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GEOLOGICAL EVALUATION REPORT 

HAIL - HARPER CREEK COPPER PROSPECT 

Ch a r l e s A.R. Lammle, PEng. 
30 A p r i l 1986 

INTRODUCTION The H a i l - Harper Creek copper <zinc, lead) p r o s 
pect i s l o c a t e d i n the Adams Lake Map Area at the headwaters 
of Harper Creek, which i s about 7 a i r m i l e s southeast of B i r c h 
I s l a n d and a l i k e d i s t a n c e southwest of Vavenby, B r i t i s h 
Columbia. These two v i l l a g e s are i n the v a l l e y of the North 
Thompson R i v e r , about 75 a i r m i l e s north from Kamloops, and ac
c o r d i n g l y along B r i t i s h Columbia Highway 5 and the main l i n e 
of the Canadian N a t i o n a l Railway. 

The p r o s p e c t was d i s c o v e r e d geochemically and e x t e n s i v e l y t r e n c h 
ed and d r i l l e d d u r i n g the l a t e 1960's and e a r l y 1970's by Quebec 
C a r t i e r Mining Company and by Noranda E x p l o r a t i o n Company. 
Mi n e r a l r e s e r v e s of two sub-jacent p o t e n t i a l p i t areas, the 
main one on Quebec C a r t i e r ground and the subordinate but s l i g h t 
l y h i g h e r grade one being on Noranda's ground, have been c a l c u 
l a t e d by hand and v e r i f i e d by computer methods; the tons and 
grade f i g u r e s f o r the then optimum p i t being: 

85,000,000 tons grading 0.43K Cu & 0.016% Mo 

T h i s tonnage and grade were judged to be sub-economic at c o n d i 
t i o n s p r e v a i l i n g i n 1972, and metal p r i c e s have s i n c e dropped 
and c o s t s have i n c r e a s e d . A c c o r d i n g l y , i t i s c l e a r t h a t the 
m i n e r a l economics of the d e p o s i t , g i v e n the same l a r g e s c a l e 
e v a l u a t i o n parameters, are s t i l l sub-economic. However, some 
changes i n g e o l o g i c a l thought on the nature of the d e p o s i t , 
and some r e s u l t i n g new g e o l o g i c a l p o s s i b i l i t i e s , bear importantly 
on the d e p o s i t , and have r e s u l t e d i n the a c q u i s i t i o n by Aurun 
Mines L t d . of a mining l e a s e agreement from Quebec C a r t i e r Mining 
Company f o r t h a t company's mi n e r a l i n t e r e s t i n the area. 

The new g e o l o g i c a l concepts r e l a t i n g t o the d e p o s i t r e l a t e s 
t o the g e n e s i s of the d e p o s i t : at the time of d i s c o v e r y and 
development work the d e p o s i t was g e n e r a l l y regarded as being 
metamorphic-hydrothermal i n o r i g i n ; now i t i s widely regarded 
as being v o l c a n o g e n i c - e x h a l a t i v e . T h i s new g e o l o g i c a l theory 
opens up new p o s s i b i l i t i e s f o r the d e p o s i t , p a r t i c u l a r y the 
l i k l i h o o d of strata-bound massive s u l p h i d e s which are known 
to be present, and a l s o the p o s s i b i l i t y of p r e c i o u s metals being 
a s s o c i a t e d with such massive s u l p h i d e . During the development 
work only the most c u r s o r y work, almost n e g l i g i b l e i n extent 
was done t o determine the presence and/or amounts of g o l d and 
s i l v e r , i f any, a s s o c i a t e d with the m i n e r a l i z a t i o n , and no e f f o r t 
was made t o pursue and develop s m a l l e r workable tonnages of 
the massive s u l p h i d e l e n s e s . A d d i t i o n a l l y , more r e c e n t work 
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has d i s c l o s e d the presence of a p p r e c i a b l e t i t a n i u m i n the miner
a l i z e d zone, g e n e r a l l y i n amounts of 1% t o 3%, but l o c a l l y much 
highe r . T i t a n i u m - b e a r i n g m i n e r a l s are r u t i l e and sphene i n 
unknown r e l a t i v e amounts, and consequently of unknown r e l a t i v e 
economics, i f any, b e a r i n g on the worth of the d e p o s i t . F u r t h e r 
more, t h e r e i s some p o s s i b i l i t y t h a t near s u r f a c e o x i d i z e d por
t i o n s of the d e p o s i t may be heap l e a c h a b l e . 

These concepts and p o s s i b i l i t e s which induced Aurun to a c q u i r e 
i t s i n t e r e s t i n the area are r e a l , p a r t i c u l a r y the massive s u l 
phide and p r e c i o u s metals a s p e c t s , and of p o t e n t i a l l y s i g n i f i c a n t 
economic consequence. A c c o r d i n g l y , Aurun has commissioned the 
author f o r t h i s g e o l o g i c a l e v a l u a t i o n . 

The r e p o r t w i l l b r i e f l y cover the g e o l o g i c a l nature of the area 
and of the d e p o s i t , the work h i s t o r y , and the g e o l o g i c a l and 
economic p o s s i b i l i t i e s . C o n c l u s i o n s and recommendations w i l l 
be drawn, and a two staged program designed t o evaluate the 
p o s s i b i l i t e s w i l l be presented. 

The f i r s t stage program i s estimated t o c o s t $71,900; the second 
stage, c o n t i n g e n t on o b t a i n i n g adequate encouragement from the 
f i r s t , *355,000. T o t a l c o s t s of the two stages i f c a r r i e d out 
to completions would t h e r e f o r e be *426,900. 
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CONCLUSIONS AND RECOMMENDATIONS 

1. There i s a d i s t i n c t p o s s i b i l i t y t h a t l a y e r s or l e n s e s of 
massive s u l p h i d e s of economically s i g n i f i c a n t s i z e might be 
present i n the widespread, evenly disseminated area of copper 
m i n e r a l i z a t i o n already d e l i m i t e d , and p o s s i b l y near enough t o 
s u r f a c e , t o permit e a r l y s m a l l e r - s c a l e mining. 

2. There i s a l s o a d i s t i n c t p o s s i b i l i t y t h a t such massive s u l 
phide b o d i e s might c o n t a i n s i g n i f i c a n t g o l d and s i l v e r v a l u e s 
t h a t would have the e f f e c t of markedly improving the i n s i t u 
value and economics of the m i n e r a l i z a t i o n . Previous work to 
determine the p o t e n t i a l of such p r e c i o u s metals can be s a i d 
t o have been very cursory i f not n e g l i g i b l e . 

3. Many of the rocks i n the m i n e r a l i z e d zone c o n t a i n a p p r e c i a b l e 
amounts of t i t a n i u m i n the form of r u t i l e and sphene. The econ
omic s i g n i f i c a n c e of the t i t a n i u m m i n e r a l i z a t i o n , i f any, i s 
not known, but warrants study and more d e f i n i t i v e d e t e r m i n a t i o n . 

4. Some of the c h a l c o p y r i t e - p y r i t e - p y r r h o t i t e m i n e r a l i z a t i o n , 
p a r t i c u l a r y t h a t near s u r f a c e where some o x i d a t i o n has o c c u r r e d 
may be amenable t o heap l e a c h i n g . T h i s p o s s i b i l i t y m e r i t s study 
and more d e t a i l e d e v a l u a t i o n . 

A c c o r d i n g l y , i t i s recommended t h a t thorough and d e t a i l e d geolog
i c a l , g e o p h y s i c a l and a d d i t i o n a l p h y s i c a l work be done to more 
a c c u r a t e l y a s s e s s the above g e o l o g i c a l and economic p o s s i b i l i 
t i e s . 
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ESTIMATED COSTS OF RECOMMENDED WORK 

STAGE 1: 

1. Review a v a i l a b l e data, computerize % 3,000 
2. G e o l o g i c a l work: t r e n c h i n g and assays 22,000 
3. Geophy s i c a l work: EM, Mag, IP 10,000 
4. M e t a l l u r g i c a l t e s t i n g 7,500 
5. P r o j e c t r e p o r t s , d r a f t i n g , e t c . 7,500 
6. Head o f f i c e , a d m i n i s t r a t i o n , e t c . 7,500 
7. P r e l i m i n a r y f e a s i b i l i t y e v a l u a t i o n 14,400 

Stage 1 Estimated c o s t s *71,900 

The f o l l o w i n g second stage of work as o u t l i n e would be co n t i n g e n t 
on o b t a i n i n g g e n e r a l l y p o s i t i v e and s u f f i c i e n t l y encouraging 
r e s u l t s from the the f i r s t stage, o u t l i n e above: 

STAGE 2. 

1. Geophysics * 35,000 
2. Geology 25,000 
3. Large core m e t a l l u r g i c a l sampling, f i l l - i n 120,000 
4. B u l l d o z e r support and t r e n c h i n g 40,000 
5. M e t a l l u r g i c a l t e s t i n g 50,000 
6. Assays 30,000 
7. T r a n s p o r t a t i o n , f r e i g h t , e t c 15,000 
8. S u p e r v i s i o n 20,000 
9. Head o f f i c e overhead 20,000 

Stage 2 Estimated c o s t s *355,000 

Combined Stage 1 and Stage 2 Estimates $426,900 

C.A.R. Lammle, PEng. 
30 A p r i l 1986 
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PROPERTY AND LOCATION The property i s l o c a t e d south of and 
overl o o k s the v a l l e y of the North 

Thompson R i v e r . B.C. Highway 5 and the main l i n e of the Canadian 
N a t i o n a l R a i l r o a d f o l l o w the r i v e r . L o c a l communities p r o v i d i n g 
some s e r v i c e s are B i r c h I s l a n d and Vavenby; Kamloops the main 
supply c e n t e r f o r the area i s some 75 a i r m i l e s t o the south. 

The p r o p e r t y c o n s i s t s of some 116 c l a i m s (some 4000 a c r e s ) , 
having been staked some 20 years ago by the o l d 2-post system. 
A number of the o r i g i n a l c l a i m s have been allowed t o l a p s e over 
the y e a r s , some have assessment work recorded up t o 1999 and 
oth e r s t o 1993 and 1987. Assessment work i s r e q u i r e d on some 
55 c l a i m s p r i o r t o 13 J u l y 1986, and t h i s work i s i n p a r t planned 
by t h i s r e p o r t . 

The c l a i m d e t a i l s are as f o l l o w s : 

CLAIM NAME RECORD NUMBER EXPIRY DATE 

H a i l 3-5 58407-409 13Jul99 
H a i l 31,33,35 58435,437,439 13Jul99 
H a i l 99 58824 22Jul99 
H a i l 590 70210 31Jul99 
Bob ! 5-7 F r . 99827-829 14Sep99 

H a i l 1-2,6-7,9,11 58405-06,410-411,413,415 13Jul93 
H a i l 32,34,36 58436,438,440 13Jul93 
H a i l 100,102,104,106,108 58825,827,829,831,833 22Jul93 
H a i l 534,538 66572,576 8 Aug93 
H a i l 565-568 F r . 66659-662 190ct93 
H a i l 570,573-578 F r . 66664,66667-672 190ct93 

H a i l 701-711 86193-203 9 Dec87 
Ka r i n a 1-11 96581-591 26AprB7 ;/ 

H a i l 8,10,12 58412,414,416 13Jul86 5 
H a i l 15-19,28-30 58419-423,432-434 13Jul86 
H a i l bi-32,^9 58449-450,457 13Jul86 > 
H a i l 61-62,71-72 58459-60,465-466 13JulB6 
H a i l 77-79 58469-471 13Jul86 7 

H a i l 80-88 58472-480 13Jul86 
H a i l 97-98 58822-823 22Jul86 
H a i l 107 58832 22Jul86 > 

H a i l 109-116 58834-841 22Jul86 
H a i l 531A,532,533 56569,570,571 8 AugB6 
H a i l 535-537 66573-66575 8 Aug86 
H a i l 569,572 F r . 66663,66666 190ct86 
H a i l 579-585 F r . 70203-209 31Jul86 
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AURUN - QUEBEC CARTIER LEASE The Aurun - Quebec C a r t i e r 
Mining Company l e a s e i s a 

20 year l e a s e with o p t i o n s f o r renewal. I t e n t i t l e s Quebec 
C a r t i e r t o a 5% net smelter r e t u r n from p r o d u c t i o n , and r e q u i r e s 
advance r o y a l t y payments of US$10,000 per year f o r each of the 
f i r s t 5 years; US$25,000 per year f o r each of the next 5 years, 
and t h e r e a f t e r , US$100,000 per year. 

GENERAL GEOLOGY G e o l o g i c a l l y , the H a i l - Harper Creek area 
i s c l o s e t o the n o r t h e r l y t r e n d i n g boundary 

between the i n t e n s e l y deformed and metamorphosed P a l e o z o i c s t r a t a 
of the E a g l e Bay Formation which, toge t h e r with the Shuswap 
Metamorphic Complex form much of the so c a l l e d e a s t e r n f o l d 
b e l t . To the west, t h i s f o l d b e l t i s f l a n k e d by r e l a t i v e l y 
undeformed and unmetamorphosed P a l e o z o i c and Mesozoic v o l c a n i c 
and sedimentary r o c k s . B a t h o l i t h i c and r e l a t e d s t o c k s i n the 
area are p r i n c i p a l l y g r a n o d i o r i t e and quartz monzonite of the 
R a f t and Baldy B a t h o l i t h s . 

A l a r g e number of mineral p r o s p e c t s with an unusual v a r i e t y 
of a s s o c i a t e d m i n e r a l s occur around the p e r i p h e r y of the Baldy 
B a t h o l i t h . The b e t t e r known prosp e c t i s the Rexspar uranium-
f l u o r i t e p r o s p e c t , and perhaps the most s i g n i f i c a n t i n terms 
of metal content are the H a i l - Harper Creek prospect and the 
Sue-Goof p r o s p e c t of Noranda. Most of the p r o s p e c t s near the 
northern p e r i p h e r y of the Baldy B a t h o l i t h are c h a r a c t e r i z e d 
by copper, those near Foghorn Mountain near the northwest p o r t i o n 
of the b a t h o l i t h by l e a d , and many of those around the southern 
p e r i p h e r y of the b a t h o l i t h by l e a d , z i n c and some p r e c i o u s 
metals. S e v e r a l are c h a r a c t e r i z e d by molybdenite. Much work 
has been done i n the past few years on p r o s p e c t s i n the area 
of the B a r r i e r e Lakes on some massive s u l p h i d e p r o s p e c t s , as 
w e l l as on other types of p r o s p e c t s , many of which have some 
p r e c i o u s metal a s s o c i a t i o n with the dominantly Cu-Pb-Zn m i n e r a l 
i z a t i o n . 

The area a t the headwaters of Harper Creek i s i n metamorphosed 
v o l c a n i c and sedimentary r o c k s i n an e a s t e r l y t r e n d i n g 
" s y n c l i n a l " zone between the Baldy and Raft B a t h o l i t h s . Hence 
the s t r a t a g e n e r a l l y d i p at low t o moderate angles t o the n o r t h . 

LOCAL GEOLOGY The H a i l - Harper Creek Copper Prospect i s l o c a t e d 
ZVt m i l e s north of the northern c o n t a c t of the 

Baldy B a t h o l i t h . Here the host r o c k s are c h a r a c t e r i s t i c a l l y 
w e l l f o l i a t e d p h y l l i t e s and s c h i s t s - c h l o r i t e , s e r i c i t e , quartz 
and carbonaceous v a r i e t i e s - with q u a r t z i t e , impure limestone, 
dolomite, s l a t e s , and greenstone, presumed t o be of Permian 
or e a r l i e r age. The s e c t i o n d i p s g e n e r a l l y at low angles t o 
the n o r t h . A n d e s i t e dykes are present. 
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C h a l c o p y r i t e with minor b o r n i t e and c o v e l l i t e , and with p y r i t e , 
p y r r h o t i t e , and with minor s p h a l e r i t e , galena and a r s e n o p y r i t e , 
are a s s o c i a t e d with seams and v e i n l e t s of quartz i n the m i n e r a l 
i z e d zone. C h a l c o p y r i t e , the p r i n c i p a l known economic mineral 
at t h i s time has t h r e e main modes, (1) t h i n c o a t i n g s on j o i n t s 
and f r a c t u r e s , (2) t h i n b l e b s and s t r i n g e r s i n quartz v e i n s , 
and (3) t i n y specks on rock f o l i a t i o n planes. The t i n y specks 
account f o r most of the copper value. 

Massive s u l p h i d e s are s a i d by a former s u p e r v i s o r on the prospect 
to be p r e s e n t as l e n s e s and conformable l a y e r s , and although 
the l o c a t i o n of these c o u l d not be p i n p o i n t e d on the a v a i l a b l e 
maps, the former s u p e r v i s o r s a i d he would be able t o walk Aurun 
personnel t o the p a r t i c u l a r s i t e s where the massive s u l p h i d e s 
were known. 

A d d i t i o n a l l y , a p p r e c i a b l e amounts of both sphene and r u t i l e 
- t i t a n i u m c o n t a i n i n g m i n e r a l s - are present i n the m i n e r a l i z e d 
zone and t h e i r c o n c e n t r a t i o n s appear t o r e f l e c t the i n t e n s i t y 
of the copper m i n e r a l i z a t i o n . I t i s b e l i e v e d t h a t the t i t a n i u m -
b e a r i n g m i n e r a l s were produced d u r i n g metamorphism, the o r i g i n a l 
t i t a n i u m being a c o n s t i t u e n t of former mafic v o l c a n i c rocks. 
Molybdenite i s present. Some sma l l amounts of go l d was dete c t e d 
i n two p r e l i m i n a r y composite samples t h a t were used p r i m a r i l y 
f o r i n i t i a l f l o a t a t i o n t e s t s t o determine r e c o v e r a b i l i t y of 
c h a l c o p y r i t e and molybdenite. However, the r e i s no f u r t h e r 
i n d i c a t i o n s t h a t any other work was done t o e s t a b l i s h presence 
or absence of s i g n i f i c a n t g o l d and s i l v e r . Indeed, our informa
t i o n from g e o l o g i s t s who were r e s p o n s i b l e f o r much of the i n i t i a l 
work, i s t o the e f f e c t t h a t no m a t e r i a l work was ever done t o 
e s t a b l i s h tenor of g o l d and s i l v e r . 

The economic s i g n i f i c a n c e of the t i t a n i u m - b e a r i n g r u t i l e and 
sphene i s not known. Presumably the metal might be won from 
the r u t i l e i f s u f f i c i e n t t o the t i t a n i u m m i n e r a l i s r u t i l e . 
However, the amount of the metal t h a t might be won from sphene 
i s very much u n c e r t a i n a t t h i s time, and i t i s not c e r t a i n 
whether the m i n e r a l might be concentrated e f f e c t i v e l y from other 
o r d i n a r y rock forming m i n e r a l s . 

PREVIOUS WORK Complete r e c o r d s of a l l of the work t h a t had 
been done are not p r e s e n t l y a v a i l a b l e t o the 

w r i t e r . A crude o u t l i n e i s given below! 

1967 Geochemical and g e o l o g i c a l i n v e s t i g a t i o n s 
1967 Diamond d r i l l i n g , a t l e a s t 6 h o l e s 
1968 G e o l o g i c a l , geochemical, g e o p h y s i c a l , p h y s i c a l 
1969 Diamond d r i l l i n g , a t l e a s t 27 hol e s 
1970,71 Diamond d r i l l i n g , a t l e a s t 44 h o l e s 
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1371 P r e l i m i n a r y f l o a t a t i o n testwork 
1971 Optimized computer-generated open p i t design 
1972 Target E v a l u a t i o n of m i n e r a l l z a t i o n economics 
197 4 E v a l u a t i o n Review of open p i t economics 

C o n c u r r e n t l y , s i m i l a r work was being conducted on Noranda p o r t i o n 
of the m i n e r a l i z a t i o n by t h a t company, i n p a r t under a j o i n t 
venture agreement with Quebec C a r t i e r . 

MINERAL ECONOMICS Base metal p r i c e s are low and have been 
low f o r a number of years now, and conse

quently the base metal i n d u s t r y i s depressed. T h i s i s p a r t i c u 
l a r l y t r u e f o r the copper i n d u s t r y . I t would probably be neces
sary f o r the p r i c e of copper to at l e a s t double before the H a i l 
- Harper Creek d e p o s i t would become v i a b l e on the b a s i s of con
t a i n e d , evenly disseminated copper alone. However, i f massive 
s u l p h i d e s can be d e l i m i t e d near s u r f a c e , and p a r t i c u l a r l y i f 
these c o n t a i n even s m a l l amounts of p r e c i o u s metals, a s m a l l e r 
s c a l e o p e r a t i o n than e n v i s i o n e d by the two major companys might 
w e l l be a p o s s i b i l i t y . 

A l s o , as mentioned, there i s some p o s s i b i l i t y t h a t some of the 
t i t a n i u m - b e a r i n g r u t i l e might be r e c o v e r a b l e at a p r o f i t . 

METALLURGICAL CONSIDERATIONS A v a i l a b l e m e t a l l u r g i c a l data i n d i 
c a t e s t h a t only two composite 

samples, one of 58 pounds and the other of 30C pounds were f l o a t 
a t i o n t e s t e d i n e a r l y 1971. A concentrate having a copper con
t e n t of 25% was obtained from a g r i n d down to 62% minus 200 
mesh and with a recovery of 83%, Only about 20% of the known 
molybdenum content was recovered i n these e a r l y and p r e l i m i n a r y 
t e s t s , and 1 i t t l e f u r t h e r work was done a t t h a t time to improve 
molybdenum recovery. 

The m i n e r a l i z e d rock was found t o be very f r i a b l e , and to be 
r e l a t i v e l y easy t o g r i n d . 

The 1972 Economic t a r g e t e v a l u a t i o n s were p r e d i c a t e d on: 
(a) determining optimum tonnage the c o u l d be mined by open 

p i t , 
(b) determining v i a b i l i t y of mining under 137 2 c o n d i t i o n s , 
<c) determining c o n d i t i o n s t h a t would be necessary t o ensure 

an economic o p e r a t i o n i f the r e s e r v e s were then found 
t o be not v i a b l e . 

The optimum p i t was then d e f i n e d as f o l l o w s ; 
(a) 85,500,000 tons with 0.43% Cu and 0.016% Mo 
(b) 165,320,000 tons waste rock 
(c> 1,870,000 cu yd overburden 

1 C 



On the b a s i s of a 15,500 ton per day o p e r a t i o n , with c a p i t a l 
c o s t s of $62,700,000 and with o p e r a t i n g c o s t s of $1.38 per ton 
{excluding overburden), the e n v i s i o n e d o p e r a t i o n was determined 
t o be not v i a b l e . 

The r a t e of r e t u r n on the i n v e s t e d c a p i t a l was c a l c u l a t e d t o 
be as f o l l o w s ; 

with Cu at $0.50/lb Rate of Return 0.09% 

A 1973 study based on a net smelter r e t u r n of *0.558/lb Cu and 
with recovery of 85% and val u e s a t t r i b u t e d t o molybdenum and 
the then known sm a l l amounts of p r e c i o u s metals i n d i c a t e d a 
r e t u r n on investment of 10.7%. I t was consequently recommended 
t h a t a more s o p h i s t i c a t e d computer p i t design be obtained. 
T h i s e n t a i l e d d i v i d i n g the m i n e r a l i z a t i o n i n t o b l o c k s 50' by 
50' by 40', the 40' being the intended bench h e i g h t , and a l l 
b l o c k s were c a t e g o r i z e d as being 'ore', s t o c k p i l e , or waste. 
R e s u l t s were as f o l l o w s : 

PIT TONS GRADE WASTE OVBD 

0.65/lb 
0.70/lb 

9.59% 
12.12% 

% tons cu yd 

West* 27,858,000 
E a s t * * 56,483,000 

0.417 
0.372 

49,108,000 
85,217,000 

2,607,000 
2,532,000 

T o t a l 84,341,000 0. 387 134,325,000 5,139,000 

C u t - o f f grade used was 0.388% Cu 

Note: * denotes Noranda P i t 
denotes Quebec C a r t i e r P i t 

C h a r l e s A.R. Lammle, PEng. 

30 A p r i l 1986 
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