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SUMMARY OF RESULTS 

A sample of a lead-zinc-silver ore from the deposit of Sunrise 
Silver Mines Limited, located near Hazelton, British Columbia, has been 
investigated mineralogically. The investigation revealed that the ore 
sample consists primarily of massive sulphides in the form of sphalerite, 
boulangerite and galena. In addition to their massive form, they also 
occur as inclusions and veinlets in each other, and as veinlets and 
inclusions in gangue and the other metallic minerals in the ore. The 
silver in the ore occurs primarily in the form of freibergite (argentiferous 
tetrahedrite), and to a much smaller degree as a silver sulphosalt and 
bournonite. Other minerals identified in the sample include pyrite, 
arsenopyrite, goethite, quartz, siderite, chlorite, mica and feldspar. 

*Technical Officer, Mineralogy Section, Mineral Sciences Division, 
Mines Branch, Department of Energy, Mines and Resources, 
Ottawa, Canada. 
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INTRODUCTION 

A sample of a lead-zinc-silver ore from a deposit near 
Hazelton, British Columbia, was received from M r . A . Stemerowicz 
of the Mineral Processing Division on January 22, 1968. M r . Stemerowicz 
stated that the ore had originally been submitted to the Mines Branch by 
M r . K. J . Christie, Consulting Mining Engineer for Sunrise Silver Mines 
Limited, Room 425, 718 Granville Street, Vancouver, B . C . M r . 
Stemerowicz requested that the sample be examined mineralogically to 
identify its constituent minerals, and to determine their grain size and 
textural relationships. 

S A M P L E 

The sample, as received, consisted of 14 small hand specimens, 
each about one inch in size, and about 200 grams of .composite head sample, 
crushed to minus ten mesh. The small hand specimens were composed 
largely of massive sulphides in the form of sphalerite, galena and 
boulangerite. The hand specimens contained only minor amounts of gangue, 
which consisted chiefly of quartz and carbonate minerals. 

M E T H O D OF INVESTIGATION 

Eleven polished sections were prepared from the small hand 
specimens, and examined under the ore microscope. In addition, the 
100 to 200- mesh fraction was screened from the head sample and 
separated by heavy liquids. The lighter fractions of the gravity separations 
were run on the X-ray diffractometer to identify the principal gangue 
constituents. The heavier fraction of the gravity separations was used to 
prepared polished sections, which were examined to determine the 
liberation of the ore minerals. The minerals in the ore were identified 
by microscopical and X-ray diffraction methods. 
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RESULTS OF INVESTIGATION 

General Mineralogy of the Ore 

The minerals identified in the ore are boulangerite, galena, 
sphalerite, freibergite, silver sulphosalt, bournonite, pyrite, arsenopyrite, 
goethite, quartz, side rite, mica, chlorite and feldspar. The most abundant 
ore minerals are boulangerite, galena and sphalerite, with smaller amounts of 
pyrite and ar senopyrite, and only traces of goethite. Freibergite is by 
far the most dominant silver-bearing mineral found in the ore. The 
bournonite and silver sulphosalt mineral found in the ore were only noted 
in a few occurrences. The ore minerals occur in a wide variety of 
associations, as shown in the following section of the report. 

Detailed Mineralogy 

Boulangerite (PbSb^S ) 

The boulangerite occurs chiefly in the form of highly irregular 
masses, which frequently tail off into veinlets ranging downward in width 
to about 0. 02 millimetres. They occur predominantly in sphalerite 
(Figures 2, 3, 4 and 7) and in gangue (Figure 5). Figure 1 shows 
interbanded boulangerite and galena. The boulangerite also occurs as 
small scattered inclusions, particularly in sphalerite (Figures 2 and 6) 
and in gangue (Figure 4), and to a minor degree in pyrite, arsenopyrite 
and freibergite. The inclusions, in general, vary in size from about 
2 microns to 2 millimetres. (The word "size" as used in this report, 
refers to the greatest dimension of the mineral grains being described). 
A minor amount of boulangerite also occurs as narrow veinlets along the 
boundaries in gangue (Figure 8). 

The boulangerite frequently contains inclusions of other 
minerals, principally pyrite (Figures 3, 5, 9, etc) and, to a lesser 
degree, of gangue, arsenopyrite, galena, sphalerite and freibergite 
(Figures 2, 3, 4, 7 and 14). These inclusions range in size downward 
to about 2 microns. In some cases the inclusions are so numerous as 
to practically constitute mutual inter growths (Figure 9). No silver 
was detected in the boulangerite by electron-probe micro-analysis of 
several grains. 
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F i g u r e 1. Pho tomic rog r aph of a pol i shed sect ion showing interbanded 
galena (white) and boulanger i te ( med ium grey) . The galena 
also contains a few s m a l l inc lus ions of boulanger i te . The 
b lack areas are po l i sh ing pi ts . 
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F i g u r e 2. Pho tomic rog r aph of a pol i shed sect ion showing i r r e g u l a r masses , 

veins and inc lus ions of boulangeri te ( l ight grey) i n sphaler i te 
(dark grey). P y r i t e (white) and gangue (black) are present as 
inc lus ions i n both boulangerite and spha le r i t e . 



Figure 3. Photomicrograph, (in o i l immersion) of 3. polished section 
showing an area of sphalerite (dark grey) containing irregular 
inter growths of boulangerite (light grey), a boulangerite vein, 
and inclusions of gangue (black). Fine-grained stringers of 
pyrite grains (white) cut both the sphalerite and boulangerite, 
Larger grains of pyrite are also present in the boulangerite. 

Figure 4. PhotoMi'cr6graph of a polished section showing smal l masses 
of boulangerite (greyish white) and sphalerite ('medium' grev) 
in gangue (dark grey) . 



Figure 5, 

Figur 

Photomicrograph (in o i l immersion) of a -polished section 
showing medium- to fine-grained boulangerite {light grey) 
in gangue (black)- The boulangerite contains a few inclusions 
of pyrite (white). 
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6. Photonricrograph (in oil immersion) of a polished section 
showing numerous irregular grains of boulangerite (light grey 
and a few grains of pyrite (white) in sphalerite (dark grey). 
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Figure 7, Photomicrograph, (in o i l immersion) of a. polished section 
showing boulangerite (light grey) in sphalerite (dark grey). 
The boulangerite contains inclusions of arsenopyrite (white) 
and sphalerite. The black areas represent both gangue grains 
and polished pits. 

Figure 8, Photomicrograph (in oil immersion) of a polished section 
showing veinlets of boulangerite (greyish white) along the 
grain boandarie s of gangue (dark grey). 
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showing an int imate in te rgrowth of boulanger i te (l ight grey), 
pyr i te (white) and sphaler i te (dark grey). A few grains of 
gangue (black) are a lso present . 

Galena 

S l ight ly l ess galena than boulangeri te was found in the 
examinat ion of the o re . The galena is present l a rge l y i n a mass ive f o r m 
an'd fto a l e s s e r extent, as s m a l l masses and med ium- to f ine-grained 
inc lus ions i n sphaler i te (F igures 10, 11 and 12). The galena va r i e s f r o m 
s m a l l inc lus ions of a few m i c rons up to s m a l l masses 4 m i l l i m e t r e s in 
s i ze . Mos t of the galena, however , i s l a rge r than 50 m i c r o n s . A s 
mentioned e a r l i e r i n the report , the galena is interbanded with boulangeri te 
(F igure i ) , and contains inc lus ions of gangue, spha ler i te , boulanger i te , 
bournonite and pyr i te (F igures 1, 10 and 12). The inc lus ions i n the galena 
range, i n s ize f r o m about 5 m ic rons to 3 m i l l i m e t r e s . The ma jo r i t y , 
however , are sma l l e r than 300 m i c rons i n s i z e . 
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Figure 10, Photomicrograph of a polished section showing smal l masses 
and grains of galena (white) in sphalerite (medium, grey). The 
sphalerite occurs as inclusions in the galena, and itself 
contains inclusions and veinlets of gangue (dark grey). The 
black areas are polishing pits. 

Figure 11. Photomicrograph (in oi l immersion) of a polished section 
showing C:no-grained inclusions of galena (white) in 
sphalerite (medium grey) and gangue (.black). 



Fig-are 1.2. Photomicrograph, (in oi l immersion) of a polished section 
showing medium- to fine-grained inclusions of galena (white.; 
in'-sphalerite (medium grey). The black areas represent both 
gangue inclusions and polishing pits. 

Spha/jexite 

The sphalerite in the ore occurs mainly in a massive form 
(Figure 13). Some areas of the sphalerite are relatively free from 
inclusions,• while other areas are saturated with inclusions of the other 
minerals in the ore. These inclusions consist largely of boulangerite, 
pyrite, galena and gangue, and, to a lesser degree, of freibergite t 

arsenopyrite, goethite and a si lver sulphosalt (Figures 2, , 3, 4, 6, 7, 1.0., 
I. ! , etc). These inclusions are present in a wide size range, and vary 
from 2 microns to about 3 mi Him e 1 r e s, In addition, the sphalerite is cut 
by veinlets of .freibergite, gangue, boulangerite and goethite, and stringers 
of very small pyrite grains (Figures 2, 3, 13, 16, 17 and 13). These 
veinlets vary in width from a few microns to about 1. 5 mi l l imetres ; 
most of them, however, do rot exceed ZOO microns in width. Small 
amounts of sphalerite also occur as inclusions in gangue, boulangerite, 
galena and freibergite (Figures 2, 3, 4 : 7, 10, 14 and 1?). The sphalerite 
inclusions vary from about 5 to 700 microns in size. In a few few instances 
the sphalerite occurs in an intimate intergrowth with boulangerite, pyrite, 
arsenopyrite and gangue (Figures 9 and 19).. 
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Figure 13. Photomicrograph of a polished section showing massive 
sphalerite (light grey) containing numerous veinlets and 
inclusions of gangue (dark grey) and a few grains of 
boulangerite (white), 

Freibergite T(Cu, Ag) t (Sb, A s ^ S J 

Freibergite is the principal s i lver-bearing mineral in the 
ore. It occurs pr imar i l y in. association with boulangerite and sphalerite, 
to a much smaller degree with gangue, and, in one instance, with 
arsenopyrite. The freibergite is present as inclusions in boulangerite 
and gangue (Figures 14 and 15), as inclusions and veinlets in sphalerite 
(Figures 2.6, 17 and 18), and as an inclusion in. arsenopyrite. The veinlets 
of freibergite range from about 4 to 150 microns in width, ..while the 
inclusions of freibergite in the aforem.enti.ened minerals generally vary 
from about 10 to 300 microns in siy,e, although, two masses of freibergite 
3 and 5 mil l imetres in size were found in mas s ire boulangerite. The 
freibergitejif self, contains few inclusions. These are composed chiefly 
of boulangerite, and range i n size from about 2 to 150 microns. 
Measurements of X- ray diffraction patterns of the freibergite show that 
it has a cel l edge of about 10. 52 A ; which corresponds to a si lver content 
of about 15 per cent. 

http://aforem.enti.ened


Figure 14, Photomicrograph (in o i l immersion) of a polished section 
showing boulangerite (light grey) and freibergite (medium grey) 
in sphalerite (dark grey). The boulangerite contains a number 
of inclusions of freibergite, pyrite (white) and sphalerite. 
The black areas are gangue inclusions. 

Figure 15, Photomicrograph (in oil immersion) of a polished section 
showing very fine-grained freibergite (white) in sphalerite 
grains (dark grey) and in gangue (black). 
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Figure 16. Photomicrograph, (in oil immersion) of a polished section 
showing an ares, ox sphalerite (dark grey) in gangue (black). 
The sphalerite contains numerous thin veinlets and inclusions 
of freibergite (greyish white). 

Figure 17. Photomicrograph (̂ n oil immersion) of a polished section 
showing an area, of sphalerite (dark grey; cut by veinlets of 
freibergite (fr) and boulangerite (big). A few stringers of fine
grained pyrite (white) cut across the sphalerite and freibergite. 
Gangue minerals are black, 
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F i g u r e 18. Pho tomic rog raph ( in o i l immers ion) of a pol ished sect ion 
showing part of a ve in let of f re iberg i te (medium grey) cutting 
ac ross sphaler i te (dark grey), boulangeri te ( l ight grey) and 
pyr i te (white). The boulangeri te a lso fo rms s m a l l inc lus ions 
i n sphaler i te and. i t s e l f contains inc lus ions of pyr i te (white). 

S i lve r JSulohojs ait 

Two occur rences of what was tentat ive ly ident if ied as a s i l v e r 
sulphosalt m i n e r a l were noted dur ing the examinat ion of the pol i shed sections 
of the o re . In one instance the s i l v e r sulphosal t fo rmed a few ve ry f ine
gra ined inc lus ions i n sphaler i te , and In the other instance i t formed, part 
of a thin f re iberg i te ve in let in sphaler i te , s i m i l a r to those i l l u s t r a t ed i n 
F i g u r e 17. The inc lus ions range f r o m about 5 to 20 m i c r o n s , while the 
ve in le t has a width, of about 8 m i c r o n s , Due to the ve r y s m a l l s ize of 
the s i l v e r sulphosalt m i n e r a l , i ts exact identity could not be establ i shed. 

Bournonite (PbCuSbS „) 

Only a few grains of bournonite were positively Identified 
during the examination of the ore. The few grains found occur as 
inclusions in galena, and range from about 20 to 65 microns in size. Due 
to the optical s imilar i ty of bournonite to boulangerite it could only be 
positively identified by X-ray-diffraction analysis. Qualitative electron-
probe micro-analysis of a few oi these grains showed that they contain 
a very low si lver content oJ about one per cent, or less. 
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Pyrite . 

A large amount of pyr i te i s present in the ere . It occurs as 
indiv idua l gra ins and c lus ters of gra ins d i s seminated throughout the other 
m ine ra l s i n the ore , l a rge ly i n boulangeri te and sphaler i te (F igures 2, 3, 
5, 6 , . 7 and 14) and to a l e s s e r degree as inc lus ions i n galena and gangue. 
These inc lus ions va r y i n s ize f r o m 2 to about 175 m i c r o n s , but the 
ma jo r i t y are f r o m 20 to 70 m i c r o n s . It a lso forms intex growths with 
sphaler i te , a r senopyr i te , boulanger i te and gangue (F igures 9 and 19), 
In a few instances some of the l a r ge r gra ins of pyr i te contain s m a l l 
inc lus ions of boulangeri te f r o m about 1 0 to 25 m i c r o n s i n s i ze . S t r ingers 
of v e r y s m a l l euhedra l gra ins of pyr i te occas iona l l y cut ac ross the 
sphaler i te and boulanger i te (F igures 3 and 17). These grains are of the 
o rde r of 2 to 10 m i c rons in s ize , 

F i g u r e 19- Pho tomic rog raph (in .o i l immers ion) of a po l i shed sect ion 
showing an inter growth of a rsenopyr i te and pyr i t e (white) wi th 
sphaler i te (dark grey) and gangue (black). 
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Arsenopyrite * 

Significant amounts of arsenopyrite are present in the ore; 
however, the quantity is much less than that of pyrite. It occurs as 
individual crystals and clusters of grains in a manner similar to that of 
pyrite. The arsenopyrite differs from pyrite in that it occurs mainly as 
inclusions in boulangerite (Figure 7) and gangue, with only minor amounts 
present in sphalerite and galena. The arsenopyrite grains are slightly 
larger than the pyrite grains and vary from about 5 to 300 microns in 
size, with an average grain size of about 70 microns. In a few instances 
the arsenopyrite is intergrown with pyrite, gangue and sphalerite 
(Figure 19). A few of the larger grains of arsenopyrite contain small 
inclusions of boulangerite, and, in one instance, a larger grain of 
arsenopyrite contained a very small grain of freibergite. 

Goethite 

Only a very small amount of goethite was found in the ore. 
It consists of a few small inclusions, and a number of veinlets in sphalerit 
The inclusions of goethite range from 5 to 10 microns in size, while the 
veinlets are from 8 to 20 microns wide. 

Gangue Minerals 

As mentioned in the summary of this report, the ore consists 
essentially of massive sulphides, and contains only a small amount of 
gangue. The gangue minerals consist essentially of quartz, with lesser 
siderite, and traces of mica, chlorite and feldspar. 

CONCLUSIONS 

F r o m the mineralogical examination of the ore a number of 
conclusions can be drawn. Firstly, the principal lead-bearing minerals 
are boulangerite and galena, with boulangerite predominating. Only 
traces of the lead-bearing minerad, bournonite, were found. Although 
small amounts of boulangerite and galena are present as fine-grained 
inclusions in the ore, they are generally relatively coarse and should be 
largely liberated during grinding; some galena and boulangerite will, 
however, remain with the sphalerite. Secondly, most of the sphalerite 
found in the ore is also medium- to coarse-grained, and should be 
largely liberated. It is probable, however, that many of the fine-grained 
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inclusions of galena and boulangerite, adong with the very thin veinlets 
of freibergite in the sphalerite, will be difficult or impossible to liberate. 
Thirdly, freibergite is the dominant silver-bearing mineral found in the 
ore sample; the.amount of bournonite and silver sulphosalt present is 
very small. The freibergite in boulangerite is present mainly as inclusions, 
which may be largely liberated by fine grinding. The freibergite in the 
sphalerite is of a finer size and occurs as quite thin veinlets. Difficulty 
will probably be encountered in achieving complete liberation, and it 
is likely that some of the freibergite will remain with the sphalerite. 

DO/pg 


