l d  a n n u a l l y  i n t o  C a l i f o r n i a  
s p e c i a l t y  m a r k e t s ,  f o r  t o t a l  a n n u a l  s a l e s  o f  3 5 , 0 0 0  
t o n s  , b y  y e a r  3 .  

( 3 )  T h a t  t h e  m a t e r i a l  w i l l  s e l l  f o r  a n  a v e r a g e  p r i c e  o f  
C $ 6 0 / s h o r t  t o n ,  F O B  m i n e / m i l l ,  w i t h  p r o d u c t i o n  c o s t s  
less t h a n  $40/ ton.  

( 4 )  T h a t  c a p i t a l  c o s t s  c a n  b e  h e l d  b e l o w  $ 1 . 5 - m i l l i o n ,  
i n c u r r e d  o v e r  a  t h r e e - y e a r  p e r i o d .  

S h o u l d  i t  b e  f o u n d  d u r i n g  t h e  c o u r s e  o f .  t h e  s u b s e q u e n t  f i e l d ,  
l a b o r a t o r y ,  a n d  e c o n o m i c  s t u d i e s  t h a t  a n y  o f  t h e  a b o v e  
a s s u m p t i o n s  a r e  i n  f a c t  s i g n i f i c a n t l y  e r r o n e o u s ,  t h e n  t h i s  
s c e n a r i o  becomes i n a p p r o p r i a t e .  N e w  deve lopmen t s  and  changes  i n  
c u r r e n c y  exchange  ra tes  c o u l d  a l s o  have  d r a m a t i c  e f f e c t s  upon t h e  
p o t e n t i a l  p r o f i t s  o f  t h i s  p r o j e c t .  

N o n e t h e l e s s ,  t h e  m a r k e t s  w h i c h  a r e  i d e n t i f i e d  a b o v e  a n d  t h e  
r e s u l t s  o f  t h e  p r e l i m i n a r y  a n a l y s i s  o f  t h e  p r o j e c t  e c o n o m i c s  
a c c o r d i n g  t o  t h i s  s c e n a r i o  g i v e  a m p l e  c a u s e  t o  p r o c e e d  w i t h  
f u r t h e r  work d e s i g n e d  t o  t e s t  t h e s e  c r i t i c a l  a s s u m p t i o n s .  

I t  i s  recommended t h a t  f u r t h e r  work c o n c e n t r a t e  on d e t e r m i n i n g  
t h e  m o s t  s u i t a b l e  zone  f o r  deve lopmen t ,  upon which  b e n e f i c i a t i o n  
s t u d i e s  w o u l d  i d e n t i f y  s u i t a b l e  p r o c e s s i n g  m e t h o d s ,  d e f i n e  
equ ipmen t  r e q u i r e m e n t s  and  o p e r a t i n g  c o s t s ,  and  p roduce  m a t e r i a l s  
r e p r e s e n t a t i v e  o f  a n  e x p e c t e d  commerc ia l  p r o d u c t .  Moreover ,  i t  
i s  c r i t i c a l  t o  d e m o n s t r a t e  t h a t  a c c e p t a b l e  i r o n  l e v e l s  c a n  b e  
a c h i e v e d ,  and  t h a t  s a m p l e s  b e  s e n t  t o  t h e  g l a s s  m a n u f a c t u r e r s  t o  
t e s t  f o r  d e l e t e r i o u s  m i n e r a l s  and  s u b s t a n c e s .  

Should  t h e  work program p r o c e e d ,  a n  e x p e r i e n c e d  i n d u s t r i a l  m i n e r a l  
s p e c i a l i s t  s h o u l d  r e v i e w  p roposed  a c t i v i t i e s  and  f u t u r e  r e s u l t s .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
DISCLAIMER: 9 0 %  m a r k e t  c a p t u r e  p r e s u m e s  t h a t  t h e  h i g h  

p o t a s s i u m - t o - s o d i u m  r a t i o  w i l l  be a c c e p t a b l e  t o  c u s t o m e r s  a n d  
t h a t  t h e  i r o n  c o n t e n t  c a n  b e  r e d u c e d  t o  less t h a n  0.25% Fe203.  
S h o u l d  e i t h e r  p r e s u m p t i o n  p r o v e  t o  b e  u n f o u n d e d ,  t h e n  it i s  n o t  
r e a s o n a b l e  t o  as sume  90% m a r k e t  c a p t u r e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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9.0 CLOSURE 

This study identifies sufficient markets to support an 
economically viable nepheline operation on the NEP claim group, 
provided adequate reserves are established and beneficiation 
methods can be devised to supply commercially acceptable products 
at a reasonable cost. The writer has no reservations 
recommending more study to determine whether or not these 
conditions can be met. 

RESPECTFULLY SUBMITTED; 

David G. Lobdell, P.Geol. 
Industrial Mineral Specialist 

Reviewed By: 

Alex Burton, 
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Appendix A 

TABLE 1-Nepheline Syenite-Typical Product Specifications, Glass Grades 
-- 

lndusinin IMC Norsk Nefelin 

Product Designation 330, 333, Summit, Nonh Cape, 
Typical Chemical Analysis % % % % 

60.2 60.1 
23.5 23.4 
0.07 0.5 
0.3 0.3 

trace trace 
10.6 10.5 
5.1 4.9 - - 

55.9 
24.2 
0.1 
1.3 

trace 
7.9 
9.0 
0.3 
0.3 
0. t 
1 .o 

Silica 
Alumina 
Ferric Oxide 
Calcia 
Magnesia 
Soda 
Potash 
B a 0  
sro 

Typical Siew Analysis 

US Sieve No. Tyler S i m  No. 

On 25 mesh % 
30 
40 
50 
60 

100 
140 
200 
Pen 

TABLE 2-Naphrliru Syanita-Typical Product Spocifiutiom, C . r ~ m i t  G r d w  

l ndusmin IMC Nonk Nefelin 

ProductDaipnation A-200. A-270' A400  Cmt.  Peak, Apex. North Cape 

Typical Chemical 
Analysis - 

60.2 60.2 
23.5 23.5 
0.07 0.07 
0.3 0.3 

tram - trace 
15.3-0.4 15.3-0.4 
15.3-0.4 15.3-0.4 
0.4 0.4 

66.0 
24.2 
0.1 
1.2 

trace 
7.8 
9.1 
1 .o 

Siew Anelysis 
US Sieve No. ' Tyler Siew No. 

On 70 mesh 96 
100 
140 
170 
200 
270 
325 
P'Jn 

Apex 
400 700 
98.0 
90.0 98.0 
60.0 90.0 
35.0 60.0 
18.0 

Microns 

96 Finer than 30 
20 
10 
6 
2.6 

96 Finer than 30 - 
20 - 
10 60 
6 - 
2.6 - 

Tables 1 & 2 from M i n n e s ,  et. dl. (1983) 

D. G.  LOBDELL CONSULTING REPORT 87-4rev 



Appendix A 

TABLE &World Production of Feldspar, by Countries, 1959-1980 

19591962 1963-1966 1967-1970 1971-1974 1975 1976 1977 1978. 1979 1980 

Country* (Average; It) (Average; 11) SI 

North America 
Caneda 
Guatemala 
Mexico 
United States 

South America 
Argentin8 
Braril 
Chile 
Colombia 
Peru 
Uruguay 

Europe 
Austria 
Finland 
France1 
Germany, W. 
Italy 
Norway* 
Poland* 
Portugh1 
Romenia* 
Spain9 
Sweden 
USSR* 
United Kingdom 

(China Stme)* 
Yugoslavia 

Africa 
Egypt 
Ethiopia 
Kenya 
Mglagasy Republic 

(Mndsgasar) 
Mozambique* 
Nigeria* 
South Africa 

(Republic 00 
Zambia 

Asia 
Burma 
Hong Kong 
India 
Japan:: 
Korea (Republic 00 
Pakistan 
Philippines 
Sri lanka 
Thailand5 
Turkey 

Oceania 
Australia 

Total 

Source: Compilsd f rwn  Miherats Yearbooks US Bureau o l  Mines. 

In addition t o  the countries lided. People's Republic of Chi-. Czechoslovakia, and Sou lhWed A f r i u  (Namibia) produce feldsprr, but 
available information is  i n r d ~ u a t e  to  make rQaMe er t im@ta  01 output Iwels. 

t N o  production &her 1972. 
$ Production f i n1  reported 1974. 

Estimated 
NO N o  data. 
N A  Not evailable. 

4 Production first reported 1973. 
1 N o  production after 1973. 
1 Include8 pegmatite. 

** Described In rource as lump feldspar: doer not include nepheline tyenite. 
tt Tolal omitted for reasons s t a t d  in text. 

Preliminary a 

$$ I n  additlm, the following quantities of apiite and o t h r  fddrpathic rock m e  producd:  

1-65 (avrage) 260,694 It, 1 M :  325.675 It, 196971: 444351 h. 1972-74: 472.912 11 1975: 357,056 st. 1976: 394.533 at. 

From Rogers, et. al. 
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TABLE 4 - T y p i c a l  C h e m i c a l  a n d  M i n e r a l o g i c a l  C o m p o s i t i o n  of S o m e  N e p h e l i n e  Syenites, % 

Canada.' N o m a y ,  K r a s n o y a n k *  U n i t e d  States, 8 USSR,# ~ r e e n l a n d , q  Congo" PortugalTt ~ a l a w i * '  Brazil," 
Me thuen  Townsh ip  S t j e r n o y  L i t ch f i e ld .  K h i b i n v  ll imaussaa Cannon Mine 

Ma ine  
Chemical Compos i t i on  Hornb lende  B i o t i t e  Py roxene  B i o t i t e  

Ign i t i on  Loss 

Mineralogical C o m p o s i t i o n  

A l b i t e  
Microc l ine 
M icroperthi te 
Per th i te  
Nephel ine 
B i o t i t e  
Hornblende 
Pyroxene 
Magnet i te  
Calc i te  
Muscovite 
Zeol i te  

58.8 
23.0 
0.8 
1.4 
0.004 
9.4 
5.2 
0.82 
0.04 
0.049 
0.01 
0.05 
0.3 - 
- 

48.4 
22.7 - 
m i n o r  
24.9 
0.1 
3.0 
0.2 
0.4 - - - 

59.4 
23.0 
0.7 
1.5 
0.004 
9.5 
4.9 
0.64 
0.03 
0.045 
0.01 
0.15 
0.4 - 
- 

5 2.0 
18.9 - 
m i n o r  
24.1 
2.2 - 
- 
0.5 
0.1 
0.7 - 

52.73 
23.7 1 
1.9 
1.89 
0.5 1 
7.78 
8 .08 
2.54 
0.24 
0.06 
0.05 
0.77 
0.26 
0.40 - 

trace 
- 
- 

57.0 
37.0 
t race 
1 .o 
1 .o 
1 .o 
2.0 - 
- 

60.39 
22.5 1 
0.42 
2.26 - 
8.44 
4.77 
0.32 
0.13 
0.08 - 

trace 
0.57 - 
- 

47.8 
16.5 - 
- 

23.7 
5.5 - 
- - - 
- 
6.5 

49.46 
23.53 
3.04 
1.02 
0.16 
14.71 
4.34 
0.80 

trace 
0.17 
n.a. - 
1.38 - 
- 

55.22 
22.59 
1 .I4 
1 . I7  
0.59 
8.76 
5 -59 
2.12 
0.28 
0.13 - 
n i l  
2.16 - 
- 

Sourcos: Payne, 1966 ,  p. 140. 
Hoiar, 1966 .  * Loucocrat lc  nophel lno ryanito; Control Tar tar  Massif, 1968,  Krasnoyarrk  Territory, Siberia. A l l an  and Charsley, 1968, p. 109. 

8 Al lan a n d  Charsloy, 1968. p. 134. 
~Gorms i rnovsk i i ,  1956; A l l on  and Charsley, 1968, p. 101. 
1 Groanland-llimausseq. A l l en  and Charslay, 1968.  p. 127. 

* *  Nophol lne l y a n l t o  Klrurnba, Dornocrot ic Republ ic  o f  T h a  Congo. A l l en  and Charslay, 1968,  p. 114. i f  Algorvo Province. A l l on  and Charrlay,'1968. p. 95. 
Blot l tm m o d  host lngri to nophol lno ryanlto, L u l w o  Hi l l ,  Malawi. A l l a n  and Charsloy. 1968.  p. 54. 

4 4  Harben, 1981. 

From Minnes, et. al. ( 1 9 8 3 )  
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TABLE 5-Typical Analyses, Feldspathic and Aluminour Materials. 
- 
Soda Flotation Feldspar, 

Spruce Pine, NC 

S O ,  67.54% 
AIYoJ 19.25 
F ~ Y O J  0.06 
CaO 1.94 
M g O  Trace 
KY 0 4.05 
Na,O 6.96 
Loss 0.13 

Feldspathlc Sand, 
Bossemu City, NC 

79.20% 
12.10 
0.06 
0.52 

Trace 
2.62 
4.80 
0.35 
0.35 

Potash Flotstion Feldspar, 
Kings Mountain, NC 

67.04% 
18.02 
0.04 
0.38 

Trace 
12.10 
2.12 
0.30 

Low Iron Aplite. 
Montpelier, VA 

SiO, 
4 0 J  

CaO 
MgO 
TiO, 
K,O- 
Na,O 
Loss 

63.7 1 % 
2 1.89 

0.09 
5.70 

Trace 
0.43 
2.37 
5.60 
0.2 1 

Stud Mill Slag ("Cdumitr") 

SiO, 
A1203 
Fez03 
MnO 
CaO 
MgO 
K, 0 
Na,O 
Sulfur cpds. 

Dry Ground Feldspar, 
Custer, SD 

7 1.84% 
16.06 
0.09 
0.48 

Trace 
7.60 
3.72 
0.20 

Canadian Nepheline Syenite 
Nephton, Ont., Canada 

61 .do% 
22.74 
0.06 
0.70 

Trace 
4.95 
9.54 
0.60 

From Rogers, e t ,  sl, 
( 1983) 

TABLE 6 

Approximate Compositions of Commercial Glasses (Shand, 1958) 

Oxide Constituents, % _  
Glass Designation s102 Na20 2O CaO Mg0 Bd0 PbO B203 *' 2O3 

- 2  
Fused Quartz ggegg----------------------------o-<lxlo .............................. 
96% Silica Glass 96.3 <0.2 <0.2 - - - - - - - - 3 0.4 

Soda-Lime (window) 71-73 12- 15 -- 9 2.5 -- -- -. 1 

Soda-Lime (plate) 71-73 12-14 -- 11 3 .O - - - - -- 1 

Soda-Lime(containers) 70-74 13-16 10-13 0.5 -- -- 2.0 

Soda-Lime(1 i ght bulbs)74 16 0.6 5 4 -- - - -- 1 

~ e a d - ~ l k a l  i 63 8 6 0.3 0.2 -- 2 1 0.2 0.6 

Lead-Alkali 35 --  7 - - - - - 58 -0 - 
Alumino Borosilicate 75 6 0.5 1 -- 2 -- 10 6 

Borosilicate 80 4 0.4 - - - - - -- 13 2 

Borosilicate 70 -- 0.5 - - - - -- - - 28 1 

Borosillcate 6 7 5 1 -- 0.2 -- -. 2 5 2 

Aluminosilicate 5 7 1 -- 6 12 -- - o 4 20 
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TABLE 7: SUPPLY AND DEMAND RELATIONSHIPS FOR ALUMINOUS MATERIALS 
USED IN NORTHWEST GLASS AND CERAMIC MANUFACTURE 

COMPANY OUTPUT SUPPLIER % A1203 

Consumers Glass Co. container Indusmin Ltd. 32.4 
Lavington , BC glass Nephton, ON 

Crane Canada Inc. ceramic Indusmin Ltd. 23.3 
Coquitlam, BC whi teware Nephton, ON 

Domglas Inc. 
Redcliff, AB 

container Indusmin Ltd. 23.4 
glass Nephton, ON 

Fi breg las Canada Inc . fibreglass Coos Bay Silica 8 
Mission, BC insulation Coos Bay, OR 

Fibreglas Canada Inc. f ibreglass Indusmin Ltd 23.4 
Sherwood Park, AB insulation Nephton, ON 

Manville Canada Inc. fibreglass Indusmin Ltd. 23.4 
Innisfail, AB insulation Nephton, ON 

Northwestern Glass Co. container Unimin Corp. 8.5 
Seattle, WA glass Emmett, ID 

Owens-Illinois Glass coloured Coos Bay Silica 8 
Portland, OR container Coos Bay, OR 

flint Unimin Corp. 8.5 
container Emmett, ID 

CONSUMED 22% A1203 E 

3,300 3,500 

TOTAL 27,300 
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TABLB 8: SUPPLY AND DEMAND RELkTIONSHIPS W R  ALUUINWS MATERIALS 
USED IN CALIFORNIA GLASS AND CERAUIC M N U P A W R I  
(ALL DATA IN SHORT TONS PER YEAR)  

COMPANY OUTPUT SUPPLIER CONSU W ED 22@ Al2O3 A1203 

Northern California Consumers 

Brockway Glass coloured Santa Cruz Ag 8.5 25,000 
Oakland, CA container Felton, CA 

flint Unimin Corp. 4 50,000 
container Byron, CA 

Certainteed f ibreglass Santa Cruz Aq 8.5 40,000 15,500 
Chowchil la, CA lnsulatlon Felton, CA 

Gallo Wines 

Modesto, CA 

wrne bottles Unimin Corp. 4 .  290,000 52,700 

Byron, CA 

Latchford Glass Container Santa Cruz Ag 8.5 18,600 ** San Leandro, CA glass Felton, CA 

Madera Class 
Madera, CA 

container Unimrn Corp. 
glass Byron, CA 

Manville Corp. ftbreqlass 7 

Sacramento, CA lnsulatron 

owens-Corm ng frbreglass Unlrnln Corp. 
Santa Clara. CA lnsulatlon Byron, CA 

Santa Cruz Ag 8.5 20,000 7,700 
Felton, CA 

SUBTOTAL 132,400 

Southern Callfornla Consumers 

Ba 11 Brothers 
El Monte, CA 

contalner 
glass 

Cal S l l ~ c a  7.6 
San Juan Cap. 

crystal Srllca 6.75 
Oceansrde, CA 

Brockway Glass container 
Pamona, CA glass 

G~lllbrand 8.3 
Slml Valley, CA 

Foster-Forbes container 
Los Angeles, CA glass 

Crystal S ~ l i c a  6.75 
Oceaslde, CA 

Kerr Glass 
Santa Ans, CA 

container 
glass 

Latchford Glass container 
Los Angeles , CA glass 

Crystal Srlrca 6.75 
Oceanslde, CA - 

SUBTOTAL 5 7,500 

&parent Cal Sillca/Owens-Illlinois Srlrca Backhaul Sltuatlon 

Diamond Bathurst contarner Cal S ~ l r c a  7.6 
Antioch, CA q lass San Juan Cap. 
Vernon, CA 
Hayward, CA 

container Owens-Illlnols ' Cal S ~ l ~ c a  7.6 
Vernon, CA glass San Juan Cap. 

Owens-Illlnors con talner Cal Slllca 7.6 
Oakland, CA glass San Juan Cap. 

Owens-Illinols conta ~ n e r  Cal Srlica 7.6 
Tracy, CA glass San Juan Cap. - -- 

SUBTOTAL 72,500 

7 10,000 

Aggreqated Statlstlcs 

Five ( 5 )  Calrfornla sanltary 
Ceramic Manufacturers whrteware 

TOTAL 272,400 
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WHOLE GRAIN SAND 
I No.8 1 No.16 I No.20 I No.30 

% Retained on U.S. No. 8 1 1 I I I 
-- - 

% Retained on U.S. NO. 12 

% Retained on U.S. No. 16 

% Retained on U.S. No. 40 1 1 1 10 1 41 1 24 

% Retained on U.S. No. 20 

% Retained on U.S. No. 30 

% Retained on U.S. No. 50 1 0.5 1 2.5 1 7 1 37 

17 

54 

% Retained on U.S. No. 70 1 Trace I 1 1 1.5 1 19 

21.5 

5 

3 Trace 

34 

49 

% Retained on U.S. No. 100 

% Retained on U.S. No. 140 

TYPICAL CHEMICAL ANALYSIS 
Silicon ?ioxide I (SO2) 1 84.7 

% Retained on U.S. No. 200 

% Retained on U.S. No. 270 

Pan 

Calcium o ~ i d e  I (CaO) 1 .93 

2 

47 

0.5 

Magnesium oxide 1 ( ~ ~ 0 )  1 702 

Trace 

1 

Trace 

Potassium oxide I (K2O) 1 3.0 

1 

0.5 

Sodium oxide I ( N a m  1 2.0 

9 

5.5 

Trace 

Note: All physical and chemlcal properties, as listed, are 
approximalb. 

Trace I 1 

Trace 

Trace 

WEDRON SILICA COMPANY 
400 West Higgins Road, Park Ridge, Illinois 60068 312/692-3322 

3 

1 

0.5 



September 4, 1986 

Mr. D. Lobdell 
P.O. Box 3103 
Kamloops, B.C. 
V2C 6B8 

Dear Mr. Lobdell: 

Attached, as requested, is a copy of our specification 
for Syenite. 

Should there be any development of your site, we would 
be interested in additional discussion. 

Yours truly, 

purchasing ~anacjer 

WC/kb 
Att. 



RAW MATERIALS 
SPECIFICATION 

Chemical Specification 
I I 

SiOz 
Fez03 
A1203 
CaO 

, c 
L.0.L 0.10% Max. 

Domglas 

Constant f 0.5% 
0.09% Max. 
Constant 0.1% 
Constant 2 0.2% 

M90 
NazO 

CI 

Hz0  0.1% Max. 

Supplier 

1 

Constant I 0.1% 
Constant 2 0.3% 

, K20 C o m t a n t  f 0.2% 

P2 0 5  

Organics 

I 

Material 
Nepheline Syenite/~eldspar - 
Supplier 

0.2% Max. 

Plant 

Source 

Physical Specification 

35 
40 , 0 . 4 %  M a x  

L 

14 
16 
20 
25 
30 

Supplier Screen 

12 

N I L  

I I 

I All Values Cumuletiqe 

Domglas 

200 
-200 

I I U.S. Std. Screens I - 

4 %  Max. 

Miscellaneous Revision 1 April 1 1 / 8 3  
Nominal Specification 
for Prospective Suppliers. 
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CERTIFICATE 

I ,  D a v i d  G. L o b d e l l ,  o f  t h e  C i t y  o f  Kamloops ,  P r o v i n c e  o f  ~ r i t i s h  
C o l u m b i a ,  d o  h e r e b y  c e r t i f y  t h a t :  

I a m  a C o n s u l t i n g  G e o l o g i s t  w i t h  my p l a c e  o f  b u s i n e s s  a t  1 2 7 8  
D a l h o u s i e  D r i v e ,  K a m l o o p s ,  B.C. a n d  m a i l i n g  a d d r e s s  a t  P.O. Box 
3 1 0 3 ,  K a m l o o p s ,  B.C. V2C 6B8. 

I a m  a g r a d u a t e  o f  t h e  U n i v e r s i t y  o f  Montana  (BOA.-Geology, 1 9 7 1 )  
a n d  h a v e  p o s t - g r a d u a t e  e d u c a t i o n  a t  t h e  U n i v e r s i t i e s  o f  A lbe r t a  
a n d  G u e l p h .  I am a g r a d u a t e  c a n d i d a t e  a t  t h e  U n i v e r s i t y  of 
I d a h o ,  C o l l e g e  o f  M i n e s ,  w i t h  a d e g r e e  p e n d i n g  (B.Geo1.E.). 

I a m  a P r o f e s s i o n a l  G e o l o g i s t  r e g i s t e r e d  i n  t h e  P r o v i n c e  o f  
A l b e r t a  ( APEGGA) . 
I a m  a n  i n d u s t r i a l  m i n e r a l s  s p e c i a l i s t  w i t h  a b o u t  1 5  y e a r s  
p r o f e s s i o n a l  e x p e r i e n c e  a s  a g e o l o g i s t ,  t h e  l a s t  s e v e n  y e a r s  
e x c l u s i v e l y  i n  t h e  f i e l d  o f  i n d u s t r i a l  m i n e r a l s .  My s p e c i a l i z e d  
e x p e r t i s e  i s  t h e  e c o n o m i c  g e o l o g y  r e g a r d i n g  t h e  p r o d u c t i o n  a n d  
c o n s u m p t i o n  o f  i n d u s t r i a l  m i n e r a l s  i n  t h e  N o r t h w e s t .  I am t h e  
P r e s i d e n t  o f  Amrock P r o c e s s o r s  I n c . ,  a company a c t i v e l y  i n v o l v e d  
i n  t h e  b r o k e r a g e  a n d  d i s t r i b u t i o n  o f  i n d u s t r i a l  m i n e r a l s .  I am a  
m e m b e r  o f  t h e  A m e r i c a n  I n s t i t u t e  o f  M i n i n g  E n g i n e e r s ,  T h e  
N o r t h w e s t  M i n i n g  A s s o c i a t i o n ,  a n d  a  p a r t i c i p a n t  i n  t h e  Forum o n  
t h e  G e o l o g y  o f  I n d u s t r i a l  M i n e r a l s  (An a n n u a l  m e e t i n g  o f  N o r t h  
A m e r i c a n  i n d u s t r i a l  m i n e r a  1 s p e c i a l i s t s ) .  

I have n o  d i r e c t  o r  i n d i r e c t  i n t e r e s t ,  n o r  d o  I e x p e c t  t o  
r e c e i v e  a n y  i n t e r e s t  d i r e c t l y  o r  i n d i r e c t l y ,  i n  t h e  p r o p e r t y  o r  
s e c u r i t i e s  of NEPHELINE RESOURCES LIMITED o r  a n y  a f f i l i a t e .  

T h e  s t a t e m e n t s  m a d e  i n  t h i s  r e p o r t  a r e  b a s e d  u p o n  l i t e r a t u r e  
r e s e a r c h ,  p a s t  s t u d i e s  c o n d u c t e d  b y  t h e  wri ter ,  a n d  t e l e p h o n e  a n d  
w r i t t e n  c o m m u n i c a t i o n s  w i t h  a l l  t h e  p r o d u c e r s  a n d  c o n s u m e r s  
m e n t i o n e d  i n  t h i s  r e p o r t ,  a n d  o t h e r  p a r t i e s  c o n s i d e r e d  
a p p r o p r i a t e .  I n £  o r m a t i o n  w a s  g a t h e r e d  d u r i n g  t h e  m o n t h s  o f  
A u g u s t  a n d  S e p t e m b e r ,  1986.  

P e r m i s s i o n  i s  g r a n t e d  t o  u s e  t h i s  r e p o r t  a s  r e q u i r e d  b y  a n y  
s e c u r i t i e s  c o m m i s s i o n  o r  s t o c k  e x c h a n g e ,  i n  w h o l e  o r  i n  p a r t ,  a n d  
f o r  a s s e s s m e n t  p u r p o s e s  r e l a t i n g  t o  t h e  m a i n t e n a n c e  o f  c l a i m s  
u n d e r  t h e  terms o f  t h e  B. C. M i n e r a l  A c t .  

D a t e d  a t  Kamloops ,  
APRIL, 1987 

D a v i d  G .  L o b d e l l ,  P . G e o l . ( A l b e r t a )  
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C E R T I F I C A T E  

I, Alex Burton do hereby certify that I am an independent 
Consulting Geologist with offices at 810 - 626 West Pender 
Street, Vancouver, B.C. V6B 1V9. I FURTHER CERTIFY THAT: 

1. I am a geology graduate of the University of British 
Columbia and a registered Professional Engineer in B.C. with 
Certificate No. 6262 and Fellow of the Geological Association 
of Canada. I have practised my profession for many years both 
as an independent consultant and in senior managerial capacity 
for major mining companies in Canada and other countries. 

2. I have no personal interest, directly or indirectly in the 
securities of NEPHELINE RESOURCES LTD. or the NEP CLAIM, nor 
do I expect to receive directly or indirectly any interest in 
such property or securities. 

3. I have reviewed the revised April, 1987 Report of David G. 
Lobdell, P .  Geol. entitled EXAMINATION OF MARKETS FOR 
NEPHELINE SYENITE: WESTERN NORTH AMERICA AND SELECTED PACIFIC 
RIM COUNTRIES. Mr. Lobdell has considered the location, ore 
reserves, and probable composition limits, particularly in 
regard to iron content of the Nepheline Syenite on the Nep 
Claim. He has also done a market study and an evaluation of 
the markets that a hypothetical product from the Nep Property 
might capture. His data, methodology, and conclusions seem 
reasonable to me. 

I concur that testing of the different sections in the deposit 
to see if a product of acceptable chemieal composition can be 
produced is well justified. 

If a product with less than .1% iron oxides can be produced 
all markets should be open, and if a product ranging from .1 
to .25$ iron oxides with high soda to potash ratio is 
produced, then the ceramics and lower quality portion of the 
market can be served. I have read the John G. Payne, ?hD. 
Report on the NEP CLAIM referred to by Mr. Lobdell. I know Mr. 
Payne and endorse his Report. 

4. I consent 
LTD., in any 

to the use 
prospectus 

RESOURCES 

- ' 'BU~TON CONSULTING INC. 

This report may not be reproduced in whole or in part without the written permission of Burton Consulting Inc. 



CERTIFICATE OF THE ISSUER 

The foregoing cons t i tu tes  f u l l ,  t rue  and plain disclosure of 
a l l  ma te r i a l  f a c t s  r e l a t i n g  t o  t h e  s e c u r i t l e s  offered by 
t h i s  Prospectus a s  required by the S e c u r i t i e s  Act ( B r i t i s h  
Columbi a) and i t s  regulations. 

-IN ALKXANDER P H I L P m  
Direct or and Promoter 

chief Financial Officer I: 

Direct or and Promoter 

CERTIFICATE OF THE AGENT 

To the best of our knowledge, information and b e l i e f ,  t h e  
foregoing cons t i tu tes  f u l l ,  t rue  and plain disclosure of all 
material f a c t s  r e l a t ing  t o  the  s e c u r i t i e s  of fe red  by t h i s  
Prospectus a s  required by t h e  S e c u r i t i e s  Act ( B r i t i s h  
Columbia) and i t s  regulations. 

CANARIM INVESTHENT CORPORATON LTD. 




