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1515 MtNŜ AL SOUA9IS 
S A L T L A K E C I T Y , U T A M 

S.D.MJCHAELSON 
C M i C r ENGINEER 

November 25, 1969 

T 
RCSS RCPUY TO 

SAi-T LAKE ClTy.y^M 64H1 

M r . A l f r e d We i ss , D i r e c t o r 
Sc ient i f i c and Eng ineer ing Computer Center 
1356 Kennecott Bu i ld ing 
Salt Lake C i t y , Utah 84111 

Dear M r . We i ss : 

M r . C . T . Penney has requested that we work wi th h i m on developing 
long-range min ing plans for A l i c e A r m . i understand the Computer Center 
has recent ly completed checking the ore reserve done by M r . E ldon B r a y , 
and has on fi le the assay values for 25 ft x 25 ft x 35 ft "m in ing b l o cks . n 

To c a r r y the m in ing plan work further , as requested of us by M r . 
Penney, we now need f r om you a schedule and pr i ce quotation for the fol lowing 
computer work : \ 

1. Updating the A l i c e A r m f i le to include the five new diamond 
d r i l l ho les . 

2. R e - c o m p i l i n g the 25 ft x 25 ft "m in ing b l o c k s " to the standard 
100 ft x 100 ft b l ocks , i f th is w i l l save future computation t ime . 

3. S imula t i on of four pits (Attachment 1) at pit l i m i t cutoff grades of 
0. 24% M o S 2 , 0. 20% M o S 2 , 0. 16% M0S2, and 0. 10% MoS2» with 

% va r iab l e s t r i p rat ios i n each case . 

4. Ore inventory summar i e s of each pit (Attachment 1). 

The above, i f author i zed , w i l l be used along with our engineering cost 
studies as support for a poss ib le expansion at B* C. Mo l y , and the t im ing 
of any expansion proposa l w i l l be contingent on doing the above work at an 
ear ly date. There fore , we would l i ke to receive your cost and schedul ing 
proposa l as soon as you can let us have i t , so a dec is ion can be made on 
how best to proceed wi th this part of the expansion study. 

SDM:djp 
Attachment 
c c : M r . C . T . Penney 

M r . J . L . Ha l l s 

Youp«svery t r u l y , 

( c ? 5 P / 0 V 
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December 1, 1969 

M r . C . T . Penney , Genera l Manager 
B . C . Mo lybdenum L t d . 

Subject: B r i t i s h Co lumbia Molybdenum L i m i t e d - Ore Rese rves 

A t the o r a l request of M r . C . T . Penney , Genera l M a n a g e r , B . C . 
M o l y , I v i s i t ed the property f r o m November 5th through 11th to rev i ew 
B . C . M o l y T s latest ore r e se r ve es t imates . These ore r e se r ves were 
prepared as a p r e l i m i n a r y to determine whether an expansion of the oper
at ion would improve its economic prospects . 

\ 

S u m m a r y 

* The ore rese rves have been r c - estimated both manua l l y and by 
computer to incorpora te recent d r i l l i n g resu l ts and using costs which the 
m ine est imates would be attainable on a 12 ,800 T P D opera t ion . A break
even pit l i m i t inc rement was determined using a pit l i m i t cut-of f grade of 
0.113% M 0 S 2 , va r i ab l e s t r ipp ing rat ios and a str ipping cost of $0.32 per 
ton was te . A pit l i m i t slope of 45° was used . Close agreement was 
reached between the manua l l y est imated and computer ized ore r e s e r v e s 
because the same d i s t r i bu t i on of values based on DDK assay r esu l t s and 
geo log ica l pred ic t ions was used i n both c a s e s . The computer i zed ore 
r e s e r v e s a r e : 

1 1 9 , 419 ,326 tons at a grade of 0.181% MoS? wi th an o v e r a l l 
s t r i p ra t io of 1.48:1 and a m i l l i n g cut-off grade of 0.113% 
I V l O O ^ . VV I t i i i i i t l l l £ > p l W U i « - ' i R A r c GU 9\JJ\J 9 U U V W i l l i Cl c t C l e 
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cut-of f grade of 0.16% MoS-». 
CM ^ 

I checked the ore r e se r ves by rev iewing the l e ve l maps and 
sect ions and by manua l l y est imat ing the s t r ipp ing rat ios at the p i t l i m i t s 
on s i x sect ions and found that ; with the Bar a m b e r s used , thev are v a l i d . 
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OPINION 

I a m concerned about the inc lus i on of the deep ore (amounting to 
roughly 20 ,000 ,000 tons below the 1360 1 l eve l ) , i n the posi t ive ore r e s e r v e s 
for the fo l lowing r easons : 

1 • The s t r i pp ing cost of $0.32 per ton used i n the de te rminat ion 
of the pit l i m i t increment i s , i n my opinion, too low i n l i ght 
of the cur ren t m i n i n g and str ipp ing costs of $0 .43/ton . 

2 . Inc l ined holes have shown that grade cut-offs w i th in the ore 
body are sharp and are v e r t i c a l . These inc l ined holes are 
r e l a t i v e l y shal low and although deep d r i l l i n g has indicated 
that the ore body extends to depth, the d i s t r ibut ion of values 
and the outl ine of the ore body, pa r t i cu l a r l y below the 1360 f 

l e v e l , have had to be determined ma in l y by geolog ica l i n t e r 
p r e ta t i on . Deep and sparse ly d r i l l e d ore r ese rves of this 
nature should be ca l l ed "p robab l e " o r e . 

The pit l i m i t cut-of f grade was der ived f rom the m ine ' s est imate of 
what the operat ing costs would be for a 12,800 T P D opera t ion . Even i f the 
pa rame te r s used were v a l i d , the ore r ese rves would not be v a l i d un t i l approva l 
has been given for the expenditure of funds on an expansion. F o r r epor t ing 
purposes for January 1970, i t i s recommended that the January 1969 ore r e s e r 
v e s , amended to take into account min ing dur ing the past y e a r , be u s e d . These 
ore r e s e r v e s (1/1/69) were : 

Tons % M o S ; 

P o s i t i v e O r e , 0.16% M o S 2 Cut-of f 37,792,000 0.23 
P robab l e O r e , 0.10% M o S 2 Cut-of f 36,000,000 0.15 

To ta l O r e , 1/1/69 73,792,000 0 .19 

Ore r e s e r v e s est imated by us ing a pit l i m i t b reak-even cut-of f grade 
inc lude an unknown quantity of ore which cannot support deprec ia t ion of the 
ex is t ing plant or deprec ia t ion of cap i ta l expenditures on new p lan t . They 
cannot, the re fo re , be used n p e r s e ! : for expansion cons idera t i ons , but mus t 
be b roken down into m in ing per iods to re f lect the order in wh ich the ore w i l l 
be m i n e d . The mos t convenient way of developing these m in ing per iods i s to 
compute ore inventor ies us ing a se r i es of a r b i t r a r y pit l i m i t cut-of f g rades , 
e . g . 0 .24%, 0 .20%, 0 .16%, 0 .14%, 0 .12%, 0 .10% and 0 .08% M o S 2 , g iv ing 
r i s e to s e v e r a l essent ia l l y concentr i c p i t s . The highest cash f low p i t , i . e . , 
the one w i th the highest pit J im i t cut-of f grade w i l l be mined f i r s t fo l lowed by 
the one w i th next highest pit l i m i t cut-of f grade, and so on u n t i l the b r eak - even 
pi t l i m i t inc rement is r e a ched . P r a c t i c a l operating slopes a re used i n a l l the 



pits except the l as t when the s lope i s steepened to an engineered safe s l ope . 
The contents of the ore inventor ies i n t e rms of different m i l l cut-of f grades 
w i l l be developed at the same t ime as the ore inventory i s deve loped. 

Wi th the above data, fourteen f inanc ia l evaluations can be p r e p a r e d . 
In each eva luat ion , m in ing w i l l be i n the sequence of high cash f low pi t through 
i n t e rmed i a r i e s to the b reak-even p i t and each evaluation w i l l inc lude the mos t 
f inanc ia l l y a t t rac t i ve method of handl ing deprec ia t ion . The fourteen f inanc ia l 
evaluations wou ld be based on: 

^ 1. Two product ion rates - the present 6,400 T P D and an expanded 
. opera t ion of 12,800 T P D . -

2 . F o r each product ion r a t e , seven m i l l i n g cut-off g rades , name ly 
0 .24%, 0 .20%, 0 .16%, 0 .14%, 0 .12%, 0.10% and 0.08% M o S 2 . 

The evaluat ion which gives the highest net present value w i l l be the 
one which indicates future act ion i n the sense of whether an expansion is 
wor thwhi l e and what the m i l l i n g cut-of f grade should be . The ore inventory 
wh ich prov ides the highest net present va lue , prov id ing the paramete rs used 
in r espec t to product ion rate and m i l l cut-of f grade are imp lemented , w i l l 
then become the ore r e se r ves of the rr i ine. In the meant ime , i t i s r e c o m 
mended that the January 1969 ore r e se r ves updated for operations dur ing 1969 
be amended to January 1970 r e p o r t i n g . 

O R E R E S E R V E E S T I M A T E S 

The ore r ese rves est imated both manual ly and by computer based on 
0.113% M o S 2 p i t l i m i t cut-off and va r i ab l e s t r ipp ing rat ios a r e : 

Tons O r e Grade Waste S . R . 

M a n u a l 129 ,641,400 1.180% M o S 2 223 ,378,000 1.72:1 
Computer 119,419,326 0.181% M o S 2 176,927,436 1.48:1 

P a r a m e t e r s 

In es t imat ing E . C . M o l y f s ore r e s e r v e s , the pit l i m i t inc rement 
was determined on the va l i d bas is that , in any open p i t , m in ing w i l l continue 
un t i l such t ime as the m in ing and process ing of an increment does not prov ide 
a cash f low. In this inc rement the revenue f r om a b lock of ore on sur face i s 
r equ i r ed to cover operat ing c o s t s , through to s a l e s , inc lud ing i ts share of 
rep lacement cap i ta l n e c e s sa r y to ma in ta in operations but exc luding deprec ia t ion 
of ex is t ing p lant . The grade of this b lock is the pit l i m i t cut-of f g rade . A 
b lock of ore at depth i s r equ i r ed to be of a higher grade such that the addi t ional 
revenue over and above that of a cut-of f grade block w i l l cover the costs of 
s t r ipp ing necessa ry to expose i t for m i n i n g . 
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The pa ramete r s used i n both manua l and computer i zed r e s e r v e s were : 

U l t ima t e pit slope 4 5 ° 
M i n i m u m pit bottom width 120 1 

P i t l i m i t cut-of f grade 0.113% M0S2 
St r ipp ing cost $0*32 per ton waste 

The u l t imate pi t slope i s conserva t i ve . Studies by M r . K . H . R ippe re 
of M M D - E D indicate that the fo l lowing safe ult imate pit slopes a re f eas ib le : 

4 9 ° i n the N E quadrant 
5 5 ° i n the S E quadrant 
60° i n the SW quadrant , and 
38° i n the NW quadrant . 

The m i n i m u m pit bottom width i s r e a l i s t i c . 

The c r i t i c a l pa ramete rs which affect the ore r e se rve est imate are 
the pit l i m i t cut-of f grade and the s t r ipp ing cos t . 

P i t L i m i t Cut-o f f Grade 1 ^ 

The operat ing costs used for de termin ing the cut-of f grade are shown 
below together wi th B , C . M o l y f s operat ing costs for J a n . - Sept. 1969: 

B . C . M o l y ' s Costs Costs Used for 
J a n . - Sept. 1969 Cut-o f f Grade 

$/ton ore $/ton ore 

M i n i n g (w/o str ipping) 0.453 (1) 0.430 
Concentra t ing 1.040 0.800 
G e n e r a l P l an t 1.111 0.795 
Deprec i a t i on 0.656 0.107 (2) 
Sales @ $0 .059/ lb Mo 0.143 0.072 

$3,403 $2,204 

(1) Includes $0.02 per ton de ferred expense a m o r t i z a t i o n . 

(2) F o r rep lacement cap i ta l of $500,000 per year on ly . 

The cut-of f grade used , 0.113% M o S 2 would y i e ld 1.22 lbs Mo/ton ore 
for sale assuming a 90% m i l l r e cove ry at this grade . Revenue at $1 .80 per lb 
M o wou ld , the re f o re , be $2,196 per ton ore which equates w i th the operat ing 
costs u s e d . 
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The costs used for the cut-of f grade are the mine ' s est imate for a 
m i l l i n g ra te of 12,800 T P D . The ore r ese rves developed a r e , the re fo re , on 
this one factor a lone , only su i tab le for a 12,800 T P D operat ion and could not 
be jus t i f i ed for the present product ion r a t e . 

F o r r epo r t ing purposes the ore r eserves should be based on the 
present product ion capaci ty and assoc iated c o s t s . 

S t r ipp ing Costs 

The cost of s t r ipp ing used i n pit l i m i t determinations has a profound 
effect on the magnitude of the ore r e s e r v e s . A ton of ore which w i l l support 
four tons of s t r i pp ing at , say , 32£/ton of s t r ipp ing w i l l only support two tons 
of s t r i pp ing at 64£ per ton of s t r i p p i n g . 

It i s m y opinion that the s t r ipp ing cost of 32£/ton used i n the deter 
m ina t i on of the ore r e s e r v e s , compared with the current s t r ipp ing cost of 
43^/ton, i s too l o w . 

The use of a lower than cur ren t s t r ipp ing cost which i s out of l ine 
w i th cu r r en t K C C prac t i c e would : 

1. Be suspect i n the eyes of K C C f s Management and a lmos t impos 
s ib l e to defend. The f i r s t step i n determining the best course 
of ac t ion for B . C . M o l y arid obtaining acceptance for such a 
course i s to develop ore r eserves which are de fens ib le . 

2 . Include i n the r e s e r v e s , ore at depth which is m ined toward the 
end of the l i f e of the mine and wh i ch , because of the t ime value 
of money has l i t t l e effect on the N P V . This o r e , i n any event, 
i s spa r se l y d r i l l e d and its existence i s due a lmost ent i re l y to 
geo log ica l p r ed i c t i ons . 

F o r the above reasons I recommend using a s t r ipp ing and m i n i n g 
cost of 43 i per ton m a t e r i a l , assuming that higher future haulage costs w i l l 
be offset by future operat ing economies . This would fol low the p rac t i c e used 
i n the other D i v i s i ons where cur ren t m in ing and str ipp ing costs a re used for 
long-range ore r e s e r v e ca l cu l a t i ons . % ' i • ~ - «> ..r ,< - \. 

M a n u a l E s t i m a t i o n of Ore P_eserves 

The ore r e s e r v e s were prepared manual ly by M r , E ldon B r a y , 
u u ^ c i v x o w x KJ± x i i i i g j . i i c c : x n i g c t i x u . u c u i u g y <xt, ±J m . x v i u x y • x n c ; m e i - x i u u U b e u w<a:> 
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1. Sect ions of the ore body were prepared , f r om D D K assay 
in fo rmat ion and us ing judgment to delineate ore containing 
0 . 1 0 0 % - 0 .159%, 0.160% - 0 .239%, 0.240% - 0 .319%, 
and + 0.320% M o S 2 together with waste below 0.099% M o S 2 . 
Inc l ined D D H ' s have indicated steep assay cut-off w a l l s , 
and this in fo rmat ion was used i n the sections to del ineate ore 
g r ades . 

2 . L e v a l maps were prepared at 35 f bench height i n t e r v a l s , 
containing co lor contours of the different grades of ore and 
was te . 

3 . A s t r ipp ing rat io graph was prepared (Exhibit 1) showing 
acceptable s t r ipp ing rat ios for the pit l im i t increment against 
the grade of the o r e . F o r this purpose a pit l i m i t cut-of f 
grade of 0.113% M o S 2 (based on estimated operating costs 
for a 12,800 T P D operat ion of $2,204 per ton ore excluding 
s t r ipp ing but inc lud ing depreciat ion of replacement capital ) 
and a s t r ipp ing cost of 32^/ton was used. 

4 . A n u l t imate pit s lope of 45° and a m i n i m u m 120* pit bottom 
width were used . 

5 . L e v a l maps of segments of t r i a l pits were drawn and the 
waste content compared with the c ntained ore g rade . By 
a p rocess of t r i a l . a n d e r r o r an ore reserve was developed 
wh ich conformed wi th the s t r ipp ing rat io g raph . 

Computer E s t i m a t i o n of Ore Rese rves 

Subsequently (Sept. 2 1 , 1969), the ore reserves were est imated by 
computer us ing the fo l lowing paramete rs : 

1. Geo log i ca l mode l and l e ve l maps as prepared m a n u a l l y . 

2 . A pit l i m i t cut-of f grade of 0.113% M o S 2 and a s t r ipp ing cost 
of $0 S 32 per ton* (Same as manual*} 

3 . A n u l t imate pit s lope of 45° and a m i n i m u m 120 ! p i t bottom 
w id th . (Same as manua l . ) 

4 . B l o cks s i zed 25 f x 25* x 35* bench height. 
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The computer i zed ore r e s e r ves a re : 

0.113% M0S2 P i t L i m i t Cut-of f , Var iab l e Str ipping Rat ios 

M i l l Cutoff Tons Ore Grade Tons Waste S . R . 

0.113% M o S 2 
119,419,326 0.181% M0S2 176,927,436 1.48:1 

0.160% M0S2 82,656,800 0.207% M0S2 213,689,962 2.59:1 

These are i n c lose agreement with the manual est imates of ore 
r e s e r v e s , but , because the geolog ica l model and interpretat ion of values 
were the same i n both cases , i t is s imp ly a tr ibute to the met icu lous accuracy 
and care used by M r . E ldon B r a y in his manual computat ion. 

E X A M I N A T I O N O F O R E R E S E R V E S 

1. The f i l es contain a substantial amount of correspondence between 
M r . E l don B r a y and the S & E C C concerning D D H bea r ings , c o l l a r 
l o ca t i ons , depth of holes ^ etc. and i t i s accepted that the in fo r 
mat i on used i n this r egard is c o r r e c t . 

2 . F o r checking the ore r e s e r v e s , the graph showing supportable 
s t r ipp ing ra t io v s . ore grade developed by the mine was used . 

3 . Us ing the u l t imate pit contour map (Exhibit 2) and sect ions of the 
ore body prepared by M r . E ldon B r a y , s ix sect ions were drawn 
showing the re la t i onsh ip of the ore to the ul t imate pit on E104 ,500 ; 
E105 ,000 ; E105 ,600 ; N106,800; N107,400 and N180,000 (Exhibi t 3) . 
The pi t l i m i t s t r ipp ing ra t io was determined f r om the sect ions so 
drawn and compared wi th the supportable s t r ipp ing ra t io g raph . 
In each case , i t was found that the ore at pit l i m i t s could support 
a l a r ge r amount of s t r ipp ing than was indicated by the supportable 
s t r ipp ing rat io graph used in the ore reserve e s t ima t i on . 

4 . A deta i led check of the grade co lored contour l e v e l maps f r om the 
2025' l e ve l to the 835 r l e ve l was made to determine to what extent 
the geolog ica l predic t ions concerning the extension of the ore body 
away f r o m d r i l l holes influenced the magnitude of the r e se r ves . 
A por t i on of the worksheet cover ing levels 1360 f and below and the 
1430 J l e v e l map are attached (Exhibits 4 and 5) and r e v ea l that: 

a . There i s a dearth of D D H information between D47 on 

N E , N , and NW portions of the ore body f r o m the 1430* 
l e v e l down. 
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b . D D H or assay inicirmation i s avai lable f r o m 13 holes 
on the 1360* l e v e l , reduced to 6 on the 1185 1 l e v e l , 
to 3 on the 975* l e v e l , and 2 on the 90S 1 l e v e l and 
be low. * 

O r e down to the 1360 r l eve l is we l l covered by d r i l l i n g and can be 
t e rmed "proven o r e 1 1 . Ore below the 136G1 l eve l should be c l a ss i f i ed as 
"probable o r e . " 

' D E T E R M I N A T I O N O F O P T I M U M O R E R E S E R V E S 

A n improvement i n operating costs has been recorded over the past 
y e a r , such that B . C . Mo l y i s now making a working pro f i t , but this is insuf
f ic ient to cover the in teres t payments on the debentures. A n expansion of the 
operat ion to 12,800 T P D by m in ing ore to a lower cut-off grade w i th a con
sequent reduct ion of operating costs due to a bigger spread of the overheads 
i s p resent l y cons idered the most l i ke l y way of improv ing the economics of the 
opera t ion . 

However , care has to be t a k i n in the use of ore r e se r ves which have 
been est imated us ing a break-even pit l im i t increment for expansion purposes . 
Included i n such ore r e se r ves is an unknown quantity of ore which does not 
support deprec iat ion of the ex is t ing plant, nor dees i t support the deprec ia t i on 
of cap i ta l expended on an expansion. F r o m one pit i t i s imposs ib l e to est imate 
the quantity of this m a r g i n a l o r e . The only sat isfactory way of de te rmin ing 
" op t imum ore r e s e r v e s " for any property ("optimum 1 1 i n the sense of p rov id ing 
m a x i m u m net present wo r th , m a x i m u m overa l l p ro f i t s , m a x i m u m product ion 
of m e t a l , or any other m a x i m u m required) is to estimate s e v e ra l ore inven
tor i es us ing a range of pit l i m i t cut-off grades producing essent ia l l y a s e r i e s 
of concentr ic pits . The pit wi th the highest pit l i m i t cut-off grade is mined 
f i r s t fo l lowed by the others in sequence through to the break-even pit l i m i t p i t . 
P r a c t i c a l work ing slopes a re used for a l l pits except the b reak-even pit l i m i t 
pit where the slope is steepened to an engineered safe s lope . F i n a n c i a l eva lu
ations are then done at dif ferent m i l l i n g cut-off grades and dif ferent rates of 
p roduc t i on , us ing the most advantageous method of handling deprec ia t ion and 
taxes . A compar i son of the f inanc ia l evaluations w i l l r evea l wh ich of the o r e . 
inventor ies is mos t sa t i s fac tory for the " o p t i m u m " r equ i r ed , and this inventory 
then becomes the ore r e se r ve for the t i m e . 

Important - F o r annual r epor t ing purposes the ore r eserves must be based on 
the cur ren t operat ing capacity of the m ine . Ore reserves se lected for expansion 
purposes mus t r e m a i n i n embryo and used as supporting data on ly , unt i l such 
t ime as the expenditure of funds on such an expansion i s approved . 
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B . C . M o l y Ore Rese rves 

In the case of B . C . M o l y , the opt imum ore r ese rves r e q u i r e d are 
those that w i l l , when m i l l e d at some to -be -de te rmined- ra te , y i e l d the highest 
net present w o r t h . 

The recommended sequence for determining such ore r e s e r v e s i s 
as f o l l ows : 

1. Compute r i z e 7 ore inventor ies using the fo l lowing pa rame t e r s : 

a . P i t l i m i t cut-of f grades of 0 .24%, 0 .20%, 0 .16%, 0 .14%, 
0 .12%, 0 .10% and 0.08% M o S 2 . 

b . S t r ipp ing cost @ 43£ per ton . 

c . P i t slopes of 45° throughout. Because of the conf igur
at ion and the method of mining the ore body, an operat ing 
slope of 45° can be used . 

2 . P r e p a r e 14 f inanc ia l evaluations using the fo l lowing pa rame t e r s : 

a . Ore to be m ined i n sequence using the high cash f low 
(0.24% M0S2 p i t l i m i t cut-off grade f i r s t ) . 

b . Two m i l l i n g rates to be used - 6,400 T P D and 12,800 T P D , 

c . Wi th each m i l l i n g ra t e , m i l l i n g cut-off grades of 0 .24%, 
0 .20%, 0 .16%, 0 .14%, 0.12% 0.10%-and 0.08% M o S 2 to 
be used . 

d . The best p resent l y estimated capi ta l costs for m i l l 
expans ion, a n e i l l a r i e s , townsite , e t c . , and m ine 
equipment to be incorporated where app l i cab l e . 

e. De t e rm ine the N P V of the mine i n each case . 

A n examinat ion of the f i nanc ia l evaluations w i l l r e vea l whether or not 
an app l i ca t ion for funds for the engineer ing of an expansion can be suppor ted . 

J . L . Ha l l s 

J L H j f f 

E n c l . 

cc : M r = S, D .- M i c n a ^ l s o n 
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Bob G a l b r a i t h desc r i bes his c u r r e n t hypothesis for the r e l a t i onsh ip between 
i n t r u s i o n and m i n e r a l i z a t i o n i n the L i m e C r e e k orebody at A l i c e A r m , 
B r i t i s h C o l u m b i a . Two in t rus i ons , each w i th an assoc ia ted t r i p l e t of v e in 
types, f o r m the po r t i on of the stock observed at the surface and in the d r i l l 
c o r e . The f i r s t i s a zoned d ior i t e to quartz monzonite pluton, and the 
second is a s y s t e m of c l o s e l y spaced dikes of quartz monzoni te . 

i 
~Bob~states tKat~a thIrd" and youngest set of MoS2~re la ted ve in le ts i s observed , 
but no in t rus i on is known to relate to this m i n e r a l i z a t i o n unless i t is the 
s o - c a l l e d wipeout po rphyry observed i n D H - 27, or the dike s y s t e m is 
composed of two genetic pa r t s . N i and Co geochemis t ry are p e r m i s s i v e of 
an add i t iona l nonoutcropping in t rus i on on the nor th-nor theas t side of the 
present p i t . 

Th i s memo is a p rog r e ss repor t on this r e s e a r c h pro ject and w i l l be 
mod i f i ed and fu l ly documented as the invest igat ion p r o g r e s s e s . 

ZdkriC. W i l s o n y'//> 

JCW:gp 
At tachment 

c c : R . M . G a l b r a i t h 
D. L . G i l e s 
C- T . Penney 
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S U B J E C T : 

John C . W i l s o n 

Robe r t M . G a l b r a i t h 

Igneous A c t i v i t y and M i n e r a l i z a t i o n at  
B . C . Mo lybdenum, L td . 

The igneous in t rus i ons and respec t i ve m i n e r a l i z a t i o n can be exp la ined on the 
bas i s of e xpe r imen ta l studies of the s y s t em N a A l S i ^ O g - K A l S ^ O g - C a A l ^ S i ^ O g -
S iO^ . The only spec i a l condi t ion necessary i s that the m a g m a be r i c h m c a l 
c i u m . Th i s cond i t i on would enlarge the f ie ld i n which p l ag i oc l ase w i l l c r y s t a l 
l i z e and reduce both the K - f e l d s p a r f i e ld and the quartz f i e ld . 

F o r purposes of this d i s c u s s i o n , two in t rus ions w i l l be r e f e r r e d to. The 
f i r s t w i l l be ca l l ed the o r i g i n a l i n t rus i on . Th is is the m a i n s tock i n wh i ch 
m i n e r a l i z a t i o n o c c u r s " It i s bounded on the west, north, and east by h o r n f c l s . 
The south boundary is indef ini te at present . It could be c l o se to the south 
l i m i t of m i n e r a l i z a t i o n or i t could be the igneous hornfc ls contact fa r ther to 
the south. F u r t h e r study m a y indicate that the m i n e r a l i z a t i o n c o n t r o l on the 
south side of the orebody i s an igneous contact. If so, the m a i n stock des 
c r i b e d by e a r l i e r r epo r t s w i l l have to be subdiv ided. The second i n t r u s i o n 
r e f e r r e d to i n this study is a po rphyr i t i c dike complex. The d ikes a re 
younger than the m i n e r a l i z a t i o n i n the o r i g i n a l stock but they a r e a lso m i n e r a l 
i z ed . 

The o r i g i n a l i n t r u s i o n is a c l a s s i c zoned pluton. C h i l l effects along horn fe l s 
contacts have caused a d i o r i t e to c r y s t a l l i z e . Th is is c h a r a c t e r i z e d by h igh ly 
zoned p lag i oc l ase c r y s t a l s growing i n complex c lus t e rs wh i ch make up 70To 
of the r o ck . Hornblende and biotite make up 20% of the rock , w i th K - f e l d s p a r 
and m i n o r quar tz m a k i n g up the res t . The K - f e ldspar appears to have c r y s 
t a l l i z e d s low ly , for it often fo rms c r y s t a l s up to three-e ighths of an i n ch 
a c r o s s . These c r y s t a l s , however , do not produce a po rphy r i t i c texture . In
stead, they a re an i n t r a t e l l u r i c m a t r i x surrounding p lag ioc lase and ma f i c 
g ra ins and having c r y s t a l l i n e and opt i ca l cont inuity. These K - f e l d s p a r s w i l l 
not be seen i n hand samples unless a cleavage surface r e f l e c t i on reveals* i ts 
p resence . Such c r y s t a l s cou ld only prec ip i ta te i n a s ta t i c , n e a r l y i s o t h e r m a l , 
and r e l a t i v e l y v o l a t i l e - cha r g ed environment. 



The compos i t i on of the o r i g i n a l i n t rus i on grades to a m o r e a c i d c o m p o s i t i o n 
toward i ts cente r . The o v e r a l l bulk of the i n t rus i on is a g ranod i o r i t e : n e ve r 
the less , toward the center , the compos i t i on verges on quar tz monzon i t e . 
In teres t ing ly , the K - f e l d s p a r gra ins seen i n the d ior i te become m o r e c o n s p i c 
uous, a l though they never developed to the point of in t e r rup t ing the f abr i c and 
changing the texture of the r o c k f r o m equigranular to p o r p h y r i t i c . The l a r g e 
K - f e l d s p a r s u s u a l l y inc lude f ine bits of p lag ioc lase o r ma f i c c r y s t a l s . The 
i n c l u s i o n of these bits causes the o v e r a l l equigranular appearance of the hand 
spe c imen to be un in te r rupted by the K - f e l d s p a r s . 

M a g m a d i f f e rent ia t ion cont inued unt i l a r e s i d u a l l i qu id of v i r t u a l l y nothing but 
quar t z , K - f e l d s p a r , m e t a l l i c su l f ides , and a very^minor amount of p l ag i o c l ase 
r e m a i n e d . The coo l ing c r y s t a l l i n e s h e l l around this ^residual l i qu i d c r a c k e d , 
r e l e a s i n g the l i q u i d wh ich r a p i d l y coo led, f i l l i n g the "cracks w i th a l ask i t e d ikes 
wh i ch some t imes conta in m i n o r p lag ioc lase and some M o S m i n e r a l i z a t i o n . 

The r e s i d u a l l i qu id after r e m o v a l of the a lask i t e f rac t ion was c o m p r i s e d of 
K - f e l d s p a r , abundant quar t z , and m e t a l l i c s u l f i d e s . These were used up as 
subsequent f r a c t u r i n g of the coo l ing s h e l l took p lace . F i r s t , quar tz ve ins 
w i th the r e m a i n i n g K - f e l d s p a r were f o rmed . It was probab ly dur ing this p e r i od 
that m o s t of the c l ay a l t e ra t i on took p lace . Th i s was fo l lowed by the f o rma t i on 
of quar t z ve ins wi th MoS m i n e r a l i z a t i o n , wh ich i n turn was fo l lowed by the 
l a s t bit of l i qu id r f o r rn ing -quar t z vein^ wi th sporad ic pyr i t e m i n e r a l i z a t i o n . 

m 

A n impor tan t quest ion has a r i s e n as to the ab i l i t y of a d i o r i t e m a g m a to gener
ate this much quar t z , K - f e l d s p a r , and water through f rac t i ona l c r y s t a l l i z a t i o n . 
The answer is that i t p robab ly wouidn f t , at least not to the degree seen in th is 
m i n e r a l deposi t . The add i t iona l quar tz , K - f e l d spa r , and water must have 
come f r o m the B o w s e r sed iments . The i n t r u s i o n must have been at least p a r 
t i a l l y emplaced through a s s i m i l a t i o n of the ove r l y ing r ock . Ev idence of this 
i s demonstra ted by the many xenol i ths of Bowse r sediments seen in the p i t 
wa l l s and d r i l l c o r e . Not a l l the sediments are of the r i ght c ompos i t i on to be 
suscept ib le to d iges t ion by this magma ; however , many xenol i ths were seen to 
be p a r t i a l l y or a lmos t en t i r e l y a s s i m i l a t e d . The second enr i chment m e c h a 
n i s m was mos t l i k e l y through the development of convect ion c e l l s i n the 
m e t e o r i c water in the Bowse r sed iments . Such c e l l s would be developed due 
to the heat of the magma . These c e l l s would introduce water that would be at 
l east p a r t i a l l y charged wi th po tass ium and s i l i c a into the magma.* 

The second i n t r u s i o n is probab ly de r i ved f r o m a magma s i m i l a r to the f i r s t 
and i n the same genera l l ocus . This magma, however, produced a s e r i e s of 
d ikes ra the r than a zoned stock at the present exposure l eve l . The dikes a l l 
have an ap l i t i c K - f e l d s p a r - q u a r t z g roundmass . The va r i a t i on in p o r p h y r i t i c 
c r y s t a l assemblages is g radat iona i in much the same fashion as the o r i g i n a l 
i n t r u s i o n . Th is is demonst ra ted by three cha ra c t e r i s t i c assemb lages , but 
in t e rmed ia te assemblages ind icate a continuous sequence. F i r s t , v e r y h igh ly 



zoned p lag i oc l ase c r y s t a l s f o r m complex c lus t e r s * and many s m a l l p l a g i o c l a s e 
g ra ins are i n the m a t r i x . The second assemblage has mode ra t e l y zoned 
p lag i oc lase c r y s t a l s , s m a l l rounded quartz g ra ins o r eyes, and K - f e l d s p a r 
c r y s t a l s that inc lude maf i c and p lag ioc lase bits w i th the outer r i m conta in ing 
quar t z b l ebs . The t h i r d assemblage has s m a l l p lag ioc lase g ra ins w i t h v e r y 
l i t t l e zoning , l a rge K - f e l d s p a r c r y s t a l s , and l a r g e r quartz eyes up to 4 m m . 

The d ikes cut both horn fe l s and the o r i g i n a l i n t rus i on , but were not found to 
cut each other . It i s postu la ted that they were emplaced a lmos t c o n t e m p o r a 
neous ly and that va r i a t i ons i n the po rphyry assemblage a re due to f r a c t i o n a 
t i on of the parent m a g m a dur ing emplacement . These d ikes a re m i n e r a l i z e d 
by a t r i p l e t of q u a r t z - K - f e l d s p a r , q u a r t z - M o S ^ , and q u a r t z - p y r i t e v e ins . It 
i s not poss i b l e to d i s t i ngu i sh these veins f r o m the ones r e l a t ed to the o r i g i n a l 
i n t r u s i o n without the a i d of an igneous contact t runcat ing the o lder ve ins . 

Th i s pe t ro log i c concept expla ins a l l the features seen i n the p i t except one. 
The r e i s a t h i r d t r i p l e t of quar tz ve ins wh ich i s younger than the set a s s o c i 
ated w i th the second i n t r u s i o n . Th i s t r ip l e t d i f fers f r o m the other two i n that 
some t imes the q u a r t z - M o S ^ veins show m u l t i p l e banding and a r e up to 2 inches 
w ide . 

A th i r d i n t r u s i o n gene t i ca l l y r e l a t ed to this th i rd t r ip l e t m a y ex is t . T h i s 
i n t r u s i o n may be what has been r e f e r r e d to as the ! , wipeout f l p o r p h y r y and 
was f i r s t noted i n d r i l l hole 27 on th^ northeast side of the p i t . However , 
s ince d r i l l hole 27 does not encounter o r e - g rade m i n e r a l i z a t i o n in the h o r n 
f e l s , it i s d i f f i cu l t to say this po rphyry i s d i sp l ac ing m i n e r a l i z a t i o n . The 
i n t e r s e c t i o n of the igneous hornfe ls contact i n d r i l l hole 27 i s some 250 feet 
nor theast of the igneous hornfe ls contact exposed in the pi t , and some 150 
feet northeast of the ore zone. Th is compos i te po rphyry appears to be l i t t l e 
di f ferent f r o m the d ikes of the second i n t rus i on . Th is s i m i l a r i t y and the l a ck " 
of m i n e r a l i z a t i o n above i t cas ts doubt on this r o c k being the source of the 
t h i r d t r i p l e t . 

A m o r e d i s t inc t p o s s i b i l i t y i s that the dikes of the second i n t r u s i o n are 
ac tua l l y r e l a t ed to two magmas . Contacts a re d i f f icul t to see i n the pit , and 
we cou ld have m i s s e d c r o s s cu t t i n g r e l a t i onsh ips . However , e ve rywhere we 
looked, the younger d ikes had two sets of c r o s s cu t t i ng quar t z v e ins . Thus , 
the source of the las t p e r i od of mo lybdenum m i n e r a l i z a t i o n i s un r e so l v ed . 

The d i s t r i bu t i on of l ower grade areas in the o re zone seems to be r e l a t ed to 
the d i s t r i b u t i o n of younger i n t r u s i v e d ikes . These dikes a re m i n e r a l i z e d by 
only two t r i p l e t sets of quar tz ve ins . The best o re grades a re where the 
o r i g i n a l i n t r u s i o n is m i n e r a l i z e d by the a lask i t e dikes and three t r i p l e t sets 
of quar t z ve ins . The dens i ty of po rphyry d ikes is greatest i n the no r the rn 
t h i r d of the o re r i n g . Th i s i s a lso the a r ea where o re grades drop off and 
the ore zone as p r e s en t l y evaluated is only 150 feet wide. 



John C . W i l s o n _ [ ~4- F e b r u a r y 24, 1971 

Geochemica l anomal i es i n N i and Co ind icate the poss ib le p resence of an 
- - in t rus ion under the hornfe ls on the nor th-nor theast s ide of tlie p resent p i t . 

P e rhaps this i s the source of the younger i n t rus i v e d ikes . The p o s s i b i l i t y 
a l so ex is ts that this i s a t h i r d i n t r u s i o n and the source of the las t m i n e r a l i 
za t i on t r i p l e t . Hopeful ly , the d r i l l c o r e and hand samples i n sh ipment f r o m 
B . C . Mo l ybdenum w i l l l ead to a so lut ion of this quandary. 

f { ^ r - ^  

Robe r t M . Ga lb ra i th 

R M G t m s 


