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ABSTRACT 

The United Keno Hill Mines Limited operation is located in 

the central Yukon .220 miles north ot Hhitehorse and some 200 miles 

south of the Arctic Circle,. Silver-lead-zinc mineralization in the 

Galena Hill ~ Keno Hill area was first discovered in 1906 but the 

isolated locationj long winters and problems o! access1 transportatione 

communications, permafrost and costl7 services slowed the devolopment 

o! the arear. 

The original discovery and others were subsequently developed. 

and steady production was carried on from 1921 to 1942 when all produc~ 

tion ceased In 1945 United Keno Hill Mines acquired these holdin£~ 

and commenced production in 1947n The property is currently Canadav a 

largest producer of silverc Total silver production from the prese~t 

Comj.l8ny hold:ings is in excess of llO million ounces~ 

Geologically the area consists of Precambrian or Palaeozoic 

quartzites and schists intruded by greenstone dikes and eillsG A 

quartzite member between two schist strata is the nast favourable host 

rocko Vein faults and transverse faults form the major fault pattern 

of the area, 
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Ore occurs as lenses along vein faults and attains greatest 

widths at vein junctions and in loop structures- Primary ore minerals 

are galena 8 sphalerite and freibergite with numerous secondary minerals 

in the oxidized zones., 

Currently the Hector D Calumet and Elsa are producing mines 

with development being done at four other properties~ Mining has been 

oarrisd to a depth of ll65 feet with stoping largely by square sets in 

the wider ore sections and b,y a down dip slotting method in the narrow 

vein sectionso In all mines fractured and quite heavy ground io the 

rule and close timberjng is practiced in all workings" 

'!:'he cnncentrator 11 located at Elsa8 produces a lead and a zinc 

concentrate ~ selective flotation~ Flotation tailings are treated in 

a cyanide phmt producing a sU ver precipitate,, 

Concentrates are shipped in collapsible containers which are 

returned and re-used~ Precipitates are shipped in drumso Both are 

transported by truck to Whitehorse, then by railway to Skagway and by 

steamship to Vancouver for furtherance to the smelters" 

Power is purchased from the Northern Canada Power Commissionos 

hyd:r>o plant on the J.iayo River,, Off peak power is used in electri~t~ boilers 

to augment the ooal fired hollers at the Elsa and Calumet town·=sites., 

Timber requirements are supplied by local contractors-, 

The Company has its own transportation division operating out of 

Whitehorse and handling outgoing shipments and incoming freight, coal from 

the Companyu e coal mine at Carrna~l<:e8 and forest products., 



INTRODUC..!t.Q!! 

T"ne United Keno Hill Mines operation sterns from the discovery Jn 

1906 of silver=lead~zinc mineralization in the Galena Hill area of the Mayo 

district in the central Yukon-:- Mining activity progressed slowly until 192.3 

when the Treadwell Yukon Company commenced important production which later 

included returns from several properties~ Production continued until 1942 

when all operations were suspended as most of the known ore bodies had been 

exhausted. labour was in short supply, metal prices were low and general 

conditions brought on by the war were very uneettledo 

United Keno Hill Mines Limited acquired the Treadwell Yukon and 

other holdings and since 1946 have carried out a vigorous program of d~velop= 

ment and mining., Successful development of ne\'1 ore bodies allowed for impor­

tant production and today United Keno Hill Mines stands as the largest 

primary producer of silver in Canada., 

The location of the property, the long ldnters, the presence of 

permafrost, the generally heavy ground, together with problems of transpor­

tation and communications and other factors are, while not peculiar to the 

operation, most important operating considcrationso Reference is mRde to 

these factors in describing the United Keno Hill Mines operation in this 

paper~ 

LOCATION 

The United Keno Hill l-1ines Limited opor~1tion which includes several 

small mines8 is centred in the Galena Hill - Keno Hill area ~tich lies 

approximately thirt.y=two miles north of the village of Mayo on the Stewart 
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river and is 220 miles north or the capital city of Whitehorse~ The main 

office and concentrator are at Elsa at 63° 5lfi north latitude and 135° Jli 

west longitude» thus placing the Company~ s mining operations within 200 

miles of the Arctic Circle (Figure 1) ._, 

PROPERTY 

The property consists of 625 mineral claims and fractions and 

covers DOlch or a kno'Wll mineralized belt over a length of some 16 miles~. 

l~-my of the mineral claims were secured by the purchase of th~ property 

from our predecessors., the Treadwell Yukon Company Limited, and these have 

been added to by purchases and by staking, 

ACCESS AND COMHUN!CATIO.NS 

The mining district is served by an all weather road which leaves 

the Alaska Higtno~ay nine miles north=\-test of Whitehorse,.. This highway branches 

at the Stewart I~iver Crossing with the road to the north-west going to Dawson 

Cit~ and the road. north=east to Hayo.!i Elsa and Keno City" Crossings of the 

Yukon 8 Pelly and Stewart Rivers are made and until 1959 when the Yukon River 

was bridged at Carmacka~ it was ne~essary to use ~erries in summer and ice 

bridges in Winter, Th<e completion this fall of the bridges acrose the Pelly 

and Ste1."art ltivers has eliminated the use of ferries and closures of the 

road during freeze=·~p and break=,Up pHriods~ and now provide for year roWid 

traffic to and from the district,, 

A bi=weekly air service by Canadian Pacific Airlines JJC-3 aircra.ft 

serves the t-l~o area from Whitehorse~ Most personnel 9 first class mail and 

urgent repair parts and small supplies are transported by airo 



Prior to this fall.!) communication with the "0utside11 was by 

•• 
telephone to ).f.ayo and thence wireless telegraph to lihitehorse~ The 

recently completed land line from Whitehorse by Cw1~lian National Tela-

graphs now provides direct telephone communication with the rest of Canada" 

Completion of the land line also allows for the installation of 

a low power relay transmitter in the area by the Canadian Broadcasting 

Corporationo This project, which should be completed shortly~ will provide 

much=needed radio receiption in an area where general reception has hitherto 

been erratic and unreliablec 

TOPOORAPHJ AND CLIMATE 

The Galena=Hill Keno-Hill area lies in the Yukon Plateaus south 

of the Ogilvie Mountains and west of the Gustaws Mountains., The plateau 

is a mountainous region» the majority of the well rounded peaks averaging 

59 000 to 6"'000 feet above sea level with isolDted peaks rising to as high 

as 69 755 feet, The valleys are wide and nat with the lowest elevation in 

the area of operations at 29300 feet above sea level~ 

There has been heavy glaciation of the lower slopee of the mountains 

and glacial till and gravel cover the valleys and much of the alopeso Above 

the 4 9 500 toot level the raountaine are largely covered with tloat rock and 

alpine vegetation,. Below this elevation there are few rock outcrops due to 

the almost complete mantle of till, soilg muskeg and vegetation. Vegetation 

in the area is mainly scrub growth of conifers, birch» aspen, buck brush, 

alders and willows., 

This part of the Yukon is in a region of permanently frozen ground 

with deptba ranging to several hundred feet on the north slopes while some 
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small areas on the lower south slopes are sometimes free of permafrostr. 

The climate of the Mayo area is of moderate extremes.~~ with long 

cold ~inters and warm and fairly dry summers~ The mean annual temperature 

at Mayo is 26 degrees with a recorded range of from 80 below zero to 95 

above., The average annual precipitution is about 12 inches" Snow seldorn 

exceeds 2i feet on the level and there is cooparatively little wind., At 

Elsa at the higher elevation the temperature range is less extreme and has 

ranged from 62 below zero to 80 above with somewhat higher precipitation ... 

Days are long in summer with almost total deylight in late JmeJl but shorten 

to only four hours in December, a climatic feature which has had a marked 

effect on moraleo ,-----;,-------

HISTORY 

The Gold Rush to the Klondike in the 1890ns was indirectly rea= 

ponsible for the discovery of the silver-lead~zinc deposits in the Mayo 

area~ While placer gold had been discovered in Duncan Creek on the east 

side of Galena Hill in 1895s the main body of prospectors entered the area 

after the turn of the century as production in the Dawson area declined~ 

A high grade silver=lead shoWing was discovered in Galena Creak in 1906o 

Thia later became the Silver King Mineo 

The original claim was allowed to lapse and was relocated in 1913 

as the Silver King claim, Development work was started and a small shipment 

of 59 tons of high grade ore which returned $269"00 per ton was made to the 

smelter at Trail, Bo C,, During the winter of 1914=15 new owners worl<:ed the 

property and shipped from a high grade shoot 1.~~180 tons averaging 270 ounces 

of silver per ton~ Though this shoot was worked out and the property shut 

down, it supplied the impetus to prospect the areao Prospecting gradu~ 
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increased ilnd in 1919 a showing called the No._, 9 vein was discovered on top 

of K~mo HilL This mine produced 9v000 tons of hand cobbed ore averaging 

200 ounces of silver per ton,- The richness of the ore attractod l-Jide atten­

tion and both Keno Hill and Galena Hill were quickly prospected and staked" 

The Treadwoll Yukon Company entered the area and Atarted mining on 

the Ladue claim in 19.21, This company gradually acquired most of the better 

showings and comm~nced shipping hand cobbed ore in 1923 and in 1925 erected 

the first concentrator. As the good ore in the Ladue 9 tho Sadi~~Friendship 

and Lucky Qu.een Mines on Keno Hill was exhausted» the mill was moved to the 

Elsa Mine on Galena Hill and in 1936 COJIIIIl&nced production from the Calumet;) 

Elsa and Silver King Mines.., Production ~ontinued tmtil 1942 when aJJ. opera­

tions were closed due to exhaustion of ore reserves.. Total production by the 

Treadwell Yukon Company during its twenty-one years of operation totalled 

625 9000 tons from l'.'hich was recovered over 41.. million ounces of silver and 

96 mill.ion pounds of lead,, 

In 1945 Frobisher and Conwest interests formed the Keno Hill 1-fining 

Company Limited and purchased the holdings of the Treadwell Yukon Company" 

The company was later re=Organized as United Keno Hill Mines Limited., 

Initial work was directed toward the development of the Hector and 

Calumet Mines and production from these sources started in 1947c. Since that 

time the Elsa l4ine has been actively developed and in 195a coam2neod ~­

tion~ Extensive development has been carried out on several other properties 

including the Sadie-Ladue» Shamrock9 No, 9 (Kono !tine) and the Onek Mine all 

on Keno Hill and on the Bermingham and No Cash Mines on Galena Hill o The 

Onek Mine was developed to the production stage but has not been brought into 

production due to the low tenor of the ore which runs well to zincn In 1958 

the holdings of the Galkeno Mines Limited, an adjoining property» were pul"'­

chased by the Company,, 
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GEOLOu'Y 

Much has been written on the geology and ore deposits of Galena 

and Keno Hills particularly by members of the Geological Survey of Canada" 

The following report, therefore 9 dwells briefly on the seneral geology of 

the district and is more concerned with the details of the main pro-

ducing mines which are Hectorv Calumet and Elsa,, 

General Geology 

Rock Formation! 

The area of Galena and Keno Hills is W'lderlain by metamorphic 

rocks considered to be lnte Precambrian or early Palaeozoic in ageo These 

rocks can be rlivided into three general formations (eae Figure 2L The 

lowest is !mown as the Lower Schist and is composed mainly of thin-bedded 

quartzite, graphite schist and an upper portion consisting of several htmdred 

feet of sericite=chlorite schist" 

The middle member is knolm as the Central Quartzite and is c01:1posed 

mainly of blue to grey quartzite beds V<!rying in thiclaless from six inches 

to five feet or more" The total thickness of the fornwtion approximates 

29 600 feet~ Moat of the individual quartzite beds are separated by one to 

twelve inches of graphite schist, containing numerous minor drag folds and 

mullion~ The quartzite beds are uniform in character and display few dis-

tinguishing features by which they may be used as marker horizons., There is 

one rock type known in mine terminology ae pale siliceous quartzite that is ) 

believed to consist of several beds in the rock aeoernblage~ While the 

ordinary quartzites are a blue=-grey color these particular beds are white to 

pale grey in color.. They have been observed underground and rnapperl extensively 

at Hector8 Calumet and Elsa. which are at t.he sa.r.oe strati.gr2..1Jhic horizon 
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within the quartzite formation~ However, in or near vein zones it is 

difficult to distinguish these beds from ordinary quartzites that have been 

leached to a white or pale grey ~clor~ 

Above the Central Quartzite lies the Upp~r Schist formntionc It, 

like the Lower Schist formation 9 is composed of thin=bedded quartzite, graphite 

and sericite~chlorite schist,. 

Particularly present in the Lower Schist formation and to a lesser 

extent in the Central Quartzite and Upper Schist formations are a number of 

sill=like greenstone intrueives0 These were probably diorite or gabbro bodies 

but have been mainly altered to a chlorite schist, A few email aplite dykes 

are present, more so on Keno HilL 

The three formations and the greenstone in~rusives ara conformable, 

striking almost east=west and dipping twenty to thirty degrees to the south, 

This assemblage is considered to be the south limb of an open anticlinal 

structure., In turn this anticline is a smaller one found on the west limb 

of a much larger anticline extending thirty miles to the south-east .from 

the east end of Keno Hillo North of Keno Hill in the Davidson range there is 

evidence of overturning in the anticlinal structure but in underground opera­

tions at Galena Hill no such evidence has been observed" 

The Central Quartzite fonnation is the most important economically 

and with a few exceptions contains all the il!lportnnt ore bodieso Of the 

properties now o'WJ'led by United Keno Hill Mines Limited!! the SHver King 9 Elsa» 

Dixie.o No Cash» Bermingham» Hector» Calumet and Galkeno on Galena Hill and 

Luc~ Queen, Number 9 and Onek on Keno Hill are situated within this quartzite 

.formation~ The Sadie=Friendship-=Ladue is an exception where ore occurred in 

Lower Schist formation,, However, there it was closely associated \lith green­

stone bodies<> 
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The Upper and Lower Schist formations are unfavorable host rocks,, 

Some small good grade pods of' mineralization have been found but none hae 

proven to be extensive~ Veins that can be followed quite easily in quart-

zite tend to tail out and disappear when the schi~t formations are encountered" 

While greenstone is a fairly competent rock9 exploration work to date 

has proven it to be less favorable than quartziteo 

Vein Systems 

The veins found in the area can be divided into one eystem with a 

strike of No 60° .EQ and another with a strike Nc, )00 to 4~ E., 9 both systems 

dip}Jing from 50 to ,80 degrees south~east=- These veins are found in older 

faults which are classified as vein-faults to distinquish them from later 

offsetting eross-",faults~ The vein=faults were formed over a long period of 

time and from slickensides seen in the ore it is evident that movement 

continued after mineralizatioh~ 

Mineralization 

There have been several ages of mineralization 1dth the first 

being a quartz 9 arsenopyrite and pyrite type carrying a little gold" This 

early mineralization is more evident in the veins on Keno Hill than those on 

Galena Hillu Further movement re-opened the vein=faults permitting the main 

carbonate8 lead, zinc and silver mineralization.o 

Hector and Calumet Min•• 
!!_:in Syst.!{!\ 

At Hector and Calumet the vein systems have baen traced laterally for 

69000 feet" The general strike of the system is fL 45° E, dip}Jing an average 

of 65 degrees to the south-east" There are IDBlly branching veins with some 

rejoining both horizontally and vertically to form loope~ Figure 3 is a plan 

of the vein system on the 400Q or adit leveL The 3 and 4 veins with the 1 
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and 2 veins form a loop that has been offset 280 feet by the Hector fault., 

Another loop is formed b,y the 15 and 1 veins? At the north~·east end the 

vein system continues as the 18 and 19 veins after being offset 320 feet 

by the Calumet fault, At the south=west end the Jock fault has offset the 

vein s.ystem a distance thought to be 400 feet~ 

Most of the movement on the vein-faults is horizontal with the 

south side moving relatively to the east~ North-east of the Calumet fault 

the horizontal displacement along the vein·~fault ia approximately 700 feet<. 

The Jock, Hector and Calumet cross-faults strike north-west and 

dip 45 degrees to the south~westo They are normal .faults wl.th right hand 

displacements.. The fault zones consist of five to thirty feet of crushed 

quartzite, graphite and gouge,, Little is kno'Wll of the Jock fault but both 

the Caluoet and Hector faults develop footwall branches at deptho 

pre Bodies 

Ore bodies vary in size from fifty to hundreds of feet vertically 

and laterally with widths from five to fifty feet, They are found irregu­

larly along strike and dip and do not fonn any recognizable pattern" In a 

few casee some seem to follow the intersection of the vein-fault with the 

bedding~ However, the random distribution of ore bodies along a strike 

length of 2,300 feet and a dip distance of 1 9100 feet within the 1 vein 

does not indicate any favorable series of beds, Figure 4 is a longitudinal 

section of the 3 and 1 veins showing the positions of the ore bodies" 

Nost ore occurs as deposition in open fractures so structures 

producing these openings are the most favorable, This control is apparent 

at jlD'lctions where veins have joined at. an acute angle so that in addition 

to two main outside veins there are numerous cross-over or tension fractures< 
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Wide ore bodies result when enough of these fJ"actures become mineralized" 

The best example of structural control is in the J vein where 

ore is continous from surface to just below the 900 level., Above the 

650 level the widest ore is contained in the junction area of the J and 4 

veinao From the 650 level down the widest ore is within the J vein in a 

loop structure which reaches its maximum width of 57 feet on the 775 ltlvel~ 

other examples are the 1 and 2 vein junction_. the 1 and 15 vein loop and 

the 9-1A=556-57J stope areas another narrow loop structure which has 

produced over 60 .. 000 tons from the 900 to the 775 levels., 

MineraJ.izati,on 

. The main ore minerals are silvtlr=boaring galena.j) sphalerite and 

freibergite w~.ich occur in a gangue of manganiferous siderite with some 

quartz and brecciated or leached quartziteo Galena v~ries from a fine­

grained to a coarse-grained type commonly with a laminated appearance~ 

Sphalerite varies in color from a light to dark brown and cont~ins appreciable 

cadmium but little silvoro Freibergite occasionally occurs disseminated in 

a carbonate gangue but is usually intimately associated with galena., l~inor 

ruby silver is present at various locations, some of these being the_ 775 and 

1040 levels., It has been observed in depth to the 1165 level~ Coarse 

crystalline pyrite may occur anJWhere within the ore bodies but the massive 

fine-grained variety generally occurs at the extremities., Within ore bodifls 

the presence of pyri to bears no relation to ail ver values,. 

In many of the large ore bodies such as the J vein Where massive 

sulphides attain a width of over 50 feet, galena and sphalerite occur in 

alternating bands several feet thick but in many of the smaller ore bodies the 

ore m:lnerals are widely disseminated., 
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Oxidation extends to a depth of approximately 400 feet and 

within this zone secondary minerals such as cerussite and anglesite are 

coumon with oome native silver and agentiterous jarositesc There has 

been some enrichment of silver but the effect is not eignificanto One 

noticeable feature is the absence of zincQ The zone is characterized 

by the presence of considerable limonite and black manganese stain produced 

b,y oxidation of manganiferous siderite, 

Within the vein zone the quartzite may be present as hard brec­

ciated fragments cemented with carbonate or it may be leached to a loosely 

consolidated sando In some cases the quartzite fragments retain their 

strength but have been altered to a white colore Beyond the vein zone the 

quartzites are mostly fresh and unaltered" Occasionally they have been 

fractured and contain veinlets of cnrbonate with some galena.. If the \-tall 

rock contains much graphitic material it tends to be contorted and dragged 

into the vein, 

Zoning Effects 

The following table shows the a.ggreeate tonnage produced by 

levels from the vnrious veins~ With the exception of the 15 vein the 

figures given for the 100~ 300 and 400 levels are only for a portion of 

the ore mined but they are indicative of what enrichment there has been, 

The veins from the 525 level do1om sre below the zone of oxidation and not 

influenced by surface enrichment,, 
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The tonnages and grades for the 3 vein from 525 level to the 900 

level represent the bottom part of the largest continuous ore body in the 

mine., 

The figures for the 2 vein» 4 vein and 15 vein represent continuous 

ora bodies while those for the 1 vein are totalled from a number of individual 

ore bodies most of which are not over 200 feet laterally or vertically (see 

Figure 4)" 

For individual ore bodies th~re is a zoning effoct with a definite 

increase in zinc and a decrease in lead and silver content at the bottom 
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although the lead-silver ratio remains almost the sameo In the 1 vein 

which represents totals of ~ individual ore bodies the aggregate 

content ot silver, lead and zinc increases with depth, The silver-lead 

ratio showe a decrease from approximately 6 ounces of silver to one per 

cent lead tor the 525 and 650 levels to 4 oWlces of sU ver to one per cent 

lead for the 1040 levelo 

In summing up it may be said that although individual ore bodies 

tend to bottom with high zinc and lower silver values there is no reason 

wh7 other ore bodies found at lower depths should not be average mine grade~ 

KJ.sa Mine 

Vein §xstg 

At Elsa the vein system is nore complex than at Hector and Oal9tmeto 

Figure 5 shows the v~:~rious veins as they are kno'Wn on the 200 level~ The 

2 vein strikee N. 700 E, and dips 65 degrees to the eouth., Branching from 

it is a vein striking N .. 45° E., dipjJ:ing 65° 5., This in turn has another 

branching vein, the 15, striking N., 2IP Eo and dipping reversely 40 degrees 

to the west~ In addition, there are numerous other branching structures 

with various dips and strikeso Some veins have attitudes so close to the 

bedding that they follow along it for short intervalsc 

The vein system has been traced for 28 )CX> teet laterallyo It has 

been offset by two east.-west cross-faults, the Brefalt Creek Fault at the 

south end of the veins and the Porcupine Creek Fault 650 feet farther northo 

The Brefalt Creek Fault dipping 50 degrees to the &Outh consists of a crushed 

zone 120 teet wide.. r.hile the vein syst8JI1 has not been located south or the 

fault the offset is indicated by surface geology to be at least 2 8000 feet 9 
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The Porcupine Creek Fault dips )0 degrees to the south making it al.most 

a bedding fault., 'l'ht' fault zone consists of one to twenty .fet~t of 

graphite and crushed quartzite., From the displacement of the veins and 

mullion seen in the fault zone it would appear that the fault is produced 

by thrust resulting in a right-hand horizontal offset of 90 .feet, Figure 

6 is a section illustrating how the veins have been offset by the Porcupine 

Creek Fault., 

Ore Bodies 

The most important location of ore appears to be at vein 

junctions although numerous ore bodies are found elsewhere in the veinso 

Much of the present work in the mine is confined to the exploration of 

the veins in the footwall of the Porcupine Creek Fault" In this area the 

largest ore bodies are found at the junction of two veins~ the ; vein 

striking N, f::I:P E., dipping steeply aouth=eaet and the 15 vein striking 

N~ 10° E., dipping reversely 30 degrees to the west" At the junction of 

the two veins the quart~dtes have been shattered and .filled with numerous 

veinlets of galena and .freibergiteo There~ ore has attained a width of 

40 feet and a height of 45 feot 8 also extending outward in the individual 

veins to a distance of 100 feet., Figure 7 is a plan of the vein system on 

the S2S level and Figure 8 represents a section through the vein junction 

showing the concentration of oreo This structure has been traced from the 

200 to the 650 level along a slope distance of 1 8 200 feet., i\ longitudinal 

section along U1e steep-dipping S vein is shown in Figure 9 With ore at 

the junction of the two veins shown by cross~hatching., 
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Mineralizatioll 

Mineralization at Elsa differs markedly from that of Hector and 

Calumet: There is minor zinc and the lead content is lower while the 

sUver content is higher, Silver is derived mainly from abundant frei~ 

bergite which occurs in almost solid veinlets and as irregular masses in 

carbonate and quartzite with or without galena" When occurring with galena 

it is usually so coarse that it can easily be distinguished megascopically~ 

t-tore rarely it is closely associated with pyrite" Minor chalcopyrite is 

associated with freibergite~ Galena is COIIII\only medium to coarse=grained 

and exhibits a.larninated &pJ~arancec It occurs as dis~eminated particles8 

small veinlete and as massive bands up to 4 feet thick, The little zinc 

present ls in the fonn of dark sphalerite associated with galena, 

Oxidation extends to approximately 400 feet below sttrface and in 

this zone along with primary freibergite and galena are found secondary 

native silver, ruby silver., and argontiferous jarosite& all of which 

contribute significantly to the total silver content., Malachite staining 

is common throughout the zone and is a good ore indicator, As in Hector ancl 

Calumet the effect of surface enrichment is not too signifieant<. The 

secondary silver rnin€f·als are partly deposited in joints within the quart­

zite wall rocks resulting in more ore rather than an enrichment of existing 

veins.-

Ore is contau1ed in a gangue of manganiferous siderite, brecciated 

quartzite and minor quartz., There hae been little leftCh:ing and the quartzite 

fragments within the vein zone are hard and fresh~ Occasionally a vein will 

appear not as regular vein but rather a quartzite horizon mineralized with 

numerous small veinlets of galena and .freibergite~ Outside the vein zone 
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the quantities are unaltered~ al•.hough in places heavily jointecle Where 

thick bands ot graphitic schist are present beds are greatly distorted 

by movement along vein faults, 

Too little tonnage has been mined to come to any definite 

conclusions regarding zoning effects but some interesting toatures are 

evidento To the depth of the 650 level, which is 500 feet below surface, 

the silver content has v~ried very little~ It ranges from a low of 

61~6 ounces per ton on the 400 level to a high of 69o5 ounces per ton on 

the 650 level., 

The lead content varies from 2.,6 percent on the 400 level to 

8..,0 percent on the 525 leveL It would appe~r, the1·efore J that there 

is little relationship bet\·leen the o\Ulces of ail ver and the percentage 

of lead~ This reflects the occurrence of treibergite which is the 

source of most of the silverG As mentioned previously~ freibergite 

occurs in veinlets ani irregular masses with or without galena,, 

This lack of relationship between silver and lead contents 

is in direct contrast to the ore at Hector and Calumet mines where the 

ratio is approximAtely 4 to 5 ounces of silver to 1 percent leado 

~ph&lerite is nowhere abtmdant and zinc reaches its highest 

content of oruy OQ2 percent on the 525 level~ 

Hagping 

The complex nature of the vein s,ystem along with extensive use 

of timber requires every development heading and most stopes to be mapped 

each day so that any horizontal or vertical branching vein may not be miseedo 
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In square set stopes every second vertical slot is mapped giving a complete 

section of the stope every eleven fecte In lonbrwall stopes the exposed 

ribs are mapped as mining progresses do~wardo Face=mapping is carried on 

in drifts and the geology at waist height transferred to level plans, \>laist 

height mapping is used because in re=mapping and checking certain areas the 

walls can be seen through the timber but the backs are almost completely 

obscured by tight lagging, Undergrowtd mapping is done on 20 scale and 

then transposed to permanent· maps consisting of 40 and 100 scale level plans 

and 40 scale sections spaced at 50 feet intervalsc. 

A surface area of almost 30»000 acres has been mapped on 100 scale 

but because of scarcity of outcrop it is difficult to do any detailed worko 

Diamond Drillin~ 

Two undergrowtd drills operated by Boyles Hros, are stationed 

on the propertyg one at Calumet Camp and one at Elsa., although at various 

times they may be rnoved to other underground operationso By use of the non= 

rotating AXF core=barrel in conjunction with the standard AX it is possible 

to average 75 to 80 per cent core recoveryo In solid galena and sphalerite 

or carbonate with disseminated sulphides core recovery is good but in 

crushed leached vein material it is poorn Sludges are taken every five 

feet and these in conjunction with core give satisfactory reeultso Hu©h ore 

at. Hector and Calumet and a large portion of the ore at Elsa was folD'ld 

initially by diamond drilling .. 

MINING 

Mining at United Keno Hill Mines Limited is noteworth chiefly 

for the soft heavy ground and the large quantity of timber needed for 
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ground aupporto 

The producing mines are the Hector, Calumet and Elsa, with the 

Hector and Calumet being the main producers at a rate of' approximately 

• 
12.~~000 tons per montho The Elsa mine produces about 2 9800 tons per montha 

Access to the vein zones in the Hector and Calumet mines is by 

way of a 1 9 600 foot adit on the 400 level of tho Hector mine with an internal 

shaft extending 930 feet below this levelo A number of service raises and 

manways extend to surface froro the upper levelso The Elsa mine is serviced 

b,y adits on the 200 foot and 400 foot levels with an internal shaft extend= 

ing from the 400 foot level to the 775 level~ 

The Hector and Calumet mines, with tho more difficult ground, 

consume about JO board feet of' timber per ton of ore min8(L At the Elsa 

mine, with aliehtly better ground, the consUQption is about 25 board feet 

per ton mined,, These figures represent stulls, lagging and rough lumber 

including square sets, and includes only that tilllber actually used under-

ground,, 

All rough lumber and round t~ber used underground is spruce, 

cut, sawn and delivered to the mine timber yards b,y local contractors~ 

(See Table 2) Timber yards are large enough to carry sup}Jlies to cover 

the periods cutters cannot haul during the spring breakup and the winter 

f'reezeup~ Usable timber stnnds occur on the valley bottoms along the 

courses of creeks and rivers., Fortunately, adequate supplies are avail-

able locally as the cost of importing the quantity needed would be 

prohibitive., Shaft sets and shaft guides are imported ll~ Co fira Planed 

guide timber costs approximately $.500,-.00 per 1,000 bdo ft~ 
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APPROXIMATE COST OF TIMBffi LAID 00\11~ AT Mnl~ 

Round Timber 

Lagging (4=6 inch tops) 

Cribbing ( 6=8 inch top) 

Stulls (8-10 inch top) 

Stulls (10-12 inch top) 

Rough LUI!lber 

8 1 X g; 

6 inches and over 

under 6 inches 

4 ¢ per lineal foot 

12 ¢ per lineal foot 

19 ¢ per lineal foot 

25 ¢ per lineal foot 

&77.-00 per 1,000 b<Lftn 

$88.,00 per 1~000 bdofto 

$100.,00 per l.!lOOO bd .. ft" 

All timber normally delivered in 16 ftD lengths, 

TABLE II 

Ladderss wedges, and squAre sets for all the mines, are prepared 

in the fram:ing shop at Calumet,, At. the Hector and Calumet mines a crew of 

twelve men 9 under a work boss.~~ load and deliver timber to the working placesn 

Drift caps and posts are cut to length with an electric cha:in saw,, Round 

timber, lagging, square setsp etco are loaded on timber trucke which are 

made up into trainso The first train reaches the shaft and the timber is 

ready for lowering after waate drift rounds have been hoisted" 

All development and production timbering is done by the mining 

crewsv . In heavy ground, timber repair is extensive and costs about &o. 91 

per ton mined? 

To increa~e the strength of the drift caps in heavy ground rail 
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beams are used in combination with timber capso The rail beam is installed 

on top of the drift posts9 and the round timber cap is put on top of the 

beam, The rails are either triple 45 pound rail or double 56 potmd rail 

welded at the ends and clamped together at the centdr with a strap loop 

and bolt" Initially these beams were also welded in the middle but under 

pressure the beam failed at the center welda Since the cert.er clamp re­

placed the weld.~~ failuros are rare,, 

Permafrost 

Most of the underground workings in the Keno Hill district have 

encountered permanently frozen ground or permafrost" The depth of the 

permafrost varies from 0 to 450 feet, and appears to be determined by a 

number of different factors; character or the bed rock, depth and character 

of overburden, amount of exposure to the sun (south slope or north slope), 

and the leaching action of surface waters~ 

Rock temperatt.r es below freezing provide many problems., Water 

lines must be completely drained after use~ ~urface seepage and drilling 

water will freeze in ditches 9 on track and on ladrler rungs,. Dis.mond 

drilling must be done on a 24 hour cycle or water must be kept in circula­

tion down the hole at all times,. In severe cases calcium chloride or other 

chemical agents must be added to the water" At tiJD.es rlrilling water 8 with 

chemicals added» must be transported to tho site in mounted water tanks" 

Permafrost, in certain oxidized, fractured and cruahed ground, 

can be an aid in the preliminary development and production., It acts as 

a cementing agent and ground that would otherwise be consid~red difficult 

can be mined with a minimum of timber. This type of ground 9 'When frozen, 

tends to be "rubbery" and difficult to break» but proper attention to 
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drilling and blasting practices eliminates this problamc In frozen areas 

where the levels are connected and normal ventilation is established, the 

permafroat starts to retreat and a considerable amount of material begins 

to spall from ribs and back" It has been found by bitter experience that 

frozen ground~ despite its apparent competence when first opened, must be 

t:igntly blocked in anticipation of rock conditions after the retreat or 

permafrost,, 

The presence of permafrost presents certain difficulties in 

stoping, Broken ore will freeze in place in the stope or in mill holes, 

therefore mill holes must be pulled on a regular schedule and, in severe 

cases, be left empty,, Shrinkap,e stoping has been avoided because of the 

freezing problem although one stope at the Elsa mine has been Mined by 

this method with little trouble., It is interesting to note the~t the 

Treadwell Yukon Camp~, at the Silver King mine9 used shrinkage stoping 

but abandoned it below the permafrost hori~on because of the increased 

dilution from the hanging wall~ 

In permafrost areas any entry subject to seasonal thawing, 

or open to surface drainage" will gradually flll with ice., When the new 

adit at the 200 level of the Keno mine entered the old workings or Keno 

Hill Limited,!) closed in 1923.~> these l'lere found to be completely ice filled,. 

It was necessary to mine the ice to examine the old workinGS but it was 

found that the ice had served as a support and preservative, and the head= 

ings and timber were in good condition~ 

Haulage 

In all producing mines 11 track gauge is 18 incheso All present 

drifting is done using 20 poW'ld raU but in some of the older workings 16 



pound rail is still in ase. Thirty pound rail is used for rna:ln haulage 

track, 

At the Hector and Calumet mines, ore is pulled from hand chutes 

and trammed to the main ore pass system at Nne. 3 sha!'tn Trains or JO or 

26 cubic root rocker dump cars are hauled by 1Q5 ton Mancha battery loco­

motives~ The ore pass system connects all producing levels below the 400 

(Adit) level, and feeds to twin measuring pockets at the shaft below the 

1165 leveL From the measuring pocket the ore is hoisted in J.IJ cubic foot 

bottom dump"' skip-cage combinations, to an ore pocket above the 400 leveL 

On the ~ level the ore is pulled from an air operated, undercut 9 

arc gate chute, Traina cor: sist ot six 60 cubic toot Granby' t~ cars 

hauled by a lo 5 ton Mancha battery locomotiveo The ore is hauled 2,690 feet 

to the outside bins at the upper trBl:lline tenninal.., 

Excess development waste is car hoisted to the deck where it is 

dumped into a waste pocket,, \Jaste is drawn !'rom an air operated, undercut 

arc gate chuten The waste train consists of ten 30 cubic foot rocker dwnp 

cars hauled by a 3 .. 5 ton Mancha batt~ry locomotiveo The waste is hauled 

3 9000 feet to the waste dwnp" 

At the Elsa mine ore and waste produced below the 400 (adit) level 

is car hoist~d to the 400 leveL All haulage is handled by 1.,5 ton Mancha 

battery motors hauling 26 cubic foot rocker dump cars,. The ore is tramrt~ed 

1 9120 teet to the outside bin above the mill crushing plant~ 

At the Hector and Calumet mines tramming crews work on a difi'orent 

Shift from the regular min:ing CJ'eWSo This allows ContinYOUS usa of the 

available haulage equif.lllentc Entering the mine about !our hours after the 

regular crews, the trarnmin~ crews are able to utilize all haulage equip= 

ment after the drift developMent crews have finished their mucking cycle" 
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VentUation 

Ventilation in all operating mines is natural;) downcaeting from 

upper surface openines in SWDmer and upcaating in wintero Ventilation doors 

are installed where required and are used to control air volume and distri­

bution throughout the mine<. There is a short period, during the spring and 

fall» when the ventilation is relatively poorn For most of the year~ large 

variations in the outside and mine temperatures and appreciable differences 

in elevation between various mine entries~ provide a satisfactory motive 

colUDDl~ 

Extremely low winter temperatures cause some icing problems in 

the incast entries. In all mines this includes the main adit with the 

main mine drainage ditcho The problem is handled in several ways,. Incast 

air is restricted and at the Elsa Mine heated by a steam space heater~ 

At the tlec t.or mine th6re is sufficient heat from the main air line to 

slightly warm the restricted now of air~ In addition, mine drainage water 

is caught in a sump, well inside the mine, and pumped outside at sufficient 

velocity to prevent trsezingc. 

Certain dead end headings are supplied with mechanical ventilation 

by 16 inch Meco airaodriven tans connected to 10 inch collapsible rubber 

tubingn Long exploration adits are supplied with air Qy 7 l/2 h,po electric 

fens connected to 15 inch galvanized ventilation pipe~ It is interesting 

to note that moat headings 9 without mechanical ventilation9 develop an 

appreciable indraft along the back and outdraft along the fiooro This is 

most noticeable in new drifts in which the rock hus not been warmed 

appreciably and is probably due to the cooling action of rock on the generally 

wanner mine airo 



Producing mines are operated on a two shift basis,!) with a Drlnimum of 3 

hours between shifts to allow the powder smoke to clear~ 

Ventilation doors and seals are normally made of timber,. How~ 

ever, plastic sheeting, on light timber frames, bus proved useful for 

tempora!Yseals" Some permanent seals, in \Ultravelled sections or the 

mine, are also made with plastic sheatingo The plastic does not stand 

up to human curiosity or vandalism but otherwise serves as a superior 

brattice cloth .. 

Development 

26 

All horizontal development headings are driven ~dth airleg 

equipuent and carbide tipped integral steel., Ground strength and hard~ 

ness vc.ries widely in the district and development practices vary to 

suit conditionso 

~lost crosscuts 8J'e driven in relatively competent rock in the 

footwall or hanging wall of the vein zones and follow usual development 

practicen A two man crew of miners muck out, scale and timber, drill orr 

and blast a six foot round in a shirt,, The headings are driven 9~ by' lOP 

leaving 6V by 7v inside tirnbero (Figure 10)" Track laying» digging ditch 9 

and in::Jtalling water lines are consid~rad part or the normal work of the 

drift crew., Except in the strongest ground all headings are timbered uith 

set intervals dictated by the strength or the ground.. In a few exceptional 

cases, crosscut.s have been driven without timber,. In other cases, wh~re 

there is no need ot side lagging, bullhorn sets and back lagging are used,, 

Back blocking is used in relatively competent ground to avoid constant 

scaling~ Small "loose" develops regularly due to an intricate fracture 
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patternR abundant schist bands, wide spread oxidation and the gradual 

retreat of permafrosto 
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Drifts are driven in the veins, or to give them a more des­

criptive designations in the vein faults~ The ground varies from moder­

ately hard to gouge, with drill penetration rates seldom below 20 inches 

a m.inuteo Drilling is often the smallest part of the cycle but loading 

time is equal to or greater than drilling time, Holes fill With angular 

fragments or with gouge and it is common for the miner to lose some holes 

in each round., Drifts are driven the same size as crosscuts and the set 

details are similar. However9 in drifts both ribs are always lagged and 

and at least one set of timber is installed per roundc 

In veins where there is much gouge or graphite schist, particu­

larly where water is present, spiling steel is drilled on the back and 

sometimes on the ribs (Figure 11), On completion of mucking, the crew 

stands a set of timber as close as possible to the face., They then drill 

over the cap with l inch quarter octogon steel and detachable steel bits 

using a steel about twice the length of the round to be driJ.led, The 

spacing varies from one foot to two inches between steelsu \Jhen the steel 

is run out, it is withdrawn if possible and a piece of 1 inch round mild 

steel rod is inserted in the hole~ If the drill steel cannot easily be 

removed it is left in place to be recovered after the drift advancec \'/hen 

necessary 8 spiling steel is driven along the rib in the same way,. When the 

spiling steel has all been driven~ the ends of the steel above the cap are 

wedged tight, and then the crew drills off the round and bla~ts., The round 

usually breaks up to the spiling steel which holds the back until timber 

and blocking can be installedo In particularly soft groundi the back holes 

are not blasted with the round~ 
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In all drifts and crosscuts whure timber is required and wh~re 

spiling steel is not used 1 crews are required to advance lagging booms 

and block the back oefore they are allowed to work ahead of the last set 

of timber, 

Raising 

There are tour main methods of raising usedo The method chosen 

for any particular raise depends on the width of the veini the character 

of the ground8 and the purpose of the raiseo Raises are normally placed 

at 100 foot intervals where required and are driven directly up the dip 

of the veil!~ 

In wide veins, square set raises are driven~ These are started 

in the same way as a normal square set stope 8 and arc advanced in two 

slots which extend from the hangingwall to the footwall of the vein, One 

set in each lift must be drilled with a stoper but all other sets are 

taken with air leg equipment~ As the raise advances a plank lined mill 

hole is carried up in one slot and the other Blot is used for manway and 

supply slide., 

In narrow veins either crib or stull raises are used.. Both types 

of r~iee are started in the same faehiono Backs are taken dotm for approxi~ 

mately 18 feet and cape an.:l blocking installed... (Figure 12)" In the first 

3 lifts the muck is blasted onto the track and picked up by a mucking machine o 

Three lifts are taken to a point about 28 feet above tracko In two adjacent 

slots standard hand gate chutes are installed, Each slot is separated from 

it6 neighbor by a plank lining,. The end slot without a chute becomes the 

m.anway with supply slide, The second slot is a spill chute and the last 
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slot is the mill hole-. In the third lift the manway and supply slide are 

moved into the center slot and the .first slot is dropped in the forth lift<· 

This leaves a pocket under the manway over the spill chute, to ~ollect 

muck which leaks through the mill hole lining or through the raise bulkhead., 

It has been fo\Uld that the cost of installing the second chute is more than 

saved in eliminating drift cleanupo Above the manw~ ~rawl=through the 

raises are continued as a crib or as a stull raisea 

The stull raise is advanced in two slots with a center line of 

caps and cap lines along each ribo Posts are installed between the caps 

on both footwall and hangingwallo These serve to help support the caps 

and also serve to hold the hanginewall blocking'" In particulm-ly bad 

ground the footwall is also blocked~ The mill hole is scparatad from the 

JDaD\-Jay with plank lining which is spiked to the center line of caps~ The 

rnanway is kept within 5 sets of the face with a standard bull<head and a 

crawlthrough into the mill holeD Because of the H .. W., blocking it is 

impossible to make a completely tight bulkhead so there is always some 

leakage of broken muck into the manway and hence into the spill chuteo 

The mill hole side of the face is advanced using a standard burn cut 

round, The rib cap and center cap are installed and the face, back 3 and 

rib are blocked~ Then the other side of the face is drilled off and 

blasted., 

The crib raise is used as an alternative muthod in pnrticQlarly 

sort and triable ground~ The start of the raise is the s8J!le as for the 

stull raise,, Above the crawlthrough the manway is continued as a single 

crib With outside dimensions of 5 foot by 6 foot~ The raiae is drilled 

6 foot and the mill hole is left untirnbered~ Crib mflterial is unpeele.d 
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local spruce cut to length and capped on the ends, Cribbing is advanced 

to the face and several pieces of crib are used to block th~ face during 

drillingc All holes are drilled from inside tho crib and a modified draw 

cut round is us~d to throw the muck towards the millhole, When the round 

is loaded a complete bulkhead of cribbing is built acrosE' the manley before 

blastingo There are two disadvantages to the crib raiseo In veins wider 

than 6 f~et the crib ra1ae does not expose the whole vein and there is a 

chance of missing vein splits., If the crews Lire not checked constantly 

the H~Wo of the raise does not get blocked tight to the crib and in 

subsequent stoping9 loose back conditions and overbreak are sometimes 

encountered. 

A fourth type of raise is used where ore or '"aste passes are 

driven in competent rocko This is a standard 6 foot b.Y 10 foot raise 

divided into two compartments by a single line of stulls and plank laggingo 

No blocking is required and atandard raise methods are used" 

Stooing 

In general» heavy friable vein material and competent wall 

rocks necessitate close timbering and back filling "ln the stapes" The 

Elsa Mine has some exceptions ~1here hard quartzi t,e forma t.he walls in 

some of the atopea., 

The present company and previous operatora have used a variety 

of stoping methods; Timbered filled rill& timbered horizontal cut and 

fill» and shrinkage, to name a few, These may be considered to be of 

historical interest only, although one small shrinkage stope is currently 

in operation~ Current practice over the pnst several years has concen-
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trated upon two principal methodslol with the width of the veL11. dictating 

the type of stoping to be usedg Square setting in veins wider than ten 

feet; long walling in narrower veinso Occasionally both methods are used 

in one stope where an unexpected chan~-:e in width is encountered, Also s 

a minor amo\Blt of timbered nat-backing is done in ama.l.l lenses of orec 

In all stopea, drilling is done With air-leg equipment using 

either quarter-octagon steel with detachable steel bits, or carbide=tipped 

chisel-bit steel, deJ.Jending on the type of groundn Holes are loaded with 

either 55 % Stopeite or 40% Forcite and detonated b,y Noo 6 caps on tape 

fu&eo Fuses may be either 10 feet long which are trimmed after loading, 

or 8 feet long for use with igniter cord= Host of the stopes work on a 

2=shift basis with the usual crew being a miner and a helper; crews are 

expected to be proficient in all phases of stope work,. 

Long Wall Stoping 

Long \'fall is a local term for a method which could be called 

"Vertical cut and fill" or "down dip slotting" a The word "long wall" is 

not inap~ropriate since the method resembles the long wall practice of 

coal mines except that the veins are steep (as opposed to more or less 

nat seams of coal) and mined-out sections are filled (rather than heir1g 

allowed to cave)c 

The method consists of mining two parallel six-foot long slots 

down the dip for the full width of the vein, \-lith a minimum working width 

of five feet" The slots are timbered with a stull cap and head=board placed 

slightly steeper than normal to the hanging wall., and st;mdard ~ap spacing 

is 6 fedt qy 6 feet; posts are placed so that the hanging wall (and the 
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toot wall., it necessary) as well as the open rib, may be lagged and 

blocked, All caps and posts are collar-braced., lHnimum sizes of round 

timber used are 8=inch stulls and 4-inch lagging, 

A long wall stope can be started from either a stull or a crib 

raiseo In the first slot alongside a crib raise it is necessary to en­

large the mill hole of the raise so that timber can be placed at the 

standard spacing., The drilling for this first slot is done by down holes 

and the cribbing of the raise JilUSt be braced prior to blasting< In sub= 

sequent slots (and in the first slot alongside a stull ria.se) drilling 

is done into the ribs with the holes sloping upward ot approximately 15 

degrees so that the broken rock ia nearly all thrown clear of the bench 

and hand mucking is minimizedn 

Nonnal.ly, while two slots are carried do'WD in one operation, the 

first slot is kept no more than three benches below the second so that 

rib lagging is not always necessary between the two workirtg slots., Crewe 

1118¥ drill off extra holes while set up, but no more ground is blasted 

than .ts required for one set of timber" 

Formerly 1 long wall stopes were mined overhand, but safety con­

siderations necessitated changing to mderhand mining so that the creww e 

exposure to open ground would be minimized., A further advantage gained 

from underhanding is improved efficiency as the stope can be cleaned down 

of fines as mining progresses and fill fencing can be installed in the 

ere~ spare time, thus reducing the non=productive time at the completion 

of a double-slot,. 

Safety precautions taken in long wall stopes include: spragging 

of open hanging wall before the set is timbered; installing safety bulkheads 
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in the open slots no more than 25 feet above the working bench; and, in 

the steeper eteipea, the mill holes are left as full of muck as pncticable .. 

The latter cannot be done in stopes flatter than 65 degrees because the fine 

muck tends to build up on the foot wall and eventually cause a hang up in 

the mill hole C· 

The bottom two or three benches of tho slots are blasted directly 

on the drift track except where it is necessary to keep the drift clear 9 

in which case china chutes are used, When a double slot is completed and 

the final clean•oUp is done, the chute is removed and fill bulkhead a are 

inatalled in two slots, leaving the last-mined slot open to serve as a 

mill hole for the next double slot" The bulkheads consist of two or three 

stulls laid across the first cap above the drift set and covered with 

round lagging or such scrap timber as may be availablee (The cpening left 

above the drift sets is desirable sutce it facilitates any later timber 

repair work which may be required in the drift)r. Then the remaining portion 

of fill fence is installed o Flll fencing is two-inch mesh chain link­

fencing sup~orted on round lagging which is spiked on the stope capso 

The chain link fencing is tiT ee feet wide and is purchased in 50-foot rollsn 

This is readily installed and provides a strong fence., A surprisingly 

smaJ.l amount of fines comes through the mesh as f'i.l.l is dumpedo \ihen the 

slot is hal.f=filled. a second bulkhead is installed and the opening below 

provides a secondary entrance to the stopec 

In some crib raises it is necessary to start a long wall stope 

on the side op,l)Osite the raise mill hole_, In such ~ases the crew drills 

and blasts three-foot or f'our=foot deep holes on a two-foot spacing, and 

in this manner a mill hole can be slashed out in a few shifts,, (Figure 13 
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illustrates various phases of long .. walling).. 

Spiling steel is occasionally usod in long wall stopes at times 

when the hanging wall is overbrcaking::. In such instances eight=foot or 

ten-foot holes are drilled over the hanging wall post, and one=inch round 

spiling is inserted in the holes., 

Square Set StooW 

This method was adopted in 1953 to mine the wider veins which were 

then being developedo Sets are cap butting and measure 5u4n by 5v4" by 6~11 11 • 

Timber used is 8 11 x 8 11 , which is the largest size of timber available locally 

in the quantities required 1 and is rather light for some of the ground., 

However, the sets can be readily reinforced with pony sets" 

Stopes are started from square aet raises and ara mined overhands 

with a liberal use of spiling steel, in various sizes of panels; a panel 

being two or more vertical slots mined the full width of the win from 

level to leveL 

Stope Preuaration - In stHrting a new stope panel no attempt is 

made to tie the new square sets to the old sets of ths raise or of the previous 

stope panel.!! beeause8 even in raises, ground pressures can force seta out of 

alignment in a relatively short time,, Hence a off'=set of two feet or so is 

made between the old and the new col\Dlll"ls of setso Ten~foot lana spiling is 

drilled over the caps of the first lift of the previous slot» the drift 

back is taken down to a height of 13 feet above track.11 the back boomed and 

blocked, and the old drift set is removed., New sets are placed at 5~ 4" 

intervals and are reinforced with rail beam; both the rail beams and the 

caps span the full width of' the drift? Across the stul.l caps are placed 8" 

x 8" squeeze blocks eo positioned as to be under the colUJ:Jns of posts of the 



square sets., Then 8 11 x 8" sills or the jacket set are laid parallel to 

and directly over the drift sets and are braced with 6 11 x B" or 8 11 x 8"o 

The back is then slashed to a size sufficient for one set, which is 

immediately installed" Thus spUing.~~ slashing and timbering continue 

until the first lift of the new panel is completed.. All spiling steel 

is recovered either when the set is being blocked., or when the next 

lift is being minedo 

In wide vein zones which have been devsloped with Hri and FW 

drifts, the first lift of a stope is t8ken across at the elvution of 

the drift backs leaving the crown pillar to be mined with tho stope below, 

Actual mining of the stope panel follows immedi;Jtely upon 

completion of the preparation work.-. 

Types of SquRre Set Stopee 

Flat Back = This type of mining was tried initially in the 3 
.. 

vein but collapse of one stope due to heavy \'ieight of the back caused 

this form of square set stoping to be abandoned in that part of the mine., 

The method does find some application in small wide lenses of ore in 

scattered locations~ and it might be practicable in the 18=19 vein zone 

where vein material appears to be fairly competent,, 

Rill Stope ~ Rilling was adopted to mine successfully the 3 

vein at the Hector l&~t" In the ore blocks stopad b;)r this method, about 

95% recovery has been obtained,, Five slots coMprise the usual rill stope 

panel., 

Figure 14 shows, on the left, a rill stope being started, The 

first slot (S 2) is mined up to lift 5, the next to lift 4~ and so on~ 

During this stage.~~ the muck is mov~d by Blushers and/or slides to tempor.ary 
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chute&n When the rill is established, !ill bulkheads are laid in the 

first four slots. Over the drifts, bulkhead stull~ are.laid at right 

angles to the jacket sets, and the spaces between the drift ca.p and 

36 

the jacket set is filled in with 8" x 8" blocken Over the crown pillarsJ 

12=foot to 16-foot long bulkhead stulls are laid parallel to the stope 

caps~ with the joints staggered to facilitate the later mining of the 

pillar below~ Bulkhead stulls are covered with lagging (or scrap timber 

when available), 

Fill t'ence (chain linlt fencing on lagging) is installed at 

both ends of the section to be filled leaving the end slot open; the 

latter serves as a mill=hole and second manway for the panelv At the 

lower end of the section being tilled, fencing is installed to a line two 

feet above the caps and fill is dlDDped through a .fiJ~ pass which has been 

built in slot SL To obviate later settling o.f the .fill, pneumatic tampers 

are employed during the .first .filling; tamping has been found to compress 

the .fill as much as one .foot in a single lift, \Jhen the .fill has covered 

the caps to a depth of one .foot or so~ eloping floors are laido These 

consi:rt. o.f J" plank nailed at the upper ends only to lagging which is 

placed across the posts cmd rests on the .fill., 'l'he lo~.er ends of the 

planks overlap the .flooring of the set below 9 so that the entire noor 

"floats" on the fill 11 and the broken ore .falling on this floor has a .further 

tamping effect on the back .filL With the first filling completed, a 

permanent chute of stnndard design is built in the end slot; slides (3" or 

411 plank on edge) and grizzly rails (45# or 56# rail) are in:rt.alled.o and 

mining is resumed~ 
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In this type of stope~ it is the general practice to mine a 

double-rill, as indicated on the right of Figure 14: two lifts are m:ined in 

the highest slot (N 7}, two lit'ts in the next elot (N 8)~ and so on., with 

the work proceeding down the rill eo that a minimum of open timber is 

exposedo As a lU't is completed in each sl.ot 9 spUing steel is drilled into 

the rib where conditione warrant~ nhen mining is finished on a double-rill$ 

the fill noor is lifted, fines are cleaned from the top of the back fill,!) 

fill .fence is in!italled, fill is d'UIIIped., and fiooring is relnid, Two lifts 

in the last slot of the previous panel are filled in conjunction with the 

sets 1n the current panel,!) leaving one set open at the hanging wall for a 

manwayo The mill hole is raised using ,3 11 or 4 11 plank for lining; so far 

as is poasible9 the mill hole is kept only one set widea In particularly 

heavy ground, it is necessary to fill the foot wall part of the mill hole 

slot 9 leaving two sets open immediutely below the hanging wall for manway 

and mill hole~ 

When the highest slot of the rill is within three BOte of the 

level, it is mined through and the slot behind is filled~ After the 

panel is oompl~ted and filled, the mill hole is cleaned down and repaired 

for use as a fill pass for the next panel., 

Vertical Double Slot Steps -~ Here,~~ a panel consists of two slots~ 

This form of mining was developed to provide better etficieneies in those 

parts of the mines where both the vein material and the walls are more 

competent, and where the vein material is less heavy (i~eo less massive 

sulphides) than in the J vein ot the Hector Mine., 

}lost stopes in which this method is used ave1·age four to five 

sets in widtho However, a voriation of the method is required in the 



15 vein at Calumet mine where widths of up to fourteen seta are en­

co\Dltered.., 

In a narrow vein stope of this type, the permanent chute is 

constructed lifter two or three lifts have been mined; mill hole lining 

plank., grizzlies and muck slides are then installed, and mining proceeds<' 

After every third or fourth li.!t, the grizzlies, elides and m.Ul hole 

are raised, and, since the mill hole is kept to one set in size, very 

little timber is broken during the mining operation" 

If the panel is the first one rained alongside a raise, a second 

panel is completed before the first is fUled<. Prior to filling, the 

standard bulkheads and fill fencing are installed., Back fill j_a tamped 

Wherever possible to minimize settling of the square setso Nevurtheless 

a var.ying amount of subsidence occurs in the fillj in this case, the two 

-foot offset between the panels has been found to form a "break line" 

for the settling eo that the sets alongside the filled sets are little 

affected.,. 

In double slot stop~s in the wider pa1•ts of the 15 vein, Calumet 

mine, mining is carried out on a rill from hanging wall to foot wall" 

\'/hen the first lift of the panel is being ro.ined, and whlle the rill is 

being established, all muck is slushed to tempora.y chutes" When the toe 

of the rill has reached the foot wall a permanent chute is built over the 

foot wall drifto At this time the initial fill is placed in tho previous 

panel 9 where a t~bcr crew has already installed bulkheads and fill fencing~ 

Fill ia dumped into a lined waste pass at the foot wall of the stope, 

slushed into place and tampedD 

The sequence of mining is shown in the cross-section in Figure 15c 
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As each of sets 1 through 6 is mined (working up the rill) 8 slide planks 

Bra installed below the succeeding set., Then a double lift. is mined 

down the rUl, using the same slidesry Filling of the previous panel 

advcmces concurrently with the mini...'l'lg"' When a panel is completed the 

mill hole (one set in size, at the fo~t wall of the stope) is cleaned 

down and repaired for use as a fill pass for the succeeding panel. 

General Remarks on .... SQuare Set Stoping 

Seldom is more ground blasted than is required for one set of 

timber., Backs are blocked with 8 11 x 8 11 or 611 x 8 11 and lagging; r.i bs are 

kept tigh~ly laggedQ In cases whure the back overbreaks it is generally 

on a slope, and the angle posts and lagging are instilled (sco Figure 16), 

this provides more positive holding of the ground and obviates the usc of 

excessive amounts of timber for blocking~ 

Safety precautions taken in square set stopes include spraggillg 

tmd/or booming of the back immediately after scaling of every s~t» laying 

complete fioors in at least every third lift = with all other open sets 

being fenced off with guard rails,, 

Occasionaly, in stopee in extremely triable ground, the rib 

will slough up in spite of spiling steele In such instances, long 8'' x gn 

booms are run out <'t the back of the sloughed section and blocking is 

placed over the booms., Then sufficient muck is removed to permit placing 

booms in the next lowor lift,o The upper booms are posted from the lower 

ones, and walls are spraggedo In this manner work proceeds down through 

the sloughed zone to the top of the square s~ts below~ New sets cm1 then 

be installed to replace the sprags and booms .. 



..... ..... 
I 

\() 

Cl 
I 

'""1._,___ s ·- 4 

DRIFT CAPS' 

1-
Vl 
0 
c.. 

I­

"-
0:: 
0 

s"xs" JACKET SET 

CAPS 

s"xs" BRACES 

LONGITUDINAL SECTION 

DETAILS OF SQUARE SET- JACKET SETS B FILL BULKHEADS 

0 5 10 



Reinforcing or square sets is often necesearJ in heavy ground" 

This is done with pony sets (8" x 8" caps and 8" round posts) or by 

cribbing up the setso 

Ore control in the stapes is obtained fron daily chip samples» 

geological mapping, and visual inspectiono Also, six-foot test holes nre 

drilled regularly in both HW and F\1, with all ore values in the sludgeo 

being investigated~ When each stope panel is completed on ore outline 

of the rib is drawn up to servo as a guide for mining the next panel" 

In the 15 vein area. Calumet Mine$ the over-all mining plan 

follows a level-to-level rilL Figure 17 shows this rill in the process 

of being established, 

Standard chutes in all atopes are fitt~d with steel hand-

operAted gate&o 

PRODUCTION STATISTICS 

Oct. 1 8 1959 ~ Aug, 31, 1960 

Daily mine production* ores 
waste: 

Haetoi" &: CalUI!lfl!t 

390.,4 Tons 
169.,9 Tons 

** Average Non or employees total mining: 21.5 

86 Average No" of employees atoping: 

Productivity total mine:** 

ProductiVity &toping: 

* Calendar days 

2~16 tons/man 
shift 

4.,34 tona/rn. "" 

91.,5 Tons 
52~1 Tons 

51 

18 

Total. 

48L9 Tons 
222".0 Tons 

266 

104 

2.17 tons/man 2ol6tona/man 
shift shift 

5" 71 tons/moso 4 ... 57 tons/m.,s .. 

** Does not include mechanical 8 electrical.£1 surface and 
starr personnel 

(Continued" o ~ o " •• ,. , 
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~toeing Productivitiee (Tons/man shift) 

Hesrtor #: CalUIMit. ~ Total 

Square Set 4o72 5.,88 4~93 

Round Timber 3c41 4,.96 Je61 

Shrinkage - ~·~ ~ -
TOTAL 4~34 5 .. 71 4o 57 

Breakdown of Stoping by Type Hector to Cal umot !!!!. Total 

Square Set 77oJ% 78~4% 77o5% 

Round Timber 22,, 7'!o 18.,o% 2L 7/. 

Shrinkage 3 5 6~ OJ;~ 

TOTAL 100 .. 0% 100,,0% 100~0% 

TABLE Ill 

MINE COSTS (I per TW!l 

He~t.or I:. Calumet ~ 

Development 
Stoping 
Haulage 
Hoisting 
Pumping 
Ventilation 
Diamond Drilling 
Timber Maintenance 
Rehabilitation 
l1ine General and Indirect 

TOTAL 

Stooing Coste ($ per tonl 

Square Set 
Round Timber 
Shrinkage 

TOTAL 

$ J .. ,99 
6.,91 
2o2) 
0.,78 
0.,15 
OcOO 
Oo25 
0.,91 

31:1_7 

$18n99 

Hu~to!" & Calumet ~ 
&8o22 $6.,8J 

8,92 !L61 
J.,.56 

$6,52 

TABLE XV 

~ 4 .. 81 
6,,00 
L78 
lo69 
0"55 
0,.02 
Ll7 
0.,91 
Oo57 
4aJ5 

$21.,85 

Tot&l 
$ 7.,93 

8.,J5 
4o56 

8 8 .. 00 
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INTUl-PLANT ORE DELIVERY 

Ore is transported from the Hector and Calumet Kines to the mill at 

IUsa by a 2c.7 mUe aerial tramway< Production from the Galkeno ltine and 

the Keno Hlll properties is trucked to the mill while ore from the Elsa 

Mine is dwnped directly into the mill bino 

The tramway which was originally constructed to deliver ore 

from the Lucky Queen Mine to the old Treadwell Yukon mUl at Wemecke 

camp 8 was dismantled in 19.35 and re-erected and extended on its present 

site, It consists of a loading terminal at Calumet, a 150 angle station., 

a tension station and a discharge terminal at Elsa~ There are 42 pyramid 

type timber towers supporting two track CHbles and an endless t.raction 

cableo Tho towers are located on permanently frozen ground and are 

supported on cribbed fOlmdations, The tramway is powered by an electric 

motor at the top end which also regenerates power when acting as a brake 

on the loaded linea 

A summary of pertinent tramw~ data is as follows: 

Length 

Difference in Elevation lvSOO ft" in favour of the load 

Buckets Oo 5 ton; rounded bottom; anvil grip on hangers; 
2 wheel trolleys .. 

Aver<,ge number ot buckets on line 

Approximate bucket spacing on line 

Traction rope speed 

Average tonnage trammed per hour 20 

Track cable (load aide) l l/8" dia., 37 wire» amooth coree 
right hand lay» plow ate13l., 

Track ©able (return aide) .3/4" diao 6 x 7 hemp centre wire 
rope~ 



.MILLD~ 

Aerial Tra.mway Costs - Oct_. 1/58 - Septn)0/59 

Tone trammed 

Operating Labour 

Repair Labour 

Repair parts and Supplies 

Heat 

Subtotal 

Indirect expenses (tire 
protection8 general shops~ etc, 

TOTAL 

144,1)615 

$0,51/ton 

Gooll/ton 

$0 .. 06/ton 

!2,o0llton 

&oo69/ton 

iQ907/ton 

~o76/ton 

~· 4J 

A paper on Milling Practice at United Keno Hill lltnes was 

published 1n C~ In MoM., Transactions Volume LVIII pp .. 140=146o This 

present paper will attempt to outline the alterations in the flowsheet 

since that time and the reasons for such changes~ 

The Elsa mill is a combination flotation and cyanide planto 

At the present times the flotation concentrator is treating 525 tons 

of ore per day and the cyanide plant 430 tons of flotation tailings 

per ~, Figure 18 is a flowsheet of the mill, 

The coarse ore bins are designed to receive ore from the 

aerial tramlineJ from the Elsa Mine in mine cars or from other properties 

by truckc The crushing circuit is of a tY'}Jical closed circuit design lorith 

a jaw crusher9 a gyratory crusher and a vibrating screeno Thfl s.:reen is 

operated nonnally with a 1" square opening bottom screen..:. Frequently 9 due 

to the high moisture content of the ore» it is necessary to chance to a 
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)/4 inch slotted wire screen Which has a better screening efficiency 

on wet muck., The crushing. plant product is conveyed to one of two 

wood stave fine ore bins~ Grinding is carried out in two parallel 

closed circuit tmits each With an overflow ball mill and spiral classi­

fier~ The combined classifier overflow has a grind of 58 percent minus 

200 mesh, Classii'ier overlow is floated to recover a cleaned lead con­

centrate which is recleaned to produce shipping grade concentrate" The 

lead tailing is conditioned and a zinc concentrate noated., Concentrates 

are thickened, filtered and containerized for shipmenta 

The zinc flotation tailings are thickened to 6o% solids and 

pumped to the first of a series of tour agitatorsc. The necessary lime 

and cyanide are added to the pwnp box., Overflow from No~ 4 agitator 

is thickened and ~1e thickener underflow is filtered, repulped and 

refiltered., The final filter cake is repulped and flows to waste., The 

thickener overflow, plus filtrate from the filters is clarified and the 

silver precipitated by zinc dusto The silver precipitate is recovered 

in plate and frame presses~ The silver precipitate is sealed in cans 

and shipped .to the smelter~ 

Crushing Plant 

In the years prior to 1957 when the major part of the mill 

feed came from the up1~r levels of the Hector Mine, the capacity of the 

crushing plant was approximately 40 tons per hour., However, as the 

proportion of ore troru the Calumet and Elsa mines with their greater 

quartzite content has increased to 68% of the mill feed, it has become 
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necessary to operate the crushing plant 24 hours a day~ In view o£ 

the increasing hardness o£ the ore and the decrease in the primaJ7 

tinea in the ore, it has been decided to construct a new crushing 

plan to 

The new crushing plant will have a designed bin capacity of 

1000 tons and a crushing capacity of 75 tons per hour 'When crushing 

our present ore to minus 1/2 inch., The new fl.ow-aheot will be s:lmilar 

to our present plant with a jaw crusher and a secondary' crusher in 

closed circuit with a vibrating screen~ An efficient dust removal 

system will be incorporated in the new plant,. 

Grin din& 

The 7 x 9 ball mill was originally a grate type ball mill 

which has been converted to an ovcrfiow typeo This conversion was 

accomplished by removing the grates, the lifters and the discharge end 

liners and installing newly designed discharge end linerso It was 

necessary to lengthen the one ring of shell liners adjacent to the dis­

charge end or the mill and a new discharge trtmion liner with a reverse 

spiral was installed.. The conversion or this mill traa carried out in 

an attempt to reduce undue shell and end wear~ and also to increase the 

tonnage milled,. The increased quartzite content of the ore and the 

decrease in prima~ fines had greatly increased the load on this ball 

milL 

There was considerHble wear of the discharge end of the mill 

and of the shell adjacent to the discharge endo With the newly designed 

end liners, it is possible to get a much better linor fit and it has been 



~· 46 

possible to stop most9 it not all, of the pulp wash that used to occur 

in and around the litter liners~ While it is too soon to be positive~ 

indications are that the shell wear has been greatly reduced if not 

stopped completely.. Liner consumption has decreased markedly but not 

enough time has elapsed to determine exact figures" The converted mill 

has been equipped with a trommel screen on the discharge trunion" The 

plus 3/4 inch material thus screened out is practically 100 percent 

quartzite, contains no values and is discarded,, By discarding this 

quartzite, the mill capacity has bean greatly increased,, 

Flotation 

The flotation process is being complicated by the L~creasing 

amounts of refractory minerals being received from the Calumet and Elsa 
c 

Mineso Argentiterous plumbc-jaroeite» from both these mines, does not 

respond readily to flotation nor do the non=sulphide lead minerals, 

Test work on some ore samples containing an intinate mixture of tennantite, 

tetrahedrite and pyrite has shown that these minerals respond to notation 

very slowly, To increase the recovery of these minerals in the lead 

concentrate, the lead flotation time has been increased from sixteen to 

twenty-six minuteeg During this additional ten minutes of notation 

time, the pulp is subjected to a scavenging float. with Aero Promoter 404 

to obtain as much of the silver and lead as possible in the lead concen.-

trate., This scavenging noat has been successful in reducing the silver 

in the zinc concentrate by as much as ten ounces silver per ton of 

concentrate., This is being accomplished much more economically than by 

deleading the zinc concentrate~ 
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Qyapide Plant 

Sixty percent of the silver in the zinc notation tailing 

is recovered in the cyanide plant,, The relatively coarse grind or the 

cyanide plant feed has some bearing on the tailing loss but the major 

!actor is probably a complex silver mineral which does not respond 

either to flotation or cyanidationo The silver precipitate being 

produced assays approximately 35% silver, 35 - 40% lead, up to 10% 

zinc and up to 14% coppero 

~ncentrate Handling 

Until 1953, all concentrate was shovelled into burlap sacks" 

The sacks of lead concentrate weighed 132 pounds while the sacks or 

zinc concentrate weighed 120 pounds, These sacks were handled manually 

and individually while beiP.g loaded onto trucks in the mill 8 loaded onto 

raih;ay cars at Whitehorse, unloaded at Skagway and loaded onboard ship., 

At Vancouver the sacks were emptied into railroad cars, In 1953, pallet 

boards were made availc:.ble by The White Pass and Yukon Route and the 

&acked e;oneentrat.e was shipped in two ton palletized packages, Thirty 

lead sacks or thirty~four zinc sacks were stacked on a pallet and strapped 

in place- liith this two-ton pallctized packageiJ it was necessary to change 

to mechanical handling~ In the mill 8 a three~ton overhead electric crane 

was inotalled !or moving the palletized packages and for loading trur.lks .. 

In Whitehorse~ a Bull !-'loose was used to unload the trucks and load the 

railway cars and at Vancouver a fork lift was used to move the palletized 

concentrate. In the mill.!' the trucks were loaded while parked on a 

50=ton truck scale and every load or concentrate was weighed" 



Palletization and mechanical handling of the sacked concen~ 

trate resulted in some saving in costs but the cost of sacking and 

loading stil.l amounted to 31 ,. 5 percent of the total milling cost. A 

significant saving in handling costs at Whitehorse 8 Skagway and 

Vancouver was also obtained,, Once the procedure for palletizing the 

sacks of concentrate and handling the two-ton packages had been stan­

dardized9 it was apparent t.hat further savings could be obtained by 

replacing the sacks with a ~ontainero Therefore, an investigation was 

undertaken to find a container whi~h would be more suitable and more 

economic than the sacks. 

After considerable experimentation and testing of purchased 

containers, a suitable type was developed and put into use in 1957" 

This containerJ see Figure 19D consists of two angle iron frames made 

from l"x 111 x 3/liJ'angle iron welded into a rectangle 36 inches \·dde 

and 72 inches long~ Four pieces of one half inch thick plywood form 

the sides and ends of the containero To each end of each 72 inch long 

side is rivctted a 2" x 2" x 3/1611 piece of angle iron., In asseMbl:ing 

the container, one angle iron frame is placed on top of a palleto 

The plywood sides are positioned in the angle iron and th6 other angle 

iron frame is placed on top. Once aasembledJ the pl;}"'SSOd sides are 

prevented from moving outwards b,y the vertical members of the angle 

iron framesc The angle iron rivettcd to the plywood sides .f'orms a post 

which transmits the load from the tc•p angle iro~ !I'ame to th~ bottom 

angle iron and then to the pallet.. At timess. the loaded containers ore 

stacked seven and eight high.- A piece of plywood the same size ae the 

ends is inserted in a vertical position in the center of the container' 



3/16" X 2'' X 2'' 

ANGLE 

1/2'' PLYWOOD 

CONCENTRATE CONTAINER 

3/16" X I" X I" ANGLE 

12 1/2" (LEAD) 

16 V2" (ZINC) 
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to give rigidity to the container,~~ especially while it is being 

strappeda The lead boxes have an overall height of twelve and a 

half' inches and the zinc boxes have an overall height of si..'deen 

and a half inches" The boxes were made these heights so that two 

tons of lead and of zinc could be packaged in their respective con~ 

tainers, The frames being the same size can be used for either lead 

or zinc containers and for either top or bottom frame., 

In ue.e~ the container is assembled on the pallet and the 

top of the pallet is covered with burlap B8cks,~~ care being taken to 

bring the sacks up the side of the containero The assembled container, 

sacks and pallet is picked up by the three-ton overhead crane and 

placed on a small nat=car on an 18 inch gauge track" The containerl) 

pallet and car are moved lD'lder the head pulley of the conveyor onto 

which the concentrate has fallen from the filter,, As the lead boxes 

are bt:ling filled, the concentrate is packed down with a shoveL The 

zinc concentrate is tamped with a pneumatic tamper three times while 

the box is fillingo This tamping compacts the zinc concentrate to 

apjJroxinately three quarters of its lUltamped heighto It is not possible 

to tamp the lead eoncentrate due to its fineness and moisture contento 

The fllled container is covered with 2 miL polyethylene filmr 

In swmmer, this prevents surface dr,ying and dust loss and in heavy 

rains prevents concentrate weahl.ng out of the container,, In the winter­

time! the polyethylene l<eeps the snow and ice off the concentrate" 

Four equally spaced stael straps are applied around the width and height 

of the container and U\'lder the top boards of the pal.l.et and locked in 

position, This strapping helps hold the container on the pallet and is 



necessary to hold the top frame in position.., It al8(') holds the 

polyethylene film in positiono When the container is filled and 

completely packaged, t.he unit is lifted by the ov~rhead travelling 

crane and is either loaded onto a truck for shipmant to Whitehorse 

or is stor~d on the loading platfo~~ 

so 

In Whitehorse~ the palletized containers are removed from 

the trucks with a Bull Moose and loaded onto railway cars for ship­

ment to Skagway o At Skagway, the pallotized containers are loaded 

on a boat for shi}:l!lent to Vancouver and unloaded at the COI:lpany docko 

At Vancouver the strapping around the containor is cut and removed 

and the top frame and four sides are reltDved.o The concentr·ate has 

solidified to the exttmt that there is no spillage,, The pallet. and 

concentrate is picked up by a fork lift truck with a rotary head 

which dumps the concentrate, center-board, bottom frwne and sacks 

into a railway car for shipment to the amelter., The frame, center= 

board and sacks are removed from the railway car and packaged for 

return to Elsa_. Sacks are packed in an empty concentrate container 

and the container components are packaged in lots of ten complete 

conta mere on a pallet, and strapped in place o 

Conversion of concentrate handling from sacks to containers 

has reduced concentrate handling costs to approximately one third at 

the mill and considerably more at ~hitehoree, Skagway and Vancouver~ 

In addition, the ,~Jresent &y$tem has done away with all heavy physical 

work and reduced the manpower requirementso 
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Milling costs in dollars per ton ot ore t,reat.ed tor the 

year 1959 are tabulated belovo In t.oble NoQ Vi the coat of the 

various treatment steps are tabulated while in Table No... VI the 

costs are broken down into their various items" 

Flotation 

Crushing & Conveying 
Grinding & Classification 
Flotation, Thickening & Filtration 
Containerizing & Loading 

Total 

Cyanide Plant 

Primary Thickening 
Agitation 
Secondar.y Thickening & Filtration 
Clarification & Precipitation 
Shipping Precipitate 

Total 

General & Miscellaneous 

TOTAL MILLlliG COST 

Labour 
Supplies 
Reagents 
Containers & Sacks 
Power 

TABLE V 

General & Miscellaneous 

TOTAL l-1D.LING COST 

TABLE VI 

0,02 
0,.82 
0.,24 
0~14 
0 3 01 

8 Ll6 
0.,61 
0,89 
0~49 
0,72 
Or.22 

~ 4.,84 

& 2:64 

~ 1 ... 2.3 

~ Oe97 

$ /•o84 
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PO\olm 

Power is purchased from the Northern Canada Power Commission i a 

hydro electric plant on the Mayo river near the town of l1ayoo '.L'he plant 

has two waterwheels with a rated capacity ot )000 H,P., eacho Power is 

transmitted to b~sa a distance of 28 miles at 69,000 volts and on to Keno 

City a further seven miles at the same voltagen All power used at h~sa 

and Calumet is metered at l!."l sao 

At Elsa there are three banks of transformers of 2500 KVA, 

1000 KVA and 1500 KVA which step down the voltage from 69,000 to 6,900, 

6,900 to 2~300 and 6,900 to 46o volts respectivelyo In addition a 

three phase transformer rated at 2500 KVA reduces the voltage from 

69~000 to 460 volts for use in electrode boilers., 

Power is transmitted from ~lea to Calumet at 611 900 volts 

where it is stepped down by a 1500 KVA tr&Dstormer to 2.)00 volts for 

mine usageo A 50 KVA transformer reduces the voltage trom 2300 volts 

to 460 volts for surface use., A third bank ot transformers of 600 

KVA capacity reduces the voltage from 2300 to 460 volts for use in 

the electrode boilerso 

Power used by the Company is paid tor at the rate of 2 5/8~ 

per Kilowatt hour for the output. from the Hon 1 unit while a flat 

charge ot $3800n00 per month ie made for the output from the Noo 2 

Unit~ During the 1959 fiscal year a total ot 32,402,500 K~WoH~ of 

power was used at an average cost of lo41¢ per Kilowatt hour., 



Three diesel .driven alternator units totalling 1 9 273 KVA 

are housed at Elsa as a stand-b,y in casu of power outages~ These 

are sufficient only to handle essential services such e.s mine pumpsll 

heat~ light and water and the agitators and thickeners in the mill 

cyanide plant, 

CAMPS AND SERVICES 

Pemanent townsite& are maintained b,y the Company at Elsa 

and Calumet and in addition two small developaent J'lli.ning camps are 

presently being operated,, 

Camp buildings generally are of insulated frame construc­

tion and in addition to the standard mine plant buildings of mlll 8 

compressor houses, machine shops9 electrical ahops» change housesD 

warehouses and off'ic~s., includes recreation halls, curling rinks, 

coffee shops, beer parlors and other sundr,y buildingso Staff' resi­

dences are largely of 4 inch Panabode construction and are equipped 

with electric ranges and are fully modern~ Other houses are of 

standard frame constructiono All plant buildings and staff residences 

at both camps are heated from central steam heating plants,, Steam, 

condensate, water» sewage and fire protection lines are carried in 

wooden boxes made of 2 inch shiplap with the pipes insulated b,y 

wrapping with blanket type ultralite insulation" 

Both coal and electrical energy are used to produce steam for 

heating the plants and camps, A sem.i~bituminous coal having a ©alorifie 

value of' 11 9 500 B.,T.tL is mined at the Company 11 s coal mine at Cannaeks 

on the Yukon River 185 miles south of 1!.1.sao The coal is delivered by 
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incoming Transport Divieion trucks and is laid down at the property 

at an overall coat or $25 .. 00 per ton., 

Electrode boUera were installed to take advantage ot the 

excess and ott peak power made avaUable when the second )000 H,,Po 

water wheel w&a installed at the hydro plant late in 19S7c 

At .Elsa the heating plant contains an H,R,..T.., steam boUer 

ratecl at 200 K,,P., equip}Jed with automatic controls ond a Fostor­

\1'heeler spreader stoker, two Supreme tire tube boUers rated at 100 

HoP., each equipped with automatic controls and Iron Fireman underfeed 

stokers and two 1.200 Ko\L Bastian and Allan Electrode type bollera .. 

At Calumet the heating plant consists of a 100 B .. H"PQ and a 150 BoH~l'., 

Supreme fire tube boUera with automatic controls and underfeed Iron 

Firttman, and one each of 4SU, lSO and 70 K.,W,. Bastian and Allen 

electrode boUers~ One ot the 1200 ICWo electrode boilers at Elsa 

has automttic reguluting equipment capable of shedding load during 

peak demand and picking up load during periods of alack demand,. 

~ater sup;...ly for the plants is largely from underground 

workings and is euf'ticient tor industrial and domestic use and tor 

fire protection~ Domestic water for Elsa is pumped from Flat Creek 

a diat.ance of 4100 teet and is suf'ficient exCttiJt in late winter when 

it is augmented by water piped from Caluaet. or Borm:ingham mines, 

The water has a hardnusa of 160 + p~p"m" and is chemically treated 

through a cold aoda~lime softening process and cal.gon and chlor:ine 

are added, Domestic water for Calumet is pumped from underground 
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and hna a hanlnoss ot 4SO + p., p" mo aocl :l.o t.reatoct in a s1Dilar 

trootD)nt. plan\o 

Both the Elsa and Calumet camps have two tanks or reservoirs 

of 1009000 gallons capacity for fire protection, one a gravity or 

primary tank giving a pressure of 80 p .. SoL on the system and a 

secondary tank which obtains its pressure from a gasoline driven 

centrifugal pump~ The plants at both il.sa and Calumet are protected 

by a Grinnell sprinkler system using both wet and dry valveso 

TRANSPORT DIVISION 

When mining operations were commenced in 1946, supplies were 

shipped by river steamer from Whitehorse to M~o and concentrates were 

taken out on the retum trip,, With the completion of the highway link­

in& Whit.ehorse and 1-l~o a Transport Division was established in 1952 

to handle trucking requirements and in the following year a similar 

division to handle the needs of Cassiar Asbestos Corporation, was set 

up under the same managemento Today 126 pieces of equipment are operated 

by the joint Transport Divisions and 1.39 pureons are employed, 

The Transport Division supplies highway transJ~rtation and 

local needs at the mine,, It operates a dispatching and maintenance 

terminal at Whitehorse and directs the operation of the \\eat Indies 

\~barf in Vancouver wh~re concentrates are unloaded and trans-shipped? 

Sinoe 1952 freighting costa have steadily decreased due to 

improved roads, installation of bridges over the major rivers, increased 

use of mechanized handling equipment8 improved operating efficiencies 

and conversion from small gasoline trucks to large diesel tractors with 



aemi~trailers capa~le of hauling 26 ton loads, In 1959» 9500 tone ot 

mining supplies.!> Cloal and forest products were trucked to the mine and 

35 ~200 tone of conGentrate were hauled from l!."lsa to Whitehorse , The 

cost of trucking the concentrate was &18 57 per ton" 

Operating and maintenance problems are ever presen~ due to 

gravel roads, eeasonal changes and winter weather~ An interesting 

feature is the operation of highway equipment in temperatures down to 

minus 76° F in low areasr ::iuccess.tul. operation can be maintained at 

such temperatures providing the units are kept moving and that 

exposure is less than four hours,. Lower temperatures or longer ex­

posures result in congealing of the diesel fuel, In the interests of 

safety, convoys travel at night to prevent 11whiteouts11 during the 

winter when it is difficult to distinguish snow covered roads in poor 

daylight., The last two units of the convoy travel together during 

winter as a precaution against a mechanical breakdown of the last 

\Ulit, 
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