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THE MINERALOGRAPHI0 STUDY OF THE MBTTO MIKE ORE 

Location 

The Minto Mine i s situated i n the Bridge fcive* 
section of the I d l l o o e t Mining D i v i s i o n on the north hank of 
the Bridge River, about two miles below the mouth of Gun 
Creek* 

Communication 

The mine i s 25 miles from Shalalth, a s t a t i o n on 
the P a o i f i e Great Eastern and i s reached from there by a 
motor road* t h i s road i s passable throughout the year, ex
cept a f t e r very heavy f a l l s of snow* A regular service of 
trucks and stages operates along the road from Bridge River 
and Shalalth to the Pioneer Mine, 55 miles away* 

History 

The property was o r i g i n a l l y known as the Alpha 
Group and owned by W* Davidson. During 1929 the Consolidated 
Co* took an option and financed a l l development work* 
Values obtained i n the development work were low, tkoagh 



occasional high values were obtained* Development work was 
discontinued i n 1931 and the property l a y i d l e u n t i l June, 
1923. when Minto Gold Mines Jitd* was incorporated and took 
over the property* 

Since the new Company took over development work 
has proceeded at a rapid rate and the Company reported 
during 1924 that 100*000 tons of positive ore had been 
blocked out* the average values being above common grade* 

A small m i l l was assembled i n 1934 and a process of 
tr e a t i n g arsenic and antimony i n the ore has been worked out 
so that m i l l i n g costs are only 87 cents per ton f o r removal 
of arsenic* The concentrates are at present shipped to 
Tacoma* 

The recovery at t h i s dat i s only 84% t and the 
main problem i s to increase t h i s recovery* 

General Geology 

The country rock on the property i s mainly Bridge 
River series and consists of altered sediments with i n t e r -
beds of greenstone and serpentine* The chief member of the 
sedimentary series i s a blue grey chert grading into a 
cherty quartzite often much contorted* The beds are separated 
by t h i n bands of a r g i l l i t e * 

The greenstones are of especial i n t e r e s t , since 
the Pioneer vein i s enclosed i n these rocks f o r over 2000*• 
There seems l i t t l e doubt that they were formed from submarine 
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lava flows; they consist almost e n t i r e l y of dense, black 
altered basalts* Their general conformity i n a l t i t u d e with 
the sediments, the presence of t h i n layers of interbedded 
a r g i l l i t e and the almost invariable presence of p i l l o w 
structure, flow breccia and amygdules a l l lend proof of 
t h e i r volcanic o r i g i n * In c e r t a i n l o c a l i t i e s , these volcanics 
are altered to c h l o r i t e schists and serpentine* Ca l c i t e occurs 
i r r e g u l a r l y as veinl e t s i n the sheared mass* 

The minerals found i n the r e s u l t i n g metamorphosed 
rocks are c a l c i t e , k a o l i n , c h l o r i t e , serpentine, z o i s i t e , 
s e r i c i t e and Iron oxide* 

Economic Geology 

The commercial minerals of the mine, consisting 
of various s u l f i d e s with a gangue of quartz and c a l c i t e 
occur i n f i s s u r e veins and are thus epigenetie* 

The main me t a l l i c minerals are: gold, arsenopyrite, 
p y r i t e , chalcopyrite, galena, sphalerite, s t i b n i t e and 
tetrahedrite (which was not determined)* 

The gangue consists of quartz and c a l c i t e * 



Description of Sections 

Megaaoopio Examination 

Sec* 1 Ho* 5 face: the minerals that can be seen 
i n t h i s section are p y r i t e , chalcopyrite and quartz. P y r i t e 
occupies about 90% of the section with quartz about 9%* 

Sec* 2 #4 l e v e l : the minerals i n t h i s section 
are arsenopyrite, p y r i t e , sphalerite, c a l c i t e , s t i b n i t e and 
quartz* The arsenopyrite occupies about 50%, p y r i t e 5%, 

c a l c i t e 35%. sphalerite 5%fc quartz 5%* 

Sec* 5 #4 l e v e l : from the f i r s t examination i t 
appears that the section i s 100% arsenopyrite, but on closer 
examination a vein of pyrite can be seen cutting across the 
section* This p y r i t e , however, occupies only about 2% of 
the section* 

Sec* 4 high grade (A): Minerals contained i n t h i s 
section are p y r i t e , s t i b n i t e and c a l c i t e * The pyrite 
occupies 50%, c a l c i t e 45% and s t i b n i t e 5%« 

Sec* 5 201 stope: the minerals contained i n t h i s 
section are p y r i t e , galena, s t i b n i t e , c a l c i t e and quartz* 
The galena appears to occupy a very narrow vein across the 
section and does not occur i n the section except i n t h i s 
vein* The r e l a t i v e percentages of minerals are:pyrite 45% f 

galena 50%, c a l c i t e 15% and quartz 10%* The s t i b n i t e cannot 
be seen megascopically* 
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See. 6 201 stope: the minerals i n t h i s section 
are the same as No. j> with the exception of galena which i s 
absent. 

Sec. 7 No. .5 face: supposedly low grade ore t h i s 
section contains arsenopyrite and c a l c i t e . Megascopically 
t h i s section does not d i f f e r i n any way from sections No. 2 
and No. J . That i s , the st i b n i t e i s too fine to be seen i n 
the arsenopyrite and i n the c a l c i t e . 

Microscopic Examination ( r e f e r r i n g to drawings made) 

See. 1 - St i b n i t e and Arsenopyrite 
This section c ntains high gold values and, 

since the gold was of late deposition as was the s t i b n i t e , 
i t i s apparent that the gold i s associated with s t i b n i t e : -
ore dressing te s t s have shown t h i s to be true. Megascopically 
t h i s section would a pear as pure arsenopyrite, but under the 
microscope s t i b n i t e can be seen veining i t i n a complicated 
way. Some of the p a r t i c l e s of s t i b n i t e are very f i n e , being 
about 5 microns, while the maximum size i s about 40 microns. 

The fact that the s t i b n i t e everywhere cuts the 
arsenopyrite proves that the s t i b n i t e i s younger i n age than 
the arsenopyrite. 

Sec. 2 S t i b n i t e , Arsenopyrite, C a l c i t e and Pyrite 
This section contains high gold values. The 

s t i b n i t e occurs as i n the above section i n very fin e veins 
and blebs, but here i t also cuts across the pyrite vein as 
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w e l l * The veins of s t i b n i t e may or may not have c a l c i t e 
present* 

The fact that the pyrite cuts across the arsenopyrite 
i n the form of a vein shows that the pyrite i s younger than 
the arsenopyrite* However, i n other sections i t i s apparent 
that the pyrite was one of the f i r s t minerals to come i n , 
so t h i s vein represents a second generation of p y r i t e * The 
c a l c i t e at the contacts of the pyrite and arsenopyrite 
came i n either at the same time or l a t e r than the pyr i t e * 

The p y r i t e appears to contain as much s t i b n i t e i n 
f i n e disseminations as does the arsenopyrite* 

Sec* 3 - Sphalerite, Arsenopyrite, C a l c i t e , S t i b n i t e , 
Chalcopyrite and P y r i t e * 

In t h i s section the sp h a l e r i t e , arsenopyrite and 
pyri t e are a l l fractured i n a very complicated manner; the 
fractures are f i l l e d with c a l c i t e and s t i b n i t e * The pyr i t e 
and arsenopyrite are intergrown and the contacts are smooth, 
which would apparently denote contemporaneous deposition* 
The sphalerite on the other hand appears to have come i n 
somewhat l a t e r than these two minerals as i t occupies com
pl i c a t e d bays both i n the py r i t e and arsenopyrite; that i s , 
i t appears as though the sphalerite has i n part replaced 
these two minerals* 

Small, regular p a r t i c l e s of chalcopyrite are every
where contained by the sphalerite* This would point to 
contemporaneous deposition of the sphalerite and chalcopyrite 
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This could be explained as follows: - the solution containing 
the sphalerite and chalcopyrite came i n and the chalcopyrite 
c r y s t a l l i z e d out f i r s t i n a viscous material* The sphalerite 
then c r y s t a l l i z e d around these inclusions of chalcopyrite* 
The p a r t i c l e s of chalcopyrite have not been replaced by the 
sphalerite because they are not corroded around the edges* 

The c a l c i t e and s t i b n i t e are obviously the youngest 
minerals i n t h i s section* 

Sec* 4 P y r i t e * S t i b n i t e , C a l c i t e and Quartz 
This section shows the sphalerite d e f i n i t e l y cutting 

the pyrite and therefore d e f i n i t e l y being younger than the 
py r i t e * The s t i b n i t e and c a l c i t e again cut the py r i t e * The 
quartz i n t h i s section must be of a second generation and 
younger than the c a l c i t e bedause i t does not occupy any 
fractures i n the p y r i t e nor i s i t fractured* I t has evidently 
replaced the c a l c i t e to a large degree* 

Sec* 5 I ^ r i t e , C a l c i t e , S t i b n i t e and Quartz 
Again i n t h i s section the quartz i s of the second 

generation having replaced the c a l c i t e * This conclusion i s 
reached a f t e r noting that the quartz i s not fractured to the 
sl i g h t e s t degree* The fractures i n the py r i t e are again 
f i l l e d with c a l c i t e * The bleb of s t i b n i t e probably was f i r s t 
surrounded by c a l c i t e , with which i t came i n , and the c a l c i t e 
was l a t e r replaced by quartz* 
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Sec* 6 - Quartz, Spr i t e * C a l c i t e and S t i b n i t e 
The fact that the s t i b n i t e occurs i n the c a l c i t e 

as blebs as shown i n t h i s section points to deposition of 
nearly the same age, with the s t i b n i t e being s l i g h t l y older 
than the c a l c i t e * This may be explained i n the same way as 
the sphalerite-ohaleopyrite i n Sec* >• fhe quartz i s not 
fractured and belfcjigs to a second generation of deposition* 

Quartz of the f i r s t generation that_s&me i n tfust ; 
before or at the same time as the py r i t e and arsenopyrite 
e x i s t s and i s not shown by a drawing only because of i t s very 
complicated nature* Fractures i n the quartz were seen con
t a i n i n g s t i b n i t e and c a l c i t e * 

Sec* 8 - Quartz, S t i b n i t e , Galena and Calcite 
This section shows the galena which i s fractured 

i n a manner s i m i l a r to the p y r i t e , arsenopyrite and sphalerite 
with the fractures being f i l l e d with c a l c i t e * The galena i s 
probably of the same age as the sphalerite and chalcopyrite* 

D i s t r i b u t i o n of Sold 

Assays conducted by Dr* H.T* Warren of the Univer
s i t y of B r i t i s h Columbia have revealed that the golA occurs 
c h i e f l y at the contacts between the s u l f i d e s * t h i s i s 
indicated by the very high assay of gold i n table No* 2 for 
sulphide contacts* However, another series of assays run by 
the author and Dr* Warren give a much lower value f o r sulphide 



contacts* These lower values i n no way detract from the idea 
that some of the gold occurs at the contacts, hut might 
indicate that the concentration was e r r a t i c * 

I t i s apparent though that the deposition of gold 
has some r e l a t i o n to contacts from the assay result s i n the 
following tables* The asaays of s u l f i d e s taken at the contacts 
with quarts i n nearly every case are higher than when the 
pure mineral i s taken* 

Apparently, then, the s u l f i d e contacts had some 
influence i n the concentration of the gold, whether t h i s 
was some e l e c t r i c a l influence i s not known and can only be 
found out by further experimentation* 

In the sections submitted with t h i s paper i t i s 
shown that the sphalerite, p y r i t e and arsenopyrite are very 
i n t r i c a t e l y disseminated with s t i b n i t e and i t i s the opinion 
of t h i s w r i t e r that some of t h i s s t i b n i t e was included i n 
the assay samples thought to be pure minerals* Some of the 
disseminations of s t i b n i t e are l e s s than j> microns i n size and 
could e a s i l y be included i n a g r a i n of p y r i t e , say, ground 
even to 325 mesh* Since the s t i b n i t e i s disseminated 
throughout the arsenopyrite and sphalerite as w e l l , then 
t h i s would apply also to assay samples of them* Thus, whereas 
i t was previously thought that pure sp h a l e r i t e , arsenopyrite 
and pyrite were giving values i n gold, i n r e a l i t y the gold 
was associated with the s t i b n i t e i n them* 

The greater part of the gold i n t h i s ore i s 
associated with the s t i b n i t e , as from ore dressing tests i t 
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was fount that the higher the recovery of s t i b n i t e from 
f l o t a t i o n , the higher the percentage of gold was obtained. 

Table 1 

Test Product Gold S i l v e r S t i b n i t e 
Assay Recovery Assay Recovery Assay Recovery 
Oz/t I Oz/T % % 

1 Cone* .96 33.1 9.84 106.0 .64 48.3 

T a i l s 
2 Cono .98 28.6 10.14 62.4 .28 18.8 

T a i l s •40 1.00 .21 

3 Cone 1.46 23.2 18.2 53.6 .59 19.4 

T a i l s •36 1.2 .21 

4 Cone .96 8.4 25.5 43.3 .55 9.8 

T a i l s .42 1.34 .21 

5 Cone (a) 1.06 19.7 19.1 87.8 1.07 

Cone (b) 1.06 14.75 1.46 5.03 .28 8.8 

T a i l 8 .36 .16 .11 

6 Cone .88 35.1 f . 3 8 80.7 .69 59.2 

T a i l s •36 .50 .11 

7 Cone (a) 1.20 17.5 18.1 45.7 •55 16.4 

Cono (b) • 62 9.0 5.3 13.5 .42 12.7 

T a i l s .38 1.16 .16 
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M i n e r a l Oz. Gold/Ton 
Arsenopyrite - pure 1.60 

with qtz 1.80 

P y r i t e - pure 3.50 

with gtz. 2.50)sample was mostly 
quartz. 

Sulfide Contacts 28.60 

Table 3 

Mineral Oz.Gold/Ton 
Arsenopyrite - pure 1.1 

with qtz. 1.4 
P y r i t e pure .15 ?/ 

with qtz. 2.4 
Mixed s u l f i d e s 3.0 

Paragenesia - as determined by the preceding sections* 

1* P y r i t e , Arsenopyrite, Quartz* 
2* Sphalerite, Chalcopyrite, Galena 
5* P y r i t e , S t i b n i t e , C a l c i t e , Quartz, Gold 
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Summary and Conclusions 

1* The s i l v e r present i n the ore i s not alloyed 
with the gold as might be supposed, but i s present i n the 
form of Tetrahedrite* This mineral was not i d e n t i f i e d i n 
the sections prepared, due, probably, to i t s occurrence as 
very fine p a r t i c l e s * This conclusion i s reached af t e r ore 
dressing t e s t s have shown that the gold recovery has no 
r e l a t i o n to the s i l v e r recovery and also that the s i l v e r i s 
quite e a s i l y floated o f f * 

2* P a r t i c l e s of gold ? seen under very high power 
of magnification were a l l under 2 microns i n siz e * 

3* these p a r t i c l e s were seen either i n the s t i b n i t e 
or scattered i r r e g u l a r l y i n the c a l c i t e * There i s absolutely 
no r e g u l a r i t y i n t h e i r arrangement; they are present i n 
clusters i n some places and i n others they are e n t i r e l y 
absent* 

4* The gold i s hypogene and should continue to 
depth* 

5* The deposit i s of the me so thermal type* The 
minerals being t y p i c a l of those formed at temperatures of 
i7$°-30Q ° e * 

6* The predominant m e t a l l i c minerals are arseno
py r i t e and p y r i t e , while the important gangue mineral i s 
quartz* 
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M i l l i n g Method 

The ore i s amenable to f l o t a t i o n , but special 
reagents must be added to coagulate the gangue* 

The gold appears to be d e f i n i t e l y associated with 
the s t i b n i t e f o r when the antimony recovery r i s e s the gold 
recovery also r i s e s * 

The arsenopyrite has no r e l a t i o n to the precious 
metals, i t s recovery r i s e s and f a l l s without a f f e c t i n g the 
recovery of the precious metals* 

From tests carried out i n the ore dressing labora
tory i t was found that only about &Q% of the s t i b n i t e could 
be floated using depressors to hold back the other minerals* 
Thus, i f t h i s recovery can not be increased, then c e r t a i n l y 
the t a i l s can not be cyanided because s t i l l too much antimony 
i s present* However, t h i s process should not be condemned 
because more experimental work might increase the s t i b n i t e 
recovery to such a point that the t a i l s could be commercially 
cyanided* Also, the antimony concentrate could be sold* 

U n t i l t h i s process has been improved, i t appears 
as though the present m i l l i n g practice w i l l have to be con
tinued at the mine* A recommendation which might prove of 
value i s that the ore be ground f i n e r than at present i f at 
a l l possible* This recommendation i s made because of the 
very f i n e nature of the gold and to release t h i s gold the 
ore has to be ground extremely f i n e * 
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