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1 REPORT ON THE MICROSCOPIC EXAMINATION OP ORE 

MINERALS MP MILL SAMPLES PROM SILVER STANDARD 

MINE 

Introduction 

The ore specimens and m i l l samples for t h i s work 

were kindly submitted by the management of S i l v e r Standard 

Mines, Limited. The problem i s a two-fold one, the min

eralogy of the ores, and attendant m i l l i n g problems. Thus 

f a r , only the f i r s t part and the preliminary work fo r the 

second part have been completed. The following report 

therefore treats mainly of the mineralogy and paragenesis 

of the ore, with a brief q u a l i t a t i v e treatment of the m i l l 

samples, i t i s hoped that the m i l l i n g problems w i l l be 

investigated shortly and towards t h i s end, cer t a i n suggestions 

f o r future study have been included herein. 

One great d i f f i c u l t y i n reaching any general con

clusion regarding the ore, i s the uncertainty of the rep

resentativeness of the samples. However, i n t h i s case the 

samples appear s u f f i c i e n t l y diverse to be considered 
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representative of the run-of-mine ore* 

The laboratory procedure has bean as follows: 

i s o l a t i o n and tentative i d e n t i f i c a t i o n of the minerals 

by physical and o p t i c a l properties, etch reactions, and 

miorochemical and comparative analysis; v e r i f i c a t i o n 

by x-ray analysis. However, i f the microscopic methods 

have given concurrent r e s u l t s , i n most cases i d e n t i f i c a t i o n 

has been considered complete. On the other hand, With 

the rarer minerals, i d e n t i f i c a t i o n can only be accepted 

a f t e r x-ray analysis. Thus x-ray powder patterns have 

been made wherever possible, i t i s regretted that time 

has permitted neither an analysis into the argentiferous 

nature of the tetrahedrite nor positive confirmation of 

the v a r i e t i e s of ruby s i l v e r present. However i t may be 

possible to complete t h i s investigation i n conjunction 

with the analysis of the m i l l samples. 



Description of the Property 

Location 

The S i l v e r Standard mine i s about six miles by 

road northwest of new hazelton i n the umineca mining 

D i v i s i o n of B r i t i s h Columbia. The main workings are on 

the west side of Glen mountain between 1200 and 2000 

feet elevation. 

h i s t o r y 

The property was f i r s t staked i n 1910, and i n 

1913 the f i r s t shipments of ore were made, m 1918 a 

50-ton m i l l was b u i l t and the mine operated continuously 

u n t i l 1921. Thereafter operation was intermittent u n t i l 

1923 when the mine was closed, i n 1938 some development 

of the property was undertaken but no production resulted, 

i n 1946 S i i v e r Standard mines Limited was formed to operate 

the property. The mine was reopened i n 1947 and develop

ment extended over 1947-48. i n September 1948, a 50-ton 

f l o t a t i o n m i l l was b u i l t and by the end of 1948, 3543 tons 

of ore had been treated. 

Mining Practice 

JProm 1911 to 1922 most of the ore mined came 

from three veins, JMO. 4, 7, and the hanging-wall vein. 

At present, mining i s by shrinkage stoping mainly i n 

NO. 1 and NO. 4 veins. The ore i s trammed from the main 

1300-level to the m i l l . A lead concentrate containing 



the galena and most of the minerals r i c h i n s i l v e r and gold 

i s floated f i r s t , and then the zinc concentrate i s floated. 

The raw concentrates are shipped to the T r a i l smelter f o r 

treatment. 

Production 

To 1923 t o t a l recovery was 1100 oz. gold, 595,000 

oz. s i l v e r , 1200JL000 l b . lead, and 1600,000 l b . zinc, from 

14,500 tons of ore. The average grade of the precious 

metals recovered was .075 oz. gold and 43.2 oz. s i l v e r per 

ton mined, i n 1948 a t o t a l of 131 tons of lead concentrate 

and 283 tons of zinc concentrate were produced to give 

195 oz. gold f 46,559 oz. s i l v e r , 62,805 l b . lead, 255,472 l b . 

folded sediments, mainly sandstone and greywacke with some 

t u f f s and a r g i l l i t e . on the west slope of the mountain 

t h i s series forms a low a n t i c l i n e with a north trend. The 

west limb of the a n t i c l i n e i s intruded by two small stocks 

of porphyritic granodiorite. numerous quartz veins, s t r i k i n g 

northeast and dipping 50 to 70 degrees southeast occupy 

strong f a u l t f i s s u r e s . The ten largest occur within 

2000 feet across the mountain and are sub-parallel, 100 to 

400 feet apart. They range from 100 to 1000 feet i n length 

and six inches to eight feet i n width. The veins often 

contain dark septa of wall rock. The wall rock near the 

General Geology 

zinc, and 2266 l b . cadmium. 

Glen mountain i s underlain by a thicK series of 
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veins i s sheared and i n places gouge i s present. Short 

gash veins s t r i k e northerly i n the footwall. j*o. 4 vein 

i s the strongest vein on the property, extending for 1200 

feet with an average width of three feet. She vein cuts 

granodiorite but the sulphide content i s reduced i n the 

granodiorite. A f a u l t zone 15 feet wide cuts Kp. 1 vein 

and the sphalerite content and vein width are increased to the 

north of t h i s f a u l t zone. 

The ore consists of banded and massive sulphides 

i n milky white quartz with minor carbonate. The sulphides 

occur i n pockets and v e i n l e t s generally p a r a l l e l to the 

vein walls, but often extending into the walls, offshoots 

are generally more common i n the hanging wall and sphalerite 

i s notably predominant i n these apophyses. The mineral 

content of the veins varies widely over both length and depth, 

numerous samples taken i n 1947 and 1948 by the u. Dept. of 

Mines i n the 1300 and 1500 foot l e v e l s show: 

i) the highest gold content occurred on the 1300-level 

of no. 1 vein; since higher gold values occurred 

on the 1500 l e v e l of NO. 4 vein, perhaps better 

gold values might be expected with depth i n x̂ o. 1 vein. 

i i ) generally high gold and s i l v e r values are more cl o s e l y 

associated with high zinc assays than with high lead 

values; however since a l l samples were r i c h e r i n zinc 

than i n lead, t h i s generalization i s probably of l i t t l e 

s i g n i f i c a n c e . 

i i i j g e n e r a l l y higher precious metal values i n the foot 
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wall seotion of the veins as compared with the hanging 

wall section* 

Iv.) an association of higher s i l v e r values with higher 

copper content, that i s approaching one percent* 

v.) the most s i g n i f i c a n t r e s u l t of the sampling, which i s 

too limited to 4draw any quantitative conclusions, i s 

i n showing the extreme v a r i a b i l i t y i n mineral content 

and ore width. 

\ Description of mineralogy 

General 

The ore specimens represented thcee veins, no. 8 1, 

4, and 6 veins, with the largest amount of ore from the 

l a t t e r two. The mineralogy can best be described by tre a t i n g 

each vein separately since a very apparent difference i n 

mineralogy and textures occurs from vein to vein. 

no. 1 Vein. 

The specimens of t h i s vein represented two d i f f e r e n t 

forms of ore. The more common var i e t y consists of arsenopyrite, 

pyrite, chalcopyrite, and sphalerite as f a i r l y uniform 

replacement veins i n occasionally vuggy quartz. The second 

v a r i e t y consists of massive sulphides very similar to those 

of NO. 4 vein, that i s , a c h a r a c t e r i s t i c banding of galena, 

pyrrhotite, chalcopyrite, sphalerite, and galena, m the 

hand specimen, galena shows some replacement of both sphalerite 

and pyrrhotite. Some minor f o l d i n g i s apparent i n the 

bands and a l l of the minerals except sphalerite have inclusions 



of quartz. Shis may indicate that the outer bands were 

l a t e r and the brecciated quartz was o r i g i n a l l y veined through 

by sphalerite, or that quartz i s more e a s i l y replaced by 

sphalerite. ( F i g s . t i ) and i l l j , p. 21 ) 

Mo. 4 vein 

The specimens from t h i s vein exhibit more massive 

sulphides than the other veins. Galena, tetrahedrite, and 

sphalerite are the major minerals i d e n t i f i a b l e i n the hand 

specimens, with smaller amounts of chalcopyrite, pyrrhotite, 

p y r i t e , and arsenopyrite. Galena apparently veins through 

and replaces sphalerite along wide bands, ±n a few cases, 

v e i n l e t s of galena extend into chalcopyrite and tetrahedrite 

which l i e i n hands adjacent to chalcopyrite and sphalerite. 

(Pigs, i i i , i v , v, p. 21 j . Generally quartz occurs i n 

brecciated masses i n the massive sulphidei; however some 

clear c r y s t a l s of quartz are also present. Galena, sphalerite, 

and tetrahadrite show flow r e l a t i o n s around the e a r l i e r 

quartz fragments. ( f i g . v i , p. 22 ). 

NO. 6 vein 

Specimens of no. 6 vein are mainly fine grained 

banded sphalerite and galena with minor quartz inclusions, 

i n some specimens, sphalerite appears as a very fine grained 

compact mass which has replaced f i n e l y folded sediments. 

Tiny v e i n l e t s of more c r y s t a l l i n e sphalerite ramify through 

the more compact replacement type. Wine grained galena has 

i n part replaced the sphalerite, but usually very l i t t l e 

galena occurs i n t h i s (tire, on the other hand, some of the 
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sphalerite i s quite heterogeneous with admixed tetrahedrite, 

pyrrhotite, and chalcopyrite* A few specimens of 1*0. 6 

vein appear to be of the more normal type of ore, with 

galena, tetrahedrite, sphalerite, and chalcopyrite 

replacing and brecciating e a r l i e r quartz. 

Detailed 

i n addition to the minerals i d e n t i f i e d megascopic-

a l l y , several more are found i n the microscopic examination 

of polished sections of the ore. 

Probably the most outstanding from an economic 

viewpoint are the ruby s i l v e r minerals present, ^oth 

pyrargyrite and polybasite can be i d e n t i f i e d by o p t i c a l 

c h a r a c t e r i s t i c s and etch behaviour, and at least one other 

member si m i l a r to pyrargyrite except darker i n color i s 

indicated* As yet, none of these have been i d e n t i f i e d by 

x-ray analysis. Pyrargyrite and polybasite almost invar

i a b l y occur as small disseminated masses i n tetrahedrite 

or galena (Fig. 11, p. 27 ). The average diameter of the 

blebs of pyrargyrite i s 80 to 100 microns, while polybasite 

i s seldom over 40 microns diameter* A l l of the ruby s i l v e r s 

except the polybasite exhibit strong i n t e r n a l r e f l e c t i o n 

and are r e a d i l y detected. The polybasite shows s l i g h t 

i n t e r n a l r e f l e c t i o n when scratched. Pyrargyrite occurs i n 

important amounts i n massive tetrahedrite, and i n isolated ' 

blebs i n galena. Polybasite on the other hand i s much more 

r e s t r i c t e d . 

A second mineral located under the microscope and 

7 
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i d e n t i f i e d by x-ray a*aaiys±B as meneghinite, occurs i n galena 
A 

and tetrahedrite as l a t h - l i k e spindles and fibrous masses. 

i t i s a lead sulpho-saltkHrPbS.Sb 2Sg) which contains about 

three percent of copper.' She mineral i s s l i g h t l y grey-white 

i n color (intermediate between galen% and tetrahedrite), " 

shows notable cleavage, i s moderately anisotropic from l i g h t 

grey to bluish grey, and i s negative to a l l etches except 

n i t r i c acid, i n masses i n galena, the mineral has a mosaic 

texture with i n d i v i d u a l grains about 50 microns i n diameter. 

Veinlets of anglesite follow cleavage fractures i n the 

meneghinite. ^^/U^^u ? 
A mineral t e n t a t i v e l y i d e n t i f i e d as bournonite 

occurs i n several places i n one section as isola t e d blebs 

associated With the meneghinite. This mineral i s a d i r t y 

grey color very similar to tetrahedrite. and i s negative 

to a l l etch reagents except aqua regia. i t i s anisotropic 

but not nearly so strongly as meneghinite. The occurrences 

located were too small to permit positive i d e n t i f i c a t i o n ; 

however i f the mineral i s bournonite, the sequence of 

sulpho-salts from tetrahedrite to meneghinite i s eomplete. 

Marcasite i s prominent i n some sections as i r r e g u l a r 

composite lamellae replacing pyrrhotite (Edwards, 1947, p. 100) 

In some specimens the marcasite has e n t i r e l y replaced pyrrho

t i t e , whereas i n others, remnants of pyrrhotite ara surrounded 

by marcasite or by chalcopyrite and sphalerite e a r l i e r than 

the marcasite. (Pig. 2, p. 24 ). 

The secondary minerals, c o v e l l i t e , anglesite, and 
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limonite are present to a minor extent. C o v e l l i t e occurs 

as v e i n l e t s and small i r r e g u l a r masses i n tetrahedrite 

and meneghinite. Anglesite follows cleavage fractures of 

galena, tetrahedrite and meneghinite (Pig. 10, p. 27 )• 

Limonite forms colldform rims around pyrite extending out

ward into the enclosing quartz. 

Vein Ho. 1 

Galena, tetrahedrite, and meneghinite occur as 

cl o s e l y associated masses with some development of c o v e l l i t e 

and anglesite along cleavage planes. Galena occurs as 

large coarsely c r y s t a l l i n e masses with numerous i r r e g u l a r 

unsupported islands of tetrahedrite throughout. Tetrahedrite 

i n some placesfcontains numerous small blebs of chalcopyrite 

of i r r e g u l a r orientation. Pibrous elongate spindles and 

ir r e g u l a r masses of meneghinite occur at random throughout 

galena and i n places i n contact with tetrahedrite. bournon

i t e occurs i n very minor amounts i n association with t e t 

rahedrite and meneghinite. Sphalerite commonly veins through 

quartz, and i n some sections replaces arsenopyrite and pyrite 

to a le s s e r extent, chalcopyrite i s inv a r i a b l y associated 

with sphalerite and i s generally scattered through the 

sphalerite as randomly oriented blebs, m some cases, however 

chalcopyrite occurs as vei n - l i k e masses i n contact with 

sphalerite and replacing arsenopyrite. Arsenopyrite and 

pyrite occur as large euhedral grains, up to two m i l l i 

meters i n diameter, usually showing corrosion and br e c c i -

ation by l a t e r sulphides, p r i n c i p a l l y sphalerite. Small 
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masses of pyrrhotite occur i n quartz surrounded by lamellar 

marcasite. Pyrargyrite and polybasite occur i n iso l a t e d 

small masses mainly i n galena. 

Yeln No, 4. 

Tetrahedrite occurs i n large masses, and with 

galena replaces sphalerite and chalcopyrite. The tetrahed

r i t e encloses numerous smaller masses of sphalerite, chalco

py r i t e , pyrargyrite, polybasite, and galena. Polybasite 

occurs as small oriented blebs i n tetrahedrite. Galena 

and sphalerite also show the t y p i c a l i n t e r s t i t i a l texture. 

Sphalerite has numerous small inclusions of chalcopyrite, 

and i n some cases, these exsolution masses are oriented 

along cleavage directions (Pig. 9, p. 26 ). Large masses 

of tetrahedrite are common i n the sphalerite. R e l i c j 
j 

ve i n l e t s of pyrrhotite show notable replacement of arseno- j 

p y r i t e . 

Vein No. 6, 

Galena and sphalerite occur i n banded masses with 

galena replacing and veining through sphalerite. Sphalerite 

r a r e l y exhibits exsolution chalcopyrite and the chalcopyrite 

occurs i n v e i n l e t s of gangue ramifying through sphalerite 

i n most places. P a i r l y large r e l i c s of unreplaced pyrr

hotite are present i n the sections representing no. 6 vein. 
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Paragenesis 

iFrom a c a r e f u l examination of a l l specimens 

the general sequence of deposition appears to be: 

arsenopyrite 
pyrite 
quartz 
pyrrhotite 
marcasite 
sphalerite 
chalcopyrite 
galena 
tetrahedrite, bojcrnonite, meneghinite 
pyrargyrite, polyhasite 
supergenei* c o v e l l i t e , anglesite, and limonite. 

Euhedral grains of arsenopyrite and pyrite are 

d e f i n i t e l y corroded and replaced by l a t e r quartz, pyrrhotite 

sphalerite, chalcopyrite, galena and tetrahedrite. Chalcopy 

r i t e , galena and tetrahedrite also vein through and replace 

sphalerite although much of the chalcopyrite shows simul¬

taneous deposition textures i n sphalerite. Galena shows 

the usual i n t e r s t i t i a l texture with s^Jialerite and also, 

i n some specimens, veins through the sphalerite. Tetra

hedrite, bournonite, and meneghinite are apparently members 

of an almost simultaneous sequence of sulpho-salt deposition 

showing an increasing Pb/Cu r a t i o . Ruby s i l v e r s are the 

f i n a l hypogene minerals emplaced and may have i n part 

been deposited simultaneously with tetrahedrite since poly

basite i n places l i e s along cleavage planes of tetrahedrite. 

This may be a replacement r e l a t i o n however. The supergene 

minerals show late deposition along cleavage directions i n 

favorable sulphides. 
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There appears to he at least two mineralization 

sequences: i) deposition of high temperature minerals, 
such as, pyrrhotite, arsenopyrite, p y r i t e . 

i i ) deposition of intermediate and low temperature 
minerals i n a sequence from galena to the 
ruby s i l v e r s . 

Sphalerite and chalcopyrite may indicate a t h i r d peridd 

of mineralization c l o s e l y following the high temperature 

sequence. 

From the foregoing, the temperature of deposition 

probably ranged from above 500 degrees to below 250 degrees, 

Centigrade. 

Discussion 

The sphalerite though high i n iron contains no 

manganese. This may indicate a persistence of gold values 

to depth (Warren, 1945, p. 38). Morebver the sphalerite 

i s high i n cadmium (Adams, 1948, p. 10 ), and f o r the 

1948 production averaged 0.6 percent. This cadmium cantent 

i s extremely important i n that i t now amounts to more than 

16 d o l l a r s per ton of concentrate shipped. 

Although no native s i l v e r appears in the polished 

sections examined, anglesite, c o v e l l i t e and limonite 

indicate s u f f i c i e n t c i r c u l a t i o n of ground water f o r super-

gene s i l v e r i n the upper parts of the orebody. indeed, 

native silver.ihas been reported i n an e a r l i e r examination 

of the ores (Adams, 1948, p. 5 ). 

i n a similar way, no native gold appears i n the 

sections, even though polished arsenopyrite was examined 
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under magnifications exceeding 600-powers# f h i a i s remark

able because the gold assays are high. However i t i s 

believed that the arsenopyrite c a r r i e s the gold i n fr a c t i o n s 

\ m smaller than 10 microns. yjU/Cs ̂  UJ'j ^ faJUil. 

Study of M i l l Samples 

For a complete analysis each of the samples must 

be sized p r i o r to briquetting. Then a mechanical stage 

i s used to make an accurate count of at least 1500 grains. 

Bach grain i s noted as regards size and mineral content, 

that i s , whether free or composite, i n making the count 

traverses are taken across the polished briquette at one 

millimeter i n t e r v a l s . However, time did not permit such 

a detailed examination, and since assays are required i n 

conjunction to provide a complete analysis of m i l l i n g 

e f f i c i e n c y , i t was decided to follow a more simplified 

procedure. 

A representative portion of each of the three 

m i l l samples was combined with bakelite powder and con

verted into a s o l i d briquette. The polished briquettes 

were examined under the microscope and the minerals 

present i d e n t i f i e d by color, hardness, and behavdour 

under polarized l i g h t , i n the examination a car e f u l 

approximation was made of the percentages of the minerals 

present irrespective of whether as free or composite grains. 

Further, a measure of maximum, minimum, and average grain 
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sizes, and a description of composite grains was made, i t 

i s hoped a complete analysis of sized f r a c t i o n s w i l l be 

possible at a l a t e r date. 

The examination was made under high power magnif¬

i c a t i o n , that i s a f i e l d of 0.46 millimeters diameter, 

and the mineral content was estimated over 10 areas on 

the polished surface. These areas were selected at random 

and yet so planned as to cover the section f a i r l y represent

a t i v e l y , moreover, the entire section was examined f o r the 

grain size, composite occurrences, and minerals present, i t 

should be noted that observation i s possible only on a two-

dimensional surface and some error may be involved i n 

considering the size of p a r t i c l e s and whether or not composite 

when the t h i r i dimension i s not v i s i b l e . However since the 

approach has been qu a l i t a t i v e throughout] t no serious error 

i s involved.' 

Lead Concentrate 

The polished section of lead concentrate shows a 

va r i a t i o n of grain size from-^ery fines,.Jess than 10 microns 

\n diameter to coarse fragments of 160 microns (+ 100 mesh) 

diameter. Very fine grains considerably outnumber large 

fragments. The f i n e r material i s mainly sphalerite and 

galena with sphalerite most abundant i n the very fine sizes. 

Ruby s i l v e r (unclassified) i s present only i n these small 

fragments and i s therefore d i f f i c u l t to i d e n t i f y . The 

•average diameter of the fine fragments i s about 15 microns. 

The approximate d i s t r i b u t i o n of minerals from 
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an average of ten areas over the section i s as follows: 

Constituents Percent Av. size (microns) 

galena 70 40 
sphalerite 15 10-20 
chalcopyrite 6 20 
tetrahedrite 6 20 
other grains 3 

G a l e n a o c c ^ fragments up to 80 

microns square/ Many of these grains have sphalerite and 

tetrahedrite inclusions, i n one large grain of galena, 

sphalerite covered half the area; however the sphalerite 

inclusions usually occur as many small blebs i n the galena. 

Sphalerite occurs i n grains up to 40 microns square, but 

generally i t appears as fine fragments. Tetrahedrite occurs 

as grains up to 120 by 40 micron*, and many of these larger 

fragments have small inclusions of sphalerite. Tetrahedrite 

may also appear as very fine grains with sphalerite since 

i t i s then d i f f i c u l t to i d e n t i f y . Ruby s i l v e r occurs i n 

grains up to 10 microns i n diameter and constitutes perhaps 

one percent of the t o t a l mineral i n the section of |ead con

centrate, since fine p a r t i c l e s of ruby s i l v e r were seen i n 

nearly every area examined. As might be expected the ruby 

s i l v e r occurs as free p a r t i c l e s even i n the larger sizes. 

Chalcopyrite occurs as triangular cLeavage fragments up to / 

80 microns across, but the majority of grains are smaller 

than 30 microns i n diameter. The remaining grains are 

arsenopyrite, pyrrhotite, and minor pyrite and quartz. 

Pyrrhotite occurs i n grains up to 140 by 40 microns and 

some grains have inclusions of tetrahedrite. Arsenopyrite 
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Is present i n grains up to 160 microns i n diameter and 

pyrite as euhedral grains up to 80 microns. These three 

minerals fPWi the largest grains and do not occur i n sizes 

smaller than 40 microns. 

Zinc Concentrate 

The zinc concentrate shows l e s s o v e r a l l v a r i a t i o n 

i n grain size than the galena concentrate and yet the extreme 

of v a r i a t i o n are as great. Sphalerite shows the maximum; 

var i a t i o n with grains ranging i n diameter from 200 microns 

to 10 microns. However very l i t t l e of the t o t a l mineral 

present occurs 4n the extreme sizes. The f i n e r sizes v a r a 

mainly chalcopyrite and sphalerite, more gangue i s present 

than i n the lead concentrate. The approximate amounts of the 

various minerals i s given below: 

Constituents Percent Max. diam. (microns) Av. Size 
(microns) 

sphalerite 80 200 80 
galena 1 15 10 
tetrahedrite 1 80 40 
ohaloopyrite 5 80 40 
others 13 — 

A large part of the sphalerite has small inclusions 

of chalcopyrite, while some sphalerite grains contain ruby ^ 

s i l v e r , f o r example, one grain 80 by 40 microns has f i v e i n c 

lusions of ruby'silver each 5 to 8 microns i n diameter. 

Some sphalerite grains also contain small grains of t e t 

rahedrite and meneghinite le s s than 10 microns i n diameter. 

Quartz present i n the section i s apparently alwayp attached 

£o sphalerite. Galena i s present i n small cleavage flakes. 
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T a i l i n g s 

This section consists mainly of quartz and arseno

pyrite with some pyrite and pyrrhotite. The largest, grains 

present were arsenopyrite up to 80 microns i n diameter with 

the average grain size being about 20 microns. 

Discussion 

Prom an examination of the m i l l samples, the 

following points have been drawn: 

1. Both ruby s i l v e r s and sphalerite occur i n fine 
grains i n the lead concentrate. This i s due to 
t h e i r extreme b r i t t l e n e s s and the f i n e s are ev
idently carried as slimes on galena i n the i n i t i a l 
f l o t a t i o n . 

2. i n the massive coarse grained ore ?galena occurs as 
angular grains i n t e r s t i t i a l to sphalerite, and 
possibly veining through and replacing sphalerite. 
Crushing and grinding fragments the galena more 
re a d i l y along cleavage planes than along grain 
boundaries, and t h i n selvages and reentrant areas 
of galena occur with the sphalerite as noted i n 
the lead concentrate. 

3. The greater part of the tetrahedrite, which i s i n 
a l l p r o b a b i l i t y silver-bearing, i s recovered i n the 
lead concentrate as i s desirable. Since the grains 
occur l a r g e l y free, tetrahedrite must f l o a t with 
galena. 

4. minor lead and copper sulpho-s^lts r a r e l y appear 
i n the concentrates, perhaps due to the d i f f i c u l t y 
i n detecting anisotropic q u a l i t i e s under high powers, 
but probably due to t h e i r presence i n minor amounts 
only. 

5. Since lead smelters w i l l pay f o r 80 percent of a l l 
zinc i n a lead concentrate whereas the zinc treatment 
plant w i l l pay f o r only 60 percent of a l l lead i n 
a zinc concentrate, the high proportion of sphalerite 
i n the lead concentrate and the low proportion of 
galena i n the zinc concentrate i s commendable. 

6. i f arsenopyrite c a r r i e s gold perhaps preliminary 
reasting w i l l ensure a higher gold recovery, m 
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t h i s e v e n t u a l i t y , the presence o f the a r s e n o p y r i t e 
i n the t a i l i n g s i s u n d e s i r a b l e . „ 

C o n c l u s i o n s 

1. The m i n e r a l o g y a p p a r e n t l y r e p r e s e n t s two s e p a r a t e p e r i o d s 

o f d e p o s i t i o n w i t h p o s s i b l y a t h i r d o v e r l a p p i n g p e r i o d . 

The temperature o f d e p o s i t i o n ranges from o v e r 500°c. t o 

l e s s Than £50°C. 

2. Though t h e r e are i n d i c a t i o n s t h a t the s i l v e r m i n e r a l i z a t i o n 

i s e p i g e n e , and may he r e s t r i c t e d t o s h o o t s i n the upper 

p a r t s o f the v e i n s , the g o l d c o n t e n t s h o u l d p e r s i s t , s i n c e 

i t i s a p p a r e n t l y a s s o c i a t e d w i t h the h i g h temperature 

m i n e r a l i z a t i o n . Moreover the l a c k o f manganese i n the f 

s p h a l e r i t e may a l s o be a c r i t e r i o n o f c o n t i n u i n g g o l d 

v a l u e s . 

3. native s i l v e r may be expected i n the upper p a r t s o f the 

v e i n s . 

4. i f g o l d i s p r e s e n t i n the a r s e n o p y r i t e , i t i s as f r a c t i o n s 

s m a l l e r t h a n 10 m i c r o n s i n d i a m e t e r . 

5. A p p a r e n t l y i n m i l l i n g , the ore i s now reduced t o the 

f i n e s t s i z e d e s i r a b l e and a l t h o u g h f u r t h e r c r u s h i n g 

might f r e e more s p h a l e r i t e from g a l e n a , i t would a l s o 

g r e a t l y i n c r e a s e the p r o p o r t i o n o f s p h a l e r i t e f i n e s and 

r e s u l t i n a z i n c - h i g h l e a d c o n c e n t r a t e , moreover t h i s 

e x c e s s i v e g r i n d i n g would i n c r e a s e the l o s s o f ruby 

s i l v e r s by r e d u c t i o n t o p a r t i c l e s a p p r o a c h i n g c o l l o i d a l s i z e s , 
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Recommendations f o r future Study 

i) X-ray analysis of tetrahedrite to determine i f i t 
i s silver-bedring. 

i i ) i f the tetrahedrite i s argentiferous, a s i l v e r <Ji 
assay of a pure specimen should be made. Xc^^A^j^ 

i i i ) A spectographic analysis of arsenopyrite to determine 
i f i t i s gold-bearing. ^ ^ Ui^~ h^/^JZ <r~ AL^ T 

iv.J Super-panning the lead and zinc concentrates to '/ 
determine i f free gold i s present. 

vj microscopic analysis of sized f r a c t i o n s of m i l l 
samples, with special attention to the presence 
of silver-bearing minerals i n the zinc concentrate. 



SKETCHES OF ORE SPECIMENS 

Ho. 1 V e i n 

F i g . ( i i ) 

î j o. 4 Vein 

T y p i c a l "banded ore showing 
some b r e c c i a t i o n 

G a lena v e i n e d t h r o u g h q u a r t z 

X I 

X I 

Flow o f g a l e n a and s p h a l e r i t e 
around e a r l i e r formed q u a r t z 

X I 

Galena, t e t r a h e d r i t e , and 
s p h a l e r i t e i n bands 

X I 

T e t r a h e d r i t e band a l o n g 
s p h a l e r i t e - c h a l c o p y r i t e 
c o n t a c t 

F i g . (v) 
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Galena v e i n ^ n g t h r o u g h and 
r e p l a c i n g s p h a l e r i t e , c h a l c o 
p y r i t e , and t e t r a h e d r i t e . 

X I 
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KEY TO POLISHED SBCTlOM DIAGRAMS 

Section 3, no. 1 Vein Section 3, JMO. 4 Vein 

Section 5, no. 6 Vein Section 4, i>io. 1 Vein 

Section 2, no. 4 Vein Section 2, no. 6 Vein 

Section A, JNO. 1 Vein Section 1, JNO. 4 Vein 
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i s r e c c i a t i o n and replacement 
of a r s e n o p y r i t e by s p h a l e r i t e 

X60 

L a m e l l a r m a r c a s i t e r e p l a c 
i n g p y r r h o t i t e w h i ch shows 
e a r l i e r replacement o f a r 
s e n o p y r i t e 

X20 

u h a l c o p y r i t e v e i n i n g t h r o u g h 
s p h a l e r i t e 

X60 

F i g . 3 
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C h a l c o p y r i t e as l a r g e 
masses a s s o c i a t e d w i t h 
q u a r t z amd e x t e n d i n g i n t o 
s p h a l e r i t e , c h a l c o p y r i t e 
and q u a r t z show c o r r o s i o n 
o f a r s e n o p y r i t e . 

X60 

c o r r o s i o n o f a u h e d r a l a r 
s e n o p y r i t e and p y r i t e by 
t e t r a h e d r i t e . 

X60 

Galena and a s s o c i a t e d t e t 
r a h e d r i t e v e i n i n g t h r o u g h 
s p h a l e r i t e . 

X60 

F i g . 6 
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S i m u l t a n e o u s d e p o s i t i o n o f 
g a l e n a and t e t r a h e d r i t e or 
t e t r a h e d r i t e may be r e p l a c 
i n g g a l e n a a l o n g c l e a v a g e 
p l a n e s . 

X60 

F i g . 7 

S p h a l e r i t e v e i n ^ n g t h r o u g h 
p y r r h o t i t e 

Z60 

F i g . 8 

E x s o l u t i o n c h a l c o p y r i t e a l o n g 
c r y s t a l l o g r a p h i c p l a n e s o f 
s p h a l e r i t e . 

S140 
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A n g l e s i t e v e i n l e t s f o l l o w i n g 
c l e avage p l a n e s i n g a l e n a , 
m e n e g h i n i t e , and t e t r a h e d r i t e . 

X60 

F i g . 10 

P y r a r g y r i t e i n t y p i c a l 
i s o l a t e d mass i n t e t r a h e d 
r i t e . 

X215 

F i g . 11 

x d i o m o r p h i c c h a l c o p y r i t e 
c r y s t a l r e p l a c i n g e u h e d r a l 
a r s e n o p y r i t e g r a i n from 
core outward. 

X625 

F i g . 12 



PHOTOGRAPHS 
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M a 

i r r e g u l a r composite 
l a m e l l a e o f m a r c a s i t e 
showing complete r e 
placement of p y r r 
h o t i t e around p y r i t e 
g r a i n s . 

X215 

A 

(From S e c t i o n 4, wo. 1 Veinj 

T y p i c a l mosaic t e x t u r e 
o f m e n e g h i n i t e i n con
t a c t w i t h t e t r a h e d r i t e 
seen under c r o s s e d 
n i c o l s . wote v e i n l e t s 
i o f a n g l e s i t e towards 
base o f photograph. 

X215 

B 

(From S e c t i o n A, wo. 1 Vein) 

The above photographs were made w i t h a .ueitz microscope 
and camera assembly. O b j e c t i v e ^ e i t z 3b, K y e p i e c e 8^ 



-29 -

.Location and P r o p e r t y map 

(B'rom (JSC Memoir 223. J 

Figure 5. P l a n and section of part of the Si lver Standard property. 
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