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LETTER OF TRANSMITTAL III 

OTTAWA, 27th Sept~mher, 1906. 

Sm,--

I have the honour to Pubmit here..vith the " Report 0f th<! Commission 
appointed to investigate the Zinc Resources of British Columbia and the 
conditions affecting their exploitation." 

The investigation, results of which are embodied in the Report now 
presented, was undertaken in response to petitions from the Silver-lead 
Association and Associated Boards of Trade of British Columbia. 

I was directed by you to prepare a Memorandum on this subject out
lining the work to be done and submitting names for your approval of the 
staff who were to be entrusted with this examination. 

On approval of this Memorandum, Mr. Walter Renton Ingalls, Editor 
of "The Engineering and Mining Journal," New York City, and author of 
an extensive work on the Metallurgy of Zinc and a treatise on the Occurrence 
and Distribution of Zinc Ores, the commercial and technical conditions 
affecting the production of Spelter, etc., was appointed Chief of staff of the 
Zinc Corp.mission with Mr. Philip Argall, M.E. , of Denver, Colorado, and 
Mr. A. C. Gardé, of Nelson, B.C., as his assistants, the former taking charge 
of the field work in connection with the developed mines of the Province, 
the latter acting as Mr. Argall's assistant. 

To render the report regarding the Zinc Resources of the Province 
as complete as possible, Dr. A. E. Barlow and Mr. Joseph Keele, of the 
Geological Survey Department, were detailed to investigate the undeveloped 
zinc ore deposits. 

Through the courtesy of the Honourable the Minister of Mines of British 
Columbia information was also received from the Gold Commissioners of 
zinc ore occurrences in their respective districts. 

The metallurgical investigation of the samples of ore collected was 
conducted by Mr. Remy E. Wood, of Denver , Colorado, under the super
vision of Mr. Argall and in consultation with Mr. Ingalls. 

I have the honour to be, 

Sir, 

Your obedient servant, 

EUGENE HAANEL, 
Superintendent of Mines. 

HoKOURABLE FRANK OLIVER, M.P., 

• Minister of the Interior, 
Ottawa. 
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LETTER OF INSTRUCTION. 

Û'l'TAWA, 14th August, 1905. 

DEAR Srn,-
y ou are hereby authorized to make an investigation of the Zinc 

Resources of British Columbia and their commercial possibilities. 

This examination is to cover :-

l st-Examination of the present development of the mines to 
determine approximately the tonnage of zinc ore im
mediately available, its occurrence and character and the 
future prospects, together with the cost of mining. 

2nd-Examination of the present methods of milling. 

3rd-Investigation of the adaptability of the ores to the new 
methods of concentration (magnetic, electrostatic, etc.). 

4th-Study of the conditions affecting marketing of the concen
trate, including the question of smelting in the Province 
or elsewhere in Canada. 

5th-Investigation of the possibility of special utilization of the 
zinc ore of high silver content. 

Mr. Philip Argall , M.E. , of Denver, Colorado, and Mr. A. C. Gardé, of 
Nelson, B.C., will act as your assistants, the former taking charge of the 
field work, the latter acting as Mr. Argall's assistant. These parties are 
to report to you the results of their investigations, made in accordance with 
ftùl instructions to them from you. 

Yom recommendation that the investigation of the adaptability of 
the ores of British Columbia to magnetic and electrostatic concentration, 
etc., be undertaken by Henry E. Wood, of Denver, Colorado, is hereby 
accepted. 

Upon the completion of the field work, or sooner if advisable, you are 
directed· to make a tour of the zinc districts of British Columbia to obtain 
such persona! view of the economic conditions as will enable you to form 
a sound judgment regarding the establishment of zinc smelters, fnel supply 
and strategical railway locations and such other data as are necessary to 
arrive at proper conclusions affecting the development of the Zinc Industry 
of Briti h Columbia. 
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Your report dealing with the economic features of the enquiry is to 
contain an analysis and summary of the data collected under your direc
tion by your assistants in the field and in the concentration laboratory ; 
the individual reports of Messrs. Argall, Gardé and Wood are to appear in 
the full report. 

Yours very truly, 

WALTER RENTON lNGALLs, Esq., M.E., 

EUGENE HA.A EL, 

Superintendent of Mines . 

Editor "Engineering & Mining Journal," 

New York, N.Y., US.A. 
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Srn,-

Herewith I beg to present my report on the Zinc Resources of British 
Columbia and Their Commercial Exploitation; and the accompanying 
reports of Mr. Philip Argall, Mr. Alfred C. Gardé, Dr. A. E. Barlow, Mr. 
Henry Harris and Mr. Henry E. Wood, together with reports by certain of 
the Gold Commissioners of British Columbia, received through the courtesy 
of the Minister of Mines for that Province. 

Upon receipt of my appointment by you to undertake the investigation 
of the zinc resources of British Columbia, and their utilization, plans for the 
work were immediately inaugurated. Mr. Philip Argall, to whom the charge 
of the field work was entrusted, left Denver for British Columbia on Sept. 1, 
1905, and remained in the field until Nov. 20, during which time he examined 
the developed mines and Inills in operation in the West Kootenay and South
east Kootenay districts. In the West Kootenay he was assisted by Mr. Alfred 
C. Gardé, who also examined certain mines independently, which work 1s 
described in his separate report. 

It was originally contemplated to examine only the developed Inines 
of the Province, but upon its appearing advisable later on to investigate 
the undeveloped Inines and some of the reported occurrences of zinc in various 
parts of the Province, Dr. Alfred E. Barlow, of the Dominion Geological 
Survey was commissioned to undertake this part of the work, in connection 
with which he left Ottawa, with Mr. Joseph Keele as assistant, on Oct. 7, 
1905. Owing to the lateness of the season and the great scope of territory 
to be covered, Dr. Barlow was unable to visit many of the reported occurrences 
of zinc ore, but be examined prospects on Vancouver Island, the Coast and 
in the Slocan, Boundary and Southeast Kootenay districts. Additional 
information as to the undeveloped mines was received from the Gold Com
missioners of British Columbia. 

As the work of exainining the mines approached completion, I visited 
British Columbia, leaving New York Oct. 19, and returning Nov. 30, and 
inspected the principal mines and silver-lead and zinc smelting works of that 
Province and Alberta, and investigated the general Inining, transportation 
and metallurgical conditions. 

Sarnples of ore sent from British Columbia to Denver, Colo. , for the pur
pose of metallurgical investigation, reached Denver towarcl the end of 
Deccmbn, 1905, whereupon the cxperimental work was immediatPly bcgun, 
being continued without interruption through the early months of 1906 and 
cornpleted about the middle of }la)', 1906. This work was clone by Mr. 
Henry E. Wood, of Denver, undcr the supervision of :Mr. Argall and in con
sultation with mysclf. l\Ir. Argall personally conclucted a large part of the 
experirnents and worked up ail the results. 
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Sorne experiments with the fiotation process were made by me at ew 
York, with the assistance of Prof. W. R. Crane, of the School of Mines, Colum
bia University, and Mr. H. F. Seifert. 

The assaying and chemical work required in British Columbia was done 
by Mr. Henry Ranis, assistant superintendent of the Hall Mining and Smelt
ing Co .. of Nelson, B.C.; that required in Denver was clone by Henry E. Wood 
& Co. A co11siderable amount of special chemical work in behalf of the 
Commission was done by Mr. W. George Waring, of Webb City, Mo. To 
al! ot these collaborators credit is due for able and expert performance of 
the work entrusted to them. 

The rcsults of the work of the Commission are fully incorporated in the 
followi ng reports. 

Yours respectfully, 

Dr. EUGENE HAANEL, 

Supcrintendent of Mines, 
Mines Branch, 

Departmcnt of the Interior, 
ÛITAWA 7 

Canada. 

WALTER RENTON INGALLS. 



IN T R 0 DU 0 T 0 R Y. 

British Columbia, the most wcsterly Province of the Confederation 
forming the Donùnion of Canada, comprises principally that section of 
British North America lying to the westward of the summit of the Rocky 
Mountains. The northern boundary of the Province is the 60th parallel 
of latitude; its southern boundary is the United States of America, or prac
tically the 49th parallel; on the west it is bounded by the Pacifie Ocean, 
and on the east by the Rocky Mountains as far north as the 54th parallel; 
beyond that by the 120tb meridian of west longitude. The total area of 
British Columbia is about 382,000 square miles The country is traversed 
in a north-westerly direction by four more or less continuons chains of 
mountains, between which lie long and generally narrow valleys. These 
valleys form the channels of streams, which drain into the Columbia River; 
and in the soutbern part of the Province several of them are occupied by 
long, rather narrow, navigable lakes , affording means for water-transpor
tation, which bave been extensively employed. This system of lakes has 
bad an important bearing upon the development of the mineral resources 
of the Province. 

It was not until 1 93 that the lode mines of British Columbia really 
began to be productive, the output from this source during the six years 
immediately prior to that date, amounting to an average value of only 
$60,000 a year, was derived from selected rich ores found near the existing 
lines of transportation. 

In 1 93, however, the value of the production of t he lode mines of the 
Province rose to $300,000, since which titne there has been a steady in
crease, until in 1901 the output from this class of mining reached a value 
of $13,6 3,044. It fell off slightly in 1902, but the decrcase was due prin
cipally to the lower market value prevailing, and in 1903 an upward ten
dency again became apparent.* 

HISTORICAL. 

The discoYcry of zinc ore in British Columbia wa undoubtedly ron
temporaneous with the discovery of silver-lead ore, because just as in the 
country west of the Rocky :Mountains in the lTnitcd State~ , these ores com
monly occur in British Columbia in close assoeiation. The developmcnt 
of the industry in connection with thcsc ores was preciselv si milar in hoth 

* Hcport of the Provincia l Mincralogist, British Columbin. 
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countries. In the early years there was no market for the zinc ore as such, 
and as a constituent of silver-lead ore it was a detriment to the value of 
the latter. The object of the miner, in order to conform to the requirements 
of the silver-lead smelters, was consequently to keep the percentage of zinc 
in the ore shipped as low as pos ible. Large quantities of zinc ore were, 
therefore, removed from the ores by hand-sorting or mechanical concen
tration and thrown away; in many cases beyond recovery; in a few cases 
into separate dumps where it could be held pending the development of a 
market, whicb in the United States was foreseen by a few mine owners as 
far back as 1885. Whenever possible, zinc ore was passed by in the mines. 

Previous to 1 99, the supply of zinc ore smelted in the United States 
was obtained chiefly from Missouri , Kansas, Wisconsin, New J ersey, and 
Virginia, with comparatively small quantities from Tennessee, and Arkansas. 
There was no ore received from the country west of Kansa , except from 
a group of mines near Hanover, . M., whence some sbipments were made 
about 1893, and possibly some small , spasmodic shipments from other local
ities, of which no record has been preserved.* 

The ore from Hanover was sent to Minerai Point, vVis. , and Waukegan, 
Ill. The freigbt rate to those points was $12 per 2000 lb. Under the 
market conditions of that time, it being a period of general industrial de
pression and low prices, there was no profit in the business and the exploi
tation of the mines ceasecl. 

In the summer of 1899, certain smelters in Kansas received small ship
ments of blende concentrate from Creede, Cola. The real development of 
the zinc industry west of the Rocky Mountains may be clated from this 
tirne. At first , the Colorado ore was regarcled askance, although that re
ceived from Creede was really a superior ore by any standard save that 
which Pxisted among Kansas-J1issouri smelters, who based their icleas at 
that time upon the ore of remarkable purity which was afforded by the 
Joplin district. They considered an iron content of upward of 23 in a 
zinc ore to be highly objectionable; and in fact, in view of their smelting 
methods and equipmPnt at that tirne, it was objectionable. The attempts 
to smelt even the comparati,·ely clcan ore from Creede in 1899 wcre <lisa -
trous. 

A combination of circumstances. ho\1·cver, causcd the possibility of 
ohtaining an ore suppl)' from Colorado and elsewhere in the far West to be 
krpt in mind. Thcrc was at about this time a concerted effort on the part 
of the minPrs of the Joplin district to raise the price for ore. Th eir mines 
were in fact unable to furni,;h the su i ply requi red except at an enhanced 

* TliC' utilization of the zinc rcsour<,c.s of the far \\.C'$t was C'arly consi<lered. In 
1 S.'i , Eui!<'IH' and Alfre<l CowleR pntPnted an rlt>c:tric furnace for the rcduction of zinc 
orP, and I bplif've the.\" hnd in minci thr trt>atmrnt of mi:-œd ore from :\ew .\Iexico. H . C. 
Hudge built Bclginn furnnreB at D t>nYrr, Co!o., in 1888 und actually smelted a small quan
t1ty of ore lrom f.ead~· 11lr, but hec·nu~P of ignorance the Y<'nturP pro,·ed a fnilure. .\Iess!">'. 
lngnlls, Ar~all and \\ ood. who han• hcPn nssoriatt><l in the inwMigation of the zinc rc
sources of British Columbia. formulated r"tensi,·e plan~ for zinc devclopmcnt in 1889 , 
h11t thPsc• pro,·N.I to hc prc111at11r<'. 
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price. On the other hand, the price for spelter left the smelter an insufficient 
margin and he was keenly looking out for supplies of cheaper raw inaterial. 
European smelters were in somewhat the same position. 

The great deposits of mixed sulphide ore at Leadville, Colo., had been 
worked since about 1885 for the lead content of the low grade of ore, the 
zinc and most of the iron being thrown out upon the tailings pile. The 
concentrating mills were of the old conventional design, crushing the ore 
comparatively coarse and cleaning it chiefly by jigging, but there was no 
great profit in the operation and it was after a while abandoned. The 
success in the treatment of similar ore by fine crushing at Broken Hill, New 
South Wales, the invention of the Wilfley table in 1895 (affording a greatly 
improved means for cleaning fine ore) , reductions in the cost of mining , 
etc., led to the erection of a type .of mill more especially suited to the par
ticular ore, and although these were designed especially for the production 
of galena concentrate, it was found that a fair grade of zinc concentrate 
cotùd be made at the same time as a by-product. The advent of an enter
prising broker, acquainted with the needs of the European zinc smelters, 
developed an export business, which in 1900 and in two or three years 
subsequent attained large proportions. The factors enabling this to be 
clone were the low price at which the miners were willing to sell the ore, 
and the low freight rate which was obtained , via Galveston, to Swansea 
and Antwerp. At first, the ore produced assayed about 453 zinc, 123 
iron and 63 lead; the average subsequently ran clown to about 383 zinc, 
173 iron, and 33 lead. The buyers paid a fiat price for the ore, at first 
only $5 per 2000 lb. , f. o. b. cars at Leadville, and shipped it to European 
ports at a cost of $9.50 per 2000 lb. The miners were well satisfied with 
this price because the ore was distinctly a by-product, and anything realized 
for it was so much gain. The increasing demand for zinc ore of any kind 
led, however, to competition for the Leadville ore, a gradual increase in the 
price for it, and the producers became firm in holding out for the best bar
gains. 

The smelters of Kansas continued their experiments on the smelting 
of Colorado ores with many discouraging experiences, but after a few years 
they succeeded in treating them profitably and drove the European buyers 
out of the Colorado market. The increased price for spelter , the continuing 
shortage of ore, and the severe competition for what Joplin could supply 
forced these smelters more and more into the country vvest of the Rocky 
Mountains for their ore supply, and raised the prices for such ore, in which 
the smelters were aided by gradual improvements in their processes. 

In order to illustrate the magnitude which the :âne industry west of 
the Rocky Mountains has attainecl, I may be permitted to qnote from an 
article by myself, published in the Engineering and Mining Journal of ~Iay 
12, 1906, and The Minera! Inclustry , Vol. XIV, as follows: 

"Statistics of the production of zinc ore in Missouri and Kansas (Joplin 
district) and New Jersey arc available for a long seri es of years. Up to a 
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few years ago ihese were suffirient, ina.smuch a.s nearly the whole spelter 
output of the United States was derived from those sources. In 1899 zinc 
ore from Colorado began to appear in the market, and during the last two 
or three years that ore, together with ore from other States and Territories 
west of the Rocky Mountains, and from British Columbia and Mexico, has 
been figuring largely in the market. It is, therefore, important to know 
definitely as to the production of these sources of ore supply. Such stati -
tics respecting them as have previously been published are incomplete, and 
of doubtful accuracy. 

"Statistics of zinc ore production indicate directly the magnitude of 
the Inining industry, by showing the tonnage of ore produced and moved. 
In connection with spelter production, however, it is necessary to exainine 
them with knowledge of what they represent. 

The ore production of the Joplin district is of two classes, viz., blende 
and calamine. The former averages about 58 per cent. zinc; in round num
bers, two tons of this ore make one ton of spelter. The calainine of the 
district is entirely zinc silicate. It may be assumed as averaging a little 
better than 40 per cent. zinc, three tons of ore being required , roughly, to 
make one ton of spelter. The total production of zinc ore in the Joplin 
district in 1905 was 252,435 tons. No attempt was made to classify this 
as blende and calainine, but in recent years the output of the latter class 
of ore has amounted to 10,000-16,000 tons per annum, and it may be rea
sonably assumed that the production in 1905 was something between those 
figures. 

"A small amount of calamine, both carbonate and si licate, is produced 
in southeastern Missouri, especially by the Valle mine . This ore goes chiefly 
to , t. Loui , and amounts to 3000-6000 ton per annum. 

"The zinc ore produced in the States and Terri tories west of the Rocky 
Mountains is both blende and calamine, the latter being chieAy zinc car
bonate produced in ~Iexico and ew ?11exico. The production of Colorado, 
Utah, Idaho, Montana, and British Columbia is chiefly, if not entirely , 
blende. This ore varies generally in grade from 30 per cent. to 50 per cent. 
zine. In a few cases, as at Creede, Colo., and the output of handsorted, 
lump ore of one mine in British Columbia. it exceeds 50 per cent., the Creede 
ore (mill-concentrate) in fact being almost as high in zinc as the average 
Joplin product., but although low in iron it is higher in lead than the Joplin 
ore. The aYerage zinc content of the \\·estern ore, both blende and calamine. 
may be assumed at 38 per cent. From 3~ to 3 tons of this ore are required 
to produee one ton of , pelter. This sulphide ore is comparatively high in 
iron and lead; ome of it is ver.\· high in those elementi=•. It is mostly produceù 
as a roncentrate from mixcd sulphides. the lead product being shipped to 
the ilwr-lead smelters. The Iron Sih·er ::\Iining Company, howeYer, ships 
a goocl deal of hand-sorted lump ore from its ::\lo_'>·er mine. at Lcadville. 

"Viïsconsin produees a blende concentrate, which after magnetic ::;epara
tion. is praeticall_\' as high in zinc· as the an~rage Joplin ore, and when well 
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prepared is comparatively low in iron and lead, the blende itself bei.ng only 
slightly ferruginous and the iron content of the marketed ore being chiefly 
intermixed marcasite. Wisconsin also produces carbonate ore, which is 
used at Mineral Point for the manufacture of zinc oxide. 

"The large output of zinc ore in New Jersey is entirely from the Franklin 
mine of the New Jersey Zfuc Company. It is the mixed franklinite-willemite, 
averaging about 20 per cent. in zinc, which is separated into one product 
(willemite) for spelter manufacture and another product (franklinite) for 
the manufacture of zinc oxide and spiegeleisen. 

"Of the Western zinc-mining districts, the most important single dis
trict is Leadville, Colo. Other important single districts are Creede, Colo.; 
Magdalena, . M. ; Park City and Frisco, Utah; Monterey, and Las Plomosas 
(near San Sostenes, on the K. C., M. & O. Ry., Chihuahua) Mexico; and 
the Slocan, British Columbia. Outside of these districts, the zinc ore pro
duction west of the Rocky Mountains cornes from many scattered localities. 
In New Mexico, besicles Magdalena, Hanover is a small producer, and there 
are several other promising districts. In Montana, Butte is the principal 
source. In Idaho, the Wood River district is the most important, although 
some ore was obtained in 1905 from the Cœur d'Alene. In Utah, the Daly 
West Mining Company, of Park City, and the Horn Silver Mining Company 
of Frisco have large zinc resources; the former did not produce in 1905, 
but the latter shipped 8445 tons. In Colorado, besicles Leadville and 
Creede, zinc ore is produced at Rico, and by many small mines in Clear 
Creek and Summit counties. In Mexico the Calera mine, of the State of 
Chihuahua, was a considerable shipper of mixed sulphide ore to Pueblo, 
Colo. Arizona and evada both figured as small producers in 1905. The 
ore of Magdalena, N. M., was shipped chiefly to l\1issouri, Kansas, and Wis
consin, for the manufacture of zinc oxide. Otber western ores are shipped 
to Mineral Point, Wis., for the manufacture of zinc oxide. 

PRODUCTION OF ZINC ORE IN THE UNITED STATES. 

Colorado ..... . 
Idaho . ........ . 
Kentuch.-y .. .. . 
Missouri-Kan .. as. 
Montana .... . 
New Mexico . 
New Jersev .. 
Utah . . . : . . . 
Wisconsin ... . 
Other sta tes / . . 

Totals .. 

STATE. 1904. 

a 94,000 
Nil. 

d 958 
b273,238 
Nil. 

c 21 ,000 
d280,029 
:\ il. 

c 19,300 
a 4,500 

693,02.') 

190.5. 

105,500 
1,700 

d 414 
258,.500 

2,000 
17,800 

d361 ,829 
!l,2fi.5 

~2,6()0 

e 5,000 

ï9.5 ,698 

a Estimated. b. Production of Jopl in district. plus output of Southeastern Mi ssouri, the !alter a!" 
reported by the State mine inspector. c, According to H. F. Bain, "Cont rihutione to Economie Gf'o
logy ,' 1904. d. Report of Stale Geologist. e, Partly estimated. f . . \ rizona :\ovaua, Ark a•1sa,, 11\i
nois. Iowa, T'ennesi:tee and Virginia. 
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"The statistics of ore production by States are given in the foregoing 
table, which is based on the production of zinc ore in marketable form, 
from the standpoint of the zinc smelter, as shipped to and received by the 
zinc smelter. A certain quantity of low-grade ore, treated at Canon City, 
Colo., for t.he manufacture of zinc-lead pigment, is enumerated separately. 

IMPORTS OF ZINC ORE INTO THE UNITED STATES. 

SOURCE. 1904. 1905. 

2,100 8,561 
? a 32,164 

British Co1umbia . ............. . .... ..... ...... . ..... ... ... . 
Mexico . ............................ .. . . ·.········· ········ 

---
Totals ....................... . .. · · · · · · · · · · · · · · · · · · · · · · ? 40,725 

a, The actual tonnage of ore imported was somewhat greater than this figure . but it included 
some rnixed ore, whlch for statistical purpose~ bas been reduced to the zinc ore equivalent. 

"There was a small importation of zinc ore from Mexico in 1904, the 
business with that country having been inaugurated in that year, but sta
tistics concerning it are unavailable. 

" The total supply of zinc ore in 1905, so far as can be enumerated, 
was 795,698 tons from domestic sources and 40,725 from foreign , a total 
of 836,423 tons. The situation is clarified if the production of New Jersey 
be deducted leaving 474,594 tons, to be compared with the production of 
190,294 tons of Western spelter. The Rocky Mountain ore used for the 
manufacture of spelter amounted to 160,000 tons. 

"The total-795,698 tons-understates the actual production of ore 
to some extent, certain ore consumed for the manufacture of oxide being 
omitted. The deficiency is chiefiy in the representation of the outputs 
of Wisconsin and "Other States." 

" The United States Smelting Company, at Canon City, Colo., treated 
33,000 tons of ore, averaging 22. 7 per cent. zinc, and 8. 8 per cent. lead, ail 
of which, except 800 tons from Arizona, was obtained from Colorado. This 
ore, used for making zinc-lead pigment, has not been included in the above 
statements. 

" The exportation of zi nc ore from the United States in 1905 was 30,448 
tons, against :3.5,:33:3 tons in 1904. This was chiefly ~ew Jersey willemite. 

"1 estimate that out of the 190,294 tons of Western sprlter produced 
in 1905, about 124.000 tons \vas derived from ore minccl in the .Joplin dis
trict, about 1:2 ,:294 tons from ore mined in Wisconsin. I\:enturky, south
eastern .:\Iis;;ouri and Arkansas. and about 54,000 tons from ore mined west 
of the Rock~· .:\fountains. including British Columbia and .:\lcxiro. The 
quantity of spclter originating in the far West certainly shO\\'S a rcmarkable 
growth for an industry that is only fi"e years old. In HJO-!, about 1:2L .000 
ton;; of spclter was deriYed from Joplin ore. The total production of ·w estern 
speltcr h:wing largcly inrrcascd in 1905, the relatiYe position of Joplin was 
maleriall~- rcJ uced." 

The hcginning of the zinc industry in British Columbia was practically 
rontemporaneou" with its ong1n in Colorado. the fir;;t shipments having 
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bcen made in 1899. These were chiefl.y from the Lucky Jim mine, near 
Sandon. A few tons came from the Bosun mine, near ew Denver. The 
Lucky Jim mine, between June 30 and Nov. 30, 1899, shipped 1,728 tons 
of ore, assaying from 30 to 52% zinc. Most of this was ore assaying about 
503 zinc, 1 to 23 lead, and less than 5 oz . silver per ton, but some of it 
was mixed ore assaying 30 to 353 zinc, 20 to 303 lead, and this was gene
rally rather high in silver, contàining 25 to 30 oz. per ton. The exporta
tion of zinc ore proper from both the Lucky Jim and Bosun mines amounted 
to 1,600 tons, which went partly to Antwerp, and pa.rtly to Ellesmere-Port, 
on the. Manchester Ship Canal, where the Smelting Corporation, Ltd. , was 
exploiting the Fry process of smelting, an undertaking which subsequently 
met with disaster. 

After this inauguration of zinc ore production there was a period of 
inactivity, which is not surprising inasmuch as in the United States the 
market for the impure ores had not yet become well established. American 
smelters were beginning, however, to feel the pinch in the conditions under 
which they were operating, and in the summer of 1901 , the Lanyon Zinc 
Co., of Iola, Kan., which had received interesting samples of ore from British 
Columbia sent Thomas Jones thither to investigate the conditions and 
purchase ores for its account. Jones bought ore in 1902-1904, chiefl.y in 1903, 
purchasing about 4,000 tons in all. In 1903 and 1904 buyers for other 
smelters appeared in the market, but up to 1905 the shipments of ore were 
not large. 

STATISTICS OF PRODUCTION. 

The total shipments of zinc ore from the Slocan district, according to a 
statement obtained by Mr. A. C. Gardé from the Canadian Pacifie Railway 
office at elson, B. C. are shown in the subjoined table, which include the 
ore passing over both the Canadian Pacifie and Kaslo & Slocan roads. 

N A~ IE OF ~fINE 

Bo un . . . . .. . . . . . . 
Wakefield ............ . . . 
Payne.. . . . . . . . . . . . .. . 
Whitewater . . . . . . . 
Ivanhoe. ....... . . . . ... . .... . .. . 
Hartney . . . . .. . , . . . . 
Wellington. . . . . . . . . . . . . 
Bound l\lain . . . . . . . . . . . . . . . . . . . . . . . 
Lucky Jim .. ....... . ..... . . 
Idaho-Alamo . . . . . . . . . . . . . . . . . . . 
Slocan Star. . . . . . . . . . . . . . . . . . . . . . . . . . . ... 
Canadian Smelting \\'orks .... ..... .. . . 
AmPrican Boy . ... . .. ... . . ... . ... . . . 
Last Chance ..... . ... . . . .. ... ...... . 
Blue Bell. . . . . . . . . . . . .. 

Total. . . .... . .... . 

1902 

.sso 
35 

667 

1282 

1903 

681 
181 
610 

256 
21 

60 
48 

686 

21 

25G-l 

1904 

151 
1001 

ÇlQ2 

30 

208..l 

The tatistics for 1905 cover only the first 10 months of the year. 

1905 

98 
101 
7lil 

33 

2462 
60 

3078 
260 
129 

22 
37 
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According to information furnished by Mr. Mackintosh , collector of 
the port, the shipments of ore passing through Kaslo, destined to the .. United 
States, from Jan. 1 to Oct. 31, 1905, were as follows: 

N~IE OF MINE. TONS GRADE OF ÜRE. REMARKS. 

Lucky Jim ......... . .. .. . . . 2785 53% Zn. 0.5% Pb. 3 oz.Ag. Lump ore. 
Whitewater . 101 47 " 3.0 " 33 " " " . . . . .. . . . . . . .. . 
WeUin~on ....... ....... . . . 32 50 " 3.0 " 55 " " " 
Last C ance ................ 64 35 " 4.0 " 66 " " " 
American Boy ... 140 42 " 7.0 " 9 " " " . . . . . . . . . . . 

47 " 2.0 " 15 " " " 
Slocan Star ... 3566 32 " 3.0 " 32 " Concentra te. . . . . . . . . . . . . . 

35 " 2.5 " 45 " " 
Silver Bell .. 37 49 " 0.5 " 4 " Lump ore . . . . . . . . . . . . . . . 

--
Total. . . . . . . . . . . . . . . . . . 4125 

The statements in the above table as to the grade of the ore should be 
accepted only as ·approximations, not as the settlement assays, but they 
are probably fairly indicative. 

The statistics furnished by the Canadian Pacifie Railway are short 
with respect to the shipments from the Lucky Jim mine (possibly becau e 
of some lots of ore not reported at the time of preparing the statement) 
since the actual shipments from that mine in 1905 were 3619 tons, besicles 
108 tons lost by the sinking of a barge. The mine also had on hand, Iov. 
1, 1905, about 1500 tons of ore unsold. Part of this ore was produced in 
the fall of 1904, but it is impossible to make an accurate separation between 
the two years. Considering the whole as production in 1905, the total is 
5227 tons, of which 744 tons were concentrate and the remainder hand
sorted lump ore. The concentrate was made between KoY. 9 and Dec. 9, 
1904, and may be added to the production of that year. 

i\Ir. G. O. Buchanan , Dominion Inspector of Lead Bountie., Kaslo. 
B. C., communicated to me, under date Dec. 15, 1905, the following statis
tics of zinc ore production in 1905, compiled frorn reports rcceived from the 
owners and manag;ers of the respective mines: 

N"AME OF l\lnŒ. ToxR. 1 AssA Y rx Zrnc RE~IARK!i. 
- ------------------1 1~------

Slocan Star ... .... . ..... . 
Lucky Jim .. .. ... . 

" Cl ........ . .. 
Ivauhoe . .... _ ........... . 
Ruth.... ..... . .... .. .... . ... 

1 Jackson . ... . .. . 
Bell..... .. ... . . . . . .. ........ , 
Idaho ... .. .... .. . .......... . 
Ail others (estimated ) . .... . . . . . 

Total.. 

4093 
4f\OO 
745 
541 

1000 
1150 
130 

01 
1000 

13.320 

33 .5C:O 
M . O· 
4 .0 .. 
46 .0 " 
3, 0 .. 
38 O" 
.50 .0 .. 
:n .4 .. 
40 () .. 

Concentra te. 
Lump ore 

Concentra te 
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Under "all others" are included the production of the Vulture, Wel
lington, Last Chance, American Boy, Payne, Hartney, Monitor, Wakefield 
and Grey Copper mines. 

The production of zinc ore in British Columbia in 1905, according to 
Mr. W. F. Robertson, provincial mineralogist , was 11,623 tons. 

The discrepancies between the above statements are to be explained 
by difference in the bases of computation, which in certain cases is the actual 
production; in other cases, the actual shipments, which may be quite diffe
rent, inasmuch as ore is sometimes held back at the mines. I consider 
that the shipments constitute the more reliable basis for statistics of tbis 
industry. 

_AJl of the zinc ore shipped from British Columbia in 1905 was destined 
to the United States. I obtained reports from all of the smelters who re
ceived this ore, which foot up to a total of 8561 tons. 

From the foregoing data, it may be safely estimated that the shipments 
of zinc ore from British Columbia since the begining have been approxi
mately as follows: 

YEAR 

1899 
1900 
1901 
1902 

TONS 

1600 
none 
none 
1282 

YEAR 

1903 
1904 
1905 

TONS 

2564 
2828 
8561 

The actual production in 1905 was possibly 3000 to 4000 tons more 
than the shipments, but this is largely ore held for treatment by magnetic 
separation for the enrichment of its grade in zinc, which will correspond
ingly reduce its weight .. 

CHARACTER OF THE ORE. 

The zinc ore so far producecl in British Columbia has been blende. No 
calamine* has been shipped, and the existence of any important supply 
of that class of ore has not been reported. The blende has been shipped 
partly as hand-sortecl lump ore; partly as rnill-concentrate. The former 
has been of the higher grade in zi nc. The grade of the mill-concentrate 
is reduced by the intermixture of siderite (spathic iron ore) and pyrites 
(pyrite and pyrrhotite), which ocl!ur commonly with tl:e blende of the 810-
can and cannot be satisfactorily separated by or<linary mechanical con
centration. 

The blende of the Sloc:m is commonly of the variety known as "black 
jack," anù is generally of lll'ight luster. The black coloration of blende is 
not necessarily an indication of high content in combined iron; for example, 
the blende of Wi consin, is sometimcs black, but is lo'Y in combined iron. 

* ~letallurgicnll:v and commercially, "c!l!ami1lP" ineludes hoth the carbonates and 
both thP silicates of zinc, although the U. S. TrC'asuf>· Dcpartment ha;; r<'C<' ntly ruled to 
the contrary, whirh ruling is to bP tcstcd in the eourt-;. 
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Blendes which are black in color and of brilliant luster are apt to be high 
in combined iron, but not always. The Slocan blendes do not appear to 
be high in combined iron as a general thing; nor are they a a rule high in 
cadmium. 

A selected piece of blende from the Lucky Jim mine, black and of dull 
luster, was found to contain 59. 8% zinc, and 4 . 56% iron. 

A selected piece of blende from the Slocan Star mine, black and shining, 
was found to contain 60. 75% zinc, and 4. 45% iron. 

These samples represented practically clean minerai, analysis showing 
no insoluble silicious matter. either specimen contained as much as a 
trace of copper, lead, or manganese. Nor did either specimen contain any 
considerable amount of cadmium, although they showed distinct traces 
of that element, possibly 0 . 1 to 0. 2%. 

The above analyses were made by Mr. W. George Waring, of Webb City, 
Mo. They indicate a ratio of zinc to iron in the pure blende of approxi
mately 100: 7 . 5. 

The following analyses of Slocan zinc ores were communicated by Mr. 
George Huston, editor of the Sandon Mining Standard, Sandon, B.C. 

SLOGAN STAR MINE. 

Sulphur ........ ..... . . ... .... . 
Zinc ......... . ...... ........ . . 
Iron . . ... . ......... . ........ . . 
Lead ......... ........ ... ... .. 
Lime (CaO) .. ... . . . .. . .. . . . .. . 
Gold ..... . .... . ... .. ... . .... . 
Sihrer .... .. ..... . ..... .. . . .. . . 

a. Not determined. 

29 84% 
56 .70 
6 .23 
0 . 14 
trace 
" 

2.80 oz. 

R UTH MI:\'E. 

Sulphur . . . ....... . 
Zinc ... ................ . ..... . 
Iron . . ................... . . .. . 
Lead ...... ........ . . . . . ..... . 
Lime (Caü) .. ............. . .. . 
Gold .. ...................... . 
Sih·er........ .... . ....... . 

1. !land pickeù ore. 2.'.Concentrate. 

28 03% 
52.25 

7 .70 
0 . 16 
0 . 12 
trace 

3.40oz. 

LUCKY JDJ MEE. 

2 

31 .06 <"{, 
61.10 

Sulphur. . . . . . . . . . . . . . . . . . . . . . . 30.65% 
' Zinc............... . ............... . 60.80 

3.73 
1.65 

none 
2.00 oz. 

Iron.. .. . ... . . . . . . . . . . . . . . . . 1 3 S-! 
Leuc! . . . . . . . . . . . . . . . . . . . 1 ï.5 
Lime.. . . . . . . . . . . . . . . . . . . . . . . . . 0.10 
Sil ver. . . . . . . . . . . . . . . . . . . . . . . . . . . 2. OO nz. ---- -

2 

a 
13.40 

a 
1.00 
a 
a 

159 07.. 

2 

25.11% 
39.42 
13 .80 
3 .65 
trace 

" 
9.40 oz. 

:{ 

31.03% 
59.60 
3.73 
2 . .50 
0. l.5 
2.'iO oz. 

1. Hanù pirk<.'d ore. :?. Hand pickt>d orC' . 3. Hnnd picked ore. 4. Average ore . 

4 

31.37% 
53. 78 
7.75 
0.61 
1 OO 
3 70 oz. 



1 
1 

Sulphur ...... .. . 26.94% 
Zinc ............ 49.40 
Iron ............. 6.10 
Lead . . .. ........ 3 .45 
Lime ... ........ 0 .22 
Silver ........... ll .80 oz. 

Zinc .... . .............. . .. · 
Iron ................ . ..... . 
Lea.d ...... . ... ..... . ..... . 
Cadmium ....• . ............ 
Antimony .... ..... . ...... . . 
Arsenic ...... ............ . . 
Silver .. ..... ... .......... . 

CHARACTER OF THE ORE 

AMERICAN BOY MINE. 

2 3 

26.553 26.36% 
49.00 48.70 

6.20 6.10 
3.15 3.80 
0.30 1.32 

12 .60oz. 12.80 oz. 

OTHER MINES. 

a WELL
INGTON. 

51.20% 
0 .07 
6.40 
0 .50 
1.08 
trace. 

155 oz. 

1 

b WAKE-
FIELD. 

48.00% 
5.00 
3.90 
0 .29 
0 .19 

32 oz. 

4 

23.68% 
44.90 

.5 .96 
2.20 
l.fi7 
6.70 oz. 

c IVAN-
HOE. 

38.00% 

5.00 

45 oz. 

15 

5 1 6 

23.38% 23.86% 
44.50 45.25 

5.86 5.98 
2.90 2.45 
1.67 1.46 
6.50 oz. 6.86 oz. 

d WHITE- 6 WHITE-
WA'rER. WATER. 

58.00% 45.40% 

1.00 7.!iO 

10 oz. 6fi7 oz. 

a. Crude ore; assay made h,Y Karl Sander, Prayon, Belgium. b. Concentrate. c. Concentrate. 
d. Average of crude ore. e. Special. 

The samples showing the remarkably high silver values are hardly to 
be considered as typical ores. 

A carload (20 tons) of ore from the Bosun mine, assayed by Johnson 
& Son, London, showed: 

Zn ............. . 
Si .... . ......... . 
Pb . ....... . .... . 
Cu . . .. . .. . ... .. . 
Ag ...... . . ..... . 

Total ........ . 

4fi.25% 
8.25 
1. 02 
0.45 
0.25 

Fe .... . .... . ... . 
Mn . ........... . 
As ............. . 
S ........... . .. . 
Al ......... ... . . 

fi.82% 
1.08 
0 .30 

25.80 
1.00 

l\Ig ............ . 

~:. } ... . . .... . 

0.33% 

8.45 

100 .00 

This ore contained 83 oz. sil ver and 0 . 5 oz. gold per ton. 
A sample of a large lot of ore from the Payne mill, near Sandon, assayed 

by Ledoux & Co., of Jew York, Dec. 14, 1903, showed 

Zinc .. ..... ... . .... . . 
Lead .. .. . . ... . ..... . 
Iron .. . .......... . . 
Silirn .... ........ . 
8ulphur .......... . . . 

51.40% 
2.36 
6 .04 
4.66 

21 84 

Tin . 
Cad mium .... . 
Arsenic ...... . 
Silver ........ . 
Gold ...... . . . 

0.17% 
0.46 
0 .04 
9 .40 oz. pcr 2000 lb. 
0.07 " " " " 

The presence of tin in this ore is noteworthy , although it is not greatly 
to be marvelled at, in view of Lhe close association of the Yeins of the Slocan 
with granitic rocks , wbich are especially kindly to the formation of tin 
minerals. OLber analyses of the , 'locan ziuc ores do not show tin, but t his 
is probably because that elernent bas not been particularly looked for and 
small percentages may easil~· eRcape observat ion in the orclinary co mmer
cial assays . I have been informecl by l\Ir. Jules Labarthe that traces of 
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tin occur in the base bnllion (work-lead) produced at the Trail smeltery, 
B.C., and it is to be remarked that galena ores from the Slocan, obtained 
from the same veins as the zinc ore are extensively smelted at that works.* 

The occurrence of tin in zinc ore is unusual, but not extraordinary. 
Crystals of cassiterite have been isolatecl in the blende mined at Freiberg, 
Saxony, and the spelter produced there has shown an appreciable percentage 
of tin, while tin has been detected in some of the old brands of spelter made 
in New Jersey. 

It will be remarked that in many of the analyses of Slocan zinc ores 
the percentage of sulphur is insufficient to satisfy the zinc, iron, and lead. 
This is explained by the occurrence of carbonates in the ore, especially 
spathic iron, which does not, however, appear to contain zinc; at least not 
in any of the samples examined by the Commission. This subject, together 
with other points bearing upon the mineralogy and composition of the ores, 
is discussed at more length by Mr. Argall in a section of his report, to which 
reference should be made. 

The analyses of many Slocan zinc ores show that they contain few 
objectionable impurities, and none of them in excessively large quantity. 
The percentage of iron is moderate and the percentage of lead is low. As 
a general thing, the ores are rather low in cadmium. Sorne of them con
tain a little manganese, but not much. The percentage of lime is very 
small. Fluorspar is entirely absent . Arsenic and antimony are present 
in some of the ores. The coarser portions of the solid zinc ores can be 
hand-sorted up to a tenor of 503 zinc. By combined wet and mag
netic concentration ore assaying as high as 553 zinc can be produced, and 
503 zinc ought to be a fair standard of practice with regard to a large class 
of the ores. 

MARKET FOR ORES. 

The zinc ore which has been heretofore produced 111 British Columbia 
has been marketed chiefly in the United , 'tates, the smelters at Pueblo, 
Colo., and at seYeral points in Kansas having been the principal buyers. 
A comparatinly small quantity of ore has been exported to Europe. Since 
about the end of 1\ oYembcr, 1905, a smelter at Frank, Alberta, has been in 
the market for thesc ores. There are, therefore, three markets open to the 
ores of British Columbia, viz.: (1) the American; (2) the Europcan; (3) 
the Canad ian , "·hich, howewr, is sti ll in a tentatiYc condition. With respect 
to thesc markets widcly diffcrcnt conditions obtain . 

American 8melters. 

The ::-mcltcrs of the "Gnited ~tatcs are diYiclecl into t"·o groups, viz.: 
(1) thosc which makc high grade ;;pcltcr from "pecial oreti, thiti group in-

* . \nal_,.,;p~ of Trail base bulliou gjq, ,, h~· .\. C. lJetts in Trnn.•arlions Ameriran 
Tn.~titute of .\l ining Eng-in PC'r-,., XX..,'(I\ ', 182, 8how from 0.01 lS to 0.0-IH pPr ~ent. of tin 
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cluding the New Jersey Zinc Co. and the Bertha Mineral Co. producing 
at Bethlehem and Palmerton, Penn., and at Pulaski, Va. , spelter from the re
markably pure ore of ew Jersey; and (2) those which make spelter from 
Western ores. The Western spelter up to about 1901 was made almost 
entirely from ore mined in Wisconsin and the Joplin district of Missouri
Kansas, and was marketed chiefly under the name of "prime Western." 
Certain smelters, purchasing selected ores made superior brands. Since 
1901, the quantity of ore from west of the Rocky Mountains bas attained 
large proportions, and the "prime Western spelter" now produced is chiefl.y 
derived from that class of ore. Many of the smelters separate the first draw 
of metal, which being distilled at the lowest temperature of the operation, 
is lower in certain impurities (especially lead) than the second and third 
draws, and market it as "special." The major part of the Western spelter 
is produced, however, as ordinary brands, and the prices for ore are based 
on the prices of good ordinary brands of spelter. In this respect the same 
condition exists in Europe. 

The producers of Western spelter in the United States are divided into 
t.wo principal groups, viz.: (1) those in the Illinois coal field; and (2) those 
in the Kansas natural gas field. Outside of these groups are the Grasselli 
Chemical Co., which receives zinc ore at Cleveland, Ohio, and after roasting 
it there for the manufacture of sulphuric acid out of the roast-gases, ships 
the burned ore to Clarksburg, W. Va., for smelting; and the United States 
Zinc Co. (a subsidiary company of the American Smelting and Refining Co.) 
at Pueblo, Colo. The Grasselli Chemical Co. bas not yet done any business 
in British Columbia. 

The United States Zinc Co. makes a speciality of the recovery of silver 
and lead contained in zinc ore, obtains its entire supply of ore from the Rocky 
Mountains region of the United States, Mexico and British Columbia, and 
has been one of the largest purchasers of ore in the Slocan. The Illinois 
smelters have not yet figured to any considerable extent in the far Western 
market. The Kansas smelters have been important factors therein, and it 
is they, together with the Pueblo works, who have established the conditions 
under which the trade bas been heretofore carried on. 

The smelters now operating in the United States are the following: 

Grasselli Chemical Co ...... . ........... .. . .. . Cleveland, Ohio. 
Grasselli Chemical Co . .......... . . . .... . . . .. . Clarksburg, W. Va. 
Matthiessen & Regeler Zinc Co .... ....... . .... Lasalle, Ill. 
Illinois Zinc Co ... . ......... . . . ........... . . . Peru, Ill. 
Sandoval Zinc Co ...... ..... . .......... , .. ... S:mdoval, Tll. 
MinPral Point. Zinc Co. (l) ........ . . . . ....... . Minerai Point, Wis. 
M:!neral Po!nt. Zinc C'o ... .. ........... .. ...... '.\'orth Chicago, Ill . 
.Mmeral Pomt Zmc Co ....... . ................ Depue, Ill. (building). 
Regeler Bros .. . .... . ..... "· . . .. ...... . . . . . .. Dau ville, Ill. (bui lding) . 
Edgar Zinc Co .. .. ....... . ......... . .... .. . . . St. Louis, Mo. 
Edgar Zinc Co ......... . ............ ... . ..... Cherryvale, Kan. 
Lanyon Zinc Co ...... ... ... ... . . ............. Iola, Kan. (3 works). 
United. Zinc and Chemical Co .... .............. Iola, Kan. 
Cockerill Zmc Co ... . . . . ..... ..... . ... . ........ Iola, Kan. (2 works). 
Cockerill Zinc Co .... .. ........ ....... . ... .... . AJtoona, Kan. 

2 
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Cockerill Zinc Co .... .... ....... ............... Pittsburg, Kan. 
Cockerill Zinc Cn ... . ... ................. ...... :\' evada, Mo. 
Cockerill Zinc Co .............................. Rich Hill, ~fo. 
Granby Mining and Smelting Co ................. Neodesha, Kan. 
United States Zinc Co ...... . .............. . . . Pueblo, Golo. 
Caney Zinc Co .............. . ................ Caney, Kan. 
New Jersey Zinc Co. (2) .......... ..... ... . .... Bethlehem, Penn. 
New Jersey Zinc Co. (2) .......... . .. ......... Palmerton, Penn. 
Bertha Minera! Co ........ ... .. ... , ......... . Pulaski, Va. 
Ozark Zinc Oxide Co. (1) ............•........ Joplin. Mo. 
Ozark Zinc Oxide Co. (1) ..................... CoffeyYille, Kan. 

1 Produces zinc oxide. 2 Produccr-i both spelter and zinc oxide. 

European Smellers . 

The smrlters of Europe who are chiefly in the market. for American 
and Canadian ores are those of Wales, receiving their supplies through the 
port of Swansea; and those of Rolland, Belgium, and the west of Germany, 
receiving their ore supplies through the ports of Ramburg, Rotterdam and 
Antwerp, but chiefly through Antwerp. Other European smelters pur
chase these ores, but to far less extent than those mentioned above, who 
have been for many years dependent upon foreign mines for nearly their 
entire supply of raw material. The system of receiving these supplies has 
therefore become well organized through long experience. 

This organization has made Antwerp the favorite port of entry. There 
are at that port convenient docks for unloading and trans-shipping the ores; 
agencies for the sampling of the ores as received; brokerage ho uses for the 
consummation of transactions in custom lots; and public assay offices for 
the determinative work that may be required. Antwerp is, moreover, 
conveniently situated with respect to the principal smelters of Rolland, 
Belgium and the Rhine, has excellent railway connections, and also is the 
terminus of an extensive canal system, by which cheap transportation to the 
works can be secured. 

The smeltcrs operating in Great Britain, Belgium, Rheinland-Westphalia, 
France and Rolland are the following: 

GREAT BRITAIN. 

Brnnner, Mond & Co ......................... Winnington. 
Central Meta! and Smelting Co., Ltd ............ Glasgow. 
Dillwyn & Co .. ...... . ...................... Swansea (Llansamlet). 
English Crown Spelter Co .... .......... . ...... Swansea (Port Tennant). 
Williams, Foster & Co ..... . ........ .. . · .. . . } s 
Pascoe Grcnfell & Sons.. . . . . . . . . . . . . . . . . . . . . wansea. 
Swanspa V ale Spel1 er Co .... ...... . ........... Swansea (Llans:i mlct). 
Villiers i':lpelter Co.. . . .. Swanspa (Llansamll't). 
\'ivian & Sons. . . . . . . ...... . .... . ...... Morriston, Swansea . 
. John Lysa,e:ht, Ltd .... . ....... . .. .. ... .... ... ::\etham, near Bristol. 
Dynevor t)pelter Co .... .. .. . . . .. ..... .... . ... Dyncvor, nPar ::\ eath. 
H . Ken y on & Co .... .. .. . . ................ . .. Warrington. 

BELGfUM. 

Soci'1té . .\non. de la Vieille :\lontal{nc ............ Val cntin-C'orq. Ho!Jngne-a11 x 
Pit>rr!'S. 

t)oeiété Anon. dP ln \ï,.i:J•• 'I nritn)!:rl<' ... . . . .. . ... Angleur (Chenéc). 
t:;ociété Anon. rlP la \ïPille .\l o11tag11e ............ FlônC', Hermalle-sou~-Huv. 
C:. Dumont et Fréres .. ..................... .. t:;art-de-::leilles SeiJles. · 
~oc. Anon. de la :\ou,·elJ" :\lontn!!IH' ... . ........ Engi~. ' 
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Soc. Anon. Austro-Belge . ..... ....... ..... ... . Corphalie lez Huy. 
Soc. Anon. metallurgique de Prayon ........ . ... Prayon, à Forêt. 
Sor. Anon. metallurgique de Boom ............. Boom .. 
L. de Larninne ...................... . ....... Antheit. 
Soc. Anon. d'Escombrera-Bleyberg ......... . ... Bleyberg, à Montzen . 

. Soc. Anon. des metaux d'Overpelt ... . .... ...... Overpelt, near Neerpelt. 
Soc. Anon. des fonderies de Biache St. Waast .. . .. Ougrée. 

RHEINLAND AND \VESTPHALIA. 

Société Anon. de la Vieille Montagne ............ Berge-~orbeck. 
Rheinisch- assauischen A.kt. Gesellschaft ....... Escbweiler. 
Rheiniscb- rassauiscben A.kt. Gesellscbaft . . ..... Stolberg. 

AH G 11 f } Bergbau, Blei. u . Zinkhütt.enbe-{ Dortmund. 
' · esc · · trieb zu Stolberg u.in W estphalen Stolberg. 

Markisch-W estfalischen Bergwerksverein ....... Letmatbe. 
Ak""t. Gesell. f. Zink Industrie vormals W. Grillo . . Hamborn-. eumühl. 
Aktiengesellschaft Berzelius .. .. .......... ..... Bergisch-Gladbach. 

Fr{ANCE. 

Société Anon. de la Vieille Montagne ............ Viviez (Aveyron). 
CompagnieRoyaleAsturiennedesMines . .. ..... Auby (Nord). 
Usine à Zinc de St. Amand . ..... ... ....... .. .. St. Amand lez Eaux (Nord). 
Société des Mines de Malfidano . .. . ... ..... .... Noyelles-Godault. 

liOLLAIŒ. 

Société de la Campine .......... . .............. Budel. 

The European vs. the Amer?°can Market. 

The conditions governing the sale of zinc ore in the European and Amer
ican markets are widely different, and these have a decidedly important 
effect on the producer of ore, who is selling in them. These differences 
are due partly to custom, partly to natural conditions. 

The European smelters receive the major portion of their ore supplies 
by water; they corne in large lots; and are contracted for delivery a long 
time ahead. 

The American smelters receive their entire ore supply by rail. The 
ore came formerly in small lots, purchased from week to week, and even 
at the present time a large tonnage is received in that way. This is because 
the Joplin and Wisconsin ore is produced by a multiplicity of small mines, 
which individually make only a small output and according to old custom 
adjust their accounts weekly. Since the appearance in the market of the 
ore supplies from west of the Rocky Mountains, afforded in many cases by 
important mining companies, capable of supplying a large and regular out
put, the receipt and settlement of ore on a contract basis has greatly increased, 
and the smelters desire to transact business in that way; in this respect 
approaching the European practice. 

Either the European or the American smelter will buy small lots of ore. 
Both, however, aim so far as possible to insure the supply required for their 
works as far ahead as possible, and will make better terms, in other words 
will figure more closely, on a contract for the regular dclivery of a certain 
tonnage than they will on occasional small lots. This refers , of course, 
to normal conditions. It may happen that a great shortagc in ore suppl y, 
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as recently in the Joplin district, will induce the smelters to pay fancy price 
for whatever is offered. However, while t he American smelters are tending 
to the same policy as the European with respect to regularity of ore supply, 
the ore business of the two will always be distinguished by the direct receipt 
on the one band of the ore in railway cars of 25 to 30 tons capacity; and on 
the other band by vessel, involving several trans-shipments. This inevitably 
has an important bearing upon the calculations of the exporter. · In the case 
of the large exporters of Greece, Italy, Spain and Australia, the ore is dis
patched by the ship-load, and is delivered on board ship after a comparatively 
short railway carriage. In the case of large shipments from the western 
part of the United States, or from British Columbia, the ore must necessarily 
be carried over a long line of railway, involving the lapse of a good deal of 
time, during which the cars of a lot are likely to become separated, causing 
trouble in making up the cargo. If the ore be shipped in small lots it may 
have to be sacked, adding considerably to the expense. 

The exportation of large quantities of zinc ore from Franklin, N.J. , and 
Leadville, Colo., the latter being low grade material, the tonnage in both 
ca~es being large, has been successfully carried on. In both cases, however, 
the business has been done under special contracts. The exportation of zinc 
ore from the Joplin district, several t imes attempted, has not proved a success. 
The settlements have developed a multiplicity of charges and losses, impor
tant in the aggregate, which have added heavily to the returning-charge spe
cified in the contract. 

An example of these results is afforded by the experience of the Miners' 
Association of Missouri and Kansas, which early in 1903 exported 1,022 tons 
(of 2,000 lb.) of ore to Belgium, the prime object being to reduce an accumu
lation of ore then existing in the district. The ore was shipped in two lots of 
about 500 tons each. It was shipped in bulk by rail to Gal veston, and thence to 
Antwerp by steamer. The freight rate was $5.80 per ton. The loss of ore 
in transit amounted to 2.43 of t he weight at Joplin, and was equivalent to 
$0. 72 per ton. Drattage, \vhich i the European custom of allowing 3 kg. 
overweight per 1,000 kg. amounted to 0.29%, or $0 .087 per ton. Recep
tion charges, cables, interest, insurance charges, etc ., amounted to $0.259 
per ton . The total of these items, necessary to deliver the ore c.i.f. An t
werp, omitting the freight was as follows: 

. ... . ... .. SO . 720 per ton. 
. ......... . ... 0 .087 " 

. . . 0 . 2.59 

Loss in transit ... .... . .... . ...... . . . . 
Draftage . ... . .. . . ......... .. ... . 
lncidentals and intere.st . . ......... . ... . 

Total . ...... . ......... . .... . . .. Sl. 066 

In the exportation of an ore concentrate from west of the Rocky ~foun
tains, worth approx imately $25 per 2,000 lb . f.o.b. cars, an allowance of 
Sl @ $1.25 per ton must be added to the freight rate to destination, and 
the brokerage also must be added if the busine. s be done through a broker, 
in order to obtain the basis c.i .f. Europ<'an port, where the value of the ore 
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is computed after deducting the returning charge o± the smelter. Or, cal
culating back fr~m the gross value of the ore at theworks for which purchased, 
there is first to be deducted the smelter's charge (this including freight, etc. 
from port of entry), and then the commissions, insmance and freight from 
point of original shipment, plus an allowance (as indicated above) for extras, 
chief among which is the loss in transit. This loss may be greatly reduced 
by sacking the ore, but that adds to the expense more than the loss may 
amount to in bulk shipment. In the exportation of 4,300 tons of galena 
concentrate from the St. El_lgene mine in the year ended Sept. 30, 1904, 
the cost of sacks and sacking amounted to $1.25 per ton. 

In shipping ore to American smelters, the latter commonly make the 
price to the shipper on the basis of f.o.b. cars. The smelter himself has to 
stand the loss in transit, which cornes out of his margin. The miner can ship 
in car load lots of 25 to 30 tons, and the busines is in all respects far simpler 
than with the European smelters. Before going into the relative advantage 
of the terms which can be offered by American and European smelters, 
it is necessary to consider the questions of tariff conditions and the deter
mination of the value of zinc ore in general , and especially the silver and 
lead contents of certain zinc ores. 

Ta.rift Conditions. 

In ail of the European countries which import zinc ore, it is admitted 
free of duty. 

In the United States, where the tariffs on imports are now established by 
the Dingley Act, there was in 1905 a dispute between the American mining 
interest and the smelting interest with respect to the status of zinc ore from 
foreign countries, which originated through the importations from British 
Columbia, but was precipitated by the importations on a much larger scale 
from Mexico, which in 1905 assumed large proportions. The importations 
from British Columbia were exclusively blende; those from Mexico were 
partly blende, but were largely carbonate ores, carbonate ores being com
mercially and metallurgically included with the silicates of zinc under the 
name of "calamine." Mincralogically , however, the name "calamine" is 
employed by the best authori ty (Dana) as the species-name of t he hydrous 
silicate of zinc. 

In the Dingley Tariff, calamine is pccifically put on the free list. Blende 
is not mentioned, nor are zinc ores in any form, except calamine, as above 
stated . The case of these ores came therefore under some general clause 
of the Act. Unfortunately thcre were two or three conflicting clauses of 
that character. 

It ''"a dccidcd by an order of the Sccretary of the Treasury, Feb. 10, 
1906, that "calamine" in the tariff referrcd onlv to the hydrous silicate 
of zinc, and that s11lphidc and carbonate ore;; \\·c;·c d11tiab lc . at the rate of 
20 pcr cc·nt. ad valnrem. This clc>ci,;ion i::; not final. inusmueh as the srncltcrs 
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intend to take the matter to the Courts. Pending the action of the latter, 
any zinc ore imported into the United States from British Columbia is obliged 
to pay the duty of 20 per cent., the British Columbia ore being exclusively 
blende. The portion of this report dealing with the marketing of ore was 
written before the Treasury decision of Feb. 10, 1906 was rendered, when 

merican smelters were the chief buyers of Canadian ore, wherefore the full
ness with which the conditions of the American market are discussed. The 
:analysis will, however, continue to be useful in determining the possibilities 
uf the Canadian and the European markets. 

THE VALUATION OF ZINC ORES. 

The value of a zinc ore depends chiefiy upon its tenor in zinc and objec
tionable impurities; especially iron, manganese and lime, whicb increase 
the corrosion of the retorts; and le ad, arsenic and an timon y, which con
tamina te the spelter. The value of the ore is also affected by its character 
whether oxidized or sulphide, or a mixture of both; the sulphide ore must 
be roasted, but yields a diminished weight for the subsequent treatment, 
which is the more expensive part of the proce s; the oxidized ore escapes 
preliminary treatment, unless it be carbonate, but suffers no diminution 
in weight. The preliminary treatment of ores which are mixtures of sul
phides and oxides is often troublesome. The value of an ore is, moreover, 
affected by its physical character. Lump ore is subject to an additional 
expense for crushing; fine slimes are more expensive and troublesome 
to roast tban coarser concentrates. Sorne ores roast and distil easily; others 
with more difficulty. Ali these factors are given consideration by the zinc 
smelter. The chemical composition of the ore is, however, the mo t impor
tant factor in determining its value. 

In determining the treatment charge on the ore purchased, the smelter 
starts with the cost of smelting a ton of the ore of average composition, 
that is to say the mixture on which he proposes to operate his furnaces. 
It is aimed to have ail the furnaces on the same charge, for various reason . 
To this smelting charge he adds the profit that he ought to make to obtain 
a proper interest on his investment, allowing for the necessary amortization 
of his outlay in plant. 

The further addition of the freight on the ore to his works, and on the 
spelter product to its market , with allowances for the cost of buying the ore 
and selling the spelter, gives the returning charge which he must make against 
the ore in buying it on the basis of f.o.b. cars at the mine or mil! where pro
tlueecl. 

The or0s purchased will he of various kinds. Few will correspond 
exartly with the ore whieh it is ::iimetl to charge into the furnaces. Some 
will be higher in 7Înr; others \\·ill be lower. Sorne will be too hio-h in iron; 
others too high in lime. The Yrr~- desirable ore:5 can perhaps be purchased 
only ::it a :<mali margin. The deficienry must then be made up from the 
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price of the less desirable ore. Inasmuch as the various kinds of ore may 
not be bought contemporaneously, the smelter effects this balancing in 
price by arbitrary additions to the returning charge on certain kinds of ore 
according to the percentage of objectionable impurities contained. It may 
be necessary under certain contingencies to put a less advantageous charge 
into his furnaces, when the cost of smelting will be directly increased and 
the percentage of metal extraction decreased, by greater destruction of 
retorts, higher zinc tenor of the residues, or some other factors which have 
a powerful influence on the ledger. 

It is the custom of European smelters to pay for ores according to a 
sliding scale, which combines three elements, viz., the price of spelter and 
zinc content of the ore, which are variables, and the returning charge per ton 
of ore which is fixed. This sliding scale is embodied in a convenient formula, 
from which any seller of ore can readily compute the value, the returning 
charge having previously been agreed upon in the contract. 

American smelters compute the value of ore in practically the same 
way, but in purchasing custom lots of ore they make usually a direct bid 
of so much per ton, and in purchasing ore on contract they frequently em
ploy an involved sliding scale, which is generally equitable, though less 
simple than the European. 

The smelters of Belgium, Rolland, France and the West of Germany 

employ generally the formula 0 . 95 P (~)-R in which Pis the price of spelter 
(good, ordinary brands), at London, T the units of zinc in the ore, and R 
the returning charge per ton of 1,000 kg. This formula gives the value 
of the ore per ton of 1,000 kg. The value is given in pounds sterling, marks, 
francs, or dollars according as P, the value of spelter at London, is reckoned 
in pounds sterling, marks, francs or dollars. 

This formula is scientific and fair. The freights and cost of smelting 
per ton of ore are substantially the same irrespective of the grade of the ore 
(within certain limits). The returning charge R is therefore constant, 
as it should be. The percentage of metal extracted falls off as the grade 
of the or~ falls off, because the losses in smelting are to a large extent con
stants, i.e. a ton of certain ore may contain 1,000 lb. of zinc and a ton of an
other ore 800 lb. of zinc, but the loss of metal in smelting will be approxi
mately 125 lb. in each case. The formula takes account of this by the uni
form deduction of eight units from the zinc content of the ore as shown by 
assay. If the ore assay 60 units of zinc, the payment is for 52 units, or 
86 ~3 of the zinc in the ore. An ore assaying 50 units, \vith eight units 
deduction, returns 843; and an ore assaying 40 units, with eight units 
deduction, returns 803. These percentages are not very much below the 
actual metallurgical extractions. In being a little under the actual extrac
tion it tends to increase slightly the smelter's margin as the value of spelter 
rises, as does also the discount of 53 from the London price, but this is 
equitable. 
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Sometimes in the case of a desirable ore, the smelter will propose to buy 
the ore with a deduction of only seven units from the assay, instead of eight, 
as usual. The percentage of zinc paid for, on different grades of ore, becomes 
then as follows :-

60 units : 88. 33% 
50 units: 86.00% 
40 units : 82. 50% 

Sometimes, if it be anticipated that lower grades of ore than contem
plated in the returning charge, named in the contract, will be offered, it is 
provided that the returning charge be increased with decrease in the grade 
of the ore. For example, it may be provided that for each unit of zinc 
below 50, the returning charge shall be raised 2.5 francs per 1,000 kg. of ore, 
which is equivalent to 43. 86 cents per 2,000 lb. If therefore the returning 
charge were named at $11.50 per 2,000 lb. for ore assaying 50 to 553 zinc, 
with increase of 43.86 cents per unit below 50, the charge on ore assaying 
48% zinc would be $12. 38 per 2,000 lb. 

The formula 0 . 95P <'f~)-R works out as follows in the case of an ore 
assaying 48% zinc, the London price of spelter being assumed at .B28 per ton 
of 2,240 lb., and the returning charge .B2 12s. 6d. per ton of ore. 

O. 95 P= O. 95 X .€28 = .€26.6. 

<i~)= 0.48-0.08= 0.40. 
R = .t2 12s. 6d. = .t2. 625 . 
.€26. 6 X 0.40 - .€2 .625 = .€8.015 = :S38. 9fi. 

The value per 2,240 lb. of ore is $38. 95 . Dividing that result by 1 . 12 
gives the value per 2,000 lb. of ore, thus $38. 95 -H .12 = $34 . 78. 

The samc result is obtained when the price of spelter and the returning 
charge are converted into terms of dollars and cents per 2,000 lb. Thus, 
.B28 per 2,240 lb . X 6. 075 cents per pound = $121. 50 per 2,000 lb.; 0. 953 
of this is $115. 43; the returning charge of .B2 12s. 6d. per 2,240 lb. is equiva
lent to $11. 39 per 2,000 lb. The rnlue of the ore per 2,000 lb. is consequently: 

Sll5.43 X 0 .40 -!311.39 =$34. 7. 

Another method, which is very convenient, is to convert the expression 
T-8 into pounds and multiply by the price of spelter per pound. Thus, 
and 

T-8 = 40; and 4.0 X '.:!O=ROO!bs. 
0.95 (6.07.5 X 800)-$11 39 = $34.78. 

The rcturning eharges which have been ma.de by Europea.n smelters on 
Ameriean. Australian and Cnnadian ores during the last two or three years 
haYe ranged from ... 11 40 to 13 . 16 per 2,000 lb. , these figures corresponding 
to 5:3 @ 60 marks or 65 @ 75 francs pN 1,000 kg. 

The terms offcred b~· European smelter,; include Yarious provisions, 
which must be giYen consideration . The ba::>is of scttlcment is always c.i.f. 
at some specifiecl port. u,-:ually Antwcrp. A percentage of the va.lue of the 
consignment, sa~· ï -1'/é or 80°7i;, ma~· b<: drawn upon remittance of the bill 
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of lading; the remainder upon arrival of the consignment, and determina
tion of its assay value. In connection with the latter, the zinc must be deter
mined by the Schaffner method (sodium sulphide titration). Differences 
of one unit or less between the assays of the buyer and seller are split. Dif
ferences in excess of one unit are umpired. The umpire must be an European 
chemist (speci:fied in the con tract). His result is accepted as final if it fall 
between those of the buyer and seller. If it fall outside, the original assay 
which is nearest to the umpire's is taken. The party whose assay is fur
thest from the umpire's pays the expense of the latter. These conditions 
as to umpire assays are the same as obtain in the settlement for ores in 
Canada and the United States. 

Tbe price for spelter is the average for good ordinary brands at London, 
as reported by the Public Ledger, during the month of the arrival of the ship
ment. In the case of contracts covering the output of a year or more, it 
is sometimes provided that the settlement basis shall be the average price 
of spelter for the year. Provisional settlements are made on the monthly 
averages, but at the end of the year a final computation is made and the 
difference between it and the sum of the monthly settlements is debited 
or credited as required. 

As previously remarked, the settlement for ores in Europe is based 
on the London price for spelter. In the United States it is based on the 
St. Louis price, or the New York price, there being generally a constant 
difference between the quotations at St. Louis and New York, corresponding 
to the difference between the fn,ight rate from Kansas works to St. Louis, 
and to ew York. This difference was formcrly about 20 cents per 100 lb; 
now, and in recent years, it has bcen about 15 cents. In statistical. investi
gations it is necessary to refer to the New York price, rather th an to the 
St. Louis, because there are authoritative statistics going farther back. 
Contracts are commonly based on the quotations for spelter in the Engineer
ing and M ining Journal. 

The difference between settlement on the London and New York markets 
is a very important consideration to the Canadian exporter of zinc ore. The 
range of the two markets is shown in a table which is presented elsewhere 
in this report . It appears, therefrom, that although the London price has 
been at certain time in excess of the New York price, the average over a 
long series of years has been lower than the average at either New York 
or St. Louis. Whenever the London prire ha:; been higher, the United States 
has exported spelter, and this movement of metal has reduced the Lonrlon 
price bclow the American level, or bas forced the Amcrican price 
to rise a bove the European level. There is no shortage of ore 
supply available to European smelters. On the contrar,v not onl\' 
the ore supply, but also the smelting capacity, are going to be immen:-;t>l.\· 
increased by the operations of strong rompanies owning enormou .~ reser\'e;; 
of ore at Broken Hill, ~ew South Wales, which are alread_v cle\·cloping 
their plans. So long therefore a. the American GoYcrnmcnt maintains a 
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duty on the importation of spelter, it is to be anticipated that the London 
price for spelter will continue to average a little lower, in the long run, than 
the American price. 

The western smelters of the United States, in their ore contracts, em
ploy sliding scales of the following char acter: 

(1) Basis of settlement:-Ore delivered at smelting points in Kansas. 
When spelter is at 6c. per lb. at St. Louis, pay $25 per ton (2,000 lb.) for 
ore containing 473 zinc, plus 75c. per unit for zinc in excess of 47 units, 
less 75c. per unit for zinc below 47 units; with 353 of the variation in spelter. 

(2) Basis of settlement:-Ore delivered f.o.b. cars at Inines. When 
spelter is at 6c. per lb. at St. Louis, pay $24.50 per ton (2,000 lb.) for ore 
containing 533 zinc, plus $1 per unit for zinc in excess of 53 units, less Sl 
per unit for zinc below 53 units; with 42.53 of the variation in spelter. 

The above were the terms of contracts for Canadian ores in effect during 
1905. 

The inferiority of a contract so expressed, insofar as a clear under
standing is concerned, in comparison with the European contracts is quite 
obvious. Taking the latter of the two for example, the meaning is that 
when spelter is worth 6c. per lb. at St. Louis, ore assaying 533 zinc is worth 
$24. 50 f.o.b. Inine. Ore assaying 543 zinc is worth $25. 50; ore assaying 
52% zinc is worth $23. 50. A variation in the price of spelter changes the 
basis price to the extent of 42!3 of the variation per ton of spelter, i.e. if 
the price for spelter be 5 . 7c, per lb. at St. Louis, a reduction of 0. 3c. per 
lb.= ($6 per ton) from 6c., or $6 X 0 .425 = $2.55, is made from the basis 
price of the ore, wherefore the value of ore containing 533 zinc becomes 
$24. 50-$2 . 55 = $21. 95. Ore with 54% zinc is then worth $22 . 95; ore 
with 523 zinc is worth $20 . 95. 

The equi ty of such a contract C'an be determined by a consiùeration 
of its operation under different conditions. Connrting $24. 50: 6c. : 533 

zinc into an expression of P (~~~)-R, it appears that R=$29.50, this 
including ail freights, melting charges, profits, etc. Tabulating the results 

for clifferent grades of ore computed by P ({~g)-$29. 50 in the column B, 
and the results computed according to the sliding scale of the contract 
under the colurnn A, the comparison appears as follo,vs when spelter i at 
6c. per lb. St. Louis : 

-l :ï . 
so .. 
.5 .5 .. 
GO .. 

c:;, Z1:-ic 1:-1 ORE. 

Sl6 .50 
21 . . 50 
26 .. 50 
31 . . 50 

13 

$1-1 .90 
20 .90 
26 .90 
32 .90 
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When spelter is at 5c. St. Louis, the comparison becomes as follows: 

% ZINC IN ÜRE. 

45 .................... . . ............... . 
50 .. .. . . .. ............................. . 
55 .... . ........... ......... . .... . . .... . . 
60 .............. ......... ............. . . 

A 

s 8 .00 
13 .00 
18.00 
23.00 

B 

$ 7.50 
12.50 
17.50 
22 .50 

If spelter should rise to 7c. the comparison wotùd be as follows: 

% ZINC IN ÜRE. 

45 .......................... ..... .. .. . 
50 .... .. ... ........ .. .................. . 
55 ............................... . ..... . 
60 ..... ............. .......... ..... .... . 

A 

25.00 
30.00 
35.00 
40.00 

B 

22.30 
29.30 
36.30 
43 .30 

Aside from the question of the returning charge there is nothing in this 
sliding scale which is unfavorable to the miner. At 5c. for spelter the price 
received for ore of different grades is approximately the same in each case 
as the St. Louis value of the spelter extractable from the ore less a uniform 
returning charge. At 6c. for spelter the margin to the smelter diminishes 
with decrease in the grade of the ore below 53%; with increase above 53% 
the margin would increase; these conditions would be emphasized if the 
price of spelter should attain 7c. In the particular contract the ore was 
likely to run a little under 53% rather than over it, wherefore less risk was 
taken by the miner than by the smelter upon fluctuations in the grade of 
the ore and in the market for spelter. 

A comparison between the terms offered by American and European 
smelters may be made in the case of this ore. With spelter at 6c., St. Louis, 
the American smelter paid $24. 50 per 2,000 lb. f.o.b. mine for ore containing 
53% zinc The European smelter would pay $39. 64 c.i.f. Antwerp. De
ducting the freight to Antwerp, $13 per 2,000 lb. , and an allowance of $1 
for incidentals and loss, as previously discussed, the price f.o.b. mine would 
be $25. 64. However, at the time of the contract the London price for 
spelter was considerably lower than the New York price, wherefore the 
American price figured out the better. 

The average price of spelter at St. Louis in 1905 was 5. 730c.; at London, 
5. 518c. On these prices the value of the ore taken as an example would 
haYe been $22. 20 per 2,000 lb. f.o.b. mine under the American contract and 
$21. 50 under the European contract. 

It will appear from what has previously been said, together with the 
data as to cost of smelting, etc., \vhich will be found in a subsequent section 
of this report, that as between the American and European smelters, previous 
to the recent Treasury decision the former were in a position to command the 
market for zinc ore in British Columbia if they chose. The price that they 
'rnuld offer for ores was limited by the be t terms which Europcan smelters 
couic] make. but otherwise was govcrned by competition among thcmselves. 
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their requirements for ore, and to a large extent by the condition of the Joplin 
ore market, which is still their most important source of supply, although 
since 1901 its relative importance has been diminshing, and probably will 
continué to do so. However, the Joplin district will doubtless continue to 
have a dominating influence on the general ore market for a long while to 
corne, and its prices will to a large extent be used as a basis. It is rather 
important to consider how prices for other ore work out on this basis. 

The average price of ore at Joplin over a long period of years is given 
in another section of this report. The average for 1905 was $47.40 per 2,000 
lb. in the bins of the mines. Assuming an average cost of 40c. per ton for 
carting and loading the ore on board cars, the cost per ton delivered at Kan
sas smelting points would be about $48. 75. This is for ore assaying 603 
zinc, and low in iron, say not more than 23 An old rule of the district is 
to deduct $1 per unit of zinc under 60 and $1 per unit of iron over 2. The 
ore that has previously been taken as an example contains about 73 iron. 
The value of such an ore delivered at the smelting works on the Joplin basis 
wotùd be therefore $48. 75-$12 = $36. 75 on the basis of 5 . 73c. for spelter 
at St. Louis. Reckoning $10 railway freight from the Slocan, 20c. freight on 
moisture, 30c. loss in handling, 30c. duty on lead contents and 20c. for 
incidentals, the value of $36. 75 per ton delivered at smelting works would 
correspond to $25. 75 f.o.b. mine, against the value of $22. 20 according to 
the terms of the contract. This difference is not on the face unfair, inasmuch 
as the computation is based on a price of $47.40 for ore assaying 603 zinc at 
Joplin , but that price leaves only a small margin to the smelter, in fact 
scarcely a living margin. when spelter is at 5. 73c. St. Louis. The deduction 
of $1 per unit for iron in excess of two units however, is, too much , being 
more than the increased cost of smelting such an ore, and the smelter could 
have afforded to haYe paid a better price than $22. 20 for the ore and would 
have done so if he had been compelled theret.o by competition. 

It will readil,v be seen from the foregoing discussion what effect 
the American tariff of 203 ad valorem will have on the position of the Ameri
can smelters in the market, and what will be the position of the European 
smelters and the single Canadian smelter. The possible yield to the producer 
of ore is affected by the silver and lead content of his ore, but anything 
that may be realized from them does not alter the competitive position of 
the buyers. The general ubject of sih·er and lead extract ion , which is of 
grcat interest to the procluccrs, is more appropriately discu:;sed further on 
in this report. 

COST OF SMELTING. 

The rost of smr!ting ore'" is but imperfectly understood by tho e "·ho 
ha,·e not hacl cxpNienr-c in tbt' bu,.,iness. Thi::; docs not rcfcr only to the 
smC'lting of zinr or<'. but abo to the smelting of othcr kinds of ore . I ma:v 
go furthcr and say thnt it is but imperfedly understood eYen by many 
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metallurgists who are practically engaged in the business. The operating 
cost per ton of ore smelted is one thing; this is comparatively easy to deter
mine, but it tells only part of the story. The total cost of smelting is quite 
another thing, and is not so easy to determine; this includes not only the 
direct operating cost, but also the necessary allowances for administration 
of the business, interest on the money invested, and amortization of the 
capital laid clown in plant construction. The capitalists who invest their 
money in a metallurgical plant not only expect to receive a proper interest 
on it, but also expect to preserve the principal intact. This subject has 
been discussed so thoroughly in industrial economics that it is unnecessary 
to go into it here to any further extent than will outline the fundamental 
principles. 

There have been instances where plants have been erected for the 
specific purpose of working up a definite supply of material, only that and 
nothing more. Assuming it to be contemplated that such a purpose will 
be consummated in two years of time, it is obviously necessary to charge 
each year's operation with one half of the cost of the plant. Ordinarily, 
however, the calculation for amortization is not so simple, because the life 
of the plant can not be so definitely foretold, but even under the most favor
able prospects as to cont.inuance of the supplies of raw material, and the 
conditions which govern the operation of the works and the marketing of 
its products, there are considerations as to the life of the plant, both in part 
and as a whole. Sorne of its apparatus, in spite of the most liberal outlay 
for repairs and renewals, will wear out and become useless, often in a com
paratively few years . Other parts may perhaps be kept in excellent condi
tion for many years, but may become unprofitable through advances in the 
art, 'vhereby the competition of more modern and superior methods or 
machines may render the old ones practically useless. This consideration, 
which has aptly been referred to as "depreciation due to the advance in 
the state of the art" applies not only to particular machines and methods, 
but also to the plant as a whole. Anyone who will look around in the industry 
with which he is most familiar, and will observe the number of plants of no 
more than 10 years' construction, which have become idle and out of date 
will appreciate the importance of this industrial calculation. 

It is a common practice among engineers in considering the probable 
standing of a new metallurgical project to reckon an amortization period of 
10 years, i.e. the first cost of the plant must be reimbursed in that time, 
not necessarily with view to the distribution of the original investment 
among the subscribers, but rather with view to the maintenance of the value 
of the plant to the possible extent of a complete replacement at the end 
of the time reckoned. Prudence seldom permits the estimate of a longer 
amortization period than 10 years. In some cases it is unsafe evcn to 
reckon so long a time as that. 

The as umption of an amortization period of 10 years implies that 10% 
of the first rnst of thP plant must be added annually to all the cost of dirert 
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operation, and moreover, a certain interest charge must be added in order to 
to arrive at the actual cost of production. Reduced to the basis of a ton of 
ore the relative magnitude of these charges depends upon the cost of plant per 
ton of annual capacity. For example, the cost of a first class copper smelting 
plant of 1,000 tons daily capacity, or say 350,000 tons per annum is about 
$600,000, which is about $1.70 per ton of annual capacity. The cost of a 
silver-lead smelting plant of the same capacity is about $800,000, which 
is about $2. 30 per ton of annual capacity. The cost of smelting a ton of 
copper ore in such a plant is roughly about $2. 50; the cost of smelting a ton 
of silver-lead ore is roughly about $3. 50*. In the former case 17c. per 
ton should be added to the smelting cost for amortization; in the 
latter case 23 cents per ton; in both cases the amortization charges 
are only about 7% of the direct operating cost. In zinc smelting the condi
tions are quite different, not only in this, but also in other respects . 

In the fi.rst place the design of zinc smelting plants is by no means so 
well standardized as are those of copper and silver-lead smelting plants The 
latter conform to certain well established lines. The new plants which are built 
now-a-days differ but little, one from another. Zinc smelteries on the other 
hand, even of modern construction, show wide differences (although there 
is a strongly growing tendency toward uniformity) and there is an equally 
wide diversity in their costs. Plants erected in the United States within the 
last fi.ve years have cost from $7 to upward of $20 per ton of annual capacity; 
the former for a plant using natmal gas as fuel; the latter for a plant using 
coal (gas fi.ring and regenerative furnaces). These figmes are, however, 
extremes. A plant costing only $7 per ton will require immediate additions, 
which will raise the figure; while a plant costing $20 per ton implies an un
necessary outlay of money. 

The first cost of a zinc smelting plant has a very important bearing upon 
its operating cost and the percentage of metal extraction which it will effect. 
Representing by l\.I the value of the metal extractable from a ton of ore of 
given zinc content, by 0 the cost of the ore, by C the direct operating cost 
per ton of ore, by P the first cost of the plant per ton of ore and by X the net 
profit per ton of ore. 

X=:\I-(O+C+O.l P +0.06 P) 

in which 0 .1 P is the allowance for amortization and 0 . 06 P for intercst on 
the first rost of the plant. 

Practically, X should be the larger, the larger is P up to a certain point 
(becausc )1 \l'Îll be larger and C will be smaller) in order to justify the in
crease in P. This is indeeù the result of experience. In comparing natmal 
gas and coaJ gas plants. however, of which the first cost is widely different, 
the aboYc formula would show very much in fayor of the, lower value of 

* These fig-tir<'~ are hased on the ton of charge srnelted , ineluding ore anrl flu;:. In 
goo<l prncticc in sil\'er-leacl smelting thc> ore is about 803 and the flux about 203 of 
the charge. These figures, together wiih that as to the cost of sih·er-lead ·mp]ting a re 
repre.~entative of American eonrlition8. The conditions in British Columbia are widely 
difîerent. 
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P if amortization wcre reckoned at the same percentage. But no one would 
reckon on so low an amortization as 103 in the case of a plant whose exis
tence wmùd be dependent upon a fuel supply so uncertain and precarious as 
natural gas. 

The cost of a modern zinc smeltery in Belgium or Rheinland, for the 
treatment of blende, i.e. with full roasting capacity, is about $14. 50 per ton 
(of 2,000 lb .). Such a plant will be equipped with gas producers and Rhenish 
regenerative furnaces. A similar plant in Canada or the United States 
would probably cost $17. 50 to $18 per ton. The plant at Pueblo, Colo.' 
which practically duplicates the one at Overpelt, Belgium, cost more than 
$18 per ton, but there were various misfortunes in connection with its con
struction. American engineers would not, however, duplicate the details 
of European construction, nor would they follow the European lin.es as to 
machinery and various features of the design of the works. They would 
erect a plant, of at least equal efficiency in all respects and superiority in 
some important matters, which would cost about $16 per ton. A corres
ponding plant for natural gas fuel would cost about $10 per ton. The 
difference is accounted for chiefiy by the higher cost of the regenerative 
furnaces, with their accessories, including gas producers, extra boiler capacity, 
etc., and the means for storing and handling the large quantity of coal re
quired. The ordinary plant in the Kansas gas field costs $7 to $8 per ton. 
These estimates are for plants of capacity for 25,000 tons of ore per annum, 
which is a convenient size. Smaller plants cost proportionately somewhat 
higher . · 

The comparative cost of smelting a ton (2,000 lb.) of zinc blende ore 
under different conditions as existing at present is approximately as follows: 

!TE!11. A. E. c. D. 1 E. 

Labor . ... . ... .. .... . . ... . . . . . .. .... $4.25 $4 .52 $4 .80 $3 .20 $3.24 
Fuel . .. . ... . ...... . . . . . . . . . . .80 1 .59 .80 3 .75 3 . ~2 
Reduction material. .80 .80 .80 .67 .55 
Clay ... .. . . . . . ... ::: : : : : : :::: : :: : :: : .44 .40 . 44 .50 . 72 
Other supplies .. .. ..... . . . .. . .. .. . 20 .20 .20 .20 .20 
Repairs and renewals .... ... . . . .48 .75 .47 .65 .64 
Administration . . . . . . . . . . . . . 1. OO 1.10 1.00 .70 .60 

Total. . . . .. . . - . 7 .97 9.46 8. 51 g 67 9 . 27 
Say . . . . . . . . . . . . . . . . . . . . . .. . 8. 00 9 .50 8 .50 9 .67 9 .25 

A. Weil design ed na tural gas plant in Kansas. cquipped with mechani cal roasting 
furnaces. Cost of ga reckoned at 2c. per 1000 eu. ft . 

B. Estimate for well dcsigned coal pla nt in Illinois. Gas firing . Mecha nical roas ting 
furnaccs. Rbenish rcgenera tive distillat ion furnaces. Cost of fuel rcckoned at 75c. per 
ton, 2. 25 tons rcquired per ton of ore. 

C. Ordinary natural gas pla nt in K ansas, equippecl with ha ncl roasting fuma.ces. 
D. Est imate for well designecl coal pla nt in Rheinlancl . Germany. H a ncl roasting

furnaces. Gas firing. Rhenish regenerative distillation furimces. Cost of fuel reckoncd 
at $2 . 50 per 2000 lb., 1 . 5 tons rcquired per ton of ore. 

E. Estimate for well designed coal pla nt in Rh <'inla nd, Germa n~·. Ha nd ronsting 
furna ces. Gas firin g-. Rhenish rcgeueratiYc distillat ion furnaces. C'ost of fu el rPekone<l 
at $2 . 60 per ton, 1. 28 tons reqtiired per ton of ore. 
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Zinc ore is being smelted to-day, in spite of increased cost for both labor 
and gas, more cheaply in Kansas than it can be in Europe. Even wi.th coal, 
it can be smelted in the United States for approximately the same cost as 
in Europe, although this is hardly being clone at the present time. European 
smelters have the advantage of very much cheaper labor than the American, 
and unlike the experience in some other arts, low-priced European smelter
men has in zinc smelting practically as high an efficiency as the high priced 
American. The difference in the labor cost per ton would be greater were it 
not that the American smelters economize in labor through the use of mechan
ical roasting furnaces and other mechanical devices, wherever they can be 
installed, to a greater extent than the European. The European smelter 
has, moreover, an advantage in various other items in the cost of smelting, 
but these are al! offset by the cheaper cost of fuel in America, although the 
inferior character of the coal in the chief zinc smelting districts requires the 
consumption of a greater quantity of it per ton of ore. 

The final element in the valuation of zinc ores, namely the percentage 
of metal extraction, is difficult to generalize, inasmuch as it depends greatly 
upon the character of the ore-mixture that is smelted and the metallurgical 
practice. An extraction of 903 of the zinc in the ore is sometimes effected, 
but this is above the average. On a good grade of ore an extraction of 883 
would be a very fair result , and with a poor grade of ore and in inferior plants 
the actual result will be a good deal below that figure. In the early treat
ment of Colorado ore in Kansas, the extraction was only about 723 . The 
retorts in us.e would not stand the high temperature necessary to distil off 
the last of the zinc, and residues assaying high in zinc were discharged from 
the furnace. Improved practice, including the manufacture of a superior 
retort, has improved that result, but the extraction from these ores is still 
inferior to that which is yielded by the clean ores of the Joplin district. 

Estimating an extraction of 883 in an European plant and 843 in an 
American plant, the profit to the smelter in purchasing in British Columbia 
an ore assaying 533 zinc, with spelter at 5. 73c. St. Louis and 5. 52c. London, 
may be calculated as follows: 

DR. KANSAS. BELGIUM. 

Ore cost per 2000 lb. . . . . . . . . . . . . . . . . . . ........ . $22 .20 $21 .50 
Freight.... .. . .. . . . . . . . . . . . . . . . .......... . . 10 .00 13 .88 
Loss and inciden tals . . . . . . . . . . . ........... . . . 1.00 1.25 

8.50 9.25 
I..50 1.40 

Smelt ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... ... . .... . 
Amortizat ion . . . . . . ...... . ...... . ........ . .......... . 
Int erest. . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . . 54 .84 
Freight on spelter . . . . . . . . . . . . .................... .. ... . ... . 1.14 .76 
Selling expcnsc . . . . . . . . . . . . . .. . .... . ..... .. . .... . . .. . . 50 .50 

Total .... -!5.38 49 .32 

\r .................... . $51 . OO $51. 50 
Spelter ..... . 90 lb. 933 lb. 

at 5.73 ut S5.52 
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In the above estimates, no allowance is made for the recovery of by
products (stùphuric acid, silver, and lead) which the European smelters 
generally recover to more or less extent; but which American smelters re
cover only in a few instances. 

The metallurgy of zinc is frequently spoken of as a backward art, the 
smelting process still being expensive as compared with that of lead and cop
per ores, while the proportionate extraction of metal is greatly inferior. 
This idea rests, howeyer, on false standards of comparison. The zinc smelter, 
as a rule, deals with ore which has already been enriched to a high degree, 
so that his practice is comparable to that of the smelter of galena concentrate, 
or of black tin ore, rather than to that of the silver-lead or copper smelter, 
who has to treat a very large quantity of ore for a comparatively small pro
duction of metal. In other words, while the copper smelter makes commonly 
a concentration of 20:1 and even 50:1 , the zinc smelter makes a concentra
tion of only 2:1 or 3 :1. In handling the less quantity of raw material it is 
generally permissible to utilize wheelbarrow and shovel to a greater extent; 
but if the cost of the process be referred to the basis of the crude ore raised 
from the mine, the smelting expense may not appear unduly heavy. 

VALUE OF ARGENTIFEROUS BLENDE. 

The addition which is lent to the value of zinc ore by a silver content 
is a matter of both interest and importance in connection with the ores of 
British Columbia, inasmuch as they are generally silver-bearing; occasion
ally silver-bearing to a high degree. The highly argentiferous ore, how
ever, is much smaller in proportion than the ore which is comparatively 
low in silver. In some cases the ores run very high in silver, but such 
occurrences exist elsewhere, especially where te.trahedrite (grey copper ore) 
or similar silver minerals are associated with the blende. These high silver
zinc ores, however , are commonly considered not as material for the zinc 
smelters, but for the silver-lead smelters, to whom they are disposed of. 

In the treatment of a zinc ore by the usual smelting process, a content 
of lead and silver (and also gold) in the ore can be recovered if it be desired. 
As to whether the recovery will be attempted, or not, is chiefiy a question 
of extractions and costs. The first step in the metallurgical treatment 
of zinc blende is a roasting of the ore down to about 13 sulphur. In this 
process the loss of zinc is small, being seldom more than 23 in bad practice, 
and ordinarily in goocl practice consiclerably less than 13 . The tosses 
of both lead and sil ver, however , are heavy; the sil ver loss is likely to be 
10 to 123 in the roasting of a 10 oz. ore, while the lead loss is full y 103 . 

In di tilling the roasted ore there is a further loss of lead by volatiliza
tion; ome of that which goes over into the condenser escapes; some is 
condensed along with the spelter, which it contaminates, nccessitating a 
refining in order to make the spelter marketable. The bchavior of the 
lead in this respect depcnds largely upon the manncr in which the distilla 

3 
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tion is conducted. If the retorts be run at a relatively low temperature, 
comparatively little lead will go over into the spelter, but the extraction of 
zinc will be low. On the other band, if the retorts be run at relatively 
high temperatrue, in order to insure the best possible extraction of zinc, 
a comparatively large proportion of lead will go over into the spelter. In 
the eyes of the zinc smelter the extraction of zinc is the prime consideration; 
the other metals are merely by-products; the zinc is the chief product and 
the process is directed mainly to its extraction. In any case, the loss of 
silver (and gold) during the distillation is insignificant. 

After the distillation of the zinc has been completed, the residue raked 
out of the retort is a cinder composed of unburned coal mixed with the gangue 
of the ore, the latter being fused to a more or less degree, according to its 
ingredients. This cinder contains the major portion of the lead (to some 
extent as metallic globules, to some extent as silicate and other compounds) 
and practically all of the silver of the roasted ore. The cinder also contains 
a varying percentage of zinc, ordinarily from 4 to 73 . The proportional 
weight of the cinder with respect to the roasted ore charged into the retorts 
varies with the character of the ore and the practice in its distillation. In 
the distillation of ordinary ore, assaying 45 to 503 zinc, the residue generally 
amounts to 60 to 703 of the weight of the ore charged, say 661 3 as a mean. 
Under certain conditions, however, as at Cockle Creek, ew outh Wales, 
it may amount to 1003 . 

The residue having been discharged from the distillation furnace, and 
assuming that it contain sufficient lead and silver to make their recovery 
worth while, there are three alternatives open, viz.: 

(1) The entire quantity of residue may be passed on to the lead smelter. 

(2) The residue may be treated as a crude ore, by crushing and jigging, 
the concentrate being passed on to the lead smelter. 

(3) The residue may be crushed anè jigged only for removal of the 
unburned coal, ail the remainder being pa~sed on to the lead smelter, while 
the coal recovered may be utilized in a variety of ways. 

The second method is the one commonly employed in Belgium and the West 
of German)-. The first method has long been used at Freiberg, Saxony 
where the treatment of rich silwr-zinc ores has been a specialty, although 
condncted on only a small scale ; it has also been practised m the United 
States. The third method is practised both in Europe and in the United 
States. 

The results ach ieYed by the thrce methods are quite different, and 
their rclatiYe effieiency depends large!~- upon local conditions. For the 
purpose of illustration, compari:;on may be made of the results that might 
be expected under certain conditions from an ore containing 10 oz. si lver 
per 2,000 lb. and 5% leacl, or 100 lb. of lead per ton. In roasting there 
will be a loss of 1 oz. of silver and 10 lb. of lcad. The roasted ore will weigh 
approximatcly 5% of the wcight of the raw ore. In distillation there will 
be no important loss of sil ver; but the 90 lb. of lead contained in the roasted 
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ore may be expected to suffer a loss of 161%, or 15 lb. Assuming the residue 
to be about 65% of the weight of the roasted ore, or 1,100 lb. , that quantity 
of material will contaiu 9 oz. of silver and 75 lb. of lead, corresponding to 
16. 4 oz. silver per ton and 6. 82% lead. 

If this residue were passed on di.rectly to the lead-smelting furnaces, 
a recovery of 95% of the silver and 90% of the lead would be expected. 
The ultimate extraction would be, therefore, 8. 55 oz. silver and 67. 5 lb. 
of lead. Reckoning the silver at 60c. per ounce and lead at 4.5c. per pound, 
and allowing le. per lb. for freight and refining charges on the bullion, the 
gross value of the products would be $7 .49. 

The net value in this case can not easily be generalized, because the 
cost of smelting the residue will vary widely according to local conditions. 
lt is not an easily smelted material. It contains a large proportion of fines 
and is bulky both for that reason and the large amount of unburned coal 
which it comprises. This coal does not reduce the percentage of coke re
quired on the charge, and indeed is a drawback to economical smelting. 
The retort residue will never be self-fluxing, the conditions of zinc smelting 
precluding any such possibility, and suitable ores and fluxes must be avail
able to make up a proper smelting charge. 

At Iola, Kan., the smelting of retort residue containing 10 to 15 oz. silver 
0. 03 oz. gold, and about 6 per cent. lead was abandoned as un profitable 
after a long trial, although 91 percent. of the sil ver, 92. 5 percent. of the gold 
and 92 per cent. of the lead were recovered. It may be assumed therefore 
that the cost of smelting was considerably in excess of $10 per ton. 

On the other hand, in a very favorable location, such as Puebla, Cola. , 
where there are silver-lead smelters treating an immense tonnage of ore, 
with which the zinc residue can be advantageously mixed in comparatively 
small proportion, the cost of smelting it may-be quite moderate, say $5 per 
ton. 

From the gross value of the by-products, $7. 49 as previously computed, 
a deduction of $2. 75 to $5. 50 must therefore be made, leaving $4. 75 to $2 
as the net value per ton of crude ore, the former figure being attainable only 
under very favorable circumstances. 

If instead of smelting the residue directly it were concentrated mechan
ically by crushing and jigging, there would be in the first place a further 
loss of bath silver and lead in that process. This would amount probably 
to one-fifth of the lead and one-third of the silver, wherefore the concentrate 
would con tain 6 oz. of sil ver and 60 lb. of lead, assuming 5 tons of residue to 
be reduced to one ton of concentrate. The final products from the smelting 
of the concentrate would be 5. 7 oz. of sil ver, worth $3. 42 and 54 lb. of lead, 
worth $1.89, a total value of $5.31 from which must be deducted the cost 
of concentrating 0. 55 ton of residue, which may be taken as 55c., and the 
cost of smelting 0 .11 ton of concentrate, which may be ta ken as 55c., giving 
a total deduction of $1 . 10 and a net yield of $-!. 21. 
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If on the other hand the residue were washed simply to remove unburned 
coal, of which it may be estimated that 20% can be separated and returned 
in one way or another to the smelting process, there would be no important 
loss of lead or silver and the weight of the product to be smelted would be 
reduced to 880 lb. The value of the lead and silver ultimately recovered 
would be therefore $7. 49, less 55c. for concentrating and $2. 20 for smelting 
or a net restùt of $4. 7 4 per ton of cru de ore. 

These computations are sufficient to show how under certain conditions 
it is cheaper to smelt the entire residue, or all of it except the coal which can 
be washed out; and how under other conditions it is cheaper to concentrate 
the residue. On an ore of grade assumed, when conditions are favorable to 
cheap smelting (silver-lead) as at Pueblo, Colo., it is the more profitable 
to smelt the entire residue, or the entire residue minus the excess coal. On 
the other hand, where the conditions are unfavorable (as at Iola, Kan.) 
this process proved unprofitable on the same grade and kind of ore as is 
smelted successfully at Pueblo. It will be readily perceived that the neces
sity of shipping the residue to some other point for treatment, involving 
a freight and treatment charge rising to $10 or more, per ton will reduce 
the net value of the silver and lead extractable from a ton of ore to a low 
figure. 

Thus it will be clear that in the treatment of a zinc ore for silver and 
lead recovery, either the losses are high or the cost is high. This is the reason 
why the zinc smelter can not afford to pay for silver and lead more than a 
comparatively small proportion of their assay value. In general, the Europ
ean smelter is not disposed to pay more than 60% of the assay value of silver 
in the ore, and that rate only on the silver in excess of 150 grams (about 5 
oz.) per 1,000 kg. If the price of sil ver be 50c. per oz. , or 8. 5 centimes per 
gram, the rate paid will be about 5 centimes; with sil ver at 55c. per oz., 
or about 10 centimes per gram, the rate paid will be about 6 centimes. An 
ore assaying 10 oz. per ton would therefore suffer in the first place a deduc
tion of 5 oz., and the remaining 5 oz. \YOuld be paid for at the rate of 36c. 
per ounce (sil ver being 60c. per ounce in the market), making the silver 
value of the ore to the miner $1. 80 per ton . 

The European smelter will not pay for lead at all unlcss it be in excess 
of 8%. Lead in excess of 8% is paid for at 50% of the price quoted in 
London. 

It should be remarkecl. ho\\·ever. that the price paid for silver and lead 
can not fairly be consiclNecl by itself, but. must be viewed with regard to the 
terms under which the zinc in the ore is paid for . For example, a smelter 
may make a comparatiwly low ret urning charge on the ore, contemplating 
that a concession in that respect will be offset by a profit on silver for which 
he pays nothing to the seller of the ore. 

A rontrart macle for a certain orc> frwn British Columbia in 1904 at the 
lmY rcturning charge of 50 s. per lonµ: ton. equiYalent to $10. 5 per short 
ton , stipulatcd that the ore should rnntain 10 oz. of silver pcr ton. Each 
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ounce of silver short of that guarantee reduced the value of the ore 25c. 
per ton; on the other hand, the vendor received a similar credit for silver 
in excess of 10 oz. 

There are comparatively few American smelters who are equipped, or 
are in a position to extract silver and lead from the zinc ore which they treat. 
There will doubtless be, however, an extension of interest in this direction. 
In such cases as the smelters are especially in the market for this class of 
ore, the practice in purchasing is similar to the European. Thus, one con
tract for Canadian ore provided for the payment of silver in excess of 8 oz. 
per ton at the rate of 503 of the New York quotation for silver. On an ore 
assaying 20 oz. silver per ton, 403 zinc, and over 53 lead, a price of $9 . 50 
per ton f.o.b., Sandon, was made in August, 1905; with a zinc variation of 
75c. per unit above or below 40; and a sil ver variation of 40 c. per oz. above 
or below 20 oz. 

WET PROCESSES OF ZINC EXTRACTION. 

A vast amount of ingenuity, energy, and money has been spent, since 
1860, upon the development of hydrometallurgical processes of zinc extrac
tion, the idea being to bring the zinc into solution (usually as sulphate); 
separate the solution from the residue (which will contain the silver and lead 
of the ore, together with the gangue); precipitate the zinc by suitahle re
agents and pass the product on to the smelting furnaces, or precipitate it 
in metallic form by electrolysis; and pass the insoluble residue on to the 
lead furnaces. 

Electrometallurgical processes of this character are hopeless, save 
under certain especially favorable conditions, primarily because of the high 
amount of power that is inevitably required to electrolyze solutions of any 
of the salts of zinc. Vast suros of money have been expended in proving by 
the erection of large works for the operation of such processes the funda
mental principles, which could have been worked out in the office, and the 
practical behavior of the scheme of working, which could have been deter
mined in the testing-laboratory for one per cent. of the money. The con
ditions under which processes of this character may prove workable are: 
(1) in the case of processes affording a useful anode reaction, the application 
at places where advantage can profitably be taken of it ; and (2) the avail
ability of very cheap water power. 

With reference to the first condition, an example is afforded by the use 
of the Hopfner process at the works of Brunner, l\fond & Co., at Winnington, 
near Che ter, England. In this process a solution of zinc chloride is elec
trolyzed. Zinc of great purity is deposited at the cathode and chlorine 
is set free at the anode. The chlorine is conveyed into chambers wherein 
it is utilized in the manufacture of bleaching powder. The electrolysis of 
zinc chloride furnishes a product at the anode, which in connection with a 
chemical works can be profitably used, and the value of this by-product 
offsets what would be a deficit in the deposition of zinc alone. 



38 REPORT OF ZINC COMMISSION 

With reference to the second condition, extremely cheap power (for 
instance power as cheap as $5 per h.p. per annum) might enable the profit
able deposition of zinc without regard to the anode reaction. 

In general, projects for the development or exploitation of wet electro
metallurgical processes of zinc extraction are to be looked at askance. * 

Among the numerous hydrometallurgical processes involving chemical 
precipitation of the zinc, which have been patented, many have been tried 
in practice, but only the Parnell process has served for the treatment of any 
considerable quantity of ore. This was used in Swansea from 1880 to 1883. 
The ore was roasted and leached with dilute sulphuric acid. The solution of 
zinc sulphate thus obtained was boiled down to a paste, mixed with a pro
portion of zinc sulphide, and heated in a muffie, whereby desulphurization 
was effected and a product obtained which could be easily smelted for 
zinc. The process was abandoned because of failure of ore supply, and 
and possibly because it did not prove sufficiently profitable under the con
ditions at that time. It has never been revived; but in view of the 
mechanical improvements of which it is capable, it is worthy of reconsid
eration, and on the whole offers the best prospect of any process of this 
class. 

One of the most serious diffictùties in wet processes of zinc extraction 
pertains to a point which has commonly been overlooked by inventors. 
They say in their specifications that a solution of the zinc (usually as the sul
phate) is to be obtained, and then proceed to outline the following steps, 
but it is precisely the dissolving of the zin~ which it is difficult to effect 
satisfactorily. If a pure zinc blende, like that of Joplin, be roasted to oxide, 
the latter dissolves quickly and completely in dilute sulphuric acid. But in 
the case of a rnixed sulphide ore, containing iron, it is found that after roasting 
the extraction of zinc is very imperfect , even with strong aciù. It appears 
that during the roasting a compound of zinc and iron is forme<l, referred to 
more or less correctly as zinc ferrate, '"hich is insoluble in acid. In numerous 
experiments on ore from Leadville, Colo., the highest extraction of zinc that 
I obtained was 803, and ordinarily the extractions were les than 70% . 
I have been informed, however, by l\lr. C. E. Dewey, that he bas recently 
been obtaining extractions approximating 803 on a regular working scale. 

This rcsult, namely a zinc extraction of only 70 to 80% has been con
firmed by thr results of . o many mctallurgists, working on a great variety 
of ores, that it is a c·onscrvative conclusion that nothing better is to be ex
peeted of a ferruginous zinr orr unless some " ·ay be founcl to mo<lify the roast
ing process to preYent the formation of insoluble zinC' compouncls, wlùch 
ha;; not yct bcen donr. Assuming an extraction of 75 0(,, it is obvious that 
proC'e;;,;es of this cla,;s start out with a great handicap. inasmuch as aside 
from furthcr lossrs that ma>· be sufferrcl in the proce._s, the final product 

• .1t iti to br noted that a rlistinl'tion i;: macle between electronwtallurgiral p1 OCC'~S05 · 
by whwh \\'P haYc «orne to undl•r,tand thosP in which rurrcnt iti Pmployc>d for clcct rol vsis, 
and Pil'etrotlwnnic prorc>~>l'H. in ll'hi<'h currcnt is employed for Jwating'. · 
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is subject to loss in smelting, wherefore the ultima1.e extraction of zinc in 
the form of spelter would be but little, if any, more than 66~% of what 
was originally present in the ore. 

The American Zinc and Chemical Co. has been recently treating or'e at 
Denver, Colo., by the process invented by C. E. Dewey, which is of this 
class. The works were partially destroyed by fire la.St autumn, but it is 
said that they will be rebuilt. 

In the Dewey process the ore is roasted under such conditions as best 
promote the formation of zinc sulphate. The roasted ore is digested with 
water into which sulphurous acid gas from the roasting furnace is introduced, 
dissolving the zinc as sulphate and bisulphite, the latter oxidizing to sulphate. 
The solution of sulphate is drawn off, evaporated to dryness, and the dry 
sulphate is calcined to oxide, which is sold to zinc smelters. 

The terms offered by the company purchasing ore for this process are 
indicated by a settlement made on a lot of ore from the Hartney mine, British 
Columbia, June 24, 1903. 

The net weight of the ore was 40,333 lb.= 20,167 tons. Its assay, metal 
contents and gross value per ton (according to then existing rates of the 
silver-lead smelters at Denver) were as follows: 

CONTENTS VALUE. TOTAL. ELEMENT. 1 ASSAY. 

Gold ....... .... . ......... . ... . ... ,-0-. 0_4_5_o_z_. ·l--0-. 0_4_5_o_z-.
1 

$_1_9_p_e_r_o_z_. ---l---0-. 8-6 

Sil ver .......... . ................. 156. 33 " 56. 33 " 50c. per 07.. 28. 16 
Lead ......... . . .. . .. . ... . ... .... 24. 75 % 495 . OO lb. 32c. per unit. 7. 92 
Zinc .... .. . ... ....... .. . . ....... . 124 .00 " 480.00 " -50c. per unit. 
Iron ... . ........ . .............. . . 8.40 " 168.00 " { -lOc. perunit.. 36.94 
Silica ......... . ....... . . .... .. . .. 1.5 .. 50 " 310. OO " excess silica 
Sulphur ..... . .................... 18 . 30 " 376. OO " 

The smelting charge was $3.50 per ton, plus 71c. for 7.1 units of excess 
ilica, and $7 for 14 units of excess zinc, making a total of $11. 21, and giving 

the ore a net value of $25. 73 per ton. 
After extraction of the zinc the residue weighed 26,890 lb., or 66~% of 

the original ore. The assay and contents of this residue were as follows: 

ELEMENT. AssAY . CoxTEXTS 

Gold . . . .................. .... .... 0 .065 oz. 
Silver.. . . . . . . . . . 84.00 " 
Lead ... ....... ... ..... . ... . .... . 36 . 00 % 
Zin c ............. . . ........ . . .. 7.20 " 
Iron ... . . . . . . . . . . . . 12 .60 " 
Sili<'a. . . . . . . . . . . . . . . . . . . . . . 2:3 . 30 " 
8ulphur. . . . . . . . . . . . . . . . . . . . .5 OO " 

0 . 43 oz. 
.56. 00 " 

480.00 " 
96 .00 " 

168.00 " 
310 .00 " 

ü7 . Ol) " 

---------

VALUE. 

IS19 per oz. 
50c. pcr 07. . 
::!2c. per unit. 
............... 

{
-!Oc. pcr unit. 
<''>c r~~ silira. 

{
---'.?.5<' . pcr unit . 
CX"PSS 8tllphur . 

TOTAL. 

$0.82 
28.00 
7.68 

36 . .50 

The smelting charge per ton of re::;iclue \\·as $1, plus Sl. 07 for exccs:; of 
sil ica, and 50c. for exre,;:; of sulpbur, making a total of S:2 .. 'i7. On two-



40 REPORT OF ZINC COMMISSION 

thirds of a ton of residue this would be $1. 72, making the net value of the 
ore on this account $34. 78 per ton of the original raw material. 

.The extraction of zinc was 803, giving 384 lb. (in the form of oxide) 
which was credited at 2. 5c. per lb., or $9. 60, against which there was a 
debit of $10 for the cost of the extraction process. 

This result shows a gain of about $9 per ton of ore to the miner. It is 
to be remarked, however, that this comparison is made with straight silver
lead smelting. Ore of the character specified would be unmarketable with 
the zinc smelter unless he were prepared to separate it by some mechanical 
process. The treatment of this class of ore from that stand-point will be 
discussed further on in this report. 

lt is extremely doubtful if any hydrometallurgical or electrometallur
gical process, even under the most favorable conditions, could show a commer
cial superiority over the present combination of standard methods in the 
treatment of such an ore as has been referred to . Starting with an ore 
containing 243 zinc and 63 lead, separated magnetically or electrostati
cally at a cost of $1 per ton, approximately 0. 33 ton of zinc ore, containing 
50% zinc, or nearly 693 of the zinc in the original ore, and 0. 55 ton of lead
iron ore containing 93 lead, or approximately 82. 53 of the lead in the 
original ore, are obtained. Carrying the computation forward to the final 
extraction of the metals, good practice should yield about 603 of the original 
zinc and 783 of the original lead at an aggregate cost not to exceed $7 
per ton of crude ore, disregarding freights, interest, amortization of plant, 
etc. A complete analysis of this problem would be quite complicated, 
but the above figures will give a rough indication of the present state of 
the art. 

THE ZlNU ~fl~ES OF BRITISH COLUMBIA. 

The mines of the West Kootenay and the East Kootenay are des cri bed 
in detail in the reports by Mr. Philip Argall and l\Ir. Alfred C. Gardé, published 
elsewhere in this volume. Those of Vancouver Island, the Coast, and cer
tain prospects in the Boundary district are described by Dr. Alfred E. Bar
low. Certain mines which are belieYed to possess zinc resources are further 
described in a series of reports by the gold commissioners of British Colum
bia. It is necessary for me only to summarize their reports and present 
certain observations made in my own examination of the mines of the Koo
tenays, which included most of the more important from the view-point 
of zinc production. 

There are certain mines in the West Kootcnay which are cssentially 
zinc mines. The best examples of these are the Lucky Jim and the Blue 
Bell. In each case they "·ere \\·orked originally as silver-lead mines, but 
as such \Yere probably unprofitable-at ail events they were allowed to lie 
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idle for many years after the original exploitation. The proportion of 
galena to the remainder of the ore was small, and the ore was of low grade 
in silver. The Lucky Jim has recently produced upward of 5,000 tons of 
zinc blende assaying 50 per cent. and more, in zinc, broken out to a consi
derable extent from solid bodies of the mineral and shipped in lump form 
without any culling. The Blue Bell also shows rich faces of blende ore, 
which a.lthough mostly of a concentrating grade will afford considerable 
that can be selected as comparatively high-grade lump ore by hand sorting. 

The majority of the mines of the West Kootenay are, however, essen
tially silver-lead mines, in which zinc blende occurs as an aacessory ore. 
In this respect they differ in no wise · from man y other mines in the Rocky 
Mountains from British Columbia to Mexico, in which zinc blende occurs 
in association with galena, pyrite and other argentiferous and auriferous 
minerals. The wide-spread and abundant occurrence of zinc in these ores 
is indicated by the slags ma.de in silver-lead smelting in the United States, 
which average about 6 per cent zinc oxide, or approximately 5 per cent. 
metallic zinc. Estimating the smelting of 2,500,000 tons of ore pcr annum, 
which is considerably under the quantity now actually treated, and the 
product of 0 . 9 ton of slag per ton of ore, there is annually discarded in this 
form about 112,500 tons of zinc, which is the result after the zinc ore has 
been so far as possible culled out by the miner, or left behind in his stopes. 

The increased demand for zinc ore during the last few years, which 
is by all means likely to continue, has made valuable as a by-product in 
many cases what was formerly an objectionable impurity, to be culled out 
so far as possible and thrown over the <lump. This represents precisely 
the situation in connection with the majority of the mines of the Slocan. 
There are comparatively few which can be worked profitably as zinc mines; 
there are many which are worked for silver-lead ore, wherein the zinc ore 
will be a valuable by-product, as has already been thoroughly well demons
trated in the case of the Slocan Star and certain other mines. The yield 
of silver-lead ore will always be the dominating factor in the operation of 
these mines. 

The silver-lead veins of the Slocan are extremely irregular. They are 
generally narrow and the pay-streaks are thin. Exceptions to this genera
lization are to be found in certain wide veins , like one at least on the South 
Fork of the Ka lo, and certain thick stopes of ore such as are to be seen in 
the Slocan Star mine. The general association of siderite with the ore is 
highly characteristic of the entire region; there are few of the silver-lead 
mines which do not show it to some degree. The tendency of the veins 
toward impoverishment in both galena and blende with depth is strongly 
marked, the proportion of siderite first incrcasing and finally the proportion 
of quartz. The ore shoots are rather short and the stretches of barren vein 
between them are rather long; the stoping area of the ,·eins is therefore 
comparatively small and the cost of prospecting is correspondingly high. 
The si!Yer-}ead ore is generally of high grade in silver, whi ch has made it 
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possible to operate certain of the mines at the excellent percentagc of profit 
that has been shown most brilliantly by the Payne and Slocan Star. 

However, it has been the failure to recognize the true conditions, which 
has been the cause of many disasters in the district. Many properties have 
been °developed in too ambitious a manner. Long cross-eut tunnels have 
been driven at large outlay of money, which has not been justified by the 
advantage to be gained. M:ills of too large capacity have been built and 
attention in their design has been dirE'ctcd toward reduction of operat
ing cost per ton of 01e rather than toward securing the maximum 
percentage of the valuable minerals of the ore, which should havl':l been 
the chief consideration in the concentration of these rich and difficult ores. 
This error in mill design appears to have been due to a mistaken following 
of the practice in the Cœur d' Alene district of Idaho, where the conditions 
as to ore deposits, character and grade of the ore are radically different 
from those which obtain in the Slocan. The large number of mills standing 
idle throughout the Slocan, in spite of the bounty on lead ore, is the best 
possible evidence of the mistakes of the past. In future attempts to reopen 
these mines with a view to augmenting the yield of argentiferous galena 
by the marketing of argentif erous blende as a by-product, it is important 
that profit be taken of previous experience. Operations must be inau
gurated tentatively. Large outlays in dead-work must be avoided. Pros
pecting in the veins must be pushed boldly and must always be kept well 
ahead of stoping. Installation of plant, either mining or milling, must be 
carefully considered with respect to the probability of reimbursement of the co t 
of the plant. If there be only 100 tons of ore to be hoisted out of shaft it is both 
better engineering and better business to raise it by windlass than to buy a 
steam hoist, and this aame principle obtains throughout mine operation. 

Neither the average grade of the ore nor the cost of mining in the Slocan 
can be satisfactorily gencralized. The sample taken by M:r. Argall and 
Mr. Gardé \\'hich are referred to in their reports and are summarized in the 
report of ~Ir. Henry Harris, indicate the general character of the ore, but 
it mu t not fail to be obsen·ed that they were taken from only partially 
developed showings of pay ore, in most cases from narrow streitks, anrl the 
grade of ore actually mined from them would be in ail probability consider
ably lo"·er than the assays of the samples. This would <lepend chiefly 
on the method of mining and the cleanness " ·ith \\·hich the ore would 
be separatecl underground. 

Cast of Production and Producti1·e Capacity. 

The co:<t of mining prr ton of matcrial in the \\'est and Ea t Koot
enays cloes not appear to ,·ary greatl~· from the cost in the Cœur d'Alene 
district of Idaho. whcre t hc conditions are similar. In each district timbcr 
i::; alrnn<lant and obtainable nt nearl~· equal cost. The mines are workable 
gencrall_\' thro11gh :ldit k'\·pJ;;. rlirninating hoi::;ting and pumping co t::;. 
Rat e,; of \\·agr:; arc praetic·:llly the ~am<>. 
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At Wardner, Idaho, miners are paid $3.50 per day ; shovelers, $3; 
foremen, $6 to $7; shift bosses, $4 to $6; timbermen, $3.75 to $4 ; hoisting 
engineers, $4; head blacksmiths, $4.50; generally eight-hour shifts. The rate 
for board is $1 per day. 

At the Blue Bell mine, opposite Ainsworth , miners are paid $3.25 to 
$3.50; shovelers, $3; smiths, $4; all per shift of eight hours. The rates in 
the Slocan and in the East Kootenay are about the same. These figures 
will be found in detail in Mr. Argall's report . 

As illustrative of the cost of mining in large veins at the present time 
the following table is presented: 

ÎTEM. At 

1. Min ers and helpers . . . . .. ..... . . . . . .. ... . . . .. . . $0.35 
2. Shovelers and tram mers ... . .. .. ... .. . .... .... . 0 . 41 
3. Drill sharpening and repairs . . . . .. . . . ..... . . . .. . 
4. C'-0mpresscd air . .. . ... . ......... . ............ . 

0 . 15 

5. Maintenance of cars .. .. .. .. . . . .. . . . . .... . . . . . . 0 .03 
6. Explosives .. . . . . ... . .. . .... . ..... . ... . ..... . 
7. Timber . . ..... . ... . . . .. . . . ...... . . . . .. . . ... . 

0 . 13 
0 .28 

8. Timbermen ... .. .. . ... . ......... . .......... . 0 .23 
9. Hoisting . . ... . . . ... .. . .... . . . . . ..... . .. . . .. . 

10. Pumping .. .. ....... . ..... .... . . .. . . . ..... . . . 
11 . Supplies, n. e. s. 4 ... • .. . ....• .• . .•. ... • . . . . .. 

0 .23 

0 .04 
12. Supervision s . . . .. .... .... .. ... .. .... . . . . . .. . 0.23 

Total ... . .... . ... . .......... . ..... . 2 .07 

n2 
$0 .435 

0 .365 
0 . 120 
0.120 
0 .090 
0.145 
0 . 110 
0 . 190 
0 . 190 
0 .035 
0.040 
0.225 

1 2.065 

C3 

$0 .429 
0 .790 
0 .261 
0.083 
0 .038 
0 .092 
0. 205 
0 .067 

0 . 105 
? 

2 .070 

1. Cripple Creek , Colo. 2. Centre Star mine, Rossla nd , H.C. 3 . Bunker H ill & Sull ivan, Cœur, 
d'Alene. 4. Inclurlin::r; all supplies not elsewhere specified. 5 . Inclurl ing- hosses, assayjng anrl surveying. 

It will be observed that the cost per ton, on the production of the large 
quantities of ore upon which these figures were based, cornes out the same, 
but this is merely a coincidenee, the advantages of one mine in certain 
branches of work being precisely offset by the disadvantages in others. 
Thus, the Bunker Hill & Sullivan , which is operated through a long adit 
level, has a high cost for tramming ore, but has no costs for hoisting and 
pumping, whi ch appear in the statements of the two mines operated through 
shafts. Timber and timbering are always wiclely variable items in rnining. 
In 1903, the Bunker Hill & Sullivan proclucecl 288,71 3 tons of ore at a cost 
of $1.633 per ton for mining and 11.5c. for general expense. The ore \Yas 
removed from the mine by electric haulage through the Kellogg tunnel 
(12,000 ft . long) at a cost of 7c. pcr ton. In addition to the ore, 47,000 
tons of waste was trarnmed . 

There are few figures aYai lable as to the cost of mining in the Kootenays. 
from which any instructive analysis can be macle. The St. Eugene is t hc 
only company which procluces a large tonnage of ore and publishcd nn o!lieinl 
report of the cost. The report of this company for the ycar endecl Ncpt. 
30, 190-!, statecl that clurin~ fiye months of operation 58,456 ton" of ore 
were stoped and 50,'156 \\·ere remoYed from the mine. The eosts per ton 
figure out as follows : 
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ITEM. TONS. 

Mine development ............... . ............. . 
Stoping ... .. .... ..... .......... .. ... ........ . . 
Compressor operation. . . . . . . . . . . . . . . . . . . . . . . . . . 
Shaft repairs ................................. . 

58,456 
" 

Total mining ................................. . 
General expense ......... ... ...... ....... . .... . 

58,4.56 
.50,456 

Transportation ............................... . 
Milling ...................................... . 

" 
" 

TOTAL CosT. 

24,913.50 
85,772.57 
12,231.82 

1,264 .55 
124,182 .53 
18,276.84 

4,121 .84 
31,172. 95 

CosT PER 
ToN. 

0.426 
1.468 
0.209 
0.022 
2.125 
0.236 
0.082 
0 .618 

Charging the general expense, administration, assaying, surveying, 
taxes, insurance, etc,. to mining, the total cost of the latter was $2.49 per 
ton. Deducting the cost of development, which is a widely variable item, 
the direct cost of producing ore was about $2.06 per ton. This is consi
derably higher than in good practice in similar veins in the United States, 
but it is by no means an extravagant figme. The cost of milling also is 
considerably higher than the cost of similar work in the best practice in the 
United States, but it does not compare unfavorably with the results attained 
in many American mills. 

The cost of mining 50,000 tons of ore in the Slocan Star mine in 1904-
1905 was about $2.50 per ton; the cost of milling the same tonnage was 
about 41 cents per ton. 

A mining cost of $2@ $2.50 per ton of material may be assumed as a 
broad generalization of the conditions which obtain in the Slocan. Such 
a figure is obtainable in a vein of solid ore of fair stoping width, say 6 ft 
The cost of mining increases inversely as the proportion of pay ore to total 
vein area decreases, and directly as the occurrence of the ore bodies becomes 
small and irregular, ail of which factors increase the amount of develop
ment work that must be done. When the pay streak is narrower than the 
minimum width of efficient stoping, say 3 ft. 6 in., the cost of production 
per ton of ore increases directly as the width of the pay streak decreases. 
If for exarnple we should have a pay streak of solid blende 12 inches wide 
and 30 inches of quartz beside it , all of which would have to be rernoved in 
stoping, a square foot of vein would yield (assuming clean separation of 
the minerais to be po sible, which however would never be entirely prac
ticable) one cubic foot of blende weighing about 250 pountls and 2. 5 eu. 
ft. of quartz weighing about 412.5 lbs. , wherefore out of every ton of 
material broken there would be obtained three-eighths of a ton of blende, 
and if the cost of mining per ton of material were $3, the cost per ton of 
blende would be If the blende assayed 603 zinc, the mining of a 12-
inch streak would be equivalent to the mining of a 3. 5 ft. streak ass aying 
22. 53 zinc, but the solid streak would have the advantage of avoiding 
the millinl!: expense. The ultimate comparison, howeYer, would depend 
greatl~· upon the eleanncss with which the ore could be broken down and 
hantlletl. fn the ra:-:c of ore \\·hich must be milled. the cost of proùuction 
per ton of C"onrentr:1tc i,.; obYiou:5ly dependent chiefly upon the yield per 
ton of crude ore and tlw eo,;t of mining the latter. 
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In general, the lenses of ore in the veins of the Slocan are so irregtùar 
that no broad deductions can be drawn as to the cost of rnining, or as to 
the cost of production, further than has been attempted above. This will 
be shown clearly in the following results that are available for a few mines. 

Up to the end of 1904 the Payne mine is credited with an output of 
about 50,000 tons of ore and concentrates, worth about $4,000,000, out of 
which $1,438,000 was paid in dividends, which would indicate a cost of 
production of a little more than $50 per ton. 

The cost of mining in the St. Eugene in 1904 was $2.49 per ton; milling, 
62 cents; total $3.11. One ton of concentrate was obtained from 4. 7 tons 
of crude ore. The cost per ton of concentrate was therefore 4 . 7 X $3 . 11 = 

$14.62. 

The data of a mill run on ore from the Slocan Star mine, reported by 
Mr. W. F. Robertson, provincial mineralogist, * are instructive. The data 
cover the period from July 3 to July 15, 1904. They are as follows: 

ITEM. 
Ag. oz. 1 

_T_o_n_s._,._P_er_to_n_ .. ,_P_h_3_o Zn% Fe% Mn% 
_M_ill_fe-ed-.. -.-.-. -.. --.-.-.. -.-.-.-. . -.-.-.-.. -.-.-.-.. -.-. · j 1553.0 21.0 5.1 112.0 ... . 
Galena concentrate. . . . . . . . . . . . . . . . . . . 92 . 3 95. 4 61. 0 9 . 5 ... . 
Blendeconcentrate.. . . . . . . . . . . . . . . . . . 334.0 46.5 2.5 35 .0 . 15 .0 3.0 

This shows a very fair technical result. The galena and blende con
centrate contain together 75 per cent. of the sil ver, 81. 5 percent. of the lead 
and 67. 5 per cent. of the zinc of the original ore. The galena concentra te 
alone contains 71 per cent of the lead. The blende concentrate contains 
62. 5 per cent. of the zinc.. One hundred tons of ore yield about 6 tons 
of galena concentrate and a little more than 21 . 5 tons of blende concentrate. 
Disregarding the silver content of the latter, it would not be a marketable, 
at least not a profitable product , but such an ore can be enriched to a grade 
of 50 percent. zinc \\"ith loss of r.ot more than 15 percent. of the total zinc. This 
would reduce 334 tons assaying 35 per cent. zinc to 198. 7 tons assaying 50 
per cent. zinc, i. e. 100 tons nf crude ore would yield 12. 8 tons of concen
trate assaying 50 per cent , r.inc. 

With lea<l at !: 16 2s. at. London and ex change at $4.87 , the value of a pounù 
of lead in ore in British Columbia is approximately 2. 5c. The value of 
galena concentrate containing 61 per cent. lead and 95.4 oz. sil ver is approx
imately as follows: 

O. 90 X 1220 lb. lead at 2 . . "ic... . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. '27 . 35 
0.95 X 95.4oz.silverat60C'.. . ....... . ..... . . . . . . 54.38 

Tot al gross value.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 . n 
Deduct frPightan<l freatmen t ......... 12 .00 

Net Yalue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69. 73 

* Annual Report of the !llinistc r of Mines, British ColumlJia , fo r the y car 190·1, p. IR.J. 
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The value of zinc ore with 50 pcr cent. zinc may be reckoned at $13 per 
ton f. o. b. mine. when spelter is worth 5c. in the market on which settle
ment is based. 

The returns that might be expected from the mining and milling of 
such ore (5 per cent. lead and 12 per cent. zinc) under somewhat favorable 
conditions would be therefore approximately as follows: 

Dr. 
Mining 100 tons (including developrnent work) at $2. 50 ...... . 
Transporting 100 tons to mill at lOc ............... ." ........ . 
l\Iilling 1 OO tons at 60c ............... . ................... . 
Separating 21. .5 tons of blende at $1. 50 ... . ...... .... ...... . 

$250.00 
10 .00 
60.00 
32.25 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352. 25 
Cr. 
6 tons of galena concentra te at $69 . 73 . . . . . . . . . . . . . . . . . . . . . . $418 . 38 
12 .8tonsofhlendeconcentrateatS13 .00 ......... . ..... ... 166 .40 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 584. 78 

This shows a gain of $166.40 by zinc recovery at an expense of about 
$20 additional in milling and $32.25 for separation, a total of $52.25 leaving a 
net gain of $114.15, disregarding amortization and interest charges (see 
estimates and comments on pp. 90-91), which would be materially reduced 
in the case of a mine treating its own ore, and anyway are properly omitted 
in this estimate wherein similar charges are not made against the mining 
and milling plant. It is unsafe to base any calculations of zinc ore on a 
higher price for spelter than 5c. per pound at St. Louis, although the average 
price in 1905 was considerably in excess of that figure, and the average for 
1906 promises also to be high. In th is connec1;ion reference should be made 
to the statistical tables on pp. 141 and 143. 

The method of development in the mines of the Slocan has been such 
that at the present time there is comparatively little ore that can be estimated 
as blocked out. There have been several mines, the most noteworthy being 
the Payne and the 'locan Star, which have made large outputs in value 
and a high percentage of profit in the production. It is probable that new 
and profitable ore bodies will be found in some of the mines, and it is pro
bable, morcoYer, that many new veins, not now kno'\vn, will be discovered 
within the mineralized area of the district. It is, finally, quite certain that 
intelligent management will materially add to the value of the production 
of many mine::; by careful recovery of zinc blende, although the latter may 
fetch only a small amount per ton. 

The present Jack of development. together with the irregularity of the 
ore bodies. make it difficult to formulate any reliable estimate of the zinc 
producing capacity of the ~locan. That this will bear a definite relation 
to the produetion of lead ore may be accepted. The statistics of scveral 
mine. indicat e a pmhable yield of two tons of blende concentrate contain
ing 50 prr ernt. zinc to one ton of galena concentrate containing 60 per 
cent. !cari. l"nfortunately no statisties of the production of galena concen
tratc are aYailable. The total p1oduction of lead ore in the Slocan 
during the nine year:; 189.5-190:3, according to the annual reports 
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of the Minister of Mines for British Columbia, was 198,207 tons, 
averaging 40.74 per cent. lead. This is an average of about 22,000 
tons per annum. This wotùd correspond to about 15,000 tons of 60 per cent 
grade, and assuming the blende: galena ratio of 2:1 would indicate the pos
sible production of 30,000 tons of blende per annum, if all the zinkiferous 
ore were concentrated. The latter is obviously an improbable result. Many 
of the zinc-lead mines are small affairs, for which it would never pay to pro
vide mills, and are so situated that their ore can not profitably be delivered 
to a central mill. Many of the lead producers, moreover, have too little zinc 
in the ore to make its recovery worth while. On the other hand, one mine 
(the Lucky Jim) has produced a good deal of rich zinc ore with very little 
lead ore, and it is possible that further chimneys of zinc ore may be found 
in that property, or similar chimneys in other properties. All things con
sidered, it is probable that 15,000 tons of zinc ore of 50 percent. grade would 
be a liberal estimate for the productive capacity of the Slocan. 

Mr. Argall considers that the mines of Ainsworth camp can produce 
from present developments about 54 tons daily of zinc ore of 50 per cent. 
grade, and may be able to attain an output of 100 tons daily of 45 to 50 
per cent. grade in the course of a year or so if the extensive ore deposits be 
mined and milled on a scale cornmensurate with their magnitude. These 
estimates would correspond to 16,000 to 30,000 tons per annum, and in my 
opinion are extremely liberal. 

The two large mines of the East Kootenay, which were examined by 
Mr. Argall and me, are not properly to be considered as zinc mines at all, 
although the Sullivan doubtless contains in ore developed more zinc than 
can be shown by any other mine in the Kootenays, except possibly the 
"Big Ledge." Its ore is, however, of such character that zinc extraction 
is almost hopeless. The St. Eugene mine is essentially a lead mine. 
Zinc ore occurs only at the edges of the ore lenses. A selected specimen 
of ore from such a position assayed 0 . 53 per cent lead, 8. 72 per cent iron 
and 44 .10 per cent. zinc. The average ore delivered to the mill contains, 
however, only about 4 per cent. zinc. A considerable portion of this inevi
tably goes into the lead concentrate, which averages about 6 per cent zinc. 
In dressing 400 tons per 24 hours, a recovery of about 25 tons of zinc con
centrate a saying 20 per cent zinc and 4 per cent lead was cffected. A 
rough statement. of the behavior of this ore is therefore as follows: 

ITEM. 

~lill feed .. .. .... . .... . ........ . ....... . 
C:nlena concentrate . ... . .. . ... . ....... . 
Blende concentrate .......... . 

TONS ÜRE. ZIN C ASSAY. 

400 4% 
80 6" 
25 20" 

TONS ZIN C. 

16 0 
4 .8 
5.0 

The zinc in the blende concentrate is comparatively small in quantity, 
is fincly disseminated, is associated with difficult minerais (e. g. gamet) 
and is apparently not economically amenable to further concentration. 
The treatment of thi. material has already been investigated by the St. 
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Eugene company, which made some changes in the mill to facilitate its 
recovery. The tests made by the company failed to show that any com
mercial product could be made of it, and its recovery was consequently dis
continued. However. the tests made by the Commission at Denver, Colo., 
show that the enrichment of this zinc ore is not so diffi.cult a matter as 
appears at first sight (see Mr. Argall's report) . 

On the opposite side of Moyie lake from the St. Eugene property there 
is a prospect known as the Aurora which bas shown some zinc ore, but 
according to the account of the owner development work bas not yet pro
gressed far. A selected sample from a large sack assayecl 2.46 per cent. 
lead, 5. 97 per cent. iron and 56 . 75 per cent. zinc. This is, of course, a ship
ping product. 

There are many mines and prospects in other parts of British Columbia 
which according to many açcounts contain zinc, as is to be expected in view 
of the wide occurrence of that element. Their usefulness as sources of 
the metal depencls largely upon their situation with respect to railway. 

M ethods of Exploit,ation. 

It is obvious from the previous estimate of the probable zinc resources 
of Ainsworth and the Slocan that the tonnage of ore to be expected is too 
small to warrant the erection of independent zinc enrichment plants at 
the several mines. Referring to the Slocan district, an output of 15,000 
tons of blende of 50 per cent. grade per annum would correspond to about 
25 ,000 tons of mill concentrate of 35 per cent grade, which would be only 
84 tons per day, a quantity that could easily be handled by one central 
plant of moderate size. The peculiar railway situation in the district, 
which is entered by two competing railways, one broad-gauge and the other 
narrow-gauge (preventing any physir.al connection between them), one 
leading to Slocan Lake and the otber to Kootenay Lake. furnishes justifica
tion for two smaller mills, one on each Jake, rather than a single large mill. 
This has already been recognized. The Kootenay Ore Company, under 
the management of Mr. George Alexander, has equipped a mill at Kaslo. 
on Kootenay Lake with magnetic separators, and the Monitor & Ajax com
pany, under the management of Mr. Maurice Gintzburger, is planning a 
similar equipment at its mill at Roseberry, on the shore or'Slocan Lake. 

The success of these enterprises will depend upon the broadnes. of the 
business policy whereunder they are conducted. Business enterprises are 
always better run uncler private management than undcr Government 
management, and small business enterprises are generally more succe. fui 
as undertakings of the individual than as corporate undertakings. It i 
important to the nùning interest.s of the Slocan that the enrichment plants 
be not in the first place burdene<l with unneressary capital charges because 
of mistakes in <le!:iÎgn a11d ronstruction, and be opcrated in the second place 
nt ('hargcs wl1i('h will return a fair profit on an honest inYcstment and 
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will not unnecessarily or exorbitantly tax the producers of rough concen
trate. If these . conditions be not complied with it will be worth while for 
the producers to consider the joint erection of independent plants, which 
will ensure the effi.ciency and economy that the conditions of the district 
absolutely demand. 

These conditions must also be recognized by the railways. Zinc ore 
frorn regions so rernote from the established smelting centers of the world 
will not stand high freight charges. This will appear clearly from the the 
discussion of the valuation of ores in a previous section of this report. The 
zinc ores of British Columbia, Mexico, and the portion of the United States 
that is west of the Rocky Mountains have been made marketable only by 
the liberal policy of the railways in making extremely low freight rates on 
the long hauls. The lower the grade of the ore the less freight 
will it stand. The local freights on rough concentrates to the enriching 
plants should be extremely low. A broad policy would be the making of 
a through rate from the concentrating mill where the ore originates to the 
final destination of the ore, such a rate to cover milling in transit at the 
enrichment plants. The railway company is entitled to make a profit on 
its investment , but the broad view regards the prosperity of the district 
served rather than the profit or loss on a single class of freight . This prin
ciple requires no elaborate argument. 

With respect to milling the crude ore, the Slocan has been already 
smfeited with mills. No new mill should be erected unless a tonnage of ore 
sufficient to justify its erection has been thoroughly demonstrated. Most 
of the existing mills will, however, need to be remodelled for zinc recovery. 
Whenever it be possible, mines unprovided with mills should take advantage 
of those already constructed. A mine situated like the Lucky Jim, for 
example, can cheaply put its ore on board cars and the latter can be cheaply 
unloaded at a mill fmther along the line, like the Payne, for example. On 
the carriage of rnilling ore, the railways should make extremely low rates. 
The future prosperity of the Slocan depends very much upon the coopera
tion with which its resources are developed and the advantage which may 
be taken of its present investments in plant, i. e. railways, mills, tunnels, 
tramways, etc. Unjustified and unnecessary investments in plant have 
been a prolific cause of disaster in the past. 

To go fur ther backward, this time to the mines, there are many which 
can neither afford a rnill nor can econornically deliver their ore to some other 
mill. For these, the only resource is hand-sorting of blende in the same 
way that the galena now produced is hand-sorted. The method, however, 
can be generally rnuch improved by the introduction of some mechanical 
devices to facilitate the work. 

Hand-sorting seldom receives the degree of attention which it deserves. 
It is one of the simple things that is disregarded in the desire to have a mill, 
to do everything by machine, and to crowd the ore through. The advan
tage that may be derived from hand-sorting are coming more and more 

4 
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to be recognized and it is being introduced as an accessory process in some 
of the largest and most expensively equipped mills. A good deal of the 
zinc ore of Wisconsin, Leadville, Colo., and Park City, Utah, is prepared 
by hand-sorting only. o one need therefore be ashamed to resort to this 
simple process or feel that in doing so he is not up to date and economical. 
There is perhaps no district in which hand-sorting can be applied with more 
advantage than in the Slocan, both in connection with the mines which 
have mills and those which have not, for two reasons, viz., the galena is very 
rich in silver, wherefore the more it can be separated coarse the higher will 
be the saving, and the blende is almost always associated with siderite, 
which can not be separated by jigging and tabling with any considerable 
degree of cleanness. 

Hand-sorting has the advantages of saving clean mineral from unne
cessary crushing, therefore avoiding loss in slime; of separating two minerals 
of equal, or nearly equal, specific gravities, like blende and siderite, or blende 
and pyrites; of saving in cost of plant. It is not likely to be any more ex
pensive in direct cost than a cheap process of milling, like jigging; it is 
apt to be a good deal cheaper than some of the more expensive processes, 
like cyaniding. The cost of picking depends chiefly on the size of the pieces 
of ore and their specific gravity. It is obviously cheaper to pick out lumps 
of 2 in. size than t in. size, while lumps of a heavy minera}, like galena, 
weigh up faster for the same expenditure of labor than a light mineral, 
like quartz. It is apt to be uneconomical to pick over ore smaller than t 
in. size. Ore of 1 in. size can generally be picked to advantage. With labor 
at 30 cents per hour the cost of picking galena ought not to exceed 60 cents 
per ton, or 90 cents per ton for blende, and it may be considerably less if 
the ore be favourable . Even these figures do not compare unfavourably, 
however, with the cost of milling ~n the Slocan, wbich can scarcely be done 
for less than 60 cents per ton of crude ore if blende recovery be aimed at. 

In order to do hand-picking effectively there must be a systematic 
method. The pickers shotùd not have to do any breaking of the ore, which 
should be done by a jaw-crusher, if the quantity be sufficient to warrant 
the installation, or otherwise by men sledging with long-handle hammers. 
The broken ore may be delivered to a stationary picking table, or to a mova
ble one. The former is the cheaper to install. Among the movable tables, 
the circular, revolving table is cheap and convenient. A traveling belt 
is also very convenient to pick from. These devices, together with methods 
and results of picking, are fully described in Ri chards' Ore Dressing and in 
my Production and Propert.ies of Zinc. It is unneccssary to enter into further 
discussion of the subject here, but attention may be called to certain im
portant points, viz.: 

l. The ore should be rinsed with water, so as to make the minerais 
show disti11ctly. 

2. The picking-room should be well lighted. 
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3. The pickers should be able to throw the ore from them; not draw it 
toward them. 

The usefulness of systematic hand-picking in the preparation of the 
zinc ore of the Slocan can not be too strongly emphasized. The owners of 
small mines instead of waiting for some one to corne forward to build a 
mill should get to work themselves, pick out for shipment what ore they 
can, save the cullings, and prosecute the development of the mine until 
the time cornes when a mill is really justified. 

The mines themselves are pectùiarly well adapted to an extensive 
application of the leasing system. In small, irregular veins, such as 
those of the Slocan generally are, the leaser can invariably do better than 
the company. He has a keener scent for ore than the average foreman; 
he is free from administrative expenses; he takes risks that the company 
can not; and when the mine is in borrasca, he will work for less than the 
regular wage in the hope of recouping himself when the mine cornes again 
into bonanza. There is many a mine in the United States, which has 
been unprofitable under company management and has become profitable 
when turned over to leasers. The general introduction of this system in 
the Slocan would do a vast amount of good to the district in general and 
the proprietors of mines in particular. 

In this connection steps should be taken to settle local differences and 
jealousies. Prosperity can be insured only by the inauguration of general 
activity. Considcration may well be given by the Provincial Government 
to an adjustment of the system of taxation which would tend to secure the 
operation of properties that are capable of profitable operation. 

ZINC SMELTING IN CANADA. 

The local smelting of the ores of a country is always an importànt 
consideration. The srnelting of zinc ore in British Columbia is especially 
important for consideration in view of the remoteness of the province from 
the markets of the \YOrld, and moreover inasmuch as a smelting plant is 
already under construction at Frank, Alberta, for the treatment of these ores. 
This plant will doubtless be completed before this report is issued from the 
press. 

In the smelting of zinc ore there are two prime considerations. (1) The 
quantity of fuel required per ton of ore is greater than in any other of the 
common metallurgical processes. In the best practice of the world, about 
1.75 tons of coal are required per ton of ore, \Yhile in inferior practice the 
proportion is much lar()'er. It is therefore cheaper to take the ore to the coal 
than to take the coal to the ore. (2) The zinc smelting process requires ore 
concentrated to a rather high grade. Generally, ore to be smelted in 
Belgian or Rheni h furnaces should contain upward of 40 per cent. 
zinc in the raw blende. Inasmuch as such ore will yield approximately one 
third of its weight in spelter, so long as the ore is taken to coal on the direcz 
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line to the final marketing of the spelter, the waste carriage, so to speak, 
is only on two thirds of the weight of the ore, and it may be actually less 
than that, inasmuch as the ore is usually rated as a lower class of freight 
than metal, and a portion of its lead and sulphur contents may be utilized. 

The above considerations are the chief factors in determining the loca
tion of a zinc smelting works. There are many others, such as the question 
of local freights, supply of labour and refractory material, market for stùphuric 
acid, etc., which need not be entered into here. It may be remarked inci
dentally that the electric smelting of zinc ore is one of the possibilities of the 
future; in fact it is being practiced already in Scandinavia; and this sub
stitutes water-power for part of the coal required in the process, although 
it can not replace the coal required as reduction material. I shall refer to 
the subject of electric smelting in a subsequent section. 

Considering the subject of smelting according to the standard practice, 
the only localities of British Columbia that are in any way adapted to the 
process, are the Crow's Nest Coal Field* and the Coast, iwhere coal can be 
obtained from the coal field of Vancouver Island. The Canadian Metal 
Co., Ltd. , has erected its plant at Frank, Alberta, in the Crow's Nest Coal 
Field, just east of the British Columbia line. The selection of that place 
appears to have been determined by the acquisition of a coal mine, directly 
on the railway line, from which the coal can be trammed immediately into 
the works. Undue weight may have been attributed to the latter advantage, 
but the direct control of a source of coal was a wise enterprise, especially 
if the coal can be produced as cheaply as is estimated. It is difficult to see 
how zinc smelting eould be profitably carried on in British Columbia with 
coal obtainable only at the price asked by the Crow's Nest Pass Coal Co. 

The Crow's Nest Pass coal field is situated on the western slope of the 
Rocky Mountains. According to Dr. George M. Dawsont it has an area of 
at least 200 square miles, and contains numerous superimposed coal seams, 
ranging in thickness from 2 to 30 ft. The chief mining in this field is done 
by the Crow's Nest Pass Coal Company, the history of which is practically 
the history of the field . This company was incorporated by Dominion 
charter in 1897. It owns about 250,000 acres of land. It began mining 
at Coal Creek in 1897. Its production from that time up to the end of 1903 
was as follows :-

YEAR To~s, CoAL To~s, CoIŒ 

1898... . ...... ' .. 8,986 361 
116,200 29,658 
232,345 72,810 
425,4.57 125,085 
Hl ,236 120,777 
661 ,118 167,739 

1899 .. ' .. '' .... . ......... ' ... . 
1900 .............. . .. .. 
1901 .... ' . . . ..... . .... .. . . . 
1902 .... . 
1903 ... . 

Tota l 1,885.34_2 ______ .5_1_6'--,4-'-3-'-0 __ _ 

* In using this terin, I includc the coal formations on both sides of Crow's ~est Pass. 
t The Minerai Industry, Vol. Vfl, p. 200. 
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Legislative restrictions prevent the Crow's N est Pass Coal Company 
from charging more than $2 per ton for mine-run coal at the mines. During 
the years 1901, 1902, 1903 and to April 1904, the company paid dividends 
aggregating $968,947, which will furnish a rough indication of the cost oi 
production; anyway, testimony that there is a good profit in selling the coal 
at $2 per ton. The coal is of good quality. Nine samples taken by the 
Governrnent mine inspectors in 1902, representing coal as it could be mined 
for shipment, and not selected samples, averaged : Moisture, 0. 91 3 ; volatile 
combustible matter, 19.13; fixed carbon, 69.933; ash, 9.833 ; and sul
phur, 0. 323. * The mining rate in the field in 1905 was 70 cents to $1.15 
per ton of screened coal. 

The Canadian Metal Company, at Frank, has a 9-ft. seam of coal, standing 
vertically and opened by an adit level. Mr. J. J. C. Fernau, manager of the com
pany, stated that he had made a contract for mining at 65 cents per ton of mine
run coal, exclusive of timber and supplies. The coal is bituminous and ap
parently of good quality. Its total cost rnay be reckoned roughly at $1 per ton. 

The conditions of zinc smelting in British Columbia and Alberta may 
be considered therefore as based on a coal cost of $1 to $2 per ton. As 
compared with European conditions this is a low cost for fuel. As com
pared with American, taking into consideration the quality of the coal, 
there is no great difference. Few American smelters, if any, are able to ob
tain mine-run coal as low as $1 per ton, and if they do, it is the inferior bitu
minous of the West. 

Besicles coal, the important factors in zinc smelting are labour and refrac
tory material. In Europe, coal is the largest single item in the cost of smelting; 
in the United States, labour is the largest, the rate of wages being higher than 
in Europe. While the labour cost in smelting a ton of ore is a fundamental 
consideration in determining rentability. there is another important consider
ation which must be reckoned upon in starting a new plant in a new locality. 
This is the question of obtaining skilled men. The zinc smelter is made, 
not born. There is no metallurgical process in which so much is depcndent upon 
the skill of the workman as in zinc smelting; nor is it possible to eliminate 
manual labour by mechanical devices to so great a degree as it is in other 
smelting process. o matter how perfectly the zinc smeltery be designed; 
how elaborate its construction; and how modern its methods-poor smelter
rncn will neutralize ail the advantages planned by t he engineers. This is 
one reason why zinc smelting has been for 100 years confined largely to cer
tain localities, where men skilled in the art are obtainable; it is a reason 
why European smelters are sometimes slow to extend their plants; and it is a 
reason why certain modern and very costly plants establishcd in new localilies 
haYe proved disappointing for several years while the workmen have harl. to 
be trained, in spite of the proportion that could be imported from older 
smelting centres. This is a consideration which often is not taken into 
account in planning a new plant, but it must not be lost sight of. 

* Annual report of Minister of :\Iines for British Columbia, for 1902, page H 262. 
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It is diffictùt to estimate the probable labour cost in smelting zinc ore 
in British Columbia, because the art has not heretofore been practiced there, 
and there is consequently no precedent to serve as a guide. In a thoroughly 
modern plant casting about $16 per ton of annual capacity, in the United 
States, the smelting of 2,000 lb. of sulphide ore would require approximately 
the labour of 21 to 2i men for one day at an average wage of $2; in other 
words, the labour cost of smelting would be $4. 50 @ $4. 75 per ton. Wages 
range from 15 cents per hour to 25 cents per hour ($1.50 to $3 per day). 
At the lead smelteries of British Columbia wages range from 25 to 50 cents 
per hour ($2. 50 to $4 per day). It would appear to be a low estimate to 
reckon an average wage of $3 in zinc smelting in Canada, which would make 
the labour cost per ton of ore come to $6. 75 at the minimum, and in all prob
ability it would be nearer $7. 50 per ton. 

The refractory material, i.e., fire-clay, required for the preparation of 
the retorts must be of special character, which can be determined absolutely 
only by practical trial. For this reason it is not worth while to enter into 
a description of the chemical and physical characteristics of the clays em
ployed for this purpose, which can be found in metallurgical treatises. Zinc 
smelters are extremely conservative in their use of fire-clay. Among the 
abundant clay resources of the United States, there is very little employed 
except the clay dug at St. Louis, Mo. This clay is used exclusively by the 
smelters of Kansas, Missouri .and Illinois. The smelters of Pennsylvania 
and Virginia, who are remote, also use it. The United States Zinc Co., at 
Puebla, Colo., after using St. Louis clay, developed a satisfactory material 
locally and there is no doubt that many suitable clays exist in the United 
States, which could be usecl if the conservatism of the smelters could be over
come. Similarly, it is possible that local clays available for the process. 
may be developed in British Columbia and Alberta in connection with the 
coal measures, but so far they have not been looked for, and the company at 
Frank intends to use St. Louis clay. This must necessarily be costly because 
of the long railway carriage. It is likely to cost $12 per ton delivered in 
Canada, and about one-eighth of a ton of clay heing required per ton of ore, 
the clay cost in smelting ''"ill be 1. 50 per ton of ore. 

Reckoning repairs and re11ewals, supplies, etc. at 10 per cent. advance over 
Kansas-Jllinois conditions, and administration at the same figure as in the 
United States, the approximate cost of smelting in British Columbia and 
Alberta would appear to be as follows:-

2. 5 tons of coal a t .. J . . 'iO. . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 7 5 
2. 5 da~·'s lahour at 3.. . . . . . . . . . . . . . . . . 7 . 50 
*ton day at 12.. . . .. .. .. .. .. .. .. .. .. .. . .. 1.50 
8upplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220 
Repairs and rene1mls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82.5 
Administration. . . . . . ......... . ................ 1.100 

Total ..... . . . ....... . . . 14 895 

A smelting cost of 15 may be estimated as a round figure. 
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The Canadian Pacifie Hailway bas made a freight rate of $2. 50 per 
ton on ore from the Slocan to .Frank. The rate on spelter to London will 
probably be $14 to $15 per ton. Assu.ming an ore assaying 48 per cent. 
zinc and yielding 800 lb. of spelter per ton, the charges per ton of ore up to 
delivery of the spelter at London will be as follows :-

Freight on 1 ton ore at $2 . 50 . . . . . . . . . . . . . . . . . . . . : . . . . . . . . $2. 50 
Smelting 1 ton ore at $15 . OO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15. OO 
Freight on 0 . 4 ton spelter at $15 . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. OO 

Total . . . . . . . . . . . . . . . . . . . . . . . . 23 . 50 

If the ore were shipped to Europe for smelting the costs would be: 

Freight on 1 ton ore to Antwerp at 13. . . . . . . . . . . . . . . . . . . . 13 . OO 
Freight on 1 ton ore to works at $0. 88 . . . . . . . . . . . . . . . . . . . . 0. 88 
Loss and incidentals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 25 
Smelting 1 ton ore at $9 . 25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 . 25 
Freight on 0 . 4 ton spelter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 65 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 . 03 

It will appear therefore that smelting in Canada is feasible commercially, 
especially since a part of the spelter produced in Canada can be marketed 
domestically, saving something in freigQ.t and gaining in price. It is pos
sible also for a Canadian smelter to compete successfully with the American 
so long as the United States assesses a duty of 20 per cent. ad valorem on 
blende. It is to be remarked, however, that this conclusion is based on a 
plant of high efficiency, in thorough running order (manned competently), 
and on an estimate for labour that is doubtful. Until the last point has been 
settled, I should leave considerable leeway to cover unfavourable contingen
cies, and to anyone contemplating zinc smelting in the Canadian West I 
would emphasize again the necessity for being content with disappointing 
results for a considerable period while a sufficiently skillful working force 
is being secured. 

Reference to the statistical tables given elsewhere in this report will 
show that the consumption of zinc in Canada is comparatively small, and 
(although on the increase) it is gaining but slowly. The imports (wlùch may 
be taken as representing the consumption) were 3,154 tons in the fiscal year 
ending June 30, 1905, against 2,975 tons in 1904, and 2,490 tons in 1903. 
In 1895 they were 1,214 tons. There was certainly a healthy increase from 
1895 to 1905, but the course of the statistics is indicative that it will be a 
long while before Canada will be able to consume ail of the zinc which British 
Columbia alone i capable of producing. I have already estimated that 
Ainsworth and the Slocan are now capable of producing (when the necessary 
milling facilities have been provided) about 30,000 tons of blende per annum 
of an average (nominal) zinc content of 50 per cent. This would correspond 
to a spelter production of upwarcl of 12.000 tons, or approximately four times 
the present consumption of the Dominion. The consumption, moreover, 
is only about one-half in the form of spelter, the remainder being in the form 
of sheet and rolled plate. It is to be expectecl, therefore, that for a long time 
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to corne a large portion of the zinc ore or spelter produced in British Columbia 
will be exported. The spelter cannot enter the United States, because the 
American tariff of 1. 5 cents per pound is prohibitive; besides America itself 
is at times a considerable exporter of spelter. The plans that are on foot 
for zinc smelting in Australia would appear to provide for the requirements 
of the Australian market and much more. The prospects are, consequently, 
that the major portion of any spelter that may be produced in Canada must 
be marketed in Europe. 

This leads to the inquiry as to the possibility of smelting on the Pacifie 
Coast. Coal exists there. The rail transportation on ore is comparatively 
short. Deposits of ore exist near the shore, both on the mainland and on 
Vancouver Island. Water power is available. And spelter can be carried 
either to Europe or to the Orient by steamships or sailing vessels. If reason
ably cheap coal were available, it is likely that a good harbour on the Pacifie 
Coast would be the most advantageous point in British Columbia to conduct 
zinc smelting on a large scale. 

The demand for coal along the Pacifie Coast, however, creates a high 
price for that fuel. It fetches $2. 50 to $3 per ton at anaimo. Values are 
not stated separately for the collieries of Vancouver Island in the statistics 
of the Minister of Mines for British Columbia, but making allowance for 
the Crow's Nest production at its known value, the average for the Van
couver Island coal appears to have been a little upward of $3 per ton (2240 
lb.) in 1904, and the same price was quoted in 1905. The coal of Vancouver 
Island is of good quality, but it is improbable, in view of the high cost for 
labour, etc., that smelting could be successfully conducted on the Coast 
with coal costing $3 per ton. It is reported that coal seams have been dis
covered on Quatsino Sound, where zinc also has been discovered. It is to 
be assumed, however, that in spi te of the competition of California petroleum, 
which bas already had a noteworthy effect on the coal trade of British Colum
bia, the demand for fuel on the Pacifie Coast will be such as will absorb new 
supplies at about the present price. The prospect for zinc smelting on the 
Coast, at least by the standard method, is too remote to merit detailed con
sideration at the present time. The zinc deposits of the Coast are still of un
known magnitude; they are in fact nothing but prospects. No one would 
consider any plan for smelting ores from them until they had been extensively 
developcd. The ore that may be taken out in the course of their develop
ment will find a ready market in Europe, whither transportation will be com
paratively cheap. This is the policy which the owners of zinc deposits on 
the Coast should pursue, viz., develop the mines and market the ores in 
Europe. 

As · pre,·iously pointed out, the immecliately available zinc resources 
of British Columbia are those of Ainsworth and the Slocan. In seeking their 
market, these ores must necessarily pass over either the Canadian Pacifie 
or the Great Xorthern railways. In either case, the railways obtain the 
longer haul by taking the ore eastward. The Canadian Pacifie is indeed 
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able to carry the ore, through its connecting steamship line, directly to 
European ports, without dividing freight charges with any other company. 
It is unlikely therefore that either of those railroads would permit the ore 
of this portion of British Columbia to go westward. It is understood, how
ever, that a rate of $4 per ton to the Coast has been tentatively made by 
the Canadian Pacifie. 

The approximate rate on ore shipments in large quantity from Van
couver to Antwerp is 30 shillings per long ton, or about $6.50 per 2000 lb. , 
but various things have to be taken into consideration; such as whether 
the ore is to be shipped in sacks or in bulk, the quantity and regularity of 
the shipments, the time of the year, i. e. whether the busy season or other
wise. Ail of these conditions affect the rate. 

The possibility of the utilization of the abundant water power of the 
Coast for the electric smelting of zinc ore will be referred to briefiy further 
on. 

THE DESIGN OF A ZINC SMELTERY. 

The process of zinc smelting is theoretically one of the simplest of all 
metallurgical processes. Practically it is one of the most difficult. This 
is because of the variety of steps that the ore must go through, the care
fulness with which many details must be observed, and the necessity for 
carrying out the reduction of the ore in small retorts, made of imperfect 
and fragile material. No one should think of constructing a zinc smelter 
without employing a metallurgist skilled in the art. If the plant be of 
any considerable size, its construction is an engineering problem of magni
tude. 

It has been pointed out previously in this report that the cost of a zinc 
smeltery per ton of capacity is relatively much higher than the cost of a 
copper or lead smelting plant. It has also been pointed out how wide a 
range there is in the cost of zinc smelting plants of various constructions. 
The cost per ton varies not only with the type of construction, but also 
with the size of the plant, a small one costing relatively more than a large 
one. From one standpoint even a large zinc smeltery may be considered 
a small plant. A works that is capable of treating 25,000 tons of ore per 
annum is a large plant, whereas a lead or copper smeltery t reating 300,000 
tons per annum would be nothing extraordinary . It is constantly to be 
borne in mind, however, that the zinc smelter deals with ore already concen
trated to high degree, and the plant of 25,000 tons annual capacity will 
produce 10,000 tons of metal, which is as much as the average copper 
smelter of 300,000 tons capacity produces. In points of ground area occu
pied and the magnitude of the brick and steel construction there is com
paratively little difference between the two plants. 

The old type of zinc smelting works common in the United States 
could be built in small units and at comparatively small cost. There are 
still in use, both in Europe and America, many of the old direct-fired Belgian 
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furnaces. In some places, where coal is very cheap and labour not excessively 
dear, they may still be employed with profit, but in general it would be an 
exhibition of folly to erect su ch furnaces in a new plant, and if coal and labour 
were dear it would be suicida!. Economy of coal is so important that regener
ative, gas-fired furnaces should alone be considered. 

The subject of zinc smelting is so comprehensive that bulky treatises 
have been written upon it, without by any means exhausting it, and 
obviously it cannot be entered into to any great extent from the technical 
standpoint in the limits of this report. It will be aimed only to indicate 
the general lines of a modern plant, and to give some advice upon the 
policy of construction. 

If a new plant were projected in a district where zinc smelting had 
aheady been successfully practised, where the conditions had been well 
established and where an abundant supply of skilled labour could be relied 
upon, the wisest policy would be to plan a unit of maximum efficiency, say 
25,000 tons of ore capacity per annum (beyond which little or nothing is to 
be expected in reduction of operating costs) and proceed directly with 
the construction on that scale. If for any reason, it should appear inadvisable 
to give the plant its full capacity at the outset, it should nevertheless be 
laid out on the full lines, omitting a certain number of the roasting and 
distillation furnaces, which can be added subsequently, as required. 

In inaugurating zinc smelting in a new country, it is the policy of pru
dence to begin with the minimum of outlay for plant, erecting something 
small that will serve to establish the conditions and will serve to train the 
men. The chances are that. the new plant will Jose money at first, and a 
small plant will lose Jess than a large one. Thus the Sulphide Corpora
tion began at Cockle Creek, Australia, with a single furnace, although it 
had very large resourr.es of ore. It appears that the Canadian Ietal Co., 
at Frank, Alberta, may have begun on somewhat too ambitious a scale. 
However, this is a broad question of policy that is dependant largely on 
the plans and resources of the promoting company. 

It is not at all easy to plan on modern lines a very small plant that 
will be capable of expansion; or rather it is not easy to do so and keep the 
original co t per ton in reasonable proportion to the tùtimate cost. This 
is because enn in a large plant the quantity of material to be handled daily 
is comparatively small; 25,000 tons per year is only about 72 tons per day. 

ow, although the roasting and smelting furnaces for that quantity of ore 
are naturally diYisible into small units, there are other parts of the plant 
which are not. For example, the retort making machinery for making 
the retorts for 72 tons of ore per day constitutes a single unit, which 
must be provided just the same for nine tons of ore per day. 
There is similar trouble in the design of the sampling and crushing mill, 
the power plant, and other accessory parts of the works. The only solution 
of the difficulty is to diYide everything into units so far as possible, and 
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leave out such parts as may be temporarily ornitted at the expense of increased 
operating cost for a while, or until the plant has demonstrated its prospect 
of success. 

I will, therefore, briefly indicate the general specifications for a plant 
of 25,000 tons annual capacity, or 72.5 tons of raw ore per day (estimating 
345 working days per annmn). The quantity of roasted ore to be smelted 
daily will be about 62 tons. The yardwork must be, however, so far as 
possible done without counting Sundays, or say in 300 days per year, which 
will necessitate the handling an average of 83! tons of ore per day. 

Suitable arrangements must be made for unloading the ore, coal and 
other material as it arrives at the works. There must be well arranged 
railway sidings and ample room for the cars to stand, with a convenient 
system of shunting. The ore, coal, and all material should be weighed 
upon receipt at the works. Immediately after weighing, a sample of the 
ore should be taken for determination of moisture. As the. ore is unloaded 
it should be sampled for determination of its composition. Proper metal
lurgical control of the works cannot be maintained unless it be known 
absolutely what is received. The relation to this of the products which 
go out shows the percentage of extraction, or the efficiency of the works 
and their management; nothing else shows it absolutely. The lump ore 
should be crushed and sampled directly as it is unloaded. The fine ore (con
centrates) may be sampled without further crushing, although generally 
it will have to be crushed before it goes to the roasting furnaces. It is 
advisable to pass the fine ore first through a dryer (a simple cylindrical dryer 
is best), which avoids difficulty in winter, when the ore is likely to freeze. 
For cruslkng the lump ore, a Blake crusher and rolls should be employed; 
for the fine ore, rolls only are required. The sampling should be done mecha
nically. Th~ Vezin sampler is recommended. 

The sampled ore is conveyed to storage bins, which should be sub
divided to keep the varions lots and kinds separate. If the bins are over
head and self-emptying, they save labour in subsequent handling, but they 
are more costly than bins on the ground. The bin capacity should be liberal 
-at least enough to hold a month's supply of ore. 

From the storage bins the ore is put through the crushing mill for re

duction in size to about 1~ inch, or so as to pass an 8-mesh screen. In 
the crushing mill the ore should pass first through a dryer (if it has not 
previously been dried) and then through rolls. It is much easier to crush 
and creen dry ore than it is damp ore. The crushing mill should have 
capacity for 10 tons per hour. Its design will depend somewhat upon the 
relative proportion of lump ore and conccntrate that is expected . 

From the crushing mill the ore will go to the roasting furnaces. These 
should be mechanical. The Ropp and Brown have given good results in 
the United States, but they are rather uneconomical of fuel. The Regeler 
has given good results, especially when the roast gases are to be used for 
sulphuric acid manufacture, but its first cost is high, and the labour cost 
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of its operation is high per ton of ore unless it be constructed as a very large 
unit. The Merton furnace has been successful at Swansea and is ration
ally designed. This furnace has been installed at Frank. Furnaces of 
the McDougall type are to be recommended. They are economical of fuel 
and labour, are low in first cost, and are efficient in small units. Twelve 
furnaces, 12 ft. in diameter and six hearths high, should roast 72 tons of 
ore per day. A well designed mechanical furnace may be reckoned as having 
capacity to roast 20 lb. of blende down to 1 per cent sulphur per square 
foot of hearth per 24 hours. 

The roasted ore sh0tùd be collected in storage bins contiguous to the 
mixing house. It is advisable to carry a stock of ore between the roasting 
and distillation departments for two reasons: (1) To insure continuity of 
operation in case of an accident to a roasting furnace; and (2) to enable the 
proper mixture of various kinds of ore to be made. Contiguous to the 
mixing house there should be also a crushing mill for the comminution of 
the reducing material (coal and coke) to t inch size. The charge should 
be weighed out into a concrete mixer (a cube or revolving barrel) and there
in thoroughly incorporated. European smelters perform both the grinding 
of the coal and the mixing of the charge in the same operation in a Vapart 
mill, but I consider this less advantageous than what I have outlined above. 
The making up of the charge and its thorough mixture is one of the keys 
to good work in smelting and attention should be concentrated on this 
department. 

Among the smelting furnaccs, the most modern are the Rhenish-Sie
mens, the Ferraris and the Convers & De Saulles. Ali are good, and it 
would be difficult to determine which is the best, in the absence of com
petitive trial under precisely the same conditions. At the Palmerton works 
of the New Jersey Zinc Co., the Convers & De Saulles (counter-current 
recuperative) and the Siemens (reversing regenerative) have been tried 
and the company has decided in favour of the former; i t has proved less 
economical in fuel than the Siemens furnace, lmt offsets this disadvantage 
by sornewhat higher extraction of metal, because of its more even tem
perature. In my own opinion, however, the countercurrent type of fur
nace i inferior to the reversing-regenerative type, esperially the Rhenish-

iemens and the Ferraris.. In Europe the Rhenish-Siemens furnace is ex
tensively emplo~·ed in Belgium and Silesia, with excellent results; it is used 
at Pueblo, Colo. The Ferraris furnace (reversing-regenerative, with checkers 
for air only) is used with good results at fonteponi, Sardinia (a com
paratively new plant). The furnaces erected at Frank, Alberta, are of 
this type, but they were designecl without the approval of the inventor 
and ernbody modifications, which are not to be commended. The regenera
rative chambers at Frank, instead of being built under the hearth of the 
furnace and forming an integral part, of it, are built independently, outside 
of the furnace house, besicles which other undesirable alterations in the 
design have been made. 
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Irrespective of the system of heat recuperation, the Rhenish type of 
furnace is now the standard in zinc smelting. The heat recuperative system 
may be either reversing-regenerative or counter-current. The Ferraris 
furnace, as used at Monteponi, is substantially of the Rhenish type, but 
has an interior middle wall, which is necessary to take the gas flues . The 
standard Rhenish furnace has 240 retorts, arranged 120 per side, in three • 
rows of 40 each. The retorts are commonly 60 in. long, 7 in. wide and 12 
inches high (inside measurements). A furnace of this size takes a charge 
of about Line tons of roasted ore, and eight furnaces should therefore be 
reckoned for the works. In modern plants the furnaces are set so that 
the working fl.oor is about 10 ft. above ground level, the lower fl.oor being 
entirely open around the base of the furnace. This increases the first cost, 
but reduces the operating cost and is far better for the workmen. The 
furnace house must be dcsigned to afford ample room in the front of the 
furnaces and to insure good ventilation. 

The gas producers for supplying the gaseous fuel to the furnaces should 
set outside of the furnace house, but as near thereto as is possible. Each 
furnace requires two producers of 8 ft. diameter, or three of 7 ft. 
diameter. Two of 8 ft. diameter give the equivalent of 100 sq. ft. of 
grate area per furnace. The modern gas producer, however, has no grate. 
The producers may be of any standard type, such as the Taylor or Duff. 
They should be blown with air, together with steam enough to pro
duce a gas rich in hydrogen; and both in design and management 
should conform to the best modern practice in gas-firing. The coal supply 
for at least one day shotùd be carried in a happer over each producer. These 
hoppers should be kept filled from a railway line, from which the cars can 
be dumped into them by gravity, the railway line being either of standard 
gauge communicating with the ground by an incline, or a narrow gauge 
auxiliary line. 

Each pair of distillation furnaces requires a chimney 135 ft. in height 
and 5 ft. in diameter. The chimney should be divided by an in terior ver
tical partition to a height of 30 ft. to insure equal draught upon the two 
furnaces. • 

If lead-bearing ores are to be distilled, the spelter will generally carry 
2 to 3 per cent. of lead. By remelting in a simple reverberatory furna c 
provided with a sump in the hearth, the excess of lead will settle to the 
bottom, reducing the lead in the spelter to about 1 per cent. A furnace 
with hearth 16 ft. long and 6! ft. in width will refine 9 to 10 tons of spelter 
per day. 

The pottery, wherein the retorts and condensers required by the dis
tillation furnaces are manufactured, should be situated conveniently to the 
furnace house. This is a highly important department, because success in 
smelt:ing depends upon the excellence of the retotts. The pottery is equipped 
with machinery for crushing the clay, which generally has to be reduced to 
about 10-mesh size, and apparatus for mixing it and for molding the retorts . 
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For clay-crushing ordinary rolls, or dry-pans (edge-runners) ma.y be used. 
The mixture of ground clays may be effectetl by hand, the quantity being 
comparatively small. The mixture (batch) is then kneaded with water in 
a pug-mill. The type known as the taper-tub pug-mill is best. The pugged 
clay is compacted into large cylindrical blocks by a hammering machine. 
The blocks are put into the cylinder of an hydraulic press, from which they 
are forced out, under pressure of 150 to 200 atmospheres as finished retorts. 
The hammering machine and press, together with the pumps for their opera
tion are made by C. Mehler, of Aachen, Germany. The Mehler press is used 
by ail zinc smelters who make retorts in this fashion, and is the only machine 
of its kind. The standard machine has capacity for the manufacture of 80 
retorts per 10 hours, which is an ample supply for an eight-furnace plant. 

The molded retorts are transferred to the hot room of the pottery, 
where they are allowed to remain, standing on end, until thoroughly dry. 
The temperature should be maintained at about 100° F., this being effected 
either by steam pipes, or by a hot-air furnace. The retorts should be allowed 
to dry for three or four months. This, together with the daily consumption 
(which may be reckoned at 3% of the number in the furnaces), determines 
the floor space and consequently the size of the retort store-house. The 
pottery should be separate from other buildings and should be well safe
guarded against fire. 

The power required in the works should be generated electrically for 
the operation of motors where required. In view of the comparatively large 
area occupied by a zinc smelting works and the small amounts of power re
quired at many points, this is vastly more convenient, and in the long run 
more economical than the transmission of power by shafts. belts, wire ropes 
and steam pipes. The attempt to distribute power in any of those ways, 
or a combination of them, leads inevitably to a cramped arrangement of 
the plant, which diminishes its efficiency, prevents advantageous extensions, 
and introduces other objectionable features. 

The best general arrangement for the works is a straight line, beginning 
with the ore bins, and following in order with the crushing mill, roasting 
furnaces , mixing house , distillation furnaces and spelter shipping bouse. 
Suitable space for an~· probable extension should be left between each depart
ment. Accessory departments are located on parallel lines, the pottery 
for examplc opposite the distillation furnaces. The kilns for burning the 
clay requirecl in the batch for the retorts will be placed conveniently to the 
pottt'ry. and the tempering furnaces for annealing the retorts before insertion 
in the distillation furnaces must be situatecl near to the latter. The works 
arc best laid out on lcYel ground. The ideal site is one, however, which affords 
large dumping space for re ·idue and enables the latter to be discharged by 
graYity, irrespectiYc of whether it is or is not to undergo a subsequent milling 
for recovery of its sih·er-lcad content. If it is to be milled, the plant rcquired 
is quite similar to an ordinary dressing works, the residue being to ail intent 
and purpose like a ra"· lol\·-gracle ore. If it is to be milled, not for discarding 
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waste, but merely for separation of its constituents, the products should be 
collected in loosely constructed bins, lined with burlap, through which the 
water can escape, while all the products, including slime are retained. 

THE SMELTING WORKS AT FRANK, ALBERTA. 

These works are owned by the Canadian Metal Co., Ltd. , a foreign cor
poration. At the time of my visit (about the middle of November, 1905) 
the works were still under construction. It is therefore impossible to report 
fully upon them, although their general outline may be indicated. 

The buildings of the works are laid out on two parallel lines. In one 
linE', there is the office; chemical laboratory; and a brick building which is 
divided into sections, the first being occupied by the crushing mill, the 
second by the power plant, and the third by the pottery. Beyond this build
ing, there is another designed for the gas producers, to which the coal is to 
be delivered directly from the mouth of the adit, close by, leading into the 

.coal mine. On a parallel line there is a long brick building which is also 
divided into sections, the first being occupied by the roasting furnaces, the 
second by the mixing department, and the third by the distillation furnaces. 

The pottery is equipped with a Mehler press, hammering machine, and 
hydraulic pump. 

The roasting compartment comprises five 'Merton furnaces, which have 
been constructed five hearths high, instead of the customary three hearths. 
The hearths are 8 ft. wide and 28 ft. long, besicles which there are two, circular 
finishing hearths, one 8 ft. in diameter, the other 12 ft. in diameter. The 
hearthareaperfurnace is consequently (28 X 8 X 5)+50+113=1283 sq. ft., 
which at 20 lb. per sq. ft. would give a capacity of about 12! tons per furnace, 
or 62! tons per 24 hours for the five, but so high a hearth efficiency is hardly 
to be expected from the modified design of these furnaces . The furnaces are 
to be gas-fired. The ore is to be delivered to them by a long screw conveyor 
extending over the line of furnaces, which set parallel with each other and at 
right angles to the longitudinal axis of the building. The roasted ore is to 
be dclivered to the mixing room by a long screw conveyor extending under 
the furnaces. The products of combustion are to pass into an iron pipe, 
extending longitudinally over the furnaces, parallel with the sicle of the build
ing, which at the end of the building pitches down into a subterranean flue 
leading to the main flue to the chimney. 

1o machinery had been installed in the mixing department. It was 
said that a mixer of the pug-mill type would be used. 

The distillation department was laid out for five furnaces, designed mainly 
according to the Ferraris system in so far as the superstructure is concerned, 
but with certain modifications, of which some important features do not com
mend themselves. The inferior structure is so designed that there are tunnels 
undcr the combustion chambers on each sicle, and no room being left for the 
checkers under the furnace, the latter are arranged in separate structures 
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outside of the furnace house, but close to the latter, these being of course 
connected with the flues leading from thefurnace and to the chimney. The 
flues communicating with the chimney lead into a main (5 ft. wide and 6 ft. 
high) parallel with the furnace house and between it and the pottery. The 
flue from the roasting furnace department also leads into this main which 
(together with its branches) is subterranean. Beyond the works, the flue 
turns off at an angle and leads up hill to a chimney 8 ft. in diameter and 
110 ft. in height, the base of which is at considerable elevation (200 ft .) above 
the works. It is obvious tbat the flue-system is not of sufficient capacity. 

In November, 1905, the distillation furnaces had been completed only 
to the floor line of the furnace bouse. The foundations were being laid for 
five more furnaces beyond the first battery, on the same line. 

Each furnace is designed for 240 retorts (120 per sicle, in four rows of 
30 eacb). The retorts are 7! x 11 x 50 inches. The fronts of the furnace, 
are supported by six principal buckstaves, which <livide them into five sec
tions, each comprising 24 retorts. Hoods are to be provided for carrying 
off escaping fume, and there is the usual rail for worl~ing shield, etc. The ca
pacity of these furnaces may be estimated at about 8! tons of roasted ore 
per day, or say the equivalent of 10 tons of raw ore. The five furnaces will 
therefore have a nominal capacity of about 50 tons per 24 hours, or say 
17,500 tons per annum. These estimates are based 011 the assumption that 
no serious difficuJt.ies develop because of the peculiarity of the furnace design. 

The gas producer plant was only just begun in November, and evidently 
the plans for it had not been entirely formulated. 

A lead smelting furnace for working up the residue was contemplated, 
but definite plans for it had not been made. 

It was obvious that it would still be a long time before this plant would 
be completed so that operations could be begun. 

It was projected to obtain clay for retort manufacture from St. Louis; 
coke breeze for reduction material from the coke plants in the Crow's Nest 
field; while the coal for fuel would of course, corne from the colliery right at 
band. 

LEAD SMELTING IN BRITISH COLUMBIA. 

Lead smelting in British Columbia will be discussed in this report only 
in so far as it has a bearing on the production and marketing of zinc ore. 
It has already been pointed out that the commercial association of the two 
ores is very close, which is particularly the case in British Columbia. Not 
only is the production of zinc ore to a large extent dependent upon the pro
duction of lead ore, because of their joint association in the mines, but also 
the zinc ore which is of high grade in silver is capable of treatment either by 
lead smelting or by zinc smelting, there being a certain dividing line which 
mark the superior advantage of either process. 

There "·crc in l3rili:;h Columbia in November, 1905, three active lead 
smelting plants and one inactive. The actiYe plants were those of the 



LEAD SMELTING IN BRITISH COLUMBIA 65 

Canadian Smelting Works, at Trail; the Hall Mining and Smelting Co., at 
Nelson; and the Sullivan Group Mining Co., at Marysville. At Pilot Bay, 
on Kootenay Lake, there was an old plant, now owned by the Canadian 
Metal Co., which was taking steps to put it again in operation. 

The Canadian Smelting W orks at Trail, which have been owned by in
terests closely identified with the Canadian Pacifie Railway, but recently 
have been transferred to the Consolidated Mining and Smelting Co., of 
Canada, are by far the most important. They comprise not only lead and 
copper smelting furnaces, but also a lead refinery, which is the only lead 
refinery in the Dominion of Canada. It is also noteworthy that it was at 
this plant that the electrolytic refining of crude lead was introduced on a 
practical scale for the first time in the world, and up to the end of 1905 it 
was the only electrolytic lead refinery in North America. At present similar 
plants are in course of construction at Newcastle-on-Tyne, England, and 
near Chicago, li. 

In general the practice of lead smelting in British Columbia is similar 
to that of the United States. The Sullivan smelte~treats the ore of a single 
mine. The Nelson and Trail works are custom plants. The lime-roasting 
of galena (Huntington-Heberlein process) has been introduced at l\ilarysville, 
is being introduced at Trail, and is to be introduced at Nelson. In this 
respect all of the plants are strictly up-to-date. The introduction of the 
new system ought to be of advantage to the lead-zinc mines of the Province, 
as ·wi.11 be subsequently pointed out. 

The chief difference between the practice of silver-lead smelting in British 
Columbia and the United States is in the character of the ores offered. In 
the United States there is an abundance of silicious and ferruginous ores, 
while lead ores are comparatively scarce, and there is seldom more than 
12 percent. of lead in the furnace charge. Consequently, lead ores are smelted 
at low rates, often below the actual cost, while both the deficit and the requisite 
profit on the whole charge is made up out of the silicious and other ores, which 
are referred to as the "marginal ores." In British Columbia the conditions 
are more or less opposite. Silicious and ferruginous ores are rather scarce, 
while lead ore is plentiful. Consequently, silicious ore, like that of Rossland, 
is smelted at a low price, while a comparatively high price is charged on lead 
ore, which is necessarily the marginal ore. The percentage of lead in the 
charge smelted in British Columbia is much higher than in the United States, 
and because of the invariably high zinc content of the galena ore, the zinc 
in the charge is also higher than in the United States. The" high smelting 
charge on the Slocan ore has been a good deal of a grievance to the miners. 
A reduction is to be anticipated as the supply of other classes of ore increa
ses, and as improvements in the smelting practice are consummated. * 

Canadian Srnelting Works.-The ore received at these works passes 
through the sampling mill, in which the samples are mechanically eut out 

* Since the above was written, t he rate of S15 per ton for freight and treatment, 
which prevailed in November, 1905, bas been reduced to $12 per ton. 

5 
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by Vezin samplers. The sulphide ores and matte, which are to be roasted, 
have been heretofore delivered to hand-raked reverberatory furnaces, 15 x 68 
ft. dimensions of hearth, and to Brückner cylinders. High grade galena, 
however, has been smelted raw. In November, 1905, a Huntington-Heber
lein plant was in process of installation. This was to comprise two Heber
lein furnaces, 26 ft. in diameter, and six pots, each of nine tons capacity, 
the entire plant being rated nominally at 90 tons per 24 hours, which is prob
ably somewhat more than will be attained in practice. This system of 
roasting should enable the high grade galena, no"'. smelted raw, to be desul
phurized economically and without material loss of silver and lead, at the 
same time increasing the smelting rate of the blast furnaces and reducing the 
matte-fall, all of which are important advantages. 

The raw ores and roasted products are collected in self-discharging 
bins, from which the constituents of the furnace charge are drawn off into 
cars. No bedding is do ne. 

There are two lead furnaces, of modern design; with closed tops. Each 
furnace is 44 X 144 inches at the tuyeres, and smelts 125 to 150 tons of 
charge per 24 hours, indicating a hearth activity of 2 . 84 to 3. 40 per sq. ft. 
The percentage of ore in the charge is about 73, the remainder being flux, 
and the actual ore smelted per furnace is about 100 tons per 24 hours. The 
charge contains about 32 per cent. lead. The slag produced contains about 
10 per cent. ZnO. 

The refinery has capacity for about 50 tons of base bullion per day. 
Its general arrangement is similar to that of an electrolytic copper refinery, 
and the current and voltage employed are about the same. The electro
lyte is a solu tion of hydrofiuosilicate of lead. It was upon the discovery 
of this electrolyte by Anson G. Betts, of Troy, N.Y., that the electrolytic 
refining of lead became commercially practicable. 

The base bullion is cast into anodes weighing about 300 lbs. each. 
They are now cast in fiat molds, and are rough and irregular. The experi
ment of casting them in vertical molds is to be tried. The anodes are elec
trolyzed in wooden vats, coated on the inside with asphaltum. The cath
odes are thin sheets of refined lead. During the electrolysis the slime adheres 
to the anode, from which it is scraped off daily. When the electrolysis 
has proceeded as far as possible the remainder of the anode, amounting in 
weight to about 18 percent. of the original, is lifted out and remelted. The base 
bullion is comparatively clean, containing about 1 per cent. antimony. 
It contains comparatively little bismuth. It is especially noteworthy 
that it contains a little tin, the source of which has not been traced. It 
is possible that it cornes from the Slocan ore, which would not be surprising 
in view of the close association of that ore with granitic rocks and the de
tection of tin in some of the zinc ore of the Slocan. 

The electrolytically refined lead is of high grade. It is very soft and 
of excellent character for corroding. It contairis ordinarily about 0. 4 oz. 
of sil ver per ton. The sil ver content can be reduced to 0 . 2 oz., but it does 
not pay to go so low as that. 
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The anode slime is oxidized in a reverberatory furnace, wherein the 
antimony and copper are slagged off, the operation occupying four 
days. Refined doré bars are obtained from this furnace. These bars 
are then parted by sulphuric acid in the usual manner. An electrolytic 
process for the extraction of metallic antimony from the anode slime, 
is now under consideration. If successftù, this is expected to result in 
the production of 800 pounds of metallic antimony per day, which will 
be a valuable by-product, in view of the present high price for that metal. 
It is one of the advantages of electrolytic lead refining that antimony and 
bismuth when present in base bullion can be cleanly extracted as pure metals. 
Except for this, it is doubtful if the process be any more economical than 
the process of zinc desilverization, assuming the two to be practised under 
equally favourable conditions. The cost of electrolytic lead refining at 
Trail is probably considerably more expensive than zinc-desilvcrization 
in good practice, but this is to be attributcd largely to the fact that it was 
the first plant where the new process was introduccd and the practical method 
of operation has had to be developed gradually, wherefore t.he plant as it 
now stands inevitably falls short of the degree of efficiency that could be 
attained in a new plant. 

The power required in the Trail works is transmitted electrically from 
Bonnington . Falls, a voltage of 20,000 being used on the main line, which 
is reduced to 550 in the works. The· Ctlst is $45 per horse-power per annum. 

Hall Smelting Works. These works, at Nelson, are smaller and less 
efficient than the works at Trail. They were built, in 1895, to smeft the 
silver-copper ore of the Sil ver King mine, but since 1900 have been run chiefly 
on a silver-lead basis. They are built on a high bench of the hill-side above 
the West Arm of Kootenay Lake. They comprise two blast furnaces, one 
42 X 96 in., the other 44 X 144 in., and when running at full capacity smelt 
170 tons of charge per day. The small furnace treating 60 toris and the 
large one 110 tons. The percentage of ore in the charge is about 665, the 
remainder being fluxes. The works have an equipment of hand-worked 
and mechanical roasting furnaces, including a Merton furnace (recently 
installed), and the usual equipment of ore bins, sampling mill, briquetting 
plant, machine shop, power plant, etc. 

Experiments have been made with the Savelsberg process for desul
phurizing galena, and the installation of a Huntington-Heberlein plant is 
now contemplated. 

The matte from the blast furnaces is separated in a special forehearth, 
the invention of Mr. Henry Harris, assistant superintendent of the works, 
which appears to operate efficiently. The slag overflowing from this fore
hea1 th is granulated and removed hydraulically. It is claimed that this 
forehearth makes cleaner slags and saves the labour of one man. 

Sullivan Smelting W orks. These works, at MarysYille, in the East 
Kootenay, treat the ore of the Sullivan Group of mines, above Kimberley. 
It is a new plant, completed in 1905, which is of special interest as showing 



68 REPORT OF ZINC COl\1MISSION 

the second installation of the Huntington-Heberlein process in North Ame
rica* and its application to a particularly difficult ore. The ore to be 
smelted is of high zinc content, the mechanical separation of which has 
heretofore defied experiment, and the problem of successful smelting bas 
been to waste this zinc in the slag from the lead furnaces, at the same time 
maintaining the efficiency of the latter as lead smelters. 

This smeltery is situated on a leveJ site, the ground being mostly river 
sands and probably glacial drift, through which the St. Mary River has 
eut a channel of about 200 feet in depth; the works are built on the bluff, 
overlooking this river, the descent to which affords a grand slag-dump. 
Around the smeltery a small village has collected, now known as Marysville, 
which consists almost exclusively of houses for the men of the works, a few 
boarding houses and some stores. 

lVIarysville is connected with the main line of the Canadian Pacifie 
railway by a branch extending from Cranbrook to Marysville. From 
Marysville, the branch extends to a point near the Sullivan mines, about 
five miles further up the valley. This road runs three trains per week. 

The ore is brought down from the Sullivan mine to the railroad at a 
cost of 25c. per ton, over an excellent wire tramway, 6,300 feet lon;;;. of the 
Riblet system, which is said to have cost only $18,000, for a capacity of 
about 20 tons per hour. The tramway discharges into hopper-bottom 
cars, which are run down to lVIarys,.ïlle .. 

At the smelter, the railway cars are pushed up an elevated trestle, 
whence coal, coke and limestone are discharged into self-emptying bins 
and upon the storage fioors. 

The mine ore is drawn off from the hopper-bottom bins to a belt con
veyor, which takes it to the crushing and sampling mil! , wherein it is re
duced in size to pass a 4-mesh screen (0 .18 in. apertures) . The mill has 
a breaker and three sets of rolls, together with elevating, screening and 
sampling machinery, the whole being so arranged that the ore passes through 
in a practically automatic process. Two men per shift operate the mill, 
which crushes about 100 tons in 10 hours. Besicles the sulphide ore, the 
silicious ore and limestone required as fluxes are also crushed in this mill, 
all being reduced to 4-mesh size. One man trams the crushed material 
from the mil! to the stock-bins. 

The silicious ore is obtained from Republic, Wash.; it contains about 
853 silica. The lim~stone cornes from Fernie, B.C.; it is of excellent cha
racter, being free from magnesia, and containing only 3 per cent. silica. 

The ore crushed in the mill, having been received in the storage bins, 
has to be shovelled up again for transportation to the mixing fl.oor, which 
requires two men per shift of 12 hours. On the mixing fl.oor, the charges 
are weighed out, the usual proportion being 100 parts of sulphide ore, 10 
parts of silicious ore, and 7 parts of limestone, but the proportions are varied 
according to the ore. The above is about the average when the sulphide ore 

* The first was ut :\Iapimi, :\fexico. 
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contains 27 percent. lead, 12 per cent. zinc, and 18 percent. iron. The mixing 
is done in two shifts of 12 hours each, one man per shift, who shovels the 
charges upon a belt conveyor, which elevates them to hoppers above the 
roasting furnaces. The mingling of the limestone, silicious and sulphide 
ores as they go on the belt, together with the further mixing they receive 
in the hoppers above the furnaces and the rabbling in the furnaces them
selves, is found to be ample, and to give a thorough mixture for the subse
quent reactions. For the latter, a thorough mixture is quite essential. 

The roasting furnaces are of the Heberlein patent, the latter embodying 
a circular, revolving hearth, similar to that of the old Brunton and the 
more recent Godfrey furnace. The furnaces at Marysville are two in number, 
26-feet in diameter of hearth, revolving at four revolutions per minute. 
The hearth is of steel plate and I-beam construction. On top of the plates, 
a simple covering of twelve inches of crushed coke, forms the hearth of the 
furnaces ; this coke is merely fed in through the hoppers and distributed 
by means of the rabbles; then the ore is. fed in and the furnace placed in 
comrmss10n. These furnaces have one fire box with open ash pi( and 
immediately opposite it the fixed rabble frame suspended from the roof 
of the furnace. The ore is fed at the center of the hearth and is gradually 
removed in spiral-like segments by the fixed rabbies to the perimeter and 
discharged. On either side of the central ore feed a smoke pipe takes the 
products of combustion from the furnace. It will be seen that the flame 
travels from the fire bridge to about the center of the furnace, and thence 
escapes through the pipes previously mentioned. The power necessary 
to run a furnace is stated to be 1 . 5 horse. The ore discharged from the 
furnace smells strongly of sulphur and is of a dull red heat. It is imme
diately sprinkled with water. There are two hoppers provided in which 
the ore can be moistened and a small central one in which hot calcines are 
held for the purpose of starting operations in the H-H pots. Each furnace 
treats 45 charges per day consisting of 1,500 pounds of Sullivan ore, 150 
pounds of limestone and 135 pounds of silicious ore-a total of 1785 pounds 
per charge, or say 80,325 pounds per day, wherefore the two roasting fur
naces treat about 80 tons of charge per day. The consumption of coal 
was said to be about 400 lb. per charge. The vatùt underneath these fur
naces is white-washed, the machinery is free from dust and the temperature 
below the hearth quite comfortable. The furnaces stand rather high , so 
that the vatùt is large and the machinery is easy of access. A sand lute 
is used on the outer edge of the revolving hearth to prevent air coming up 
from below or dust falling into the vault. The ore fed to the furnaces runs 
about 253 sulphur, the roastecl product 10 to 123 sulphur. One man 
per shift of eight hours attends to the two furnaces. 

The roasted ore after being sprayecl with water is trammed to a plat
form elcvator and discharged into hoppers aboYe the H-H pots. Two 
men per hift n.re required for this work. They u e an ordinary tram-car, 
holding about 2000 lbs. of ore. There arc six H~H pots in use at thi. smelter , 
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each nine feet in diameter by about four feet deep, supported on trunnions 
about 12 ft. above the ground. A six-inch blast pipe enters at the bottom, 
and is dispersed by a 72-inch perforated grating, î in. thick, drilled with 
i in. holes, 2 in. centers. A worm and wheel with band attachment is pro
vided for dumping the pots, on completion of the roasting operation. The 
pots are covered with conical hoods, provided with slots through which 
the charging and tamping can be attended to. The six pots are arranged 
in two parallel lines of three each, with the operating platform between 
them. One man per shift attends two pots. His principal work is to dis
tribute the charge in the pot as required and tamp up such blow holes as 
develop. If the latter be not carefully closed, the charge becomes excessively 
hot around them, leading to loss of lead and silver by volatilization, and 
the desulphurization of the charge is uneven. The charges average eight 
tons, although some have reached as high as twelve tons. The time for 
working a charge varies from twelve to eighteen hours, but OJ\ the average 
is about sixteen hours. The charge used to be started by igniting a little 
wood> on the grate of the pot and then throwing in some hot calcines trom 
the roasting furnace, but there were some irregularities due to this proce
dure, and saw-dust is now employed instead of wood. The blast is turned 
on at low pressure, about 2 ozs., and a portion of the charge is then introduced 
and spread evenly in the pot, filling it to about one third its depth (one
third of the depth from grate to rim). After an ·bour or so, another portion 
is dropped in filling the pot about two thirds, and after two or three hours 
more the pot is charged even full, and the blowing is continued to the end · 
of the sixteen hours. As the pot is filled, the blast pressure is gradually 
increased, attaining 12 to 16 oz. at the end of the operation. 

After the first layer of four to six inches of hot calcines is placed on the 
perforated bottom of the pots, and the 2-ounce blast bas been turned on, 
when this layer of ore becomes red hot and glowing, the first layer of damp 
ore is immediately added from the hoppers above, and tamped down around 
the sides of the pot where the air bas a tendency to break through. Blow 
holes are carefully looked out for by the attendant, who immediately pokes 
them down with a light bar to the end that the air may so far as possible be 
equally distributed throughout the charge. In the course of time the layer 
becomes red hot, and looks practically the same as glowi.ng coals in a grate. 
At this period the next layer will be added from the hoppers above, and so 
on, the layers of the moist ore being added as fast as the last one is sufficiently 
oxidized. 

At the conclusion of the process the pot is revolved, and the charge 
of semi-fused and well roasted material drops on an inverted slag pot 
and is broken into several pieces. This roasted material contains from 3 
to 5 per cent. of sulphur, equally clivided between sulphate and sulphide. 
Sorne charges go as low as 1. 5 per cent. total sulphur. The roughly broken 
and glowing charge is next sprayed with water, and when cool is broken up 
by a hammer and bars to suitable size for the blast furnaces. Six men per 

• 
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shift are occupied in breaking these fused charges, the coarse material from 
which is loaded up by hand, the finer material on coke forks, and the next 
size is shovelled over a screen. The screenings (amounting to eight per cent. 
of the original charge) are returned to the pots for further roasting. 

The charge dumped from the converter is bright red inside, as appears 
when it breaks open, and liquid slag in small amount runs out of cavities. 
Thoroughly desulphurized material has the appearance of slag-roasted 
galena. It shows prills of metallic lead. 

The desulphurized and broken ore is shovelled into cars, which are 
conveyed mechanically up an incline to the blast furnace charging fl.oor. 
There is no further making up of the charge, the necessary flux having been 
added on the mixing fl.oor before the ore went to the roasting furnaces. 

There are two blast furnaces. One is 42 X 140 in. at the tuyeres; 
the other, 42 X 128 in. Each is 17 ft. in height from tuyeres to charge fl.oor, 
and each has seven tuyeres per side. At the time of my visit only the 
former was in operation, the capacity of this being in excess of that of the 
six H-H roasting pots. This furnace was said to be smelting 120 tons of 
charge per 24 hours, besides 30 tons of slag, which would be at the rate of 
2 . 6 tons per sq. ft. of hearth area per 24 hours for the ore only, or about 
3. 2 tons, including the slag. The charge was smelted with 11 per cent. of 
coke. The blast pressure was 18 oz. The blower house has two Conners
ville blowers, each of 68 eu. ft. capacity per revolution. One blower, at 
80 r. p. m., ran the 42 X 140 in. furnace and the six H-H pots. 

The sulphide ore smelted in November, 1905, was of approximately 
the following composition: 73 Si02 ; 183 Fe; 123 Zn; 33 CaO; 273 Pb; 
and 11 oz. silver per ton. The slag produced assayed 203 Si02, 263 Fe; 
113 CaO; 43 MgO; 43 Al20 3 and 153 Zn. The slag was tapped directly 
from the furnace into Nesmith two-bowl cars, which were conveyed directly 
to the dump, only the shells being returned. These showed no matte, 
whatever, and it was reported . that the furnace made no matte, except a 
lead sulphide product (to be referred to further on), the sulphur remaining 
in the charge from the H-H pots being almost completely oxidized in the 
blast furnace. The slag was fairly fluid, and lacked some of the charac
teristics of a slag high in zinc, settling quietly in the pot, without any 
crater-like eruptions showing a zinc flame. The slag assayed les::; than 13 
lead (by fire assay) and less than 1 oz. sil ver. 

Practically, the only trouble experienced in the smelting has been the 
sulphide of lead which accumulates in the well of the furnace, causing con
siderable inconvenience. This sulphide also rises in the siphon and can be 
seen on all the bars of bullion. It is said not to give any trouble at the 
refinery or to interfere with the sampling of the pigs, but it interrupts the 
furnace campaign and forms a vexation between-product that has to be 
reworkeC:. 

The smelter machinery is operated by water power, having a head of 
175 feet. One hundred and fifty horse power is developed from three 6-
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foot Pelton"wheels, two of which operate the plant and one is held in reserv 
The maximum that can be developed from this water power is sa.id to be 
500 horse power. An auxiliary steam plant is provided to operate the 
blowers in case of accident to the water power. From the Pelton wheels 
situated on the St. Mary River, power is distributed by wire rope to the 
smelter and through the yard as required. 

The smoke from the furnaces and H-H pots passes into a concrete dust
chamber, which terminates with a self supporting steel chimney, 8 ft. in dia
meter and 150 ft. in height. 

The total number of men employed in the works is 140. Common 
labour is paid 25 cents per hour. Blast furnace chargers and tappers receive 
$4 per shift. Roasting furnace men get $3. 50. 

The Huntington & Heberlein process, through its efficient desulphuriza
tion of the ore and delivery of the ore in excellent physical condition for 
the blast furnace, has enabled the rapid smelting for lead of a sulphide ore 
high in zinc, but the zinc is wasted. Zinc can be recovered from such slag 
by mixing it with fine coal and heating to a high temperature. This was 
the basic idea of the Fry process, which was tried on a large scale at works 
on the Manchester Ship Canal, England, in 1898 and 1899, and recently 
experiments of similar character have been made at Monteponi, Sardinia, 
but it is doubtful if means will ever be found to extract profitably the zinc 
from slags containing only 12 per cent. of that metal, which is the average 
at Marysville; least of all in a region so remote as British Columbia. It 
might be possible to make a zinc-lead pigment from this ore, as is done at 
Canon City, Colo., by the Bartlett process, but the rentability of such a 
process in British Columbia would be dubious. The extraction of zinc from 
such ore as that of the Sullivan mine will evidently be dependent upon the 
separation of the zinc mineral before smelting, but so far as known there 
is no process which will effect any commercial separation, and of known 
zinc ores the Sullivan exemplifies the most . difficult problem. 

Other Smelting Works. Small lead smelting plants have been erected 
in British Columbia at Revelstoke, and Pilot Bay, but they have not been 
in regular operation and their production has been insignificant. The first 
lead smelted in the Province is said to have corne from Revelstoke. The 
Pilot Bay smelter has been idle since 1896, but the Canadian Metal 
Company, which now owns it, plans to resume smelting there. 

SMELTING RATES ON SILVER-LEAD ORE. 

The market in British Columbia for silver-lead ore, and other ores that 
can be smeltecl therewith, is made by the Hall Mining ancl Smclting Co. and 
the Canadian Smelting Works, which are supposed to act in harmony. Since 
Fcb., 1906, the standard rates on various dasses of ore have been asfollows:-

Galena Ore.-Pay for 95 per cent. of the silver at the :'.\lew York quota
tion, and for 90 per cent. of the lead (by fire assay) at the London quotation 
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for soft Spanish, less one cent per pound. Deduct $12 per 2,000 lb. of ore 
for freight and treatment, plus 50 cents per unit for zinc in excess of 10 
units. The freight and treatment rate of $12 obtains on ore containing 
50 per cent., or more, of lead. Below that tenor there is a deduction 
of 20 cents per unit of lead. Thus an ore containing 20 per cent. of lead 
would stand a freight and treatment charge of $12- (30 X $0.20) 
=$6. A zinc tenor of 183 in the same ore would increase the freight and 
treatment to (8X0.50) +$6. =$10. Lead is not paid for at ail unless it be in 
excess of 5 per cent. The freight rate from Slocan railway points to Nelson 
is $1.50 per ton; to Trail, it is $1.50 by the Canadian Pacifie and $2.50 by 
the Kaslo & Slocan. Consequently the smelter receives $12 minus $1.50 @ 
$2.50 for his treatment charge.* 

Blende Ore.-On ore high in zinc (403 or over) the smelter pays for 
953 of the silver at the New York quotation, pays nothing for lead, and 
deducts $10 for freight and treatment, plus 50 cents per unit for the zinc in 
excess of 10 units. Ore assaying 40 per cent. zinc would consequently stand 
a freight and treatment charge of $25 per ton. Sorne of the ore high in silver 
has been shipped under such terms. 

Silicious Ore.-On silicious, or dry ores, the freight and treatment rate 
is $6.50 to $10 per ton, depending upon the analysis of the ore and its situa
tion, terms for silver, zinc penalty, etc., being as above. 

Iron Ore.-Magnetite is paid for at the rate of 5c. per unit of excess of 
iron and lime over silica, together with allowance for silver at the regular 
rate, less the cost of freight. to smelter, and no treatment charge. 

General. - It is to be remarked that the silver-lead smelters of British 
Columbia operate under decidedly less favourable conditions than those of 
the United States. The supply of ore is less abundant, and of less diverse 
and suitable character. The result of this is .that of the charge smelted 
only 66~ to 75 per cent. is ore (the remainder being barren flux , which costs 
just as much to smelt per ton as ore does) against an average of 80 per cent. 
in good practice in the United States. A larger proportion of the ore is 
lead sulphide, which must be smelted raw, in order to avoid the loss of silver 
and lead in roasting, and thereby increases the matte-fall, and consequently 
the quantity of material that must be reworked. The lead sulphide ore 
is moreover zinky, which together with the other zinkiferous ores, causes 
the smelters to run on a more zinkiferous, and consequently less advant
ageous slag, their practice being about 10 per cent. zinc oxide in the slag 
against an average of 6 per cent. in the United States. 

The wages for labour in British Columbia also are higher than in the 
United States. At Trail, the furnacemen are paid $4 for 8 hours work; the 
tappers, $3; and common labour, $2.50. The same rates obtain at Nelson. 

In the matter of coke the British Columbia smelters have a little ad
vantage, since the cost of that fuel to them is only about $5 per ton , against 

* Previous to February, 1906, the freight and treatment rate was $15 per ton. 
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$5.25 @ $6.50 at Denver and Pueblo, and higher figures in Utah and Mon
tana. The smelters of Denver and Pueblo, however, obtain coal at $2 per 
ton, which is the cost at the collieries in the Crow's Nest field. Power is 
somewhat cheaper to the Canadian smelters than to the American, inasmuch 
as the former are able to contract it by electrical transmission at $45 per 
h.p. per annum, while the cost to the latter, even when they have a good 
steam plant, is likely to figure out to $75, and frequently is higher. It is to 
be remarked, however, that the cost of $45 does not include interest and 
depreciation on the electrical equipment of the works. 

The cost of lead smelting in the large plants of the American Smelting 
and Refining Co. is $3.20 to $4 per ton of charge, which corresponds to about 
$4 to $5 per ton of ore, including the roasting of the proportion of ore which 
requires roasting. The latter is about 40 per cent. of the ore smelted, and 
the cost per ton will fall between $2 and $2.50. As the percentage of ore 
requiring roasting increases, and as the percentage of ore in the blast 
furnace charge decreases, the cost of smelting increases. 

It is not my intention to enter into a critical discussion of the cost of 
silver-lead smelting in British Columbia further than to indicate that for 
the reasons, which I have pointed out above, it is not to be expected that 
smelting rates on lead ore can ever be so low as they are in the United States, 
or at least not until equal conditions as to ore supply and labour, etc., are 
attained, and this has an important bearing on the production of zinc ore, 
which as I have discussed previously is in most of the mines of British Çolum
bia intimately interwoven with the production of lead ore. 

It may be remarked further that the deduction of one cent per pound 
from the London price for lead is not a clear gain to the smelter, who has 
to pay out of that the freight to market, cost of refining and expense of 
selling. On Colorado bullion shipped to Perhh Amboy, N.J., for refining, 
these charges corne to $14 per ton, or 0.70 cent per pound, the railway freight 
rate being 0.32 c. per lb., but if British Columbia btùlion had to go to an 
Eastern market, the freight rate would of course be considerably higher, 
because of the greater distance. Refiners pay for 983 of the lead in the 
bullion, pay for the silver at the New York price less one cent per ounce, 
and for the gold at $20 per oz. The difference between the lead and silver 
percentages that are paid for gives some margin to the ore smelter, if he 
does good work. 

:l\fECHANICAL CONCENTRATION OF ZINC ORE . 

The Belgian and Rhenish methods of zinc smelting, which are the 
ones generally in use outside of Upper Silesia, require a comparatively 
high grade ore, i.e., ore that contains at least 403 Zn., after calcination or 
roasting. A roasted blende which assays 503 Zn. must have contained 
453 Zn. before roasting if 103 in weight were lost in that operation. A 
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sulphide ore assaying 45% Zn. contains 67% blende, even if the latter bears 
no isomorphous iron or cadmium sulphides. There are few blendes which 
are quite free from iron monosulphide, chemically or mineralogically com
bined with the zinc, and the foregoing calculation shows the rather high 
degree of purity that is possessed by a raw sulphide ore assaying 45% Zn. 
European zinc smelters do not require this grade to be exceeded, and Ameri
can smelters now buy and work ores of lower grade than they would think 
of a few years ago. Nevertheless it is desirable from all standpoints that the 
miner shall make as high a grade of ore as possible, especially when the ore 
must inevitably stand high transportation charges, as is the case with ore 
produced in British Columbia. The ability to produce blende concentrate 
assaying 60% Zn., which is a:ttained in the Joplin district and in the Wis
consin field of the United States is exceptional. Those ores are coarsely 
crystalline, free breaking, contain but little combined iron, and are associated 
with a light gangue. It may be assumed that an assay of 60% Zn. indicates 
a tenor of at least 92% of "mineral," the remainder being chiefiy silica. 
It is obvious that so high a degree of concentration cannot be effected me
chanically without extraordinary losses in the tailings except in the case 
of favourable kinds of ore. It can never be economically attained in British 
Columbia, because of the higher percentage of combined iron in the blende . 

• The mechanical concentration or dressing of zinc ore is done practically 
by manual selection, by gravity separation, by electrostatic separation, 
by fiotation, or by magnetic separation, two or more of these systems often 
being combined. In concentrating zinc ore it has to be kept in view not 
only to enrich the ore by removal of the gangue, which is composed usually 
of light minerals, but also to separate the heavy minerals which may be 
injurious in the smelting process. For example, all of the lead, iron and 
manganese minerals are particularly objectionable and ought to be eliminated 
as completely as can be done economically. Even when this be done blende 
ore is apt to contain a large percentage of iron on account of monosulphide, 
FeS, combined isomorphously with the zinc sulphide; thus the shining, 
black blende of Freiberg, Saxon y, sometimes con tains as mu ch as 30% Fe; 
a specimen of similar appearance from Mexico analyzed by me gave 10% Fe. 
A sample from the Blue Bell mine, opposite Ainsworth, showed 13.5 % Fe. 
The blende of the Slocan appears to contain 5 to 6%. Fe. This imposes a limit 
beyond which no kind of mechanical concentration can possibly go. 

The dressing of ordinary zinc ores, which are apt to be mixtures of blende 
and galena with such gangue minerais as quartz and calcite, or calamine 
with similar gangue, does not offer especial difficulty, owing to the great 
difference in the specific gravities of the component minerals. The presence 
of pyrite, marcasite, barite, or siderite complicates matters because those 
minerals are about of the same specific gravity as blende, smithsonite, hydro
zinkite and hemimorphite, (hydrous zinc silicate), and in such cases mag
netic or electrostatic separation or fiotation must be resortecl to as an acces
sory process. Improvements in the art of orclinary concentration, especially 
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fine grinding ~nd washing on modern shaking tables of the Wilfley typt, 
combined with the new special processes, have enabled many complex ores 
to be treated successfully, which formerly could not be worked. The mixed 
ores of Leadville, Colo., and Broken Hill, N.S.W. are important examples. 

Manual Selection or Hand Sorting. 

When the mineral is coarsely mixed with the gangue it is feasible to 
separate it to a considerable extent by means of hand sorting. This is an 
ancient and simple process, which too oftcn receives only slight attention 
or is considered lightly, being disregarded in the general desire to do every
thing by machine, without real reflection upon the results. It is of peculiar 
importance in the handling of the ore of the Slocan, and too much emphasis 
cannot be put upon the advantage to be derived from its general application. 

Hand sorting is generally practised to a certain degree as a part of the 
mining of the ore, in which high grade ore may sometimes b~ broken out of 
the lode separately; sometimes pieces of worthless waste can be picked out 
of mixed ore and left underground to fill old stopes, etc. AB to whether 
the hand sorting process shall be carried further on the surface depends on 
the local conditions, especially the losses experienced in mechanical dressing, 
the cost of dressing and the cost of sorting, of which the loss in dressing is 
likely to be the most important consideration. If pure mineral be broken, 
a portion of it will be converted into fines (the percentage depending upon 
the brittleness of the mineral, the size to which it is broken, and the method 
of breaking) and in washing with water a good deal of such fines will escape 
settling, no matter how perfcct and painstaking be the process of settling. 
It is therefore an axiom in mechanical dr.essing to avoid breaking the 
valuable minerai any more than is absolutely necessary. Thcse principles 
are of peculiar application in the Slocan. where the galena of the ore is 
singularly rich in silver. 

The above conditions are met most completely by the process of hand 
sorting, wherein two classes of ore will usua.Jly be made, viz. :-I, clean 
minerai, divided into (a) blende and (b) galena; and II, mixed minerai and 
gangue, which is sent to the dressing works. If the cost of dressing be 
high it is sometimes economical to sort out a third class, III, clean gangue, 
or '\Yaste, thereby saving the expense of crushing and washing worthless 
material and inéreasing the capacity of the mill. Under other conditions 
it may be cheaper to let the waste go through the mill. This can be de
termined only by a study of the conditions in each particular case. In spite 
of the high wages for labour, I haYe no doubt that it would be profitable 
in the Slocan to pick out waste, considering as waste not only the slate and 
quartz gangue, but also the siderite, which when clean contains little or no 
si l Yer. 

Hanc! :;orting of ore inYo!ve t"·o proces es:-I, breaking; II, selection. 
The breaking is prefernbly clone mechanically by jaw crushers; otherwi e 
it mur;t be clone manuall:>' with the aid of hammers. The former method 
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is the cheaper, but it produces the more fines; while breaking with hammers 
is not excessively costly if properly doue; and if the ore must not be broken 
to a very small size. The size to wlùch the ore must be broken depends 
obviously on what is required to free the pieces of pure mineral for the 
maximum; and what can be picked over economically for the minimum; the 
choice between the two extremes will depend naturally upon the grade 
which it is desirable to obtain for the sorted mineral. 

It is not to be doubted that at some of the small mines of British 
Columbia, which are unprovided with a mill or lack the means to instal 
a crusher, it would be advantageous to break the ore by hand, rather than 
not to employ hand sorting at all. 

The cost of breaking ore by hand, down to 2 in. size, with labour at 37.5c. 
per hour for 25 tons per day, will be 66~c. per ton, a cost which is offset by 
a very small increase in the extraction of mineral. Rock breaking can bE 
done at that figure, however, only when the men stand up to the work and 
use the right kind of hammer, which should have a head 6 in. long, weighing 
about 2.75 lb. (being forged from 1!-in. octagonal bar of the best steel) and 
a long, springy handle of oak, ash, hickory, or hornbeam. 

The ore ha.ving been broken, either by machine or by hand, it must 
be passed over a grizzly or over a shaking screen, or through a revolving 
screen, to remove the fines (which will be sent directly to the dressing fioors) 
before going to the sorters, and it must be thoroughly cleaned of adhering 
dirt by means of a ·water spray. Good sorting cannot be done unless the 
mineral be bright and rlean. In sorting ore by hand, moreover, the success 
of the operation depends largely upon the convenience of the manner in 
which the ore is presenied to the pickers. This may be done by stationing 
the latter along a bench on which they may draw from pockets the ore to 
be sorted; better by discharging the ore on a large, circular or annular table 
of wood or iron, revolved slowly, around the periphery of which the pickers 
stand; or bctter still, by discharging it on a travelling belt from which the 
pickers can select it. 

An annular, revolving picking table, as built by the Allis-Chalmers 
Company is shown in the accompanying engravings (Figs. 1 and 2). The 
broken ore is led on the table by a chute, and spreading out is carried by the 
revolution of the table until , meeting an inclined , stationary scraper, it is 
swept off into a chute, which delivers it into cars, or a continuous conveyor, 
to transport it to the next operation. Around the table, men, or boys, 
stand,· who pick out minerai and gangue from the slowly moving layer of 
ore. The table itself is made of punched iron or steel plate. 

Expericnce has shown that it is easiest for pickers to throw the sor ted 
material in front of them, and this arrangement is easily made with tables 
of annular form, in connection with which a conical surface may be arranged 
insidc the ring, around the vertical axis, with radial partitions to separâte 
different classes of ore which will slide clown the cone into proper rccep
tacles. With stationary tables, and endless belts where picking is donc 
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from both sides, it can easily be arranged for the pickers to throw the 
sorted ore into chutes conveniently placed in front of them, as shown in 
the accompanying illustration. (Fig. 3). 

Endless belt picking tables require no detailed description beyond the 
statement that they may be made of linked tablets of wood or iron, or billets 
of wood, or ordinary rubber belting. The Robins system of belt conveyors 
is easily adapted to this purpose, and the Robins Conveying Belt Co. makes 
a special picking belt, which is very good. It is heavy and wide, com
monly 32 to 36 in., and is supported on idlers which are so shaped as to give 
the belt a broad, fiat surface at the center, with narrow, very slightly 
raised sides. It is made to travel at speeds of 30 to 60 ft. per minute. Owing 
to its elasticity the belt will withstand spalling of the ore directly upon its 
surface. Rubber belts have the advant~ge over other kinds that there 
are no links to wear and no crevices wherein pieces of ore can jam. 

1 

Mr. Edwin H. Messiter, metallurgical engineer of the Robins Conveying 
Belt Co., of New York, communicated to me, in response to my request, 
the following notes on the installation of picking belts:- • 

"In the treatment of metalliferous ores, sorting conveyors, also called 
picking belts are used for a preliminary hand-sorting of the ore, as received 
from the mine, into waste and treatable ore, or into two, or more, classes 
which are to be treated separately. The ore is usually fed over a grizzly 
so as to fall on a slightly troughed belt conveyor in a wide layer of such 
depth that all of the lumps are visible, the purpose of the grizzly being to 
remove the material which is too small for hand-sorting. 

"The material which occurs in greatest quantity is allowed to remain 
on the belt until the delivery pulley is reached, whence it usually drops 
into a crusher or directly upon a belt conveyor. The second conveyor is 
frequently placed under the picking belt, parallel to it, and extended far 
enough back to receive the fine ore from the grizzly as well as the discharge 
from the picking belt. The width of belt is usually from 24 to 36 in. , 32 and 
36 in. being the most common widths. A speed of 35 ft. per min. is satis
factory in most cases, though where material is coarse and easily distinguished 
the speed may be materially increased , while for very close work it should 
be reduced. The capacity at a given speed will depend on the size of the 
ore. The smaller the ore is crushed, the thinner the layer on the belt must 
be in order that all of the lumps may be e~posed to view. With 3-in. lumps 
a 36-in. picking conveyor running 35 ft. per min. will have a capacity of 35 
tons per hour of ore weighing 100 lb. per eu. ft. Under the same conditions 
a 2-±-in. conveyor will have a capacity of about 20 tons per hour. For a 
given width of sorting belt, the capacity may be taken within reasonable 
limits as directly proportional to the speed and to the average size of lumps 
in 'the material carried; e.g., the above conveyor, if run at a speed of 42 ft. 
per min. , instead of 35 ft. per min., would have a capacity of 42 tons per 
hour instead of 35 tons per hour." 
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To secure the maximum efficiency in hand sorting, it is necessary to 
have good supervision (since any system of contract work is difficult to 
carry out), good light, and all arrangements which may increase the con
venience of the. pickers. 

The cost of culling minera! is largely dependent upon the character of 
the ore, but it is seldom much in excess of the cost of milling in the general 
practice of mills of small or moderate size. Under ordinary circumstances, 
and especially in the case of the Slocan ores, culling is to be advised as a 
step in the milling process, where all the ore from the mine, having been 
broken by a crusher to the size determined for the next machine, should pass 
over a grizzly or through a trommel from which the coarse material would 
go to the picking table and the rejected stuff from the latter to the next crush
ing machine. In this case there is no extra cost for crushing, and only the 
cost of culling, minus the cost of milling the minera! picked out, would have 
to be considered against the increased saving of minera!. For example, 
if the cost of milling be 50c. per ton of crude ore and 16 tons be concentrated 
into one, the cost per ton of concentrates is $8; leaving out of account the 
question of losses in treatment (very important) and cost of repairs on 
picking tables, interest, amortization, etc. (comparatively unimportant), 
it would be an equal thing to produce a ton of culled minera! of the same 
grade at a cost of $8, insofar as operation only is concerned. Having 
regard to the recovery of minera] , instead of the 753 which milling 
may yield (this being probably a maximum) , the hand sorting will yield 100%. 
If the mineral be worth $75 per ton, consequently, instead of one ton obtained 
by milling, there is 1! ton obtained by culling, or a yield of $100 instead 
of $75. The gain is therefore $25 + $8 = $33, from which is to be 
deducted , of course, the cost of culling. According to Richards (Ore Dressing, 
I , p. 488) a man is able to pick from a moving belt a little more than 4.8 tons 
of galena of 1 in. size in 10 hours, which would make the cost 20!c. per ton 
with labour at lüc. per hour. With labour at 37 te. per hour the cost would be 
76c. per ton. The cost of picking blende on the same basis would be tt times 
as much, or $1. 40, because of its lower specific gravity. These estimates 
are established on a theoretical basis , or rather on an experimental 
basis, and fail to take into account all of the varying conditions. Thus, 
a man can pick more galena (or blende) from a stream of ore which carries 
a large proportion of the minera] in clean, free and unmistakeable pieces, 
than he can from a stream of on: carrying only a small proportion of pieces 
and these of doubtftù classification. Richards' table is, however, valuable 
in showing how rapidly the quantity of material that can be picked diminishes 
and the cost per ton increases as the size of the individual particle diminishes. 
In other words it is much cheaper to pick mineral of 2 in. size than 1 in. size. 

A few figures from practice will, however, demonstrate that hand
picking is an inexpensive process even when compared with the cost of 
milling per ton of crude ore, and often astonishingly inexpensive 'vhen com
pared with the cost of milling per ton of concentrate produced. It is exten-
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sively practised on the Rand for removing waste from the comparatively 
low grade gold ore of that field, although the cost of stamp milling is only 
about $1 . 10 per ton. From 10 to 30 per cent. of the ore is picked out at a 
cost of 14c. per ton of material picked, this being done with native labour at 
50c. per day. There would obviously be a large saving, even if the wages 
for labour were $3 @ $3. 50 per day. It is to be remarked that this result 
is accomplished on material of low specific gravity (probably not more than 
2. 8). It is to be remarked further that the work is performed with su ch 
efficiency-in spite of the fact that there is far less distinctiveness between 
ore and waste than there is between galena (or blende) and gangue minerals
that the waste culled by hand at certain mines assays less in gold than the 
final tailings from the cyanide plant. 

Rand sorting is extensively practised at zinc mines in Europe, including 
some which have a galena-blende-siderite mixture, such as occurs in the 
Slocan. It is also practised to a considerable extent in the United States, 
among other places at Leadville, Colo., where a large part of the zinc ore is 
prepared for market in this manner. In picking ore which assays about 
253 zinc at the Moyer mine, one man is able to produce in a shift of nine 
hours about 10 tons of ore assaying 313 Zn., making the cost of the latter 
about 30 cents per ton. In Wisconsin and in Utah, band sorting is an essen
tial feature in the dressing of zinc ores. At the Square Deal mine in Wis
consin, ore passed over a i -in. grizzly is delivered to a picking belt, where 
one boy, paid $1 . 50, picks out 20 tons of waste rock per shift, making the 
cost 7·5c. per ton, whereas the cost if it were run through the mill would 
be upward of 30c. per ton. 

It may be safely reckoned that with proper picking facilities, and ore 
crushe<l to 1! in. size, with wages at 37zc. per hour, an ore yielding 63 
of lead minerai and 12% of zinc minerai can be culled for the two minerals 
at an average cost of 66 cents per ton of minerai produced. 

This important subject bas been discussed by Mr. Argall, in his report 
with whose views I am thoroughly in accord, 

Separation of Minerals of Nearly Equal Specific Gravity. 

The separation of minerais by ordinary milling depends fundamentally 
upon their difference in specific gravity. When there is a considerable 
differenre, as for instance that between galena and blende, or bctween blende 
and quartz, a nearly complete. separation can be made, depending more or 
Jess upon the fineness to which the ore must be crushed to free its component 
minerals. \Vhen, however, there are minerals in the ore of equal, or nearly 
eqnal pecific graYity, ordinary milling fails inevitably to make a separation. 
Careful milling rnay enable a partial separation to be made between pyrite 
(sp. grav. 5) and blende (sp. grav. 4) but, when the difference is less than one 
unit plus or minus 4, prnctirally nothing can be hoped for in this way. The 
f0llowing fo;t will show the minerais commonly associated with zinc blende 
which fall within this range:-
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Blende. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 .90 to 4. W 
Chalcopyrite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . 10 to 4.30 
Fluorite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 10 to 3. 20 
Barite .. .................. . ........ . .. . ...... 4.30 to 4.70 
Siderite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 70 to 3. 90 
Marcasite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . 65 to 4. 90 
Garnet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 50 to 4. 30 
Rhodonite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 50 to 3. 70 

There are occurrences of blende in various parts of the world, where 
separation diffi.culty is caused by the presence of one or another of the above 
mentioned minerals. The economic separation of such ores has been a prob
lem for many years. So far as it can be practised hand-picking is a solution, 
because it is in no way dependent upon gravity, but hand-pickin,e: although a 
useftù aid in many cases, can never effect more than the separation of a small 
proportion of the mineral constituents, being quite inapplicable on pieces 
smaller than 0 . 5 in. diameter. Mechanical separation must consequently 
be resorted to . It was quite obvious, from the outset that no single process 
would be applicable to all classes of these ores. Among those which have 
been tried the following may be mentioned :-

1.-Roasting.-To alter the physical character of one of the minerals , 
permitting separation then to be made by jigging, e.g., the blende-marcasite 
mixture of Wisconsin, which was treated successfully in this way at one 1nill. 

2. Si/ting.-Taking advantage of some property, such as decrepitation, 
which would reduce the minerals to different degrees of fineness, thus ena
bling a separation to be made by screening. For example, blende has been 
separated from pyrite, at Lintorf, Rhenish Prussia, by crushing in a Vapart 
mill under conditions so adjusted that the blende particles would break, 
while the pyrites would not. Blende and siderite have been separated at 
Oberlahnstein, on the Rhme, Germany, by heating to redness, and throwing 
into water, whereby the siderite was thoroughly disintegrated into 
small particles, which could be removed from the blende by sifting. The 
inefficiency of such processes is apparent at first glance, and it is no cause 
for surprise that they have failed to find any general application. 

3. Magnetic Separation.-This was early applied to the separation of 
blende and siderite, calamine and limonite, blende and pyrite, and it has been 
used practically for many years. The modern development of this process 
is due, however, to the attention attracted to it by the remarkable success 
of the Wetherill separator, which was introduced about 10 years ago. 

I think it may be fairly said, indeed, that it was the invention of the 
Wetherill separator, and the extraordinary separations of zinc ore which 
it was able to accomplish, that gave a fresh impetus to the investigation of 
the problem of mixed ores, and thus led to the invention of electrostatic 
separation, and finally of fl.otation. At the present time there are three 
special processes, broadly classified as magnetic, electrostatic and fl.otation 
separation, which are practically applied, on a large scale, to the treatmnet 
of mixed sulphide ores, and the tonnage of zinc ore annually procluced by 

6 
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them is large. They are not universally applicable. Sorne ores, as for ex
ample certain blendes associated with barite or fluorite, defy separation by 
any of them, but it is to be remarked that their total history is lcss than 
10 years, that they have• already augmented the world's supply of zinc ore 
by an immense tonnage at a time when it was badly needed, and finally that 
improvements are being made every year of a character which indicates that 
what are still unsolved problerns may cease to be so in the near future . 
Before entering into a discussion of these processes, it is advisable to outline 
the particular problems which are to the front in the zinc industry of British 
Columbia. 

The Mixed Ores of British Columbia. 

The mixed ores of British Columbia may be classified broadly under two 
heads, viz. :-

1. Blende-pyrite mill concentrate. 

2. Blende-siderite mill concentrate. 

These products are similar to those which are made in many parts 
of the world, the blende-pyrite mixture being a common occurrence; indeed, 
the commonest of all the mixed zinc ores. This separation is the problem 
at Leadville, Colo., in Wisconsin (where, however, the iron sulphide is mar
casite, in tead of pyrite), in the J oplin district, where there is considerable 
blende associated with pyrite, and at many other places in the United States. 

The blencle-siderite mixture is of less common occurrence but it is, or 
has been, an important problem in Germany. 1n the United States there 
is only one group of mines, this being in the Wood River district of Idaho, 
now worked for zinc, in which siderite is an important accessory mineral. 

Really the only peculiar characteristic of the Slocan ore is its high silver 
content, which, however, is noteworthy only in the ores of a comparatively 
few mines. It appears to be carried by freibergite, which in turn is carried 
by galena, the blende owing its richness in silver to the galena that is asso
ciated with it. To some extent, freibergite may be clirectly associated 
with the blende, which is by no . means an uncommon occurrence. In so 
far as the silver is concerned, the desideratum is to keep it as much as 
possible with the galena concentra te, and as little as possible with the blende 
concentrate. Beyond that it is merely a question of marketing the two 
ores The siclerite of these ores, contrary to some belief, is free from 
chemically combined zinc. The fundamental problems in British Columbia 
are, therefore, the separation of blende-pyrite and blende-siderite. 

MAGNETIC SEPARATION. 

The separation of blende from other minerals, is accomplished with 
grcat success by the aid of magnetism; since the introduction of the Wether
ill separator this has been clone even with minerais which display no marked 



MAGNETIC R OASTING 83 

magnetic properties and cannot be converted into magnetic form~; for ex
ample, certain kinds of blende can be separated thus from both pyrite and 
galena. The rnixed s1ùphide ore of Broken Hill, N.S.W. , and of Leadville, 
Colo., is treated successfully in that manner. 

Iron sulphide, carbonate and sesquioxide may under certain conditions 
be converted into the magnetic oxide, Fe3 0 4, in which form it is easily attrac
ted by the magnet and thereby may be separated from compout\ds of zinc, all 
of which are non-magnetic, or at least only feebly magnetic. Processes 
depending upon that p1:inciple were first applied many years ago, perhaps 
as early as 1855. Sirnilarly, iron bisulphide may be changed into a magnetic 
sulphide. The conversion of non-magnetic iron minerais into the magnetic 
forms requires considerable care and many failures have been due Lo ignorance 
of the precise conditions. 

The reduction of iron bisulphide to the magnetic subsulphide is effected 
by moderately heating pyrite, when the change expressed by the following 
equation takes place:-

3 Fe 82 = Fc3S4 + 2 S. 

G. 1. Gouyard of Denver, Colo., bas published * results of exp\'lri)'Ilents 
showing that in roasting a mixture of pyrite, blende and galena for mâgnet\c 
sulphide of iron the magnetic concentrates run lowcr in lead and zinc than 
when magnetic oxide is produced. 

The production of magnetic oxide of iron , Fe30 4, is effected by carbon 
according to the following reactions :-

6 Fe~03+C=4 Fe304+C02 

or the fcrric oxide may be reducecl first to ferrous oxide, ~ncl the latter con
verted to magnetic oxide by combination with an atom of oxygen from the 
air, which is known to take place when FeO is heated to redness in the air, 
the reactions being expressecl thus :t-

2 Fe20a+C=4 FeO+C02 
il FeO+ O=Fc3Ü4 

When siderite 1s calcined it is decomposed according to the reaction, 

FeCOa=FeO + C02 

and the molecule of FeO is subsequently convertecl to Fe30 4 by taking oxy
gen from the air. The roasted carbonate is always strongly magnetic, but 
in execution of the process the temperature must be regulated carefully 
to avoid sintering the ore, which because of the fusibility of ferrow; oxide 
and silica may casily happen . According to Le Chatelier t the decomposi
tion of ferrous carbonate takes place at 800°C. 

* Proceedings, Colorado Scientific Society . 
. t These reaf'tions are expresscd mercly as typica l, the reduction not bcinl! neccs

sar1ly effected by carhon , but pPrhaps by carbon monoxidc or carbon mono~ide a11cl 
carbon toj!cther. 

t Thonù1d. Zig .. 18 6, p. 429. 
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The bisulphide of iron may be changed into the magnetic mdde if it be 
roasted carefully at dull red heat. Practically, however, it is difficult to obtain 
all of the iron in that form and it is generally necessary after the sulphur 
has been removed to introduce some carbonaceous matter so as to reduce 
the ferric oxide to magnctic oxide. Wben the iron is present originally as 
ferric oxide, as in limonite ore, a similar reduction by carbon is necessary. 
Siderite on th~ other hand is converted to magnetic oxide by a simple heating. 
The last process, not requiring so much delicacy in manipulation, has found 
more general application. 

In calcining siderite, to make it magnetic, it is necessary to expose the 
minera! to a bright, cherry-red heat (850°C) for only 15 to 25 minutes. The 
rnineral particles blacken and become so strongly magnetic that compara
tively large pieces can be lifted by a very small horse-shoe magnet. The 
ore !oses weight through the expulsion of the carbon dioxide of the siderite 
and the second atom of sulphur of any pyrite that may be present, but the 
heating should not be prolonged so as to cause the blende to roast. The 
ore is withdrawn from the furnace red hot, and emitting a strong odor of sul
phur dioxide, but the latter disappears immediately and the particles of blende 
are observed to be coated with an infinitesimal film of white zinc oxide. 
These are evidences of a properly conducted calcination. When properly 
conducted, the siderite can be lifted out by a magnet of extremely feeble 
intensity and a very clean separation can be made from the blende. A 
low intensity of magnet is often desirable not only because of its less consump
tion of electrical power, but also because a higher intensity of magnetism may 
lift out some of the blende, when the latter contains combined iron as is the 
case with the Slocan blende. 

Fortunately the same roasting which converts the siderite into magnetic 
oxide is approximately sufficient to convert the pyrites into magnetic sul
phide, wherefore if there be pyrite in the ore it is also rendered magnctic 
to some extent. The conditions of roasting are not precisely the same, how
ever, and the same degree of conversion to the magnetic form cannot be 
attained in both minerals. Whereas siderite is converted into magnetic 
oxide in about 20 minutes at cherry-red heat, for the conversion of pyrite 
into magnetic sulphide, when the quantity present is considernble, about 35 
minutes appears to be required. The minerai becomes black, indicating the 
formation of the magnetic sulphide. If brownish or reddish particles are 
manifest, it is an indication that the roasting has gone too far, oxidation 
having been begun, which is undesirable. 

The roasting may be done in a revolving cylinder, or in a furnace of the 
l\1cDougall type. I consider the latter the preferable, because of its Jess 
first co t, less spare required, and less cost both of maintenance and operation. 
A furnace of this type costs, erected, from S3 to S6 per square foot of hearth 
area. Either the revolving cylinder or the :\lcDougall type of furnace makes 
a rather large percentage of flue dust, and an ample dust-settling chamber 
should be provided. This charnber should be of such section that the velo-
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city of the furnace gases passing through it will be reduced to 4 ft. per second, 
and before the gases are allowed to escape through the chimney they should 
remain in the chamber long enough, say 15 seconds, for the dust to settle. 

In view of the probable importance in the Slocan of magnetic separation 
by such a roasting as has been above described, followed by passage of the 
ore over machines of low magnetomotive force, it will be useful to describe 
the process employed at Friedrichssegen, on the Lahn, Germany, although 
after nearly 20 years of application it was a few years ago abandoned in 
favour of treatment of. the raw ore on Wetherill machines. 

The ore treated at Friedrichssegen is a mill product assaying from 11 to 
153 Zn. (in the form of blende) and 18 to 233 Fe (in the form of siderite). 
This was heated to redness in a furnace of the McDougall type, which put 
through from 20,000 to 25,000 kg. of ore (according to the size of the particles) 
in 24 hours, with a coal consumption of 1,200 kg., i.e. about 53 of the weight 
of the ore, which is, I believe, a safe factor to use in calculating the cost of 
this process. The plant comprised two furnaces, each of which required the 
attention of one man, who also trammed the calcined ore to the cooling floor. 
The work of the furnaces was about 175 lbs. of ore per square foot of hearth 
per 24 hours. When the ore had cooled to 50°C., or lower, it was elevated 
to a trommel which divided it into sizes, namely,larger than 4 mm.,2 to 4 mm. ; 
and smaller than 2 mm. The stuff larger than 4 mm., which was due to frit
ting together of particles during the calcining, went to a set of rolls, by which 
it was reduced to 4 mm., whence it was raised again to the sizing screen; 
the stuff from 2 to 4 mm. in size and smaller than 2 mm. fell into separate 
bins, whence it was drawn to the primary magnetic separators. There 
were 12 of the latter arranged in three groups of four each, the four machines 
of each group being set in pairs and the pairs in series. The arrangement 
of the four machines constituting a group is shown in Fig. 4. Two groups 
took the coarser mineral and two the finer. The ore diverted to a group was 
divided equally between machines A and B, which made two products,one 
enriched in zinc and the other enriched in iron. The iron product of both 
machines was led to D and the zinc product to C. The two lower machines 
made a zinc product with 38 to 423 Zn. and 63 Fe at the most, a mixed 
product, and an iron product, which still contained 6 to 83 Zn. The mixed 
product was retreated by a group of two machines. The iron product went 
to another group of four machines, which yielded a final product containing 
403 Fe and 3 to 43 Zn; that representecl the entire loss of zinc in the process. 

It will be observed that the plant comprised 18 separators, of which 
12 were employed in making the primary separation and six in reworking 
between products. The general arrangement of the plant is shown in the 
accompanying engraving, Fig. 5, which will be readily understood from 
the foregoing description. 

The calcining furnace used at Friedrichssegen requires no extended 
description, since it differed, from the Herreshoff furnace and others of the 
McDougall type only in dimensions and structural details. It had two 
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series of five superimposed hearths, which were about 6 ft. in diameter. 
The vertical shaft, which carried the stirring arms, was protected from the 
heat inside the furnace by an enclosing tube, and was driven by a worm gear 
at its upper end. In each hearth-room there was a stirring arm which moved 
forward the ore. The latter fell on the uppermost hearth at its periphery 
and was plowed toward the centre, where it fell through a hole to the second 
hearth, on which it was plowed toward the periphery, and so on, being dis
charged from the lowest hearth into a car standing to receive it. The fur
nace was fired from a grate whence the fiames pas~ed over the hearths in 
the direction of the arrows, escaping through a dust chamber to the chimney. 
The speed of the plows was regulated according to the size of the ore particles. 
The admission of air into the furnace was governed so as to prevent, so far 
as possible, the formation of ferric oxide instead of magnetic oxide. 

The magnetic separators formerly employed at Friedrichssegen are 
shown in Figs. 6 to 9. A wooden frame supports a stationary axis b, to which 
is fastened a casting ,-rnund with copper wire so as to form four electromagnets, 
the wires for the connection of the latter passing through the axis b, which 
at each end is bored for a third of its length. The magnets, which are station
ary in the position shown in Fig. 7., are surrounded by a brass drum, on 
the exterior of which brass fianges are brazed on parallel with its central axis . 
The drum is rotated in the direction of the arrow by means of the pulley g. 
while a pulley h, on the oppo ite sicle, transmits motion to the shaking tray e, 
which receives ore from the hopper d, and presents it to the drum in a thin 
even sheet. The space between the edge of the tray and the drum is ad
justable. In operation, the magnetic particles are attracted to the surface 
of the drum, where they are held so long as in the magnetic field, being 
thence carried over into a separate bin, the fianges preventing them from 
falling back. The non-magnetic particles fall directly from the edge of the 
tray into a bin. The capacity of a single machine is from 300 to 500 kg. 
per hour. The drum makes 36 r. p.m. and the sbaking tray from 180 to 200 
throws per minute. The power required is 0 .125 h.p. and the electric 
current about 325 'rntts per machine. The Friedricbssegen plant comprised 
five dynamos, each of which delivered 20 to 25 amperes of 65 volts. One 
man attended to the entire plant of separators. 

Since 1898, the Wetherill separator has been in use at Frie<lrichssegen, 
treating the ore raw, which evidently has been found an improYement there 
although the details have not been published; the operating expenses are 
said to have been reduced while the grade of the zinc product has been 
increasecl. The advantage of any process depends, however. largely upon 
local eonditions. The experiments on the Slocan ores, made at Denver, 
Colo., b)· the Commission, have indicated the possible superiority of the 
roasting process and low intensity magnets under the particular conditions 
as will be cliscussed in detail further on. 

At 'Jieiern, in the T~Tol, a similar process, for the treatment of a similar 
ore, is outlined by the flow-sheet shown in Fig. 12. 
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In further description of the existing practice in the treatment of this 
particular class of ore, the method in use at Lohmannsfield, in the Siegen 
district, Germany, may be referred to . At this place the ore consists of galena, 
siderite and blende, with a gangue of quartz and quartzite. The siderite 
contains up to 123 of manganese. By the ordinary process of milling, 
the tbird and fourth compartments of the Harz jigs furnisbed a mixed pro
duct containing from 2 to 33 of gangue and 15 to 223 of blende, according 
to the tenor of blende in the crude ore, the remainder being spathic iron. 
A marketable blende could be produced by roasting and removing the mag
netic oxide by ordinary magnetic separators, but the company was not able 
to install roasting furnaces. Experiments in separating the ore crushed 
to 3 mm. size by means of Wetherill machines gave such favourable results 
tbat it was <letermined to ·make an installation of them. 

The crude minera! sent to the W etherill plant is the middlings from 
the Harz jigs of the wet-dressing works, varying in size from 1 to 10 mm. 
and containing from 5 to 203 of water. The arrangement of the plant is 
shown in the accompanying engravings, Figs. 13 to 16. The minera! is 
dried while being moved forward by means of a screw conveyor, the trough 
of which is made double, of cast iron, exhaust steam from the engine being 
passed between the two sections. The speed of the screw A is such that 
the mineral remains in the trough 30 minutes, while in the trough Bit remains 
25 minutes. These conveyors discharge the dried mineral into the primary 
trommels, ~ and A2, by which it is separated into two classes. That which 
is finer than 3 rnm. falls into the boot of the elevator C1, which raises it to the 
main system of classifying trommels; that which is larger than 3 mm. passes 
to two sets of rolls, whereby it is crushed, falling thence into the pit B, whence 
the elevator C2 raises it to the trommel A2, to separate it into mineral smaller 
than 3 mm., which falls into the pit B, and minera! larger than 3 mm., which 
is returned to the rolls. 

All the mineral crushed to pass a 3 mm. screen is collected therefore 
in the pit B1, whence the elevator C1, raises it to the train of sizing trommels, 
to reach which, however, it has to be conveyed by a horizontal belt D, over 
which it set a powerful electro-magnet to pick out strongly magnetic articles 
such as rivet heads, small pieces of iron and steel, etc. 

The sizing trommels separate the minerai into four classes, namely, 
3 to 2 mm., 2 to 1.4 mm., 1.4 to 0.75 mm., and that which is smaller than 
0. 75 mm. The separated classes pass thence over three series of vVetherill 
separators of the two-pole and three-pole types, arranged two in a series. 
In the first member of each series, pure spathic iron is removed by a feeble 
current. The tailings pass to the lower machine where the intensity of the 
magnetic field is greater, enabling a mixed product of blende and spathic 
iron to be removed, while pure blende passes on as tailings. The blende 
of Lohmannsfield is non-magnetic even in magnetic fields of the greatest 
intensity, because of the absence of iron and manganese in its composition. 
The width of the points of the poles of the W etherill machines used at Loh-
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mannsfield is 340 mm. The belt speed of the upper machine is 40 m. 
per nùnute; of the lower 25 m. The current employed is of 65 volts elec-

. tromotive force; the upper machine of the two-pole type works with 12 
amperes; the lower with 14 to 16 amperes. For machines of the three-pole 
types the corresponding figures are five amperes for the upper and eight 
amperes for the lower. 

The plant is capable of separating 3 to 3. 5 metric tons (3. 3 to 3. 85 tons 
of 2,000 lb.) of crude mineral per hour, the crew required for its operation 
being as follows: One foreman, five 16 to 18-year-old boys, one engineman, 
and one stoker. The cost of treatment (year's average) is 1.4 marks (33!c.) 
per metric of crude mineral, no amortization of the plant being reckoned. 
The plant cost about 100,000 marks ($23,800). Allowing 203 for amortiza
tion, 20,000 marks per annum on 8,000 tons (the capacity of the plant), 
the total cost of treatment is 3. 9 marks (92. 8c. per ton.) 

Sorne valuable deductions may be made from the above figures . The 
average cost of treatment per metric ton of crude material is 33!c. The 
capacity of 8,000 metric tons per annum corresponds to 261 tons per day, 
assuming a running time of 300 days. It may be assumed that the foreman 
is paid $1.50 per day, the boys 50c., and the engineman and stoker $1 each, 
giving a total daily labour cost of $6, or 22tc. per metric ton, leaving a little 
less than llc. for power, supplies, repairs and renewals, etc. In Canada or 
the United States the wages for labour would be much higher, but such a 
plant would be run by fewer men. W e may reckon a labour cost of three 
times as much, or 68c., and doubling the other costs we should have a total 
of 90 cents per metric ton, or say 82c. per ton of 2,000 lb. The allowance 
of 203 for amortization may be too high, but experience is not yet sufficient 
to furnish much data as to the life of such plants. It would be unwise, 
however, to reckon amortization at less than 103 which with interest at 
63 cornes to nearly 203. Reckoning the cost of plant at $3 per ton of annual 
capacity, the total cost per short ton of crude material would be:-· 

Direct operation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SO . 82 
Amortization at 103 . . . . . . . . . . . . . . . . . . . . 30 
Interest at 63 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Total .. $1 .30 

At the old mil! of the New Jersey Zinc Co., at Franklin Furnace, N.J., 
which was of 200 tons capacity .Per 24 hours, the cost of separation was 
74.54c. per long ton, of which 53.35c. was for labour, 8.77c for coal and 12.45c. 
for miscellaneous supplies, and repairs and renewals. The labour was 
divided as follows :-

Crushing bouse, including drying and hand picking . . . . . $0 . 1175 
Separating bouse, including jig runners and drying con-

centrate................. . ............ . .. .... . 0 . 1477 
General, including foremen, enginemen, electricians, 

loaders, etc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 2683 

Total . $0.5335 
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In the new mill of the company, which is of 1,000 tons capacity per 24 
hours, the operating cost is about 40c. per ton, not including interest and 
amortization. The cost of this mill was about $600,000, or $2 per ton of 
annual capacity. This is stated, however, in terms of long tons, and the 
capacity is somewhat underrated. It would, doubtless, be more nearly 
correct to estimate the cost of the plant at $1. 75 per 2,000 lbs. of annual 
capacity. ~. :n 

In a magnetic separating mill of 50 tons daily capacity, for the treat
ment of mixed sulphide ore by concentration on Wilfley tables, and mag
netic separation of the zinky product by Wetherill machines, the cost per 
ton of crude ore, under the conditions existing in Colorado is about $1.25 @ 
$1.50 per ton, exclusive of interest, amortization, and general expense. The 
cost of plaut will be about $45,000, or $3 per ton of annual capacity. 
Interest (at 6% ) and amortization (at 10%) will amount therefore to about 
50c. per ton. 

I have previously expressed the opinion that the conditions existing in 
the Slocan, and the probabilities to be anticipated from its mines, do not 
warrant the erection of more than two mills , of 50 tons daily capacity each, 
to treat the ores of the whole district. It will be pointed out, in the sum
mary of the ore tests conducted by the Commission, on a subsequent page, 
together with the detailed report of Mr. Argall on this subject, that the ores 
of the Slocan are qtùte variable in character, requiring radically different 
methods of treatment. This subject may be anticipated here to the extent 
of remarking that certain ores require a preliminary concentration on 
tables, a roasting of the zinky concentrate, and subsequent separation by 
magnetic machines of high intensity. Other ores require a preliminary 
roasting and subsequent separation on magnetic machines of low intensity. 
Still other ores are best treated raw by direct action of magnetic machines 
of high intensity. Moreover, some ores will be received in the form of a 
rough concentrate, for which rolls only are required for their further com
minution; while other ores will be received in lump form, requiring means 
for crushing as preliminary to delivery to the rolls. A mill to treat satis
factorily this wide variety of ores must consequently be equipped with ad
equi:ri;e means for treating all kinds. 

Such a mill should comprise essentially one 9 X 15 in. Blake crusher, 
two sets of 15 X 26 in. rolls, one cylindrical dryer, six Wilfley tables, five 
Wetherill separators, or three Internationals, two 5-hearth, 9-ft. McDougall 
furnaces, and one conveyor to remove the ore from the last, at the same 
time cooling it. A long, slightly tapering iron cylinder, supported by rollers 
like a rotary cernent kiln, and sprayed externally with water serves as a 
very efficient cooler and conveyor. Besicles the necessary belt elevators, 
screens, hydraulic classifiers, etc., the mil! shoulcl have a platform scales for 
weighing the ore upon receipt, a Vezin sampler for sampling it, ample 
bins for storage of the crude ore, and moreover ample bins for storage 
of certain supplies of ore intermediate in the process. There should be 
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filter bins for receiving the products from the Wilfiey tables, these 
being constructed of plank, without. any attempt to make tight joints, 
the bins being lined on the inside with burlap through which the water can 
strain out, leaving the slime behind. The roa8ting furnaces should have a 
dust chamber of adequate size. The power plant should be of 100 h.p. 
The works should be constructed on level ground and the system of 
elevators and conveyors should be so arranged that the course of the ore 
through the mill may be altered as required by the variety of treatment that 
may be necessary. 

In the absence of detailed plans and specifications for such a plant, no 
precise estimate of its probable cost can be given, but it would be approxi
mately $50,000 to $60,000, or $3. 33 to $4 perton of annual capacity, reckoning 
the latter at 15,000 tons, i .e., 50 tons per day for 300 working days. 

The cost of treatment will range from $1.25 to $2 per ton for direct 
operating expense, to which must be added at least 35c. for administration 
and general expense, and about 65c. for amortization and interest on the 
capital invested, making the total expenses corne to $2. 25 @ $3 per ton of 
ore treated. These apparently high estimates are due partly to the costly 
character of the plant required, and partly to the high rates for labour that 
prevail in British Columbia . In stating milling costs, commonly no allow
ance for interest and amortization is commonly included, and the addition 
to the above estimates on this account may make them appear inordinately 
high, but this charge is a very real factor in the cost of milling and profits 
cannot properly be reckoned until it bas been amply allowed for. 

To aid in the detailed consideration of the ore tests reported further on, 
some indication of the cost of performing the various processes must be given, 
which for convenience will be based on a plant of capacity for the treatment 
of 50 tons of ore per day. In British Columbia, the skilled labour required 
in su ch a plant will command $3 wage per eight hours. The unskilled labour 
can perhaps be obtained for $2. 50 per 10 hours. Coal at Kaslo or Roseberry 
will cost S6 per ton. 

As between magnetic separators of high and low intensity, the former 
require much more power than the latter, the ratio for equal ore capacity 
being under certain conditions as 7. 5 : 1. 25, The difference in this respect 
is, however, partially offset by the cost of roasting, whiah is a necessary 
preliminary to the employment of low intensity machines at all. The 
cost of roasting the blende-siderite ores of British Columbia will be about 
50c. per ton. When washing on Wilfley tables is required as part of the pro
cess, an additional cost of a.bout 15c. per ton will be entailed. 

Attention must be called emphatically to the fact that these estimates, 
which are admittedly conservati ,-e, are based on the probable oper<ttion of a 
small custom plant, designccl for the treatment of a wicle variety of ores, and 
including expenses for rehandling ore, administration. etc., of which an in
diviclual mine plant would be free. In the case of a mine developed sufficiently 
to justify an independent plant, both the first cost of install::ition and the 
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operating expense would be considerably less than what has been herein esti
mated, and moreover ail costs would diminish materially with increase in the 
size of the plant. With this explanation, the direct operating cost, under a 
variety of conditions, may be generalized roughly, as follows :-

'fREATMENT. 

1. Raw rnagnetic separation, h.i. machines . . ....... . .... . .. . ..... . . . 
2. Roasting and magnetic separation, h.i. machines . ................ . 
3. Tabling, roasting and magnetic separation, h.i. machines . . ... ... . . . 
4. Roasting and magnetic separation, l.i. machines .... . . ......... . . . 
5. Tabling, roasting and magnetic separation, l.i . rnachine9 . ..... . . . . . 

CosT PER ToN. 

$1.30 
1.85 
2.00 
1. 70 
1.85 

In each case the above figures are to be increased by $1 to allow for 
general expense, interest and amortization as explained above. 

SUMMARY OF MAGNETIC ORE TESTS. 

The following condensed summary of the magnetic ore tests, including 
also the tests with the Blake electrostatic separator and tests of wet concen
tration, conducted by the Commission at Denver, Golo., under the direct 
supervision of Mr. Argall, is based on the report by Mr. Argall, which is 
given in full in a subsequent section of this volume. All computations of 
ore values are based .on zinc at .B23 (5c. per lb.) at London , lead at 2. 5c. perlb. 
in British Columbia, and silver at 60c. per ounce. In the case of lead ores, 
the net value is reckoned on the basis of $12 per 2,000 lb. for freight and 
treatment. 

The valuations of the various ores are presenbed as illustrative rather 
than as absolute deterrninations. Obviously, nothing more than this can 
be expected . Not only are the prices for the metals constantly fiuctuating , 
but also the prices for ore, based fundamentally on the prices for their metal 
contents, which the smelters will bid, are snbject to never ending and wide 
variations. Even during the writing of this report the market both for lead 
and zinc ore bas experienced radical changes. In a general way, however. 
the following estimates refiect the conditions toward the end of 1905, 
except that the value of lead ore has been computed on the ncw basis. and 
such crrors as there may be in them, or such differences from present condi
tions, wi.11 not materially affect their usefulness for purposes of comparison, 
or their approximate irnlication of the results that may be expected from 
the milling of these ores. 

Lot 1.- Jackson mine. Blende-siderite-pyrite-quartz. Assayccl 353 
zinc, 1.43 lead, and 5 ozs. silver. Treatecl raw, one ton of ore gives 0.666 ton 
of zinc concentrate, assaying 49. 13 zinc, saving 91. 593 of the zinc in the orig
inal ore. Treated after roasting, one ton gives 0. 637 ton of zinc concentrate, 
assaying 50. 753 zinc, saving 9-l:. 373 of the zinc in the original ore. Loss 
of weight in roasting 13. 83 . 
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A comparison of the abovc results is as follows :-

A. RA w TREATMENT--

0. 666 ton zinc ore@ $12.10. . . . . . . . . . . . . . . . . . . $8. 06 
Oost of concentration . . . . . . . . . . . . . . . . . . . . . . . . 2. 30 

Net value.............................. $5.76 

B. ROASTING TREATMENT--

0. 637 ton zinc ore@ $13 . 7,5 . . . . . . . . . . . . . . . . . . $8. 76 
Oost of concentration . . . . . . . . . . . . . . . . . . . . . . . . 2. 70 

Net value.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . $6.06 

The second method is, therefore, the more profitable. 

Lot 2.-Ruth mine. Blende-siderite-pyrite-quartz. Assayed 37% zinc, 
1 . 4% lead, and 9. 4 ozs. silver. Treated raw, one ton of ore gives 0. 710 ton 
zinc concentrate, assaying 48. 4% zinc, saving 94. 96% of th<J zinc in the 
original ore. Complete results of roasting-treatment were not made pn this 
ore, but judging from the partial test they would have been similar to the 
results shown by Lot 1. 

Lot 3.-Payne mine. Blende-siderite-pyrite-quartz. Assayed 42% zinc 
4. 9% lead and 18 oz. sil ver. Treated raw one ton gives 0. 88 ton of zinc 
concentrate, assaying 47 .1 % zinc, saving 98. 9% of the zinc in the original 
ore, the sil ver of the ore going chiefl.y (96%) into the zinc concentrate. Treat
ment after roasting gives (1) 0 . 1345 ton of iron ore, assaying 21. 4 oz. silver, 
53 lead and 8. 3% zinc; (2) 0. 7831 ton of zinc concentrate, assaying 
52. 4% zinc, 4 . 2% lead, and 17. 7 ozs. sil ver; and (3) 0. 0724 ton of lead ore, 
assaying 30. 83 zinc, 10. 9% lead and 32. 2 ozs. sil ver. By retreatment of 
(3) a further portion of zinc can be recovered. The loss of weight in roasting 
was not stated. 

In this case, the crude ore would be marketable as a zinc ore, although 
its value would be inferior to the result after concentration. The compara
tive results of marketing crude ore and the two available methods of enrich
ment are as follows :-

A. CRUDE ÜRE-

1 ton @ S10.ô8 ...... . . . ........ . ... . .. . . . . . . 

B. RA w TnEAT~lENT--

0 . 88 ton zinc ore @ $15.50 . . . . . . . . . . . . . . . . . . . 
Cost of concentration ...... . . . .. .. . . . . . ... .. . 

~et value .. .. .. ... . 

C . RoASTINn TRE AT.MENT--

0 . 134.5 ton iron ore @ 11.45 .... . . ...... . . .. . . 
O. 7831 ton zinc ore @ $19.77 ... ... .. . . 

Total . . ..... . . ... . . ... . . . . . .... .. ... . 
Oost of concentration . . . .. . ...... . . . ... . 

Xet \'alue .... ..... .. . ... . . ........ . . . . . 

810 . 68 

13 .64 
2 .30 

.11 .34 

1.54 
15 .48 

$17 .02 
2 .70 

514 .32 
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Here there is a distinct and important advantage in magnetic separation 
after a preliminary roasting, which will be increased by further treatment 
of the zinc-lead middling, disregarded in the above computation. 

Lot 4.-Hartney mine. Blende-siderite-galena-quartz. Assayed 26 .13 
zinc, 8 . 43 lead, 23 oz. sil ver. Crushing to 0 . 02 in. size and washing on table 
gave, from one ton of crude ore, 0.1113 ton of galena concentrate, assaying 
53. 23 lead, 12. 23 zinc and 70 . 5 ozs, sil ver; and 0 . 8286 ton of blende
siderite-quartz tailing, assaying 28. 23 zinc, 2. 33 lead and 16. 4 ozs. silver. 
Roasting the latter product and separating it magnetically gives from a ton 
of the original ore 0 . 5 ton of zinc concentra te, assaying 443 zinc, and a 
middling product, incapable of further separation, which is worthless either 
as a zinc ore or as a lead ore. 

In this case a crude ore which is unmar~etable gives products as follows :-

0.1113 ton lead ore@ $51 .... . . .... . .. ...... .. .... . 
0. 5000 ton zinc ore @ $7 . . . . . ... .......... . ..... . . . 

Total ... . ... .. .. ... . .. ... .. . . .. .... . .. . 

Cost of concentration ... . .. .... . ..... . ........ . .. . . 

Net value ... . . .... . ................... . 

$5 .68 
3 .50 

9 .18 

2 .50 

$6 .68 

Lot 5. -Slocan Star mine. Blende-siderite-pyrite-pyrrhotite-quartz. 
Assayed 33. 83 zinc, 1 . 83 lead and 38 . 6 ozs. sil ver per ton. Treated raw, 
one ton of ore gives 0. 709 ton of zinc concentrate, assaying 44 . 83 zinc, 
saving 94 . 93 of the zinc in the original ore. Roasting and subsequent 
separation yields 0 . 54 ton of zinc concentrate, assaying 50 . 63 zinc and 
0 . 36 ton of iron ore, assaying 35. 5 ozs. sil ver per ton. The zinc con
centrate assays 46. 8 oz. sil ver per ton and carries about two-thirds of the 
amount present in the original ore. 

The commercial results on this ore are as follows:-

A. RA w TuE ATMENT--

0 . 709 ton zinc ore @ $24a . ..... . ........... . . 
Cost of concentrat ion ........... . ..... . . . ... . 

Net value ... .. . ..... . .... . ........ . . . . . 
a Approximate, the silver content of thi s ore not having b een determined . 

B. RoAsTING T nEATMENT--

0.54 ton zinc ore @ $28.65 . .. ... . .. . ... . ..... . 
0 . :l6 ton iron ore@ $13.00 . . . .... ... . .. . .. ... . 

Total ............. . . . . . . 
Cost of concentration ... . . 

Net value ...... .. ... . . .. .. ...... . . 

$17 .02 
2.30 

$14.72 

$15 .47 
4 .68 

$20.15 
2 .70 

$17 .45 

The commercial advantage of roasting and then separating magnetically 
is in this case very striking, as is also the degree to which the crude ore is 
enriched. The crude ore is a marketable product (because of its high silver 
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content), but its value per ton is more than doubled by the simple treat
ment indicated under B. This result is particularly important inasmuch as 
the Slocan Star mine is among those of the West Kootenay district that bas 
the largest capacity for production. 

Lot 6.-Monitor and Ajax mine. Blende-pyrite-pyrrhotite-galena-sider
ite. Assayed 343 zinc, 3. 603 lead and 14 oz. silver. Roasting and mag
netic separation give, from one ton of ore, 0. 616 ton of zinc concentrate, 
assaying 503 zinc, 9. 8 oz . silver, and 0 .13 oz. gold, saving 90. 64 3 of the 
zinc in the original ore; and 0. 313 ton of iron ore, assaying 0 . 34 oz. gold, 
24. 9 oz. sil ver, 5 .13 lead and 10 .1 3 zinc. 

In the case of this ore the benefit to be derived from magnetic enrich
ment is very positive. The crude ore is of too low grade in zinc and silver 
to be marketable. The process of treatment which is outlined above, gives 
products as follows:-

0 616 ton zinc ore@ $16... . . . . . $9.86 
0. 313 ton irnn ore@ $20 . . . . . . . . . . . 6. 26 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16. 12 
Cost of concentration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.85 

Net Yalue ........ . $13.27 

Lot 7.-Enterprise mine. Blende-siderite-galena-pyrite-qÙartz. Assay
ed 43. 7% zinc, 4. 8% lead and 115 ozs. silYer. This ore is already a fair 
grade of zinc ore, and treatment must be aimed at putting as much as pos
sible of the silver into lead smelting ore, rather than into zinc ore, because 
of its greater value in the former. The tests point to a reasonably success
ful method of treatment. The ore should be crushed to pass a 25-mesh 
screen and shotùd then be carefully concentrated on Wilfley or similar table, 
yielding about 43 of galena, assaying 453 lead and 293 oz. silver. The 
tailings from the tables should be collected in burlap-lined bins, which 
while allowing al! of the ·water to drain out will save all of the tailings. The 
latter should then be dried, should be roasted lightly and should be passed 
over a \Vetherill magnetic separator. The tests do not unfortunately, 
show precisely the results that may be expected from this treatment, but 
they indicate that out of a ton of the crude ore there can be obtained 0. 55 
ton of zinc ore nith about 573 zinc, and not more than 40 ozs. silver per ton, 
a further product of comparatively high grade zinc ore, also high in silver, 
which may be marketed either with the zinc smelter or the lead smelter, 
and finally an iron ore, high in silver, that would be sold to the lead smelter. 

In this case the crude ore is marketable either as a zinc ore or as a silver
lead ore. As a zinc ore its value n·ould be $46. 30 per ton. As a sih·er-lead 
ore its value \YOuld be S37. 80 per ton. The problem is to separate this ore, 
without Joss of Yaluable minerais, so that the aggregate value of the various 
products will exceed that of the crude ore. The tests were not carried to 
their ultimate conclusion, but basing computations on Test C, (See Mr. Ar
galls' report) one ton of the crude ore yields the following products:-
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O. 550 ton zinc ore @ $32.60 .................... . .. . 
O. 124 ton sil ver ore@ $80.89 ...................... . 

" 0.241 tonironore@$117.55 .. . ............ . ....... . 

Total .. . ....... ... .......... . .... . .... . 
Cost of concentration . . ...................... . .... . 

Net value a ........ ... . ......... . 

$17.93 
10.03 
28.33 

$56.29 
2.85 

$53.44 

95 

a The net va.lue of this ore would doubtless be me.terially incree.sed if a considerable tonnage of the 
zinc products rich in si l ver could be offered. 

It is evident that separation adds materially to the value of this ore, 
and it is probable that a process conforming to the suggestions in Mr. Argall's 
report will lead to a greater increase in value than has been here estimated. 
This line of treatment is the most promising solution of the problem of the 
zinky ores of the Slocan that are very high in silver. 

Lot 8.-Molly Gibson mine. Blende-siderite-galena-pyrite-quartz. 
Assayed 11. 3% zinc, 4. 3% lead and 71. 5 ozs. silver. This is obviously 
an ore which can be treated most advantageously by direct lead smelting. 

Lot 9.-Big Ledge. Blende-pyrites-pyrrhotite. Assayed 19 .4% zinc, 
trace of lead, and 0. 7 ozs. sil ver. 

Lot 10.-Big Ledge. Blende-pyrites-pyrrhotite. Assayed 20. 6% zinc, 
trace lead, 0. 7 ozs. sil ver. 

Lot 11.-Big Ledge. Blende-pyrites-pyrrhotite. Assayed 22. 7% zinc, 
trace lead, 0. 7 ozs. sil ver. 

Lots 9, 10 and 11 are of practically identical character. Concentration 
on tables to remove gangue, roasting of the concentrate and treatment of 
the roasted ore on the Wetherill separator give, from one ton of the crude 
ore 0. 367 ton of concentrate assaying 40. 7% zinc, a saving of 79. 5% of 
the zinc in the original ore. In a region nearer to the markets than British 
Columbia, this would be considered a fairly good result, both technically 
and commercially. The ore is a difficult one to separate. In treating it 
raw, only a small proportion of worthless material can be picked out as 
magnetic material, while after roasting the blende and pyrites all become 
more or Jess magnetic, and there is no sharp dividing line between the 
attractability of the various minerais. 

The result of the treatment of this ore, stated above, does not offer 
any hope of profitably vvorking this ore on the basis of 5c. spelter and other 
conditions as they exist at present, because the gross value of the product 
deriYable from a ton of the crude ore would not amount to the cost of pro
duction. The gross value of the products would hardly be more than 
$1 . 35 per ton of crude ore, which could not be expected to cover the cost 
of mining and milling even if carried out on the large scale that the magni
tude of the ore deposit woulcl appear to warrant. 

Lot 12.-Goodenough mine. Blende-galena- iderite-pyrite. Assayed 
45% zinc, 10. 8% lead and 22 ozs. sil ver. Crushing to pass a screen with 
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0. 03-in. holes and washing on tables gives, from one ton of crude ore, 0. 893 
ton of zinc concentrate, assaying 48. 73 zinc and 15 ozs. silver, co~prising 
97. 4% of the zinc in the original ore, and 0. 107 ton of lead concentrate, 
assaying 62.4% lead and 81.6 oz. silver. The zinc concentrate can be fur
ther raised in grade by magnetic separation, but the addi tional gain would 
not justify the expense. The treatment outlined above is simple, efficient 
and satisfactory. 

The crude ore is marketable as a zinc ore and the question is as to the 
gain in value by separation of its con.'ltituents. This appears in the following 
comparison :-

A. CRUDE ÜRE-

1 ton@ $15.10 ..........•................... 

B. SEPARATED PRODUL'TS-

0. 893 ton zinc ore @ $15.30 .................. . 
0 .107 ton lead ore @ $62.00 .. . ...... . .. . ..... . 

Total ..... ... .... . ...... . ... .......... . 
Oost of concentration ..... .. .. , .. ... ........ . 

Net value ............................. . 

$15.10 

$13.67 
6.63 

$20.30 
1.00 

$19.30 

The cost of concentration in this case is low, because it is a simple problem 
in milling. 

Lot 13.-Hewitt mine. Blende-siderite-pyrite-quartz. Assayed 32. 8% 
zinc, 11.5% lead, and 80.2 oz. silver. Concentration on tables to eut out 
a galena product, collection of the tailings, roasting and magnetic separation 
give, from one ton of ore, 0 . 482 ton of zinc concentra te, assaying 54. 8% 
zinc, and 41 ozs. sil ver, comprising 83 . 3% of the zinc in the original ore, 
and 0. 446 ton of lead concentrate assaying 25% lead, 14% zinc, 20% excess 
of iron over silica, and 131 oz. silver, comprising 100% of the lead and 75% 
of the silver in the original ore. 

This ore, because of its high silver content, would be marketable in its 
crude state either as a zinc ore or as a lead ore, but its value is greatly in
creased by separation into two classes, the high concentration of lead and 
silver in the lead ore product causing the separation to be of remarkable 
technical efficiency. The products derivable from a ton of the crude ore are 
as follows :-

0. 4il2 ton of zinc ore @ $30. 76 ....... . ...... . ....... . 
0. 446 ton of lead ore@ $77.92 ...................... . 

Total .. . . . ................. . ...... . ... . 
Oost of concentration .... ... ........ . ... . .. . ...... . 

Net value ....................... . ..... . 

$14.83 
34.75 

$49.58 
2 .50 

$47.08 

The increase in the value of this ore by separation is very important. 

Lot 14.-Emily Edith mine. Blende-siderite-galena-pyrite-quartz. As
sayPd ~8% zinr, 8% lead and 24 ozs. silver. Concentration on tables to eut 
out a galena product, collection of the tailings, roasting and magnetic separa-
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tion, give, from one ton of ore, 0 . 62 ton of zinc ore, assaying 47. 29% zinc, 
3 . 06% lead, and 18. 3 ozs. sil ver, comprising 81 % of the zinc in the original 
ore; and 0.078 ton of lead ore, assaying 54.6% lead, 12.5% zinc, and 58.5 
or.s. silver; besicles various iron products of doubtful value. 

As a silver-lead ore, this ore could not be marketed crude. As a zinc 
ore it wotùd be worth about $6. 84 per ton. Separated into products, as 
stated above, its value would be as follows: 

0 . 620 ton zinc ore @ 515 ........ . .. .. ............. . 
0 . 078 ton lead orn @ $44.57 .......... . . ......... . .. . 

Total . . . . ........ ... ........ .......... . 
Cost of concentration ............... . ....... . ..... . 

Net value ................. . . . .. . . . .... . 

$9.30 
3.48 

$12 .78 
3 .00 

89.78 

Lot 15.-Lucky Jim mine. Blende-galena-pyrites-quartz. Assayed 
33.2% zinr, 9.8% lead, and 11 .5 ozs. silver. Bywashingon tables, roasting 
the zinc product and separating magnetically, one ton of ore yields 0 . 15 ton 
of lead ore, assaying 50. 2% lead, 11 . 9% zinc and 49. 5 ozs. silver; and 0. 4124 
ton of zinc ore, assaying 54% zinc, the extraction of zinc being about 70% 
of the content of the original ore, while the extraction of lead in the market
able lead ore is 73 . 8% 

This ore crude would have no value either as a zinc ore or as a lead ore. 
Separated into two classes it acquires value as follows:-

0.4124. ton zinc ore@ $17 ....... . . ... .. ...... . .. . . . 
0. 1500 ton lead ore @ 537. 80 .. ..... . ....... . ...... . 

Total ............ . . . . .. . ... . .. . .. ..... . 
Cost of concentration .......... ... .. . .......... .. . . 

Net value ........... . .... . ..... . ...... . 

$7 .01 
5.67 

$12.68 
3.00 

$9.68 

Lot 16.-Hewitt mine. Quartz-blende-galena-siderite-pyrite. Assayed 
5 . 8% zinc, 5. 4% lead, and 18 oz. sil ver. Concentrating on tables, roasting 
the zinc concentrate, and separating magnetically, one ton of ore yields 
0 . 0434 ton of lead concentrate, assaying 68. 43 lead, 6. 873 zinc and 131 ozs. 
silver; and 0. 0205 ton of zinc concentrate, assaying 54% zinc, and about 
33 ozs. silver. 

In this case, the concentration is only indifferently successful, notwith
standing the production of a high grade of zinc ore, the unsatisfactory result 
from the commercial standpoint being due to the low grade of the crude 
ore and the high loss in the process. The products are as follows :-

o. 0205 ton of zinc ore@ $27.08. • . . . . . . . . . . . . . . . . . . . . $0. 56 
0 . 0434 ton oflead ore@ $93.45. . . . . . . . . . . . . . . . . . . . . . 4 . 06 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $4. 62 

The above estimate is for the gross value of products per ton of crude 
ore without any allowance for the cost of milling. 

Lot 17.-Aurora mine. Heavy zinc-lead sulphide, practically free from 
gangue. Assayed 333 zinc, 21. 53 lead and 7. 3 ozs. sil ver. Separating 

7 
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the raw ore by Wetherill machine, one ton yields 0.455 ton of lead ore assay
ing 423 lead and 14 ozs. silver; and 0 .53 ton of zinc ore, assaying 51.43 
zinc, 82. 43 of the zinc in the original ore being recovered. 

The products are valued as follows :-

0 . 530 ton zinc ore @ $14.40. . . . ........ ... . . . ... .. . . 
0 . 455 ton lead ore@ $16.48 ... .... . . . .. .. ... . .. ... . . 

Total ............ . . ... . . ..... . ... .. ... . 
Cost of concentrat ion . . . . . . . . . . . . . . . . . . .. . ... . .. . 

Net value .. .. ..... . . ..... .. . .... .... . . . 

7 .63 
7 .50 

$15 .13 
2 .30 

$12 .83 

The crude ore is of high grade both in lead and zinc, and the separation 
is effi cient ; hence the good commercial result . 

Lot 18.-Blue Bell mine. Blende-galena-pyrite-pyrrhotite-quartz-lime
stone. Assayed 14 .63 zinc, 12 .83 lead, and 3 .8 ozs. silver. By a combina
tion process, one ton of ore yields 0. 2 ton of lead concentrate, assaying 55 . 23 
lead, 5 .13 zinc and 11 ozs. sil ver; and 0 . 227 ton of zinc concentrate assaying 
443 zinc, the latter representing 69 . 43 of the zinc in the crude ore. 

The products are valued as follows:-

0. 227 ton zinc ore@$ 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . $1. 59 
0 .200ton leadore@$19.11.. . . . . . . . . . . . . . . . . . . . . . . . 3 .82 

Total. . . . ........ . ........ . ............ $5.41 
Oost of concenti ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 60 

Xetvalue. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.81 

The combination process proposed for the treatment of t his ore consists 
first in crushing and washing on tables, producing a lead ore as a finished 
product (0. 2 of the original ore) and a blende-pyTites middling, amounting 
to 0 . 5315 of the original ore. This blende-pyrites product is dried and passed 
over Wetherill separators at low amperage, whereby 34 . 733 of the product 
is removed as "·orthless pyrrhotite. The remainder, amounting to 0. 6527 X 
0 . 5315, or 0. 347 of the original ore is roasted and then passed again over 
magnetic separators, the pyrites rendered magnetic by the roasting being 
picked out at low amperage, while the blende also made magnetic, but less 
so than the zinc, is removed at high amperage. A mail amount of non
magnetic material (quartz, etc.), very low in zinc, goes over the tail end of 
the separator as waste. 

The process is an ingcnious solution of a difficult problem. The mine 
for which it is designed rank among tho e of the West Kootenay that are 
capable of making a moderately large production, and would undoubtedly 
be equipped with an indepenclent plant. On the basis of 100 tons capacity 
per 24 hours, the process outlined above should be performed for about 
$1. 20 per ton. direct operating expense; and not more th an 0. 40 per ton, 
interest anrl amortization; total, Sl.60 per ton. 

Lot 19.-St. Eugene mine. Blende-pyrite-galena-garnet-quartz. As
sayed 20,2<"6 zinc,9. 73 lcad,ancl 5. 7 ozs. silver. By wet concentration, 
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followed by magnetic separation of the zinc product, without roasting, one 
ton of ore yields 0 .157 ton of lead concentrate, assaying 33!3 lead and 
16.3 ozs. silver; and 0 .314 ton of zinc concentrate assaying 40.83 zinc, 
563 of the zinc in the original ore being recovered; while, moreover, the 
grade of this zinc concentrate can be raised to 503 by roasting and further 
treatment. If raised to 503 grade, the product would be 0 . 218 of the weight 
of the original ore. 

The value of these products would be as follows :-

0. 218 ton of zinc ore @ $13 . . . . . . . . . . . . . . . . . . . . . . . . . $2. 83 
0. 157 ton oflead ore @ $15.48. . . . . . . . . . . . . . . . . . . . . . . 2. 43 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $5. 26 

The cost of perform.ing the process can not easily be estimated for the 
purpose of this report, because it would be conducted as an adjunct to the 
present m.illing process, which is practiced on a large scale, and would depend · 
upon the arrangements which would result from a careful study of the problem 
by the managers of the property. The process consists in regrinding the 
zinky product made by the present mill and carefully washing on tables, 

, producing a galena concentrate, amounting to 0 .105 of the original material, 
and a slightly enriched zinky product, amounting to 0. 6646 of the original. 
This zinky product is dried and passed over Wetherill separators, yielding 
at high amperage 0.314 ton of zinc ore assaying 40.83 zinc, besides a small 
amount of low grade lead ore, which is combined with the galena concentrate 
from the tables . The zinc concentrate, amounting to less than one third of 
1 he weight of the original material, is then roasted and passed over a mag
netic separator of low intensity. Consequently all of the material must be 
washed on tables. The two passes over magnetic separators are practically 
equivalent to the passage of all the material once over such separators, 
two-thirds of high intensity and one-third of low intensity, while roasting 
is required on only one third of the material. As previously stated (in an 
earlier portion of this report) the quantity of this material produced by the 
St. Eugene mill is about 25 tons per day. It is evident that it can be further 
worked, as herein suggested, for a considerable additional profit . 

GENERAL CONCLUSIONS. 

The possibility of enriching the zinc ores of British Columbia to a high 
degree by magnetic separation has been thoroughly demonstrated by the 
tests conducted by the Commission, which have been hereinbefore summar
ized. The ores tested are of wide variety and represent all of the classes that 
the mines of the Province are at present capable of producing. In e\'ery 
case it bas been pos iblc to produce a zinc concentrate assaying upward of 
40o/c zinc; in many cases concentrates as aying about 503 zinc; and in a 
fe\,. cases concentrates assaying a high as 573 zinc. 
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These results compare very favourably with those which are attained 
in the concentration of similar ores in the United States, in Australia and in 
Europe. The zinc concentrates, produced from the mixed ores of west of 
the Rocky Mountains in the United States do not average better than 40% 
zinc; that produced at Broken Hill, .S.W., goes only 40 to 45% zinc. 
The zinc concentrate that can be produced in British Columbia will average 
better than those figures. lt is to be remarked, however, that a thoroughly 
good technical result is not necessarily a good commercial result. Ore 
assaying only 40% zinc, unless it contain also an important silver value, 
will not be a profitable product in British Columbia on the basis of 5c .. spelter 
(it is not safe to make calculations on a higher basis than that), but this 
is because of the remoteness of the Province and the long railway carriage 
to markets, absorbing a large part of the value of the ore, which must in
evitably be borne. This is an unfortunate condition, which can not be 
altered; indeed, can not be much ameliorated . This subject has been 
thoroughly discussed in previous sections of this report. 

Of practical importance in no way inferior to the degree of concentration 
is the matter of percentage of mineral extracted from the ore. With the 
exception of a few especially difficult ores, the tests of the Commission 
show remarkably high percentages of extraction, these rising in one case 
to nearly 99%, and being upward of 90% in many cases. 

The matter of relative efficiency of various types of magnetic separators 
will not be discussed, except broadly. lt was not within the means of the 
Commission to make exhaustive competitive trials of different makes of 
machine, and anyway this matter is of comparatively little importance 
providing the machines conform to sound principles of mechanism and 
magnetism. The design of these machines will be treated to some extent 
further on in this report. lt is a common mistake among the inexpert to 
look for some machine, which in itself will be the solution of all problems in 
ore treatment. There is no one machine which will prove such a universal 
panacea. Attention shotùd be concentrated not on the machine. but on 
the process. The machine is simply a means to carry out some part of the 
process. The process being successfully devised, it will frequently be found 
that several different kinds of machine will do equally well the particular 
work that is required of them. lt will be observed from Mr. Argall's report 
that the principal experirnental work of the Commission wa · in the deter
mination of processes, rather than the cornpetitive trial of various machines. 
In so far as such trials were made, readers of this report may draw their own 
conclusions. 

lt is proper, howeYer, to point out the broad difference between the 
two grand types of magnetic separators, viz., the high intensity and the 
low intensity. The former requi-re much more power than the latter, but 
they ,,;u make separations of minerals of low magnetic attractability, 
which remain unaffected by the machines of low intensity. ln order to 
enable the latter to operate at al!, the ore must be converted by roasting 
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into a more highly magnetic form, and the cost of roasting is more than an 
offset of their economy in power and lower first cost. In the case of the 
blende-siderite ores, however, roasting and separation by low intensity 
machines gives a higher grade of product than does raw separation by high 
intensity machines, and the commercial result figures out better. Con
sequently, if that class of ore were alone to be treated, the choice would 
by all means be for a roaster and low intensity machines. But when it is a 
case of treating a variety of ores, some of which can be separated only by a 
high intensity machine, the choice is determined by different considerations. 
The high intensity machine will perform all of the separations of strongly 
magnetic material that the low intensity machine will make, and is capable of 
far more delicate adjustment and of effecting separations between minerals 
of several different degrees of magnetic permeability. A plant for the 
treatment of the miscellaneous ores of the West Kootenay should, there
fore, be provided with high intensity separators, rather than low intensity. 
Means for roasting the ore are required in any case. 

A disappointing feature of the experimental work at Denver was the 
failure of the Blake electrostatic separator to prove of service in the treat
ment of the ores of British Columbia. In no case did this appear to be of 
useful application. In the treatment of some ores in Colorado and else
where, this separator has given excellent restùts on a commercial scale, 
but its action depends upon the relative conductivity for static electricity 
of the component minerals of an ore, and in many cases the difference is 
not sufficient to enable a separation to be made. This appeared to be the 
case of the ores of British Columbia in so far as they were tested by this 
process. In fairncss it is to be remarked that the tests or the Blake separ
ator were by no means exhaustive, and it is possible that by modifications 
in the ore treatment satisfactory commercial results may be obtained with it 
in certain cases. 

In Australia, the ores of Broken Hill were first successfull y treated by 
magnetic separation. During the last two or three years a class of pro
ces es, kno\Yn as the flotation processes, has been introduced, and theRe 
have now clearly beaten the magnetic separation processes in the treat
ment of the ores of Broken Hill. So far, the flotation processes have not 
been tri ed except at Broken Hill , and comparatively little is yet known 
as to their theory or the precise conditions which determine their applica
tion. 

I caused some experimental " ·ork to be done, on a laboratory scale, 
at X cw York, under my own direction, to determine the applicability of 
these processcs to the ores of British Columbia. I shall refer to these ex
periments at more length in a subsequent section of Lhis report. It is suf
ficient to state herc that some of the ores of British Columbia appear to be 
amenaLle to separation by thi process, but the results do not indicatc any 
superiorit)' over magnctic separation in point of enrichment of the grade 
of the ore, whilc for the treatment of the miscellaneous ores of a district 
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fl.otation would probably be less elastic and less efficient than magnetic 
separation. Flotation is especially adapted to the treatment of the ore 
of a single mine on a large scale. This condition does not obtain at the 
present time in British Columbia; certainly not in the Slocan. The con
clusion may, consequently, be accepted that for the enrichment of these 
ores, the best method is a combination process in which washing on tables 
and magnetic separation are the essential features. The experimental 
work of the Commission was largely confined to this branch of the subject, 
as being the most logical development, which will explain the detailed 
attention, to the exclusion of nearly everything else, that is given to it in 
Mr. Argall's report. 

MAGNETIC SEPARATORS. 

1 

The forms of magnetic separators which have been designed and put into 
practical use, especially for the separation of magnetite, are so numerous, 
that a description of them and their principles would constitute the subject 
for a voluminous treatise. Even for the separation of zinc ore, a large variety 
of separators has been practically employed. In this report it is unnecessary 
to go further than refer to a few of the more important. 

The principle of all magnetic separators is simple. An electro-magnet, 
when energized by a current passing through its coil, attracts magnetic sub
stances to one or both of its poles. This is the first step in the separation. 
The second is to cause the magnetic material to drop off from the pole, sepa
rate from the non-magnetic material from which it was removed. The sim
plest, but most impracticable, method of doing this is to lift away the magnet, 
eut off the current and allow the attracted material to fall into a separate 
receptacle. Magnetic separation has been, indeed, effected in practice, on a 
small scale, in precisely that manner, and it is a useftù method for laboratory 
tests, but for commercial work it is too cumbersome and slow. 

In modern magnetic separators the dropping of the magnetic material 
is generally effected by mechanically causing it to pass outside of 
the magnetir field, which may be done in various ways. (1). The 
magnetic material may be prevented from coming in direct contact with 
the magnet by mcans of a travelling belt, or a revohing cylinder 
of non-magnetir substance, to which the magnetic material ''ill cling so long 
as in the field, but from which it will drop as soon as removed from the field. 
(2). The magnetic material may be attractcd directly to the pole, which by 
revolution or changr in electrical connection may suffer a change in pola;ity, 
or become non-magnetic, thus dropping the attracted particles after removing 
them from the strcam of non-magnetic. (3). The magnetic material may be 
attracted dircctly to the pole, and be removed therefrom by means of a brush, 
or scraper. 

:\Iagnetic separaiors may be classified in many other ways, e.g. thosc 
which operate on "·et material and those which operate only on dry; those 
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with fixed magnets and those with movable maguets; those which develop 
high magnetic intensity, and those which develop only a low intensity. Dif
ferent types of machine are suit~d for different purposes. 

The electro-magnet consist essentially of a core of soft wrought iron 
surrounded by a coil of insulated copper wire, through which electric current 
is passed. So long as the current fiows the iron is a magnet, with north and 
sou th poles, and if suspended freely it would align itself with the needle of the 
compass. By reversing the direction of the current the poles are reversed. 
The straight electro-magnet is an uneconomical form, because of the great 
dispersion of the lines of force. In order to concentrate the latter the core is 
bent into U-form and the poles are caused to approach closely together. 
Further concentration is effected by tapering the pole pieces. The space 
between the poles, through which the lines of force pass, is called the magnetic 
field. The intensity of the magnetic field depends upon the size of the mag
net, the form of the magnet, and the number of ampere turns in the coil, 
i.e. the product of the amperes of current fiowing in the coil times the number 
of turns around the core. The attraction of any magnetic substance varies 
with the intensity of the magnet and its distance from the magnet. 

Magnetic lines of force are analogous to electric currents, and like the 
latter form closed circuits. The magnetomotive force in a magnetic circuit 
is directly proportional to the number of amperc-turns. The reluctance is 
directly proport.ional to the length of the circuit and inversely proportional 
to the sectional area, and also to the permeabil1ty of the substances in the 
circuit. Magnetomotive force+ reluctance = magnetic lines of force. By 
the term permeability is meant a numerical coefficient which expresses how 
much greater the number of lines generated in a substance by a given mag
netomotive force is than those which wolùd be generated in air by the same 
force. It is not possible to obtain much more than 20,000 magnetic lines per 
square centimeter in soft, annealed wrought iron, \Yithout using enormous 
magnetomotive force, and in designing electro-magnets it is not generally 
good economy to go above 16,000. Leakage is the number of extra lines 
which must be produced in order to attain a desired strength of field. This 
will depend upon the shape of the magnet and the length of the air gap. In a 
magnet of which the poles are bent around to face each other, with an air gap 
of only 0. 25 in., the leakage may be abont 0. 3 of the useful lines; for Jarger 
air gaps it will be greater; in a poorly clesignecl magnet it rnay be much 
greater. Where a very strong field is clcsirecl, the lines of for ce may be con
clensetl by beveling off the poles so that their sectional area is Jess than that 
of the core, but this is clone at sorne los:; of power, inasmuch as halYing the 
area cloes not by any means double the strengt h of the field . 

I t \\"Îll be manifest that the inten:;ity of the magnetic fi eld is the greater, 
the closcr the particlcs to be attractecl can be presentecl to the magnet . The 
interposition of a belt, or clrum, or similar device, which mav be necessarv to 
effect the remoYal of th attracted material from the magncÙc field, inev it~bl y 
rcduces to some extent the intensity of the latter. 
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Besicles the design and arrangement of the magnets, the method of pre
senting to them the material to be separated is of grea.t importance. This is 
done usually by distributing the material in a thin sheet by means of a shaking 
tray, a travelling belt, or by spreading it over a magnetic drum. The rapidity 
with which it is passed into the magnetic field is a highly important considera
tion. For example, in testing a mixture of magnetite (strongly magnetic), 
rhodonite (feebly magnetic), and blende (very feebly magnetic) on a machine 
of high intensity, it was found that at a certain speed of the belt only the 
magnetite was attracted. At a reduced speed , the rhodonite was partially 
attracted. At further reduction the rhodonite was completely attracted 
and the blende was still uninfluenced. At still further reduction the blende 
was completely attracted. The size of the particles is also of importance. 
Theoretically, there should be no difference on this score, save that a closer 
adjustment of the distance bet\"l"een the magnet.s and the sheet of ore is pos
sible \\ith evenly sized particles, but practically it is found that reasonably 
close sizing gives the best results in magnetic separation, and in well designed 
mills this is arranged for. The treatment of the very fine ore is a serious 
difficulty in magnetic separation, just as it. is in ordinary wet concentration, 
though to a less extent. 

Important principles in magnetic separation are the production of a 
magnet ic current of the minimum intensity and maximum density ; the pro
duction of a homogeneous magnetic field; passage of the material to be separa
ted through the magnetic field as near as possible to the at traet.ing pole of the 
magnet., and in an even, regular sheet., at the proper speed. 

As has been previously remarked, the variety of magneti c separators that 
have been employed, and even of those employed at the present t ime, is so 
large that a general description and discussion of them would require the 
space of an elaborate treatise. The follo"ing brief summary of a few types of 
commercial machines will sufficiently inrlicate the general principles. 

Monarch. (Ball-Norton) .- Stationary electro-magnets, inside of a 
reYolving drum. Usect for separating magnetite. 

Sautter.-Similar to the l\'Ionarch. Used at Pierrefittes and Friedrichs
segen for separating blende from artificial magnetite (calcined siderite). 

Siemens & Halske.-Similar to the above. Used at 1\Ieiern (Tyrol) for 
separating blende from art ificial magnetite. 

Heberli .-Similar to the aboYe. Used at Friedrichssegen for the same 
pur pose. 

Ferraris No . 1.--A revoh-ing cylinder, consisting of a hub and series of 
radial magnets, whieh corne into and pass out of circuit by connection 
through a comrnutator, revolving with the drum. Two diametrically op
posite rnagnets arc thus caused to be continually out of circuit, forming a 
neutral plane, whieh i~ usually set at an angle of 45° with the horizontal. 
Non-magnetic part icles fall off the drurn by gravity; magnctic particles are 
attracted to the Llrum unti l the.v pass into the neutral plane, when they too 
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fall off. Used at Monteponi for separating roasted iron ore from zinc ore. 
The machine is somewhat complicated and hence was replaced by a different 
type (Ferraris No. 2). 

Payne.-Stationary magnet, insidc of revolving drum. Magnet espe
cially designed to insure efficiency and distribution of lines of force approxi
mately normal to surface of drum. Used at Austinville, Va., for separation 
of roasted limonite from zinc ore. 

W enslrom.-Stationary magnet, inside of revolving drum, the latter 
being made up of alternate magnetic and non-magnetic bars, parallel to the axis. 
The magnetic bars are practically prolongations of the pole pieces. 
Non-magnetic material falls off the drum, while magnetic particles are carried 
around underneath until the attracting force becomes so weak that they t oo 
fall off. This machine, which is adapted to the treatment of coarse stuff, not 
necessarily dry , is used extensively in Sweden and the United States for 
separation of magnetite. 

Buchanan.-Two hollow rolls of iron, which revolve toward each other, 
being supported on joumals which rest on the ends of two horse shoe electro
magnets, the latter wound so that one roll is supported by two north poles, 
the other by two south poles. The ore is fed on top of each roll. The non
magnetic falls into a chute below and between them; the magnetic adheres 
to the rolls until they have passed out of the magnetic field . Used for separ
ating magnetite. This machine is the prototype of the Mechernich separator, 
which is one of the modern and successful machines for the separation of 
zinc ore. 

Mechernich.-This is a modern development of the Buchanan separator, 
described above. The principle is illustrated in the accompanying engra
vings, Figs. 17-21. \Vhen the poles of the magnet are two parallel cylinders, 
the lines of force are highly condensed on the line where the cylinders are 
nearest together, diminishing in density away from that line. Consequently 
when the cylinders, or only one of them are revolved, magnetic material is 
attracted to the poles, and as the latter carry it outside of the magnetic field 
the attracted material drops off. In the Mechernich separator, the hollow 
cylinders of Buchanan are replaced by solid cylinders, which serve both as 
cores and as poles, the exciting coil being wound on their middle portion. 
The revolution of the poles, instead of being opposite to the dir ection oî the 
ore feed, is caused to coïncide with the latter . The two poles, instead of 
being on the same horizontal line, are set with their axes on a diagonal line, 
the north pole uppennost and a little ahead of the south pole. In the 
latest constructions, the sou th pole is stationary and ei ther of semi
c,vlindrical or pear-shape cross-section. This pole is encased with a non
magnetic covering, so that the non-rnagnctic material rn::i,y slide directl,v 
off from it, while the magnetic is attracted to the north pole. Behincl 
the latter a brush is arranged to rcmove any material whi ch may fail to 
be dislodgccl by gravity and centrifugai force . The whole apparatus is 
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enclosed in a dust-proof housing of sheet zinc. The machine develops a 
field of high intensity and is capable of separating feebly magnetic minerals 
from non-magnetic and from strongly magnetic. Its mechanical and 
magnetic efficiencies both are high. It is used at .:;everal places in 
Europe and has been used at Broken Hill, New South Wales. In the 
United States it is employed by the United States Zinc Co., at Pueblo, 
Colo., for the separation of Leadville, and other mixed sulphides, which, 
however, are subjected to a magnetic roast before passing to the separator. 
The Mechernich separator is controlled by the Electro-Magnetische Gesells
chaft, of Frankfort am Main, Germany. o general attempt has been made 
to introduce this separator in America, the patent rights having been under 
option to the United States Zinc Company, I understand, and the Commission 
had no opportunity to test it. I visited Pueblo and saw it in operation, but 
was n?t accorded permission to report its results. 

1 

Siemens.-A hollow, revolving drum, made up of annular wrought iron 
dises, separated by brass annular dises. The exterior of the drum is wound 
with insulated copper wire, making the whole a hollow magnet, of which each 
pair of annular iron dises are pole pieces, pointing inward. The ore is fed 
into the drum as in a trommel. The non-magnetic passes straight through . 
The magnetic is carried to the top, where it is scraped off and removed by a 
conveyor. 

Dellvik-Grondal. - A cylindrical magnet, revolving around a vertical 
axis. Parallel with it is a wooden cylinder, studded with iron pegs. Material 
is fed against the first cylinder, the magnetic being carried around until ad
jacent to the wooden cylinder, when the induced magnetism on the pegs 
causes the particles to hop over, after which they fall off or are washed off as 
the revolution of the wooden cylinder takes tbem out of the magnetic field. 
Works on wet material. Used at Pitkiiranta for separating magnetite from 
blende and pyrites. 

Conkling.-A continuous, horizontal, traYelling belt, over which are set 
a series of magnets, a cross-belt (at right angles to the conveying belt) passing 
under the pole piece of each magnet. The ore is fed on the conYeying belt. 
As it passes under the first magnet, the magnetic particles are lifted up against 
the cross-belt , and are by the latter drawn to on.e ide; similarly with the 
second and third magnets. The non-magnetic material continues on the 
conveying belt and is delivered over its end. This is the prototype of the 
class of cros -belt magnetic separators. 

Ferraris .Y o. 2.-Similar to the Conkling, but the poles of the magnets 
are tapered and bent around so as to corne quite close together. Used at 
Monteponi for separating roasted limonite from calamine. This machine 
displaced the Ferraris X o. 1. 

Rou·and. -Commonly known as the \Yetherill. Similar to the Conkling, 
but the rnagnets C\Yctherill typP) are placed both above and below the co11-
vcying belt, whieh gin•s a >'tronp:N ficlù, a. does al;::o the form of the pole piece:> 
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W etherill.-The chief feature of these machines is the production of a 
very strong magnetic field by concentrating the lines of force, which is done 
by placing the two poles of the magnet as near together as possible and bevel
ing off the ends of the pole pieces. This idea was originally employed in 
several types of machine, known as the Wetherill, all of which have now been 
replaced by the Rowand-Wetherill (known commonly as the Wetherill) re
ferred to above. The invention of the W etherill separator and its success in 
treating feebly magnetic material certainly gave the impetus to the remark
able development which the art of magnetic separation has received during 
the last ten years. The status of the W etherill patents is discussed elsewhere 
in this report. 

Cleveland-Knowles.-Two cylindrical magnets, with concentric poles 
(the coil being wound between them) are set with their axes vertical over a 
conveying belt. The magnets are set so as to off-set the belt on one side. 
Having picked up the magnetic material, passing under them on the belt, 
their revolution carries it outside the line of the belt, where it is removed by 
a scraper. This machine is extensively us~d in the United States for the 
separation of zinc ore, and has been employed in the Payne mill at Sand on, B. C. 

Finney.-A revolving magnetic drum, the core and co;l being inside the 
drum and the pole pieces dove-tailing around the periphery. A belt passes 
over this drum and over a parallel roller, so that its upper surface is horizontal. 
The ore is fed on the belt. In passing over the magnetic drum the non-mag
netic material falls off, while the magnetic sticks to the belt until the latter 
begins to leave the drum, when it also falls. 

Ferraris No. 3.- This is siinilar to the F inney. It is now used at Monte
poni for the separation of roasted limonite from zinc ore. 

Courtney.-Similar to the above, but without the belt, and designed for 
wetwork. 

Knowles.-Known also as the " New Century." This is a separator of 
the induction type. There is a magnet with chamfered pole pieces, between 
which passes an endless belt, which is caused by the supporting and guiding 
rollers to travel in a trapezoidal path. The belt is thickly studded with soft 
steel rivets, with cup-shaped washers, the latter haYing serrated edges. The 
ore is delivered by a shaking tray under the inclined portion of the belt . 
When the belt passes between the pole pieces of the magnet, its studs become 
magnetizecl and attract the magnetic particles of the ore. As the belt moves 
away from the pole pieces, in its horizontal path , the stucls graclually drop the 
particles which they have attracted, these falling into appropriate chutes. 
The construction and operation of the separator will be clearly understood 
from Fig. 22. The Knowles separator is extcnsivcly employed in the "C"nitecl 
States for the separation of roastecl zinc ore, and has been usecl in British 
Columbia at the Payne mill, at Sanclon. 

Other Separators .-The eparators which \Yere used in the cxperirnental 
work of the Commission are described in the next chapter. 



108 REPORT OF ZINC COMMISSION 

SEPARATORS USED IN EXPERIMENTAL WORK. 

It was contemplated originally by the Commission to test only the 
general principles of electro-magnetic and electrostatic separation as of 
possible application to the ores of British Columbia, but later it was considered 
advisable to try a variety of commercial machines on a competitive basis. 
The smallness of the appropriation limited the scope of such tests, which 
under the circumstances could not, obviously, be conducted with the idea of 
determining the best form of magnetic separator among those on the market, 
but had in view rather the determination of the difference in results that 
might develop from the use of different forms of machines. 

Invitations were extended to the following concerns to submit machines 
for trial, preference being expressed for a small machine, of the respective 
makes, as being most easily managed under the conditions that had to be com
plied with :-

1. Wetherill Separating Co., New York; Magnetic Separator. 
2. International Ore Separator Co., Chicago; Magnet1c Separator. 
3. United Iron Works Co., Springfield, Mo.; Magnetic Separator. 
4. American Concentrator Co., Joplin Mo.; Magnetic Separator. 
5 . . Dil1_gs Electromagnetic Separator Co., Milwaukee, Wis.; Magnetic Separator. 
6. C. G. Buchanan, New York; Magnetic Separator. 
7. Imperia! Ore Separator Co., New York; Magnetic Separator. 
8. Blake Mrning and Milling Co., Denver; Electrostatic Separator. 
9. Huff Separator Co., Boston; Electrostatic Separator. 

10. Sutton-8tecle Co., Dallas, Tex.; Electrostatic Separator. 

This invitation was accepted by Nos. 1, 2, 5 and 8, of whom Jos. 1, 2, and 
8 had machines available in Denver, while No. 5 prepared a special machine 
(of standard type, special only in size) for the purpose. No. 9 declined the 
invitation, on the ground that its machine was not yet ready for general 
introdu ction. No. 10 offered to prepare a special machine for the purpose, 
but it \\·as considered by the Commission that this would occasion undesirable 
delay in the experiments, and in further view of the newness of this type of 
separator, which has not yet corne into general use, the offer was declined. 
No. 3 offered the use of. a machine belonging in Denver, but temporarily 
loaned to the U. S. Geological Survey's testing plant at Portland, Oregon; 
hov.·cyer, it was not returned to Denver intime for our experiments. No. 3 
offered the use of a machine installed near Denver, but this was too incon
venient for our work, and the offer was consequently declined. No reply was 
received from ~o. 7. 

Aftcr preliminary experiments to determine the general lines of treat
ment, compctitiYe trials \\'ere made with several of the machines mentioned 
aboYe. In these competitiYe trials, the makers of the various machines 
wcre represcnted by agents, and the methods of performing the tests receivecl 
their appron11. Indeed , ail possible effort was made to insure absolute fair
nes,;. The d!'tails of thcse experiments and their re ults are stated in the 
report of :'IIr. Argall. 
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The machines employed in these experiments are described as follows :-

W etherill Separator. 

The W etherill separator commonly in use is described as the "Cross
belt" form, or "Type E ." The principle of its operation is shown in Fig. 23. 
The material fiows from the holes of the hopper to the feed roller, which dis
charges it in a uniform layer over the whole width of the conveyor-belt "B," 
passing between the poles of the magnetic system. The latter consists of 
two horse-shoe electro-magnets, the poles of which are arranged one above the 
other. The poles of the upper magnet have the shape of a sharp wedge, 
while the lower ones are fiattened. With this arrangement of the magnets, 
the paramagnetic minerals, when brought into the magnetic field are in
fiuenced in such a manner that at a comparatively small distance from the 
lower pole, the magnetic force of the upper poles supercedes that of the lower, 
this distance being given by the thickness of the conveyor-belt,' which passes 
between the poles. The magnetic particles jump toward the upper poles as 
soon as they are carried by the conveyor-belt into the magnetic field. The 
cross belts ''B'' prevent the magnetic particles from adhering to the upper 
poles and carry them out of the magnetic field. The removal of the magnetic 
particles is further facilitated by a shàrp piece of iron mounted on the front part 
of the upper poles, by which the intensity of the magnetic field is gradually 
decreased. 

The capacity of the machine depends on the thickness of the layer of 
material on the conveyor-belt and on the speed of this belt, together with the 
speed of the take-off belts. These factors are regulated according to the 
nature of the ores. 

This type of separator is constructed with one, two or three double mag
nets, giving two, four, or six poles. The principal dimensions are given in 
the follow_ing table, communicated by the Wetherill Separating Company. 

J)Vidthof 
MAGNET WOUND Max. Amp. Floor Hcight Shipping 

No. of IN o. FOR AMPERE TURNS at 110 Volts Space to top of Weight, 
Machine Po les P ol es Direct Machine Lbs. 

lst 2nd 3rd Current 
-----
E No. l a 2 18" 30,000 .......•.... ... 6 5' 0" X 11' 101 8 1 6" 14,000 
E No. lb 2 1 . 60,000 . ............... 14 5' 0" X 12' 7" R' 6" 15,000 
E No. le 2 18" 100,000 .. . ...... ... . ... 30 5' Ü" X 13' 4" 8' 6" 16,000 
E No. 2a 4 18" 30,000 60,000 .. . .. . .• 20 5 1 0"X17' 3• 8'6" 22,000 
E No. 2b 4 18" 30,000 100,000 ........ 36 5' Q" X 18' o· 8' 6" 23,000 
E No. 2c 4 18" 60,000 100,000. . ...... 44 5'0"xl8' 91 8' 6" 24,000 
E No. 3 6 18" 30,000 60,000 100,000 50 5' Qfl X 23' 4• 8' 6" 30,ClOO 

1 

A large number of these machines are in operation in the United States 
and '1exico. They were formerly put out only on a royalty basis , but now 
they may be obtained on different terms. The machine is rather costly, but 
it is highly efficient, and is capable of very delicate adjustment. With respect 
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to the W etherill machine used in the experimental work of the Commission, 
and the capacity of the full-sized machine in practice, ]\fr. Argall reported 
as follows:-

" The Wetherill separator used in these tests was built expressly for 
experimental work. It has only one double pole magnet, against three in the 
standard machine. This laboratory machine was much better adapted for 
our work than either of the other machines, (International and Dings) and 
therefore was more often used, particularly in the experiments on roasted 
ore, where the Dings low intensity machine gave just as good results up to its 
limit of 0. 5 ampere, but the Wetherill allowed us to go all the way up to four 
amperes, which in many of the tests was absolutely necessary; hence it was 
found preferable to conduct th~ experiments on the machine that covered the 
full field. 

" In order to obtain data as to the capacity of the Wetherill separator, I 
visited the works of the Colorado Zinc Company, where four st1mdard Wether
ill machines are in operation. Each machine has three double pole magnets, 
giving six points at which magnetic material can be lifted off the main belt 
and separated from the non-magnetic material. The ore discharged over 

I 

the tail end of the W etherill machine, is immediately treated by a Blake 
electrostatic machine. The capacity of the standard Wetherill separator 
on Leadville ores varies from 700 to 1000 lbs. per hour, using 7. 5 horse power 
to excite the magnets and operate the machine. 

" The capacity of the Colorado Zinc Company's plant is 300 tons per 
week, the process being wet crushing and concentration to remove the lead 
(and silica when present), settling the slimes for zinc product, drying the 
mixed zinc-iron concentrate and treating it on four Wetherill machines, 
followed by four Blake machines. Consequently if all the crude ore passed 
over the Wetherills, it would be less than 11 tons per day. Malang allowance 
for the lead concentrate and for the slime, it wotùd appear that each of the 
Wetherill machines, under the above conditions, averages in steady work, 
fully 9 tons per day of Leadville mixed sulphide ores, at the plant of the 
Colorado Zinc Company, The Leadville sulphide ores vary from a mixture 
of zinc and iron stùphides, pyrites and blende (ferruginous), to varying pro
portions of blende, pyrites, pyrrhotite, galena, silica and limestone. Sorne 
of these ores can be separated on crushing to pass a screen aperture of 0 . 043 
in. , but the majority perhaps must be reduced to pass 0. 025 in., screen aper
tures, in order to obtain an effective separation of the minerals by wet con
centration and magnetic treatment. 

"The Wetherill separator i an excellent machine, covering a wider 
field of usefulness and bcing capable of more delicate adjustment than any 
other rnagnetir separator I kno\\· of." 

The International Separator. 

This machine, whirh is manufactured by the International Separator 
Co. , of Chicago, Ill. , consists of a cylindrical armature made up of thin lami-
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nated dises of a special annealed wrought iron mounted upon a steel shaft 
and revolving horizontally between the pole pieces of a large inverted horse
shoe field magnet. The dises of the armature are pressed tightly together 
by heavy cheek-plates at each end. The edge of each dise is toothed. In 
assembling the dises, the teeth are so staggered on adjacent dises that the 
surface of the finished armature presents a great number of small steel points. 
The pole pieces are at the extremities of a horizontal diameter of the armature. 
By induction the magnetism of the pole pieces causes magnetic poles to ap
pear on each side of the surface of the armature. The exciting coils enclose 
magnet cores which are located just below the pole pieces, there being no 
direct electrical connection with the armature itself. 

In operation, the armature is revolved by a belt and pulley. Material 
to be separated is fed, from the hopper on which is an adjustable gate for 
regulating the feed, upon the top of the revolving armatme, and is carried by 
its movement around to one side. Here the more attractable particles are 
held by the magnetic pole on that side, and are carried around under the 
armature. The less attractable material, on reaching the side, slides off. 
The magnetic pole on one side is a north pole; and on the other, a south pole. 
There is, therefore, on the bottom of the armature a place where the polarity 
changes from north to south. As this place of reversa! is approached the 
magnetic attraction of the armature becomes weaker, until at the point of 
reversal there is no attraction whatever. Here even the most highly attract
able material drops off. 

Long, narrow, adjustable hoppers are supported under the armature by 
brass stirrups from the shaft bearings. These hoppers can be moved to take 
different products as desired from the under surface of the armature, as the 
products successively drop off under the gradually weakening magnetic attrac
tion. In this way several diderent minerals can be separated in one operation. 
The position of each hopper is controlled by links mounted on brass shafts 
extending across the separator. These shafts are provided with indicators 
for showing the position of the hoppers at any time; and with set-screws, for 
locking the hopper in any desired position. 

In a magnetic separator, the heavier the field magnet the less electricity 
is required to give the armature the required attracting strength . This 
wright can be put into either the copper wire or into the soft-steel field-magnet 
frame; preferably it is put into both. The field magnet of this separator 
weighs 9,000 lb. As it takes a great cleal of electricity to make the magnetic 
lines of force pass through the air, the pole-pieces are brought up as close to 
the armature as possible. Just sufficient room is left to allow the materia! 
to be separatecl to pass between armature and pole-piece. The points on the 
armature prevent the easily attracted material from sticking to the primary 
polc-piece. The magnetism is much more concentrated on the points 
than on the face of the pole-pieces. An attractable particle, therefore, even 
\\·hen put on the bare steel face of the pole-pieces, jumps across to one of the 
poinb on the armature. Being ab le in this way to make the air gap bet"iYccn 
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pole-pieces and armature small without having particles accumulate on the 
pole-pieces, only a small current is required to give the armature a high mag
netic attractability. 

Any tendency that non-magnetic material may have to adhere to, and 
to follow the armature, is overcome by the centrifugal force of the armature 
in its revolution. By adjusting the speed of rotation this centrifugal force 
can be given any desired value, and can be balanced against the attractiveness 
of any one of a series of magnetic materials which it is desired to separate. At 
135 r.p.m. the centrifugal force is three times the weight of a particle. 

At present 18 of these separators are running in the Yak mill at Leadville, 
making sepa.ration of pyrite, blende and pyrrhotite, treated rn.w. Others are 
in use, cleaning manganese ore and concent.rating monazite sand. This 
separator is illustrated in Figs. 25-27. 

A standard machine weighs 10,000 pounds. It is 3 ft. 2 in. wide by 6 ft . 
9 in. long and 5 ft. high. According to the makers, in practice one horse 
power is used for excitation and one horse power for mechanical operation. 
They state also that the capacity of a single machine is from two to four tons 
per hour, depending on the character of the ore and the thoroughness of its 
preparation for separation. As more than one machine is sometimes neces
sary to effect a commercial separation the capacity per machine in operation 
would be somewhat less than this. The cost of the machine, f.o.b . works, is 
$4000. No royalty is required in Canada. 

In order to obtain information as to the capacity of the International 
separator, lVIr. Argall visited the Yak mill at Leadville, Colo., where a large 
number of them are in use, as mentioned above. l\ilr. Argall reported as 
follows:-

" The mil! superintendent informed me that on 20% zinc ore the capacity 
of a machine is 2. 5 tons per hour, and 3 tons per hour on 30% zinc ore. There 
are 18 International machines in this mill, the daily capacity of which is 200 
to 250 tons. Four machines rcceive the initial ore, which at the lower ton
nage corresponds to 50 tons per day for each machine. The other machines 
are used in re-passing the products made from the primary machines and of 
course cannot be grouped so that each will be supplied with full feed. 

"In small plants one machine could be used for the entire process, and 
assuming ail the products required one or more passes, then a machine of 
capacity of 5,000 lbs. per hour, with one pass, has a capacity of 2,500 lbs. per 
hour with two passes, or 1,666 lbs. per hour with three passes, or 20 tons per 
day, while a product requiring four passes would give a daily capacity of 
about 15 tons, which is a little more than the 18 machines give in the Yak 
mill, where 250 + 18 = 13 .88 tons per machine, at 250 tons total daily capa
city. 

"The ore fed to the separators in the.Yak mill was reduced, dry, to pass 
a 0. 043 in. screen aperture. The 18 machines, with a 250 volt current, used 
64 amperes for exciting the coils, or less than a kilowatt for each machine. 
One horse power is ample to rotate the armature of the machine. 
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"The International separator has large capacity, is simple in operation, 
cheap in maintenance and gives good separation of the minerals, as will be 
seen from the tests, which are reported elsewhere." 

The International machine, on which some tests were made by the Com
mission was a full-sized machine, and therefore not well adapted for testing 
small lots of ore. 

The Dings Separator. 

The Dings separator, made by the Dings Electro-magnetic Separator 
Company, of Milwaukee, Wis., is a low intensity machine of the induction 
type. The ore is presented to the magnets by means of an inclined, shakin~ 
tray, which is fed mechanically from a hopper at the upper end. In the 
standard machine the tray is 16 in. wide. As in all magnetic separators the 
feed must vary according to the character of the ore. The feed to the tray 
is regtùated by means of a hand wheel on the hopper, and means are also pro
v:ided for adjustment of the inclination of the tray. 

The primary magnet con ists of acore and coil, fixed above the tray, with 
pole-pieces projecting toward the tray, the two pole-pieces having each a 
thin edge, shaped into arcs of a circle, the chords of which are about as long 
as the tray is wide. The secondary magnets form essentially a wheel, which 
is set to revolve in a plane parallel with that of the tray. The upper side of 
this wheel ha.s a circle of U-shaped grooves, which embrace the curved edges 
of the pole pieces of the primary magnet, without touching them. In other 
words, the edges of the pole-pieces of the primary magnet are encircled by the 
grooves of the secondary magnets. On the lower side of the wheel the second
ary magnets have the form of a series of cylindrical studs, about 1 in. in diam
eter, proj ecting an inch or an inch and a half from the wheel. The diameter 
of the wheel is greater than the w:idth of the tray. 

The primary magnet being energized hy the current, the wheel of second
ary magnets and the shaking tray being set in motion, the secondary magnets 
being energized by induction while their U-shaped grooves embrace the pole
pieces of the primary magnet, material titat is permeable in the magnetic 
field is attracted by the secondary magnets, and by the revol1ltion of the 
latter is carried beyoncl the edge of the tray, where it is dropped into a chute, 
the secondary magnets having then pas. ed outside the magnetic field, and 
consequently being no longer magnetized. In the meanwhile the non-mag
uetic material passes <lown the shaking tray and is discharged over the lower 
end of the latter. It will be observed that material passing down the tray is 
tw:ice exposed to magnetic attraction , l1ut with very magnetic mineral by 
far the largest portion is removed at the first pass. The accompanying 
illustration , Fig. 28, shows a machine with two magnets in series, known as 
the double machine, ·which gives four magnetic zones. This machine has 
been installed at the works of the Minerai Point Zinc Company at :Jlineral 
Point, Wisconsin. 

8 
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The tray is supported on a heavy steel plate, which acts as a magnetic 
armature with respect to the pole-pieces, so that the path of the magnetic 
lines of force is from pole to pole through the secondary magnets, then through 
the ore being treated, and then through the steel armature under the tray. 
The tray is supported by roller bearings resting upon the armature, or steel 
plate. 

The wheel of the secondary magnets is made of heavy aluminum castings, 
and the secondary magnets themselves of laminated armatme steel. Atten
tion is given in the design to the reduction of the magnetic resistance between 
the primary and secondary magnets to the minimum. 

The following data were communicated by the manufacturer:-The 
capacity of the single magnet and double magnet machine is the same. On 
the basis of crude ore containing 25 % zinc, it is about 2,000 lb. per hour, but 
it is advisable not to overcrowd the machine, and in a plant roasting 40 tons 
of ore per 24 hours the installation of two machines is reco:mmended. The 
principle data for the two forms of machine are given in the subjoined table:-

Items 

Weight net .............. . .... . ...... .. .. ... . . . 
Weight, boxed for shipment ...... . ............. . 
Dimensions, width ................. . ........... . 
Dimensions, length .......... . ..... .. ... . ...... . 
Dimensions, height (to top of hopper) ...... . .. .. . . 
Mechanical power req11ired . .... . ..... ... ...... . . 
Electrical power required, maximum ... . . ........ . 
Price, f.o.b. works . . ...... . ........... . ........ . 

Single Magnet 

1400 lb. 
1700 lb. 

36 in. 
72 in. 
44 in. 
0 .5 h.p. 

450 watts 
$600 

Double Magnet 

3200 lb. 
3600 lb. 

47 in. 
120 in. 
66 in. 

1 b.p. 
1400 watts 
1200 

These machines are sold outright, no royalty being required. The ma
chine used in the experimental work at Denver was of the laboratory type, 
and was very well suited for the purposes. It gave excellent results on roasted 
ure. 

MAGNETIC SEPARATING PLANTS IN THE SLOCAN. 

l\Iagnetic separating plants have already been erected in the Slocan, but 
because of failure properly to recognize the conditions, and to undertake the 
problem broadly and energetically, they have not yet proved thoroughly 
successful. Of the two plants which have been in operation, that at the 
Payne mine is referred to in Mr. Argall's report, it being installed in the 
Payne concentrating mill for the treatment of the product of that particular 
mine. The other plant, installed for custom work, is at Kaslo, on Kootenay 
Lake, and is owned by the Kootenay Ore Company, Limited, of which }fr. 
George Alexander is the manager. A view of the plant is shown in Fig. 29. 
It was originally constructetl as a sampling mill, and is still u ed for that 
purpose, one end of the \\·orks having been remodelled for the magnetic sepa
rating plant. 
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The latter comprises a set of ore bins for the receipt of ore, a White
Howell cylindrical roasting furnace, a cooling cylinder through which the 
hot ore delivered from the furnace passes, rolls for crushing the cooled pro
duct, and an elevator for raising the crushed ore to storage bins. From the 
storage bins, the ore is drawn to two Dings magnetic separators. These 
stand on an elevated platform, permitting the products to pass by gravity 
to bins beneath it. 

This plant was under construction in 1905 and at the time it was visited 
by the Commission, about the end of October, the machinery was put in 
operation for the first time. An experimental test was made with a small 
quantity of blende-siderite concentrate from the Ruth mine, which gave 
results approximately like those subsequently obtained at Denver, viz., the 
production of a blende concentrate containing 503 zinc, and the extraction 
of 873 of the zinc in the ore. The works were, however, far from complete 
and did not go into regular operation. Additional Dings separators were 
purchased and installed, but about the end of 1905, a readjustment of railway 
freight rates made it impossible to operate the works at a profit and operations 
were suspended awaiting settlement of the dispute. 

The general situation of the zinc ore producing industry in British Colum
bia, the value of the ores of various grades, the cost of production and the 
cost of magnetic separation have been fully set forth in previous sections of 
this report, and I have also expressed my views as to the proper policy to be 
adopted by the railways. It is, therefore, unnecessary to discuss this par
ticular case. 

The plant of the Kootenay Ore Company will undoubtedly be able to 
treat the blende-siderite ores, for which it was designed, but it is quite in
capable, with its present equipment, of treating the miscellaneous ores of the 
Slocan, as will be readily understood from the previous discussion of this 
subject. 

It was reported during the visit of the Commission that a magnetic 
separating plant would also be installed in connection with the Roseberry 
mill at Brockman, on Slocan Lake, with a view toward the treatment of cus
tom ores. 

Kaslo and Brockman are both good locations for. custom mills, the 
former to receive ores over the Kaslo & Slocan Railway, and the latter over 
the Sandon branch of the C.P.R. 

PATENT RIGHTS. 

Almost every magnetic separator now on the market is patented. The 
art is, however, an old one, and the broad practice is incapable of monopoly. 
In most cases the patents are only on particular types of machine, or portions 
of machines, and in Yiew of the long history of this method of separat ion , 
which dates back to 1847, possibly earlier, and the great number of sepa rators 
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devised since that time, it is likely that many forms manufactured under 
patents at the present time wotùd prove upon investigation to have been an
ticipated. 

The only broad magnetic patent, now alive, is that of J. P. Wetherill , 
who on March 3, 1896, obtained American patent No. 555,792 (application 
filed Feb. 10, 1896.) The uncommonly short time between the dates of 
filing and issue of this patent show that it was distinctly considered a novelty 
by the examiners at Washington and probably was allowed without citation 
of references to previous inventions. The Canadian patents are Nos. 55,201 
and 55,573, the former being dated March 9, 1897, and the latter April 9, 1897. 

The leading claim of Canadian patent No. 55,201 is as follows:-
1. In a magnetic separator, an electro-magnet having a pole-piece tapering 

toward its free end, said free end being of less sectional area than the magnet 
core so as to highly condense the lines of magnetic force, an ore conveyor 
below and in close proximity to said tapering end and conveying the ore 
through a portion of the highly concentrated field, the tapering end of the 
pole-piece being arranged transversely to the direction of travel of the con
veyor, and a second conveyor for withdrawing the attracted particles. 

The leading claim of Canadian patent No. 55,573 is as follows:-

1. The herein described method of separating ferruginous materials of 
inferior magnetic susceptibility or permeability from non-ferruginous materials 
consisting in bringing the mingled materials into a condensed or concentrated 
magnetic field and deflecting the ferruginous material while under the in
fluence of said condensed field into a path of movement different from that of 
the non-ferruginous material. 

These patents claim broadly the art of separating feebly magnetic ma
terial from non-magnetic material, together with the particular form of 
separator described, the essential feature of which was t he electro-magnet 
with tapering pole-pieces. 

The validity of these patents has not been tested in either the Canadian 
or American courts. The only judicial decision, which has been rendered 
in respect to them, was in a suit before the Imperia! German Patent Office, 
brought by the Mechernicher Bergwerks-Aktien-Verein (owner of the Me
chernich separator) against the Metallurgische Gesellschaft (owner of the 
Wetherill separator) to test the validity of the Wetherill patents. The de
cision of the German patent office was summarized as follows in the Engineer
ing and Mining Journal of Nov. 17, 1900:-

Claim 1 of the patent No. 92,212 covering the process of separating the 
so-called weakly magnetic substances by direct magnetization, is upheld; 
the " ·ording of daims 2 and 3 it was found necessary to change so as to pre
clude a possible misinterpretation , the new context to express "'ithout am
biguity that the constructions covered by eitber of the two claims are patented 
only in so far as they serve for carrying out the process as defined by claim 1. 
The remaining claims were not assailed by the complaint. Co ts are divided 
among the parties, viz.: Complainant to bear four-fifths, defendant one-fifth. 
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The arguments in support of the decision are stated as follows: "For 
the consideration of the question, whether the process characterized by claim 
1 was new and patentable at the time of the application, it is immaterial that 
long before the date of application the existence of weakly magnetic and non
magnetic minerals was known, besicles the strongly magnetic ores; likewise 
the classification given by M. Faraday 60 years ago dividing all substances 
into two classes, paramagnetic and diamagnetic, since constituting a common 
acquisition of scientific and technical knowledge, is by no means prejudicial 
to the patent. 

"The Application Department knowing these premises has allowed the 
first claim on the well-justified ground that Wetherill was the first to recognize 
the applicability of these known facts to the magnetic separation of weakly 
magnetic substances, without first transforming them into the strongly mag
netic state and to demonstrate their separation from non-magnetic substances 
upon a commercial scale. 

"Magnetic concentration up to the time of W etherill was developed 
only to a very small extent and still more limited in its prar.tical application. 
It was principally applied to the dry concentration of ü:on ore which by roast
ing was convertible into ferroso-ferric oxide-Feû, Fe20 3-this being con
sidered the only iron compound corresponding in its magnetic properties to 
the native magnetite and separable by means of the magnet. 

" In Germany only a few works have attempted to concentrate by this 
method the spathic iron-FeC03- interspersed with zinc blende. 

"This process involved the difficult task of converting the spathic iron 
by roasting into feIToso-fenic oxide (artificial magnetite). 

"It would be of no consequence to investigate here thP- difliculties con
nected with this operation and their chemical causes; it may suffice to mention 
that in many cases it was a complete failure, in most other im;tances it proved 
unsatisfactory in spite of great expense. The news that Wetherill's process 
required nothing more than the ordinary crushing before separat ion, avoiding 
the extremely diffictùt roasting process, created great satisfaction among ex
perts. 

"Before Wetherill the efforts of specialists in this branch were guided on 
the one hand by the sole aim to improve the construction of the magnetic 
apparatus utilizing the achievements of physical and electri cal ciences; the 
progrcss made in metallurgy relating to the chemical nature of the roasting 
process on the other hand stimulating efforts toward converting iron com
pounds, thought to be practically non-magnetic, into artificial magnetite. 

"This problem was simpli fied to a remarkable extent also from an econo
mic point of vie,,· when Wetheri ll demorn;trated the possibility of direct 
separation of the weakly magnetic substances. 

" The statement of the complainant relating to the alleged prior use of 
methods similar to the patented process producing essentially the same effects, 
i. incorrect. Complainant has not given evidence in support of such state
menl. Referring especially to the old Buchanan separator the argument of 
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the defendant has not been invalidated that the Buchanan separator before 
W etherill's application for the patent had never been applied to the separation 
of weakly magnetic substances from non-magnetic admixtures. 

"Complainant moreover adduced a laboratory method for separating 
feebly magnetic substances from non-magnetic ones, which in some respects 
bears slight resemblance to the context of claim 1 of the disputed patent. 
This method, described by Mann in 'Neues Jahrbuch für Mineralogie, Geologie 
and Paleontologie,' 1884, Volume 2, page 161, in its entirety, however, wotùd 
not justify the annulment of claim 1 of the defendant's patent. 

"In the first place the publication of Mann has no reference to concentrat
ing complex ores for technical or industrial purposes, but serves merely for 
solving an interesting mineralogical problem by analyzing the constituents 
of certain minerals, it being understood that no further utilization or technical 
application of the products was contemplated. A conclusion as to the prac
ticability of Mann's method for dry magnetic concentration oii ores was by no 
means evident. 

"Furthermore magnetic concentration has to deal with entirely different 
substances, with other classes of minerals than those which Mann experi
mented upon in connection with bis research work. 

"Finally the method itself is in a number of points essentially different 
from the W etherill process. " 

ELECTROSTATIC SEPARATION. 

A new class of ore separator bas been developed and put in practical 
application during the last five years, in which the principle of electrostatic 
repulsion is utilized. It has been found that many metallic sulphides and 
other compounds possess a high electrical conductivity, while the gangue 
minerals generally, and certain sulphides, e.g., zinc sulphides, are non-con
ductors. Now, when a conductive particle is brought in contact with an 
electrified body, it immediately assumes a similar charge with the result 
that it is repelled, while non-conductive particles are unaffected when brought 
in contact with an electrified body and are not repelled. Upon this principle 
a separation can be made. Particles of high conductivity are instantly 
repelled, while tbose of low conductivity are not repelled until sufficient time 
bas elapsed to allow them to be pulled out of their original path and caught 
in a separate receptacle. The separation of two minerais does not necessarily 
require that one of them be a good conductor, but simply that there be a 
sufficient difference in their conductivity. Absolute dryness is, of course, 
an essential to good n·ork. 

It has been found by experiment that galena, pyrite, marcasite, chal
copyrite, pyrrhotite and magnetite among other minerais are conductors, 
\Y hile blende, either "rosin jack" or" black jack," is a non-conductor. This 
enables a separation of blende to be made from other sulphides, but does not 
permit a separation to be made between blende and calamine, or blende and 
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the common gangue minerais, unless some artificial difference in the electrical 
properties of the minerais can be effected, which sometimes can be clone. 
The iron that occurs in many blendes as monosulphide does not appear to 
affect its conductivity, excellent separation being made of Leadville ore, in 
which the blende contains 7 or 8 per cent. iron as monosulphide. 

Irrespective of to whom the application of this idea may be due, its 
practical development must be credited to Prof. Lucien I. Blake and Mr. 
Lawrence . Morscher, * while !\fr. W. G. Swartt has been very instru
mental in putting the Blake-Morscher process on a commercial basis. 

The Blake-Morscher separator is constructed of wood in substantially 
the form shown in transverse vertical section in Fig. 30 and in perspective 
in Fig. 31. The ore distributed in the double hopper (by means of a small 
screw conveyor) is discharged over a suitable feed plate upon a metal drum 
or electrode (which is revolved). The conductors, non-conductors and 
middlings, which are repelled or non-repelled as the case may be, are separated 
by the adjustable dividers and fall into separate chutes, which convey them to 
another set of electrodes over which they pass, being separated thereby into 
final products, save the middlings, which are returned by a belt and bucket 
elevator to the top of the machine. 

The capacity of the machine on any given ore is obviously a fonction of 
the length of the electrodes. The double machine, with 20-ft. electrodes, 
used for separating Wetherill middlings (Leadville ore) at the works of the 
Colorado Zinc Company at Denver, Colo., treats about 10 tons of material 
per 24 hours, with a tot.al consumption of about 1 . 5 h. p. The cost of su ch 
a machine is only about $800 to $1000. The machines are not sold outright, 
however, but are placed on a royalty or rental basis. 

Many difficulties had to be solved in developing a practical apparatus, 
so little being known as to the applicatiQn of static electricity. The proper 
distribution of the electric charge and the successful insulation of the high 
voltage currents in the face of the dust, moisture , and working conditions 
generally were among the problems solved. A simple means of controlling 
the effect of the violent fluctuations of the static charge was devised 
and the voltage was reduced from 250,000 to 10,000 or 20,000, cor
responding to a spark of! to tin., though the machines at Denver are operated 
" -ith about t in., spark. A static generator has been devised, which is con-
tructed almost wholly of metal, with no glass whatever, self-exciting and 

able to run continuously in the open air \Yithout regard to atmospheric con
ditions and with no m01:e attention than an ordinary dynamo receives. 

However, the generator usually furnished with the separator is a mica
plate machine of good mechanical and electrical design, and able to run 
twenty-four hours daily for long periods \vith li ttle more than the care 'l'<hich 
hould be giYen a good dynamo. There are other ources of static electricity 

available for extreme conditions, \Yhich are entirely free from any atmos-

* United StatPs PatPnts, ~os . GGS,791, and 6G ,792, bath of Feb. 26, 1901. 
t Engineering and .1fining Jounwl, J an. 2-1 . 1903 
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pheric interference, such as series-parallel and rotary condensers, Rumkorff 
coils, etc. 

The following information is communicated by the Blake l\fining anrl 
Milling Company, of Denver, Colo., which controls this separator:-

" There exists, naturally, or can easily be produced artificially, suffie· ent 
difference in electrical conductivity to allow of separating almost any one 
mineral from another by this method. This statement is true on a laboratory 
scale, but it may not be always cornmercially possible. 

"No definite statement can be made as to the conductivity of any given 
mineral, because it is not always the same on specimens from different locali
ities. For example, zinc blende from Broken Hill, Australia, can readily be 
separated from zinc blende from Joplin, Missouri, because of its superior 
conductivity. 

"It is however possible to classify the minerais roughly, and the following 
table is given as a guide to their usual behaviour. It should be remembered 
that this behaviour can only be confirmed by actual trial. 

LIST OF MINERALS. 
CONDUCTOTIS. 

Native Metals. 
Pyrite. 
Pyrrhotite. 
Chalcopyrite. 
Galena. 
Graphi te. 
~Ioly bdeni te. 
Copper C11ance. 
Silver Glance. 
Gray Copper. 
Most Sulphides. 
Most Copper Minerai~. 
;\fost lron Minerais. 
iliost Silver !llinerals. 
illost Manganese Minerais. 
Tellurides. 
Black Sands 

NON-CONDlTCTORS. 

Quartz. 
Quartzite 
Calcite. 
Limestone. 
Porphyries. 
States. 
Sandstones. 
Garnet. 
SpinPl. 
Zinc Blende. 
Zinc Carbonate. 
Barite (Heavy Spar). 
Gypsum. 
Granite. 
Fluor-Spar. 
Most Silicates. 
Most G~n~ue Rocks. 

"Usually it is difficult, commercially, to separate one conductive minerai 
from another on account of the extreme rapidity of action, but a separation 
is ordinarily pos.3ible bet"ween two non-cçmductiYe minera! . For example, 
zinc blende can generally be completel>· separated from quartz. gamet or 
heayy spar, ail being non-conductors. The great flexibility of machine con
struction and the "·ide choiee of methods of applying the electric charge place 
almost ail such separations within ea, y rcach of the process. 

"Oftcntirnes where t"·o minerais are of clo e conductiYÎt)". and do not 
readil)' srparate on any of the usual types of machine, one or the other may be 
rendercd r0nductiYc li)· artificial means. such as heating. roasting or chemical 
treatmcnt. Sinee the eonductivity tO\rnrd static electricity depends on the 
surface of the partielrs. and not on their interior. it is only necessary in such 
cases to drnngc in somr \\'ay the surface of the desired particle. :\fore than 
200 differcnt mcthods of doing this haw already been developed, varying 
arcorc!ing to the ore and the objrrt to be attained . " 
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The Blake-Morscher separator has handled, commercially, material as 
coarse as six mesh. Fines have been in certain cases successfully treated, 
but in general the bandling of ore-dust is as serious a problem in connection 
with this machine as it is with the electro-magnetic and almost all other forms 
of ore separators. 

Coarse crushing is preferable, but it must be fine enough to liberate the 
crystals, one from another. Close sizing is not essent~al, but as in other con
centrating methods is apt to improve results. A good range of sizes is as 
follows: From 6 to 12 mesh; from 12 to 20 mesh; twenty mesh and all finer. 
This must, however, be determined for each individual ore. Sizing is more 
important on coarse material than on fine. 

The Blake-Morscher separator bas given excellent results at the works 
of the Colorado Zinc Company, at Denver, where it is used for the treatment 
of Leadville ore, and at many other mills, a total of about 60 of these 
separators being now in use. Leadville ore is separated into a zinc 
product assaying 50 per cent. zinc and a lead-iron product assaying 
only 7 per cent zinc. \Visconsin blende-marcasite concentrates, assay
ing 18 per cent. zinc, have been made to yield about 25. 5 per cent. 
of blende assaying 59 per cent. zinc, and 74 . 5 per cent. of marcasite 
assaying only 4 per cent. zinc. The experiments conducted by the 
Commission on the ores of British Columbia, in connection with which the 
Blake - Morscher separator was tried, did not demonstrate that it 
would be useful in the commercial treatment of those ores, as will be observed 
from the resultiil of the tests reported by Mr.Argall. It is to be remarked, 
however, that these tests are in no way condemnatory of the Blake-Morscher 
separator, because the latter was not tested in competition with the electro
magnetic separators, but was simply tried in cases where it was thought that 
it m.ight offer a solution of a difficult problem. When it was found that an 
ore could be satisfactorily treated by magnetic separation, electrostatic 
separation was not tried. It is possible that in some cases it might have 
given results as good, or nearly as good as magnetic separation, but superior 
results were hardly to be expected. The electrostatic separator is a highly 
efficient machine on certain ores, but its range of useftùness, in so far a~ zinc 
ores are concerned, is not so wide as is that of the magnetic separators. 

The Huff electrostatic separator, operating on the same principle as 
the Blnke-Morscher, has been testetl experimentally on a large scale at Boston, 
Mass. , during several years, but its owners are not yet ready to introduce it in 
practice. An inYitation was extended to its owners to submit it for trial at 
Denver, Calo., but the invitation was declined. For this reason, no further 
investigation of this separator was made. 

FLOTATION PROCESSES. 

During the last two or three ycars thcre ha bcen deYcloped, chieflv a t 
Broken Hill, i\ew South \Yale~ , a clnss of proccsscs for the sepnra!ion of tl11' 
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rnineral constituents of ores, which have been aptly termed "flotation pro
cesses." The ore, finely crushed, is charged into an acidulated bath of water 
in a vessel sirnilar to the ordinary spitzkasten employed in dressing works. 
An action takes place, however, which is precisely the reverse of what happens 
in the ordinary spitzkasten. Instead of the heavier rninerals settling to the 
bottom, and the lighter minerals passing off, unsettled, with the overflow, in 
this new class of processes the heavier minerals are floated to the surface, 
while thelighter minerals sink to the bottom of the spitzkasten, whence they 
are drawn off. 

This extraordinary result is effected by the action of the acid in the 
water upon certain rninerals in the ore, leading to the evolution of gas, chiefly 
carbon dioxide, the bubbles of which selectively attach themselves to certain 
rninerals of the ore, giving them a buoyancy which causes them to float to the 
surface, where they accumulate as a scum, readily removable, and in this 
way enable a separation to be made. 

The nature of the physical reactions which take place in these processes 
has not been understood until recently; indeed, it may be said that even at 
the present time they are by no means clearly and fully understood. Prac
tically the only useful literature on the subject is a paper entitled "The 
Physics of Ore Flotation" by J. Swinburne and G. Rudorf, and a paper en
titled "Flotation Processes" by A. K. Huntington, these papers having been 
read before the Faraday Society, at London, December 12, 1905, and re
published, in abstract, in the Engineering and Mi-ning Journal of February 10, 
and 17, 1906. Even these papers do not, however, make it entirely clear why 
the bubbles of gas attach themselves to a certain kind of minerai particles, 
zinc blende for example, and do not attach themselves to other kinds of 
mineral particles, quartz for example. For the present discussion it is suffi
cient, to recognize that such a separation does actually take place and hM 
proved to be the basis of processes which are now commercially applied upon 
a large scale. 

The flotation processes consist of feeding the finely crushed ore into a 
solution of dilute sulphuric acid, commonly 2 per cent. acid, as in the Potter 
process; or in to a solution of acid and su1 phate of soda, as in the Del prat process ;* 
the temperature of the solution in either case being maintained at about 0° 
C. Under these conditions, certain of the metallic sulphides (especially 
blende and galena) are floated up by attached bubbles of gas and form a 
coherent scum, which can be removed, leaving behind the earthy and silicious 
matter. When carefully carried out, the separation is, practically a 
quantitative one in the ca e of certair. ores. ___ ..:.!_'. _ --~_:>.~~L ! 

* The Delprat process was originally known as the '.' sa~t cakl'." prore s, beeause of 
the use of sulphate of soda in the bath, hut in its latest apphcat10n th1s ~as been abandone~, 
and common salt (sodium ehloride) is now used instead. The funct10!1 of these salts 1s 
supposed to be to densify the bath, but this appears to be of doubtfuJ, 1f any, ad\·ant~ge. 
In the Pottcr proccss the bath naturally becomes densified to some ex~l'.nt by the 1ron 
and otber impurities which are disso!wd from the ore. There b~ been !1tigat1on betw~en 
the owncrs of thcse patents, which is not yct sett led, but there 1s _apparently _no que;,t10n 
that Potter was th<' rea l im·entor of the liotation process, and h1s patent w1ll probably 
be upheld, covcring bro:i.dly the liotation process in which an acid bath is employed. 
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It has been shown beyond question that the gas which is principally 
concerned in the fl.otation is carbon dioxide. It was at first assumed by some 
that the carbon dioxide was derived from calcite, and by others that it came 
from carbonates produced on the surfaces of the sulphides by weathering. 
On going into the matter, Prof. Huntington was able to prove that the carbon 
dioxide which gives rise to the fl.otation is liberated mainly from the rhodo
chrosite and siderite of the ore, and certainly not from the calcite. 

Besides the Pot ter and Delprat processes, the de Bavay process has recently 
attracted a great deal of attention, having been tried on a large experimental 
scale with highly promising results. In this process no acid is used, the ore 
simply being gasified with carbon dioxide, which may be derived from chim
ney gases, and then fed suitably into a bath of water, wherein the zinc 
blende fl.oats on the surface, while the quartz sinks to the bottom. The 
phenomena of this process are even less understood than are those of the 
Potter and Delprat processes. However, the de Bavay process is much 
slower in its action than either of the others, and is more costly both in plant 
and iu operation. 

Considering these processes solely from the technical point of view, it 
appears that in the treatment of the zinky tailings of Broken Hill, they have 
clearly beaten the process of magnetic separation, producing a higher grade 
of concentrate, and at less cost per ton. With the Potter and the Delprat 
processes, the concentrate contains 42 to 45 per cent. zinc, and contains about 
72 to 75 percent. of the zinc in the original ore. During a five-weeks run by 
the Block 14 company in the autumn of 1904, 2,450 tons of tailings were 
treated, assaying 17 . 6 per cent. zinc, 6. 3 per cent. lead and 7. 6 oz. sil ver per 
ton. The first class concentrate amounted to 739 tons, assaying 42 percent. 
zinc, 5. 5 per cent. lead, and 11 oz. sil ver per ton. There was also produced a 
rrùddling, amounting to 95 tons, and assaying 22. 5 per cent. zinc, 13 per 
cent. lead, and 13. 5 oz. sil ver per ton. These figures show a recovery in the 
first class concentrate of 72 per cent. of the zinc and 26 per cent. of the lead, 
the concentrate amounting in weight to 30 per cent. of the crude ore. Tht:J 
figures show, moreover, that the fiotation of the blende in the acid bath is 
more active than the fl.otation of the galena. The latter is fairly easy to fl.oat if 
finely g..round, but owing to its high specific gravity, finer pulverization is 
necessary to float it successfully. The chief separation that is macle in the 
Broken Hill ores is between the blende and the gangue of the ore. As 
between the blende and the galena, the separation is less sharp , both being 
capable of flotation, but the galena to less extent than the blende, because of 
its higher specific gravity. However, it is a well-known fact that the con
centrate produced by fl.otation at Broken Hill assays rather high in lead. 
Because of the different behaviour of lead in the non-acid bath, the de BaYay 
process appears to be able to make a concentrate of considerably higher tenor 
in zinc th an either of the other proccsses, the de Bavay concentra te rising to 50 
p.c. zinc. My own experiments, which will be refcrred to la ter, show that blende, 
galenaancl pyrite, under certain conditions may be fl outed nearly equally \Yel l. 
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The plant required for either the Potter or the Delprat process is of 
simple design, the essential apparatus resembling an ordinary spitzkasten 
It is built of 3 x 3 in. timber, lined with 1 in. boards (dressed smooth) and 
6 lb. sheet lead. The ore, slightly moist, is delivered by a shaking feeder 
at one side of the spitzkasten and passes down into the bath. The heavy 
sulphides, which under ordinary conditions would sink to the bottom, in the 
flotation process, because of the buoyancy of the bubbles of gas which be
come attached to them, rise to the top and flow off for collection, the spitz
kasten being arranged for overflow both on the right and left band sides. 
The supply of acidulated water is derived from a main passing over the line 
of spitzkasten, from which branches project down into the latter. The 
main leads from the storage tanks, into which the clear solution from the 
settling tanks is pumped for further use. In the storage tanks it is reheated 
to 80° C by blowing steam into it. The gangue escapes continuously from 
the bottom of the spitzkasten, the flow being regulated by an adjustable 
valve, and is received on a belt conveyor, which transports it to the dump. 

The manipulation of the process is a delicate operation, because the ad
hesion of the bubbles of gas to the sulphide particles is not by any means a 
strong one, and in fact is maintained only so long as the bath is free from 
vibration; this necessitates an arrangement of the spitzkasten that will. be 
absolu tel y steady; the slightest shock is sufficient to detach the gas and sink 
the sulphide. This fact is taken advantage of in the collection of the valuable 
minerais, the overflowing concentrate being dropped suddenly into a collect
ing tanlc The gas bubble is thus disengaged, and the sulphide particles, 
being no longer buoyant, sink immediately and are caught for further treat
ment. The clear supernatant solution, drawn off from the concentrate, is 
returned to the torage tanks for use in the treatment of further quantities of 
crude ore. The output of each spitzkasten is, comparatively speaking, very 
large, as the size ordinarily used at Broken Hill is about 4 ft . 6 in. square and 
5 ft. deep, and the capacity is approximat.ely 6 tons per hour. 

The flotation process is comparatively cheap. According to my private 
advircs from Broken Hill, one man attends to six spitzkasten, bis duty being 
merel~, to see that the scum is floating off rcgularly and that the tailings
discharge cloes not clog up . The rise of the scum is very rapid. It should 
arrumulate in a dense mass about 1! in. thick on the urface of the bath. 
Holes in the scu m are cviclence of irregular 1rnrking. :'.\Iechanical skimming, 
or inclcecl any kind of skimming, is disadYantageous, the best result bcing 
obtainecl when the scum quietly fioats off. The consumption of sulphuric 
aricl in the Potter process is 30 to 35 lbs. (computed as 100% H 2 0 4) per 
2240 lbs. of ore. The aricl solution !oses about 30°F. in a circuit . The 
pumpinl!: and rehcating of this solution, together " ·ith acicl and labour , con
stitutP the rhicf items of expense in the process. The total cost at Broken 
Hill, inclnding loacling the ore at the tailings pile (tailings being the material 
tr0aterl) and transporting it to the fiotation plant is only about 50c. per 
22-!0lb. 
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AB in the cases of magnetic separation and electrostatic separation, in 
flotat.ion the treatment of very fine ore is also a difficult problem. Neither 
the Potter nor the Delprat process will treat slime; similar difficulty has pro
bably been experienced in the de Bavay process, though it has not been definitely 
reported. This is because of the entanglement of the particles in rising in a 
muddy bath, the finest gangue failing to settle rapidly enough, the 
result being a dirty, low grade scum. On the other hand, it ha 
been found at Broken Hill that these processes will not give good results on 
particles larger than 0. 5 millimeter, or such as will pass a 28-mesh screen . 
In these respects, the de Bavay process appears to be sirrùlar to the Patter and 
the Delprat. De Bavay recommends material of 40 to 80 mesh size. Experi
ments and practice have, moreover, shown that in order to seeure the best re
sults there must be a certain ratio between the floatable and the non-floatable 
material. In some cases, blende which alone would not float, became buoy
ant after a certain proportion of quartz had been mixed with it; in other 
cases, an ore which alone gave a very good flotation, upon the mixture with 
it of a large quantity of sand gave a very bad fiotation. 

The possible application of the flotation processes to the treatment of 
the ores of British Columbia was not thoroughly investigated by the Com
mission, because of several reasons, these being principally the opinion that 
fiotation would offer less promise than magnetic separation, together with the 
desire to issue promptly the report, and the desire to perform the work inside 
of the limit of the appropriation. However, a series of experiments wa." per
formed at New York, under my personal direction, which throw much light 
upon the possible applicability of the flotation processes to the treatment of 
certain of the ores of British Columbia. It was previously a matter of doubt 
as to whethcr the fiotation proeesses were lirnited in their application to the 
ores of a particular district, such as those of Broken Hill, which might possess 
certain physical properties making them especially adaptable to separation 
in this way, whereas apparently similar ores from other districts could not be 
so separated. The common presence of siderite in the zinc ores of the Slocan 
district of British Columbia indicated , however, that these ores rnight also be 
capable of separation by the flotation process. 

This, indeed, proved to be the case. In an experiment on the ore from 
the Ruth mine, it was found po sible to produce in the first trial, a concen
trate assaying as hïgh as 50 per cent. zinc, and containing 87 per cent. of the 
zinc in the original ore. The results of other experiments are given in the 
following paragraphs :-

In making these experiments, four ores were elected as representatives 
of widely different mineralogical combinations, viz.: ores from the Ruth, 
Blue Bell , St. Eugene and Big Ledge mines. Without going into the details 
of all the experiments, the following results may be reported as reprcsentatiYe: 

1. RFT"- -->;;ample a saycd 35. 95 3 zinc. Ore crushed to pass 40-
mesh screen was floated in bath of water acidulatecl with 23 H2 804 , and 



126 REPORT OF ZINC COMMISSION 

also in bath of water acidulated with H 2 S04 and densified with zinc sulphate 
to 1. 35 sp. grav., the baths in each case being maintained at 65° C. The 
results were as follows : 

A.-Undensified bath. 

1 
Grams % Zinc Grams, Zinc % Extraction 

-------~------!-------!-----~ . 
Raw Ore ..... . ..... . ·1 
Concentrate ....... . . . 
Tailing . ..... ........ . 

B.-Densified bath. 

RawOre ........... . .. 
Concentrate . . ....... .. 
Tailing ............ . . . 

40 .000 
25.452 
4. 710 

Grams 

40.000 
13 .530 
19.850 

35.95 
48.75 
20.05 

% Zinc 

35.95 
46.30 
38.70 

14 .38 
12 .41 86.3 

.94 6.5 

Grams, Zinc 
1 

% Extraction 

14.38 

1 

. .. . .. 
6.27 I 43.6 
7 .68 53.4 

These tests showed a large shrinkage in weight of the products as com
pared with the original ore, attributable partly to the evolution of carbon 
dioxide gas and the passing of iron into solution as su1phate, which of course 
implies consumption of sulphuric acid, and partly to Joss in manipulation. 
In this respect laboratory experiments are much inferior to large scale work, 
wherein the fioatation is very rapid, whereas the decantation from beakers 
was slow and tedious and the ore was too long exposed to the action of 
acid. Incidentally it may be remarked that this process is one whereof 
small experiments should be regularly beaten in large scale work. Test B 
shows so large a falling off in percentage of extraction as compared with test 
A that it is open to suspicion of not having been properly performed. How
cver, it is in line with previous experiments of this series in indicating that 
there is no advantage to be gained from a solution densified to l. 25-1. 35 
sp. grav., an opinion which is, I believe, confirmed by the experience at 
Broken Hill. 

C.-Undensified bath. Ore, 40-mesh. 

1 
Grams % Zinc Grarns, Zinc 1 % Extraction 

Haw Ore ............. 

:1 

50.00 38.55 19.275 

1 
Concentrate ...... . .. 27 .15 50.-10 13 .683 71.0 
Tailing ...... 16 .87 26 .55 4.479 23.2 

D.-Und ensified bath . Ore, 60-rnesh. 

Grams % Zinc Grams, Zinc % Extraction 

Raw Ore .. ........ .50.00 38.55 19.275 
Concentrate ..... 33.95 42.-IB 14.422 74 .8 
Tailing ... 9.44 19 .32 1.824 9.5 

Expcriments C and D and al! subsequent onPs were performed at 80°C. 
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The ore used in experiment C assayed 38. 55% zinc, 11 . 083 iron, ] . 87% 
lead, and 7. 62 ozs. silver per ton. The concentrate assayed 50. 40 3 zinc, 
8. 43 iron, 1. 683 lead and 11 . 66 ozs. sil ver per ton. Thus, while the con
centrate accounts for 71 3 of the zinc, it contained only 503 of the lead, 
but ou the other hand contained 833 of the silver. This is not a surprising 
result, the silver of the ore being in the form of freibergite, which, being 
very brittle, naturally goes into the finest slime and fioats easily; in fact, 
as every mill-man knows, it fioats as a greasy scum in non-acidulated water, 
which is a troublesome source of loss of mineral in ordinary dressing. 

2. BLUE BELL.-Sample assayed 14 . 743 zinc. Ail experiments were 
made with bath of water containing 23 of H 2S04 , heated to 80°0. 

E.-Ore crushed to 40-mesh size. 

RawOre ........ ... . . . 
Conr.entrate ......... . 
Tailing ........ .... .. . 

Grams 

50 .00 
36.65 
10.49 

F.-Ore crushed to 60-mesh size. 

Grams 

RawOre· .. ... ... .... . 50.00 
Concentrate .... ... .. . 35.52 
Tailin~ .. . ....... . .. .. 10 .82 

. 

3 Zinc 

14 .74 
19 .17 
1.99 

3 Zinc 

14.74 
19.47 
2.81 

Grams, Zinc 3 Extraction 

7 .370 
7.026 
0 .209 

Grams, Zinc 

7 .370 
6 .916 
0 .304 

95 .4 
2 .8 

-

3 Extraction 

.... . . 
93.8 
4.1 

The raw ore assayed 14. 743 zinc, 14 . 67% iron, 15 . 303 lead and 2. 37 
ozs. silver per ton. ·The concentrate produced in experirnent E assayed 
19 . 173 zinc, 15 . 453 iron, 21 . 403 lead and 4 . 46 ozs. sil ver per ton. This 
shows an extraction of 100% of both silver and lead. 

3. ST. Euu ENE. -This ore beha ved badly in the experiments. One 
which was carried to completion, using ore of 40-mesh size, 23 H 2S04 

and 80° C, resulted in a concentrate weighing 34 . 24% of the ote used, and 
a>:saying 33 . 02% zinc Another, using ore of 60-mesh size, 23 H 2S04, and 

0°0, resulted in a concentrate weighing 38 . 823 of the ore used, and assay
ing 34. 73 zinc. In the rase of this ore both the degree of enrichment and 
the perr·entage of extraction are too low to indicate any possible advantagc 
to be clerived from the fiotation process. 

4. Bw LBDGE.--This ore also gave unfavourahle results. Only a 
small percentage of the ore could be fioated , and the eoncentrate showed only 
trifling enrichment. 

REM.ARKS.-The ores, which contained siderite, viz.: the Ruth and Blue 
Bell , gaxe good flotation; the ores which)acked siderite, viz. : the St. E ugene 
and Big Lcd<Te, behaved vcry unsatisfactorily, as was to be expectecl. In 
t he: ca::;0s of the ores which could be fioated " ·cil, there was rlearly no aclvan-
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tage in crushing it to finer size than would pass a 40-mesh screen. Indeed, 
on the whole the ore of 60-mesh size gave results inferior to those of the 40-
mesh ore. The first experiments were made at a temperature of 65° O. 
Later ones were made at 80° O. Increase in temperature improved the 
fiotation. As previously mentioned, densification of the bath up to 1 .35 
specific gravity was of no advantage. 

Especially in the case of the Blue Bell ore, the separation of metallic 
minerals from the non-metallic was excellent, the tailing being a pure, white 
granular quartz, with only a few specks of blende and pyrites intermixed. 
The concentrate also was very clean, showing scarcely any particles of gangue. 
The high degree of perfection attained in the separation of this ore suggests 
a promising line of treatment, namely fiotation of the metallic minerals, 
which then should be subjected to washing on Wilfley tables to separate the 
galena, both the concentrate and the tailings from these tables being caught 
in filters to avoid slime losses. The tailing from the Wilfl.eys, consisting of 
blende and pyrite, might then be roasted and submitted to magnetic separation 
for enrichment in zinc. Experiments on this line would necessarily be car
ried out on a somewhat large laboratory scale, which the means at the dis
posal of the Commission did not permit. 

Flotation experiments may be performed in ordinary beakers, but it 
is found that the depth of the bath is an important factor in the process, and 
the experiment.;; are best performed in a glass tube, standing erect, about 3 in. 
in diameter inside and 3 ft. in depth. This tube shotùd be supplied Yrith 
acidulated water from a vesse! at a higher level, a glass tube passing down 
from the latter into the separating tube, and extending to about 10 in. above 
the bottom of the latter. The separating tube should stand in a basin to 
catch the overflow. The acid water is heated to about 80° C in the supply 
vesse!. The separating tube being about half filled with the acid water, 
the latter is allowed to run in slowly, and at the same time the ore to be separa
ted is fed, slightly moist, into the separating tube. The scum immediately 
rises to the surface, and when the level in the separating tube has become 
flush with the top of the latter, the scum begins to overflow, running down 
the outside of the separating tube and being caught in the basin in which the 
latter stands. This method closely approximates the condit ions of practice. 

RAILWAY TRANSPORTATION. 

The zinc ore producing districts of British Columbia are entered by two 
railways, namely the Canadian Pacifie and the Great Northern. The Cana
dian Pacifie is purely a Canadian line. The Great orthern is essentially an 
American line, only its branches entering into Canada. It has been reliably 
reported, howeYer, that the Great ~orthern plans to construct a new trans
continental line through western Canada, which will make it a Canadian line 
to a much greater extent than at pre ent, and will also go to increase its use
fulness toward furnishing transportation for the mining interests of the East 
and West Kootenays , through which the new line '~ill pass. 
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The zinc ore producing districts are fairly w~ll served with transportation 
facilities by the existing lines. The lines of the Canadian Pacifie and the 
Great orthern railways, combined with the splendid system of water trans
portation provided by nature in the Arrow, Slocan and Kootenay lakes, afford 
good communication through all the districts. The most serious feature in 
the transportation problem is the cost of carriage from mines to railway or 
lake, because of the location of many of the mines on the steep mountain 
sides, in many cases remote. This is an expensive feature that is a bar to the 
working of many properties, except those that are well situated with respect 
to the railway lines, or are so situated that they could install aerial or gravity 
tramways. The waggon roads of the district are generally good. There is, 
consequently, little or no remedy that can be offered in this partictùar. 

The Canadian Pacifie taps the larger part of the Slocan district. The 
rates granted are low, considering the comparatively small tonnage moving, 
and the distance to which it has to be carried. The Great orthern railway, 
(Kaslo & Slocan) taps only a small portion of the district, but this portion is 
promising in future possibilities. 

The freight rate on zinc ore from points in the Slocan to Frank, Alberta, 
is $2.25 per ton; to Pueblo, Colo., it is $9 per ton; to smelting points in Kansas, 
it is $10 per ton; to Antwerp, and other European ports, it is $13 per ton; the 
rate of $13 is for shipments via Montreal, no rate for shipments via Pacifie 
coast ports having been published. 

Considering the distances from the Slocan to Colorado, Kansas, and 
Europe, the above freight rates are certainly very reasonable; if reduced to a 
ton-mile basis, they would doubtless figure lower than the average commodity 
freight rates in the United States. 

ELECTROTHERMIC ZINC SMELTING. 

Attentiqn must be directed to electrothermic smelting of zinc ore, 
which in vi~~ of the progress already made in such application of electricity 
in other arts, naturally received the consideration of zinc metallurgists. 
Zinc ore has indeed been smelted electrothermically for several years in 

candinavia by the process of C. P. G. De Laval, and at the present time there 
are plants in operation at Trollhattan (Sweden) where 3,000 h.p. are em
ployed in the reduction of crude ore and zinc ashes (galvanizers' waste); 

• 4,000 h.p. at Sarpsborg (- orway) in the reduction of zinc ashes; and 1,800 
h.p. at Hallstahammar in the smelting of ore. This represents already a 
considerable development of the industry. 

Experiments in electrothermic smelting have been made by several other 
inventors, but none has made so much progress as De Laval. Those who 
are interested in the subject may look up the patents of Cowles, Casaretti 
& Bertani, Ferraris, Salguès, Dorsemagen, Brown & Oesterle, Contardo and 
Snyder. The Canada Metal Co. is now conducting experiments at Vancouver 
with the process of F. T. Snyder. I hoped to witness one of these experi-

9 
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ments, but at the time of my visit at Vancouver the furnace had been torn 
down for rebuilding. 

The successful smelting of zinc ore in the electric furnace is a matter 
which depends chiefl.y, indeed I may say solely, upon the cost of the process. 
De Laval bas shown that it can be done. The doing of it profitably is quite 
another question. This is dependent chiefl.y upon the c0st of the power, 
the electrical efficiency of the furnace, and finally upon the purely metal
lurgical difficulties that pertain to the reduction of zinc oxide and the con
densation of the metallic vapour. 

With respect to power consumption there are comparatively few data 
available, and such as there are available are of doubtful value. Estimates 
of the probable results may be formulated in two ways, viz. upon the re
ported results of experimental work and by analogy with the ordinary 
method of smelting. 

In the smelting of one kilogram of ordinary roasted ore, containing 
50 per cent. of zinc, there is theoretically required about i,000 calories of 
heat, this covering the reduction of the zinc oxide and other metallic oxides, 
the accessory reactions, the heat carried away in the residues, etc. In the 
best practice the reduction of one kilogram of such ore is effected by one 
kilogram of coal of 7,250 calories, but 1 .1 kg., corresponding to about 8,000 
calories may be assumed as more representative. This shows an actual 
utilization of 12. 53 of the calorific power of the coal by its direct combustion. 

ow if the ore is to be smelted in an electric furnace, the heat require
ment will at least be the same as in the previous case, viz. 1,000 calories 
per kilogram of ore. If the effi.ciency of the furnace be assum~d at 503 
which is probably as high as should be reckoned at the present time, 2,000, 
calories, or their equivalent in watts, must be delivered to the electrodes. 
Estimatin11; the efficiency of the dynamo at 903, then 2,222 calories, or their 
equivalent in horse-power, must be applied to the driving pulley. 

Without carrying this computation to the coal, step by step, it may be 
assumed that the highest type of compound èondensing steam engine develops 
in mechanical energy about 15% of the calorific power of the coal. Con
sequently the red uction of one kilogram of ore would require 2,222 -7- 0. 15 = 

14,814 calories, and the utilization of energy would be only 6 . 753 . Ob
viously, electrothermic smelting could not compete with direct smelting under 
the above conditions. Leaving aside the questions of cost of plant, consump
tion of electrodes, labour and other supplies, electric smelting would be only 
on equal terms if the efficiency of the furnace were increased to nearly 1003 . 
The use of the gas engine instead of the steam engine, a:ffording a conversion 
of 303 of the calories of the coal into mechanical power, together with an 
electric fmnace of nearly 1003 efficiency, might show a little advantage 
but at present the gas engine, in spite of its much higher efficiency, is only 
a little, if any, ahead of the tcam engine in commercial economy, after the 
amortization and interest charges on the much more costly plant involved 
by it have been written off. 
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Making comparison with water-power, it may be reckoned that with 
coal of 7,250 calories heat value, available at $1 per ton, a horse-power can 
be developed for $25 per annum. A smelter who enjoyed those conditions 
would, consequently, have to obtain water-power at better than $12 per 
horse-power-year to make it worth his while to remove to an equally desir
able commercial location to undertake electric smelting, other elements of 
cost being considered equal. These estimates are necessarily vague, hypo
thetical and inexact, because of the lack of precise data, but they will at least 
serve to give an idea of the problem. 

Looking now from the other view point, the data are very 
scanty, because the results reported of experiments are so few and so 
inconclusive. At Crampagna (Ariège), France, Salguès experimented on the 
smelting of ore containing 40 to 453 zinc in a 100-kw. furnace (Bull . Soc. Ing. 
Civ., 1903, p. 174). He claims to have obtained a production of 5 kg. of metal 
per kilowatt per day. This would correspond roughly to 76 . 5 kw. per 1,000 
kg. of ore, or estimating the efficiency of the dynamo at 903, there would 
be required 114 brake horse-power of the engine. Estimating !J.n evaporation 
of 10 lb. water per pound of coal, and the development of a horse power 
from 2 lb. of steam, there would be required 2,500 kg. of coal per 1,000 kg. 
of ore, which is 2. 5 times as much as is consumed in the present best practice 
of smelting in the ordinary way. 

It is to be remarked that there is considerable doubt as to the experiments 
of Salguès. At ail events, he does not appear to have been able to make 
any commercial production of spelter, and has been baffied, it is said, by a 
commonly experienced metallurgical difficulty, which will be referred to 
furtheron. 

Casaretti and Bertani are said (l'Elettricit,a, Milan, XIV., page 593) 
to have produced at Bergamo, Italy, 9 kg. of zinc per kilowatt per day, which 
is certainly much better than the figure reported by Salguès, and on the 
same assumptions as in connection with the latter would correspond to about 
1 . 4 ton of coal per ton of ore. lt is doubtful, however, if this result could 
be maintained regularly, and Casaretti and Bertani also seem to have ex
perienced the same metallurgical difficclty that other experimenters have 
found. The reported yield of metal is so close to the theoretical that it is 
higlùy doubtful that it could be regularly maintained. 

In default of any other data, I will assume that it may be possible 
to produce 7. 5 kg. per kilowatt-da y from ore containing 45 per cent. zinc. 
There would then be required about 70 electrical horse-power per 2,000 lb. 
of ore per day. The genemtion of this power from coal would be out of the 
question, because it would be much cheaper to burn the coal directly. Even 
assuming that the consumption of coal were 1 . 5 ton per ton of ore, at $2 per 
ton the fuel cost would be $3. In order to present equal terms, water power 
would have to be offered at (360 X 3) +70=$15.40 per horse-powerper year. 

The heat equivalent of one horsc-power-day is 61 ,080 B.t.u. = approx. 
15,400 calories. Estimating that 1,000 calories are required to smelt one kilo-
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gram of ore, one horse-power in 24 hours would smelt 15. 4 kg., or one 
kilowatt would smelt 20. 6 kg. In the case of an ore assaying 50% zinc, at 
90% extraction the yield would be 9. 27 kg. of spelter per kilowatt per day. 
This indicates that the estima tes in the previous paragraphs are not irrational. 

However, in respect to the other details of cost, lack of experience leaves 
us quite in the dark. The electric furnace would save the expense of retort , 
but on the other hand it would be subject to the expense of electrodes. It 
would be chiefly guess-work to go into the subject of labour, but it may be 
pointed out that the yard-labour, roasting-labour, and some other branches 
would be the same as in the ordinary process of smelting. The only possible 
chance for economy would be in the distillation furnace labour, but in the 
present state of the art I should hesitate to indicate either that there would 
be any economy of labour, or the opposite. The cost of plant would doubtless 
be higher than for the most expensive direct-smelting plant, because if 70 
h.p. be required for the smelting of 350 tons of ore per annum, the cost of the 
electric plant alone would probably be in the neighbourhood of $10 per ton, 
which is much more than the cost of the ordinary furnaces. 

Now to take up the metallurgical difficulty in the electrothermic smelt
ing of zinc ore, to which I have previously referred, it has proved so far, both 
in experiment and in practice, impossible to condense in liquid form the zinc 
va pour produced by the electric furnace; the product is a blue powder, which 
must be resmelted. At first glance, there does not appear any reason why 
liquid zinc should not be obtained from the electric furnace, as well as from 
the retort, but it is the fact that it cannot be yet obtained, and the precise 
reason for the failure is still obscure. Various explanations of the difficulty 
have been offered, and upon their hypotheses remedies have been proposed, 
but so far as I am aware, none has yet been proved succes ful in practice. 

In the application of the De Laval process in Scandinavia both ore and 
zinc ashes, the latter, being a waste product of galvanizers, are smelted. The 
works at Sarpsborg, use zinc ashes exclusively. In the smelting of ore at 
Trollhattan, the product of the first smelting is blue powder. This is re
smelted, either alone or mixed with a.further portion of ore, yielding a spelter 
rich in lead, the lead content of the ore being volatilized to a large extent by 
the high temperature prevailing in the furnace. The leady spelter is refined 
by remelting and settling out the lead in a reverberatory furnace, in the ordi
nary manner, or by a third distillation electrically. By the former process 
the refined spelter is of about the grade of ordinary Silesian; by the latter 
process, a high-grade spelter is produced. 

From the present development of electrothermic smelting of zinc ore, 
and the theoretical calculations respecting it, the following conclusions may 
be drawn: 

l. Electric smelting will never displace ordinary smelting, if it be neces
sary to generate the power from coal. 

2. Electric smelting may be, in the future, economically conducted at 
places where very cheap hydro-electric power is available. 
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3. Aside from the question of power, up to the present time, certain 
pcculiar and serious metallurgical difficulties in electric smelting have not 
been satisfactorily overcome. 

Although the electric smelting works in Scandinavia have been running 
for several years, it must be recognized that the conditions under which they 
are operated, are exceptional, and regarded broadly the electric smelting of 
zinc ore has by no means passed beyond the experimental stage. 

It is unlikely that the electric smelting of zinc ore can ever be profitably 
carried on in the zinc producing districts of the East and West Kootenays, 
B.C., because in many parts of those districts the water powers are small and 
irregular, being insufficient even to run the comparatively small concentrating 
mills during the winter season. Where there are large water powers, as for 
exa.mple, at Bonnington Falls, the power generated is so valuable for mining 
and miscellaneous purposes, that it could not be furnished at the low figure 
which would be required by an electric smelting plant. 

On the coast of British Columbia, I am informed, there are many large 
water powers, which can be deve1oped at so comparatively small a cost as to 
permit them to furnish power at a low figure. It is possible that at some 
future date, these may be utilized for the electric smelting of zinc and other 
ores. Possib1y, also, water powers in eastern Canada may be similarly util
ized. Any such development is, however, something of the future, and is 
not to be reckoned upon at the present time. Electric smelting of zinc ore 
must undoubtedly go through many stages of experiment before it can be 
pronounced a metallurgical and commercial success. 

TATISTIOS OF PRODUCTION, OONSUMPTION 
.A.}.,TD PRIOE. 

In the following tables are summarized all the available statistics as to 
the consumption of zinc in the Dominion of Canada. There having been 
no production of the metal in the Dominion, the statistics of imports may be 
regarded as representing the consumption. These statistics have been fur
nished by the Department of Customs. 

IMPORTS OF ZINC I N BLOCKS1 PIGS AND SHEETS. 

Fiscal Year Cwt. 1 Value Fiscal Y ear 
1 Cwt. 

1 
Value 

1880. ............... 13,805 67,881 1893 .. . .. ... .. 26,446 . 124,360 
1881. .... . . ....... . . 20,920 94,015 189-1 . . . . . . . . . . 20,774 90,680 
18 2 .... .. .......... 15,021 76,631 1895 .. . . ...... 15,061 63,373 
1883 ...... . . .. .... . . 22,765 94,799 1896 ... . . . . . .. 20 ,223 80,784 
18 4 ... ...... 18,945 77,373 1897 .... . .. . . 11 ,946 57,754 
1885 . ...... . ... .. ... 20,954 70,598 1898. ..... . . . . 35,148 112,785 
1 6 .. . ........ . . . . 23,146 8.5,.599 1899 .......... 18,78.5 107,477 
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~ 

1887. ~~s~~l ~ ~~r . .. .. 1 

Cwt. 

1 

Value Fiscal Year Cwt. Value 

26,142 98,557 1900 . . ........ 28,748 156,167 
1888 .. . .... . . .. .. ... 16,407 65,827 1901 .. .... .... 20,527 103,457 
1889 ................ 19,782 83,935 

1902 • 1 
34,871 

1 

141,560 
1890 .......... . .... . 18,236 92,530 1903 .......... 26,646 142,827 
1891. .. . ........ . ... 17,984 105,023 1904 .......... 25,553 138,057 
1892 . . .............. 21,881 127,302 1905 .... .. . .. . 25,141 141,514 

IMPORTS OF SPELTER. 

Fiscal Yeai 
1 

Cwt. Value Fiscal Year Cwt. Value 

1880 .............. . . 1,073 $ 5,310 1893 ... . ...... 10,721 49,822 
1881. ... .. ...... .. . . 2,904 12,276 1894 .... . ..... 8,423 35,615 
1882 . ... ............ 1,654 7,779 1895 .......... 9,249 30,245 
1883 .. . ...... ... .... 1,274 5,196 1896 .. ........ 10,897 40,548 
1884 .. . ... ... .... . .. 2,239 10,417 1897 . ......... 8,342 32,826 
1885 ........ . ....... 3,325 10,875 1898 .......... 2,794 13,561 
1886 ................ 5,432 18,238 1899 ...... . . . . 5,450 29,687 
1887 ........ .. .. . ... 6,908 25,007 1900 .. . ... .... 5,836 29,416 
1888 ... ... . .. ....... 7,772 29,762 1901 . .... . .... 14,621 58,283 
1889 ... ...... ....... 8,750 37,403 1902 .......... 18,356 80,757 
1890 .... ............ 14,570 71,122 1903 .......... 23,159 110,817 
1891. ............... 6,249 31,459 1904 ........ . . 33,952 164,751 
1892 . . . ..... . . ... ... 13,909 62,550 1905 .......... 37,941 206,224 

IMPORTS OF ZINC1 MANUFACTURERS OF. 

Fiscal Year Cwt. 

1880 . .............. . . .. . . .. . .. s 
1881. ....... . . . ... . . 
1882 ... . ..... . .. .. . . 
1883 ............ . .. . 
1884 ... . ........... . 
1885 ............ ... . 
1886 ............... . 
1887 ......... ~ ..... . 
1888 ...... . . . ...... . 
1889 ... ... .. ... . ... . 
1890 ............... . 
1891. .............. . 
1892.. . . .......... . 

Value 

8,327 
20,178 
15,526 
22,599 
11,952 
9,459 
7 345 
6'.561 
7,402 
7,233 
6,472 
7,178 
7,563 

Fiscal Year Cwt. J_v_al_u_e_ 

1893 .. .. ... .. . . . . . . . . . . . s 7,464 
1894. ........ . . . . . . . . . . . 6,193 
1895.......... . . . . . . . . . . 5,581 
1896.......... . . . . . . . . . . 6,290 
1897 ... . . . . . . . . . . . . . . . . . 5,145 
1898. . . . . . . . . . . . . . . . . . . . 10,503 
1899 . . . . . . . . . . . . . . . . . . . . 14,661 
1900 .... ..... . . . . . . . . . . . 11,475 
1901 .......... . . . . . . . . . . 6,882 
1902.......... . . . . . . . . . . 6,683 
1903.......... . . . . . . . . . . 9,792 
1904 . . ........ . . . . . . . . . . 14,065 
1905.......... . . . . . . . . . . 11 ,912 

QUANTITY AND VALUE OF zrnc IN BLOCKS, PIGS AND SHEETS AND OF SPELTER AND MANU
FACTURES OF ZINC BIPORTED INTO CANADA FOR THE FISCAL YEARS 

ENDING JUNE 30TH, 1903, 1904, 1905, AND 5 MONTHS 
TO NOVEMBER 301 1905. 

1903 1904 
Articles. 

Cwt. Value Cwt. Value 

Zinc in blocks, pigs and sheets. 26,646 $ 142, 27 25,553 138,057 

Spelter, zinc, in blocks and pigs 23,159 110,817 33,952 164,751 

Zinc, manufactures of. Dutiable . . . . . . . . . . . . 9,792 . . . . . . . . . . . . 14,065 

Total .......... . . .......... 49,805 263,436 59,505 316, 73 
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1 
1905 5 months to November 

Articles. 30th, 1905 

Cwt. Value Cwt. Value 

Zinc in blocks, pigs and sheets. 25,141 $141,514 9,555 $ 61,074 

Spelter, zinc, in blocks and pigs 37,941 206,244 30,417 112,709 

Zinc, manufactures of. DutiablP . . . . . . . . . . . . 11,912 .... . ....... 4,713 

Total. ... . . . ... . . ............. 63,082 35!J,670 29,972 178,496 

In explanation of the above statistics, the following letter was received 
from the Comrnissioner of Customs: 

DEPARTMENT or CusToMs, 

Ottawa, March 12, 1906. 

EUGENE_ HAANEL, EsQ., Ph. D., 

Superintendent of Mines, 
Ottawa, Ont. 

Sm,-

I beg to acknowledge the receipt of your letter of the 8th instant enclosing 
a communication from Mr. W. R. Ingalls, in which he enquires as to what dis
tinction is made at the Customs Department between (lst) zinc in blacks, 
pigs, and sheets, and (2) spelter zinc in blacks and pigs, and also as to the 
tariff on each kind of spelter and zinc. 

In reply I beg to state that previçms to 1897 the Canadian Customs 
Tariff provided for these articles as separate items and in 1897 the tariff was 
changed to embrace these articles in one tariff item, with the distinction that 
spelter and zinc were to be imported in blacks and pigs only, while zinc should 
be imported in blacks, pigs and sheets, so that to facilitate comparison with 
previous years the Statistical Branch of this Department continued the classi
fication in its original form, as mentioned in the tariff of 1904, and at the 
present time the compilation of imports of these articles is made altogether 
from the information afforded by the en tries taken at the various ports, some
times being designated as" speltcr, " other times as" zinc." 

Both these article are free of duty and are imported in net hunclred 
weight of one hundrecl pounds each . 

I have the honour to be, 
Sir, 

Your obedicnt servant, 

(. 'igned) JOH~ ~IcDOUGALD, 
Comrnissioner of Custom;; . 
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PRODUCTION OF ZINC AND ZINC ORE. 

The statistics of production of z·nc ore in British Colu~bia have been 
gi ven on an earlier page of this report. Besides in that Province, there has been 
a srnall production of zinc ore in Ontario, but the total has been relatively 
insignificant. For purposes of reference the following table of the production 
of zinc ore in the principal countries of the world is given. These figures are from 
official sources, being taken in part from the original authorities, in part from 
Production and Properties of Zinc(Ingalls) and in part from The M ineral I ndustry . 

PRODUCTION OF ZINC ORE IN EUROPE AND AUSTRA.LIA. 
(fo metric tons.) 

Y ear Alge;ia Austria Belgium France Germany Great Greece ltaly N .S. Russia SpAin ISwed'u 
Britain Wales 

lfü .::::: ::::::: Ii:HL::::~ :::::::: :::::: :::::: ::::::: ::::::: ::::::: ::::::t:::: 
1844 . . . . . . . . . . . . . 22,689 .. ...... .. .......•........ .... ....•.. . ..... . .. . ....... .. ..... 
1845 . . . . . . . . . . . . • 30,027 . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . • . . . . . . • . . . • . . . .... . 
1846 . . . . . . . . . . . . . 42,365 . . . . . . . . • . . . . . . . . . . . . . ......................... . 
1847 .. . . . . . . .. . . 47,663 .. .. . • . . . . . .. . . . .. .. . . ............ .... ... . 
1848 .. .. .. .. .. . .. 48,582 .. .. .. . 127,396 .. .. .. .. ... _. .................. .. 
1849 . . . . . . . . . . . . . 49,712 . . . . . . . 128,743 . . . . . . . ....... . ......•. . .. . ... ... 
ISfiO . . . . . . . . . . . . . 69,501 . . . . . . . 147,840 . . . . . . . ............. . .. ..•...•.. , 
1851 . . . . . . . . . . . . . 80,266 . . . . . . . 150,950 . . . . . . . . . ..... ....... . .......... . 
1852 . . . • . . . . . . . . . 78 ,345 . . . . . . . 181,048 . . . . . . . ..........•.......•....... 
1853 . . . . . . . . . . . . . 80,092 . . . . . . . 162,383 . . . . . . . .. . .. . .... ..... .......... . 
1854 . . .. .. . • .. . .. 79,472....... 178,929...... .. . .. .................... .. 
1855 . . . . . . 5,4.65 81.273 . . . . . . . 214 ,365 . . . . . . . . . . . . . . 
1856 . • .. . 5,236 8:!,:l74 .. .. .. . 226,625 .. .. .. .. .. .. . .. .. .. . 18,293 : . : : : . 
1857 . . . . . . 5,1116 76,236 . . . . . . . 218,890 . . . . . . . .. . ................. ... ........ . . 
1858 .. .. . . 5,304 75.392 .. . . .. . 244,363 . .. .. . . .. . ....... ... .................. .. 
1859 . • . . . • 5,382 70,390 . . . • . . . 278,277 . . . . . . . . . . . . . . . . . . . . . . . . .. .. . ... ............ . 
1860 . . . . . . 66,141 . . . . . . . 303,596 15,807 . . . . . . 162 .... : . . . • . . • . . . . . . . . . .... . 
1861 .. .. .. 73.155 .. .. .. . 328,682 16,029 .. .. .. 168 .. . .. .. .. . .. . . 24.744 7,209 
1862 .. . .. . 74.008....... 333,598 7,620...... 157...... . .. .. . .. 41,104 8,518 
l'l63 . . . . • . 61,767....... 291,693 la,153...... 265 .. .. .. .. . .. .. . 48,124 9,033 
1864 . . .. • . f,8,066 .. . .. .. 313,209 15,310 .. .. .. 202 .. . .. .. .. .. .. . 0,222 14,248 
1865 .. . . • . 56,185 .. . .. .. 335,348 18,135 .. .. .. 732 .. .. .. . . .. .. .. 70,158 25,949 
1866...... 54,516 ... .... 3.53,149 12,979...... 4,492 .. . .. . . .. . . .. . 73,423 20,841 
1867 . • . . . . 58,046 . . . . . . . 368,929 13,710 . . . . . . 6,443 . . . . . . . . . . . . . . 86, 22 1 ,790 
1868 .•.•... Ï6.,5. 6. 4' 68,699 .. .. . . . 369,874 12,~~2 . .. .. . 51,012 .............. 131,407 23,831 
1%9 . • . . . . 66,918 . . . . . . . 405,025 15,7<><l . . . . . . 80,524 . . . . . . . 113,485 31,741 
1870 . . . . . ta.694 57,099 . . . . • . . :!66,780 l:l,809 . . . . . . 92,833 . . . . . . . l13.583 28,146 
1871 . • . . . . 61,129 . . . . . . . 3:!5,173 18,027 . . . . . . 56,426 . . . . . . . 107,380 32,172 
1872 ....... '1'4',5'4"2' 55,537. . .. ... 419,5411 18,847. . .... 80,861 . . . . . . . 89,371 33,236 
1873 . . . . . 42,582 1,279 444,950 16,231 . . . . . . 79,036....... 101,010 27,444 
1874 . . . . . . 21,147 43,2<l9 3,848 451.22'.! 17,106...... 64,716 .. ..... 106,477 28,198 
1875.. .... :l5.7l8 42,504 4,088 467,953 24,371 . .. .. . 61,968 .. . .. .. 100,174 31,642 
1876 . . . . . . 26.458 37,713 . . . . . . . 533,559 24,000 . . . . . . 66,0:!4 . . . . . . . 107,063 35,523 
1877 . . . . . . 24,002 44,987 . . . . . . . 577,312 24,806 . . . . . . 88,844 . . . . . . . 70,951 39,966 
1878 . . . . . . 33.387 45,293 . . . . . . . 597,193 25,855 . . . . . . 62,703 . . . . . . . 71,558 40,795 
1879 . . . . . . 19,389 42,689 . . . . . . . 589,546 22,564 . . . . . . 73,411 . . . . . . . 60,980 43,817 
1880 . . . . . . 21.564 38,805 . . . . . . . 632,895 28,006 . . . . . . 85,2 9 . . . . . . . 50,521 43,460 
1881 . . . . . . i7,340 23,553 . . . . . . . 659,530 36,109 . . . . . . 72,176 . . . . . . . . . . . . . . 42,911 43 ,811 
18~2 . . . . . . 25,300 20,443 8.372 694.711 33,069 . . . . . . 91,366 . . . . • . . 97,000 57,353 46,255 
1883 . . . . . . 28,749 20,738 7,156 677.794 30,215 43,731 100,574 . . . . • . . 54,193 45,347 
1884 .. .. . . 29,4.54 27,606 3.120 63~.040 25,982 ...... 104,974 .. . . • .. 49,838 44,893 
l'l85 .. . .. . 23,598 18,185 5,078 680,654 25,072 ...... 107,887... .... . . . . . . . 49,509 4 ,589 
l881l ...... :H,320 19.042 11 ,103 70.5.177 23.535 ...... 107,548 ....... 38,182 39,810 49,571 
l 'l87 . . . . . . 21.099 20.879 Ja.321 900.712 25,862 42,258 93 ,143 . . . . . . . .!9,012 46,241 
1 S8'l 8,521 26,312 24,537 20.702 677.761 26.841 43,405 87,310 . . . . . . . 74.353 49,972 
188!l 12 .. 556 30,096 21,184 34,290 708.829 23,582 :!3,02.5 97,059....... . . . . . . ;t ,774 59,alll 
1890 13.0!ll 32.632 15,410 47,540 75!l,437 22.402 33,054 110.926.... ... 44,125 81,398 61,843 
1891 13.636 28,828 14,280 56.300 793.544 22,580 28,344 120,685 . . . . . . . 47,390 ...... 61,591 
1892 21,907 33,944 12,260 69,236 800.237 24,264 27,695 129,731 . . . . . . . . . . . . . 74,265 54,9 1 
1893 24,400 30,531 ll,310 74,400 787.911 24,134 22,.589 Ja2.767 . .. .. . . . . . . 62,616 46,623 
1894 29,703 2 .491 11,585 80.065 728,616 22.170 20.830 132,777 .. .. .. . 62,420 58,964 47,029 
1895 14,300 2.5.86:? 1'.l,230 72,989 706,423117,758 24,031 121.197....... 57,213 54,109 31,349 
1896 17,587 26,887 11.630 81.346 729 942 19,629 22,700 ll 8,171 ..... . 59,680 64,828 44,041 
l!l97 32 .269 27.463 10.954 83,044 663,850 19,587 30,906 122,214 29,303 54,524 73.848 66,636 
1898 211,800 27.39i'> 11,475 85,.550 641,706 23.929 32,045 132.099 39,561 . . . . . . . 99,836 61,627 
18119 42,9ï0 3f\, IOO 13.HlO 84. 13 664,536

1

23.505 22,907 150.629 50,680 ....... 119.710 65,159 
1900 31l,281 3'1,243 ,715 67,059 639,215 25,0ïl 18,751 13!l,679 20.593 ... .... 86,15E 61,044 
1901 26,913 36.07! 6.fi-15 Gl.539 647,496 24.133 20,926 135,784 642 ... .. .. ll9,7?~ 48,630 
19m 33,139 31.927 3.85:? 57,982 10·2,504 25,461 18,020 131,965 1,281 1 .. ..... 127.61c 4 .7 3 
190;1 43,313 29,.544 3.630 (;f),92'.l fi82,853 '.?5,286 13,884 157,521 21.086 ...•..• 154,126 62,927 
1904 47,192 29.'.!26 3,702 5~.84:! 715.728 . 2 .097 23,297 14 ,365 58,525: ....... 156,329 57,634 
1905 . ..... . . '..... . . . . .. . 731.281 24.025 18,134 ....... 105.189 ..... . ............ .. 

In comparing the zinc ore statistics of Europe allowances have to be 
made for diffcrcnccs in the method of computation employed by the statisti
cians of the seYcral countries. A.Il of them include both blende and calamine, 



WORLD'S PRODUCTION OF ZINC 137 

but some report the production of raw ore and some the production after 
roasting and calcination, which processes are frequently performed at the 
mines before shipment of the ore. 

The statistics previous to 1862 under the caption "German y" represent 
ouly the production of Prussia; the output of the mines outside of that King
dom was insignificant at that period, however, and the statistics for Prussia 
are practically representative of the production of entire Ge;many. 

The above table is deficient in failing to take into account the small pro
duction of zinc ore in Norway and Turkey and the considerable production in 
Tunis and the neutral terr tory of Moresnet. The famous mines of the Vieille 
Montagne are situated in the last; their output is not included in the statistics 
of any official publication. 

WORLD'S PRODUCTION OF ZINC 

(ln metric tons.) 

Year Austria Belgium France Germany Great 
Britain 

Nether
lands 

Russia Spain United Total 
States ---- ---------____ , __ - ·--- ---- ·-- ---

1845 •.... 
1846 ••... 
1847 .. . .. 
1848 .. •.. 
1849 .••. . 
1850 ..... 
1851. ••. • 
1852 •.•.. 

388 
413 
352 

1,395 

1~~: : : : : . 0*0

Ù cici 
1855 ..•.• 
1856 ..... 
1857 . • . . . 
1858 .•... 
1859 ..•.. 
1860 .... . 
1861. ... . 
1862 ..• . . 
1863 ..•.. 
1864 .••.. 
1865 ... .. 
1866 . .. . . 
1867 .... . 

""866 
1,055 
1,580 
1,246 
1,301 

1~: : : : : .. '1"866 
1870... . . 1,908 
1871. .. .. 
1872 ..• .. 
1873 ..•.. 
1874 ... . . 
1875 .... . 
1876 .. . . . 
1877 ... .. 
1878 .... . 
1879 •.... 
1880 ... . . 
l&ll. .. . . 
1882 .• .. . 
1883 ... .. 
1884 ..•.. 
1885 ..• 
1 6 .... . 
1887 .... . 
18 8 .... · 1 
1889 . .. . . 
1890 ... .. 
1891. ... . 
1892 ... .. 
1893 ... .. 1 
1894 .•... 
1891i .... . 
1896 ... . . 
1897 .... . 
1 98 ... . . 
1899 .... . 
1900 .... . 
1901. ... . 
1902 .... . 
1903 .. . . . 
1904 .... . 
190.5.b .. . 

. . '2',285 
2,818 
2,940 
3,979 
4,519 
3,623 
3,280 
3,756 
4,119 
4,791 
4,539 
4,536 
3,948 
3,843 
3,609 
4 ,001 
4,840 
5,449 
5,006 
5,237 
5.870 
6,810 
6.456 
6.888 
6,236 
7,302 
7,192 
6,742 
7.558 
8,309 
8,949 
9,159 
9,210 

7,221 ....... 
8,963 

10,241 ..... . . 
10,850 
13,579 ...... . 
14,808 . .. .. . . 
15,250 ...... . 
16,672· .. ... . . 
18,817 .. .... . 
19,553 ...... . 
20,633 ...... . 
22,900 ..... .. 
24,526 ...... . 
34,191 . . . . .. . 
28,631 
22,027 . ... . . . 
28,150 ...... . 
25,861 
28,978 ...... . 
30,718 ...... . 
34,244 ... . .. . 
34,659 . . . ... . 
38,684 .... . . . 
44,347 .... .. . 
47,407 ..... .. 
45,754 . .. . .. . 
45,623 . ... .. . 
41,838 .... .. . 
42,314 12,627 
46,088 12,783 
49,960 13, 739 
47,9 1 *14,000 
35,923 *15,000 
61,227 *16,000 
57,157 *17,000 
59,880 *18,000 
69,800 18,509 
72,947 18,525 
75,366 15,915 
77,487 16,884 
80,298 15,108 
79,246 16,132 
80,468 16,712 

0,675 16,960 
82,526 17,982 
82.701 19,372 
85,999 20,596 
91 ,546 20,680 
95.665 22.419 
97,041 23,387 

107,664 24,200 
113,361 35,585 
116,067 38.067 
119,067 37,155 
122, 43 39,274 
119.3 17 36,325 
127,170 37,600 
124,7 0 36,282 
13 1,740 27.462 
137.330 43,196 
143,165 44,075 

17,100 . . . . . • . . . . . . . . . . 3,569 .................. .. . . 
22,260 .. ................... ... .... ... ... .. . . 
~~:tgg 1,000 .......... . 4',cicici ........ .... .. 
26,270 .............. ........ ....... . 
28,670 . . . . . . . . . . . . . . . . 2,606 
30,620 ............... . 
34,721 .. . ......... .. .............. •. 
34,673 ................ ... .. ............... . . 
36,873 *1,000 . . . . . . . . . . . . • . . . . . . . . . . . . . . .. . 

~~:~~i : : : : : : : : : : : : : : : : 1,101 ...... : : : : ; : : : ~ .. ii'.cicio 
4:!,611 ... .... ....................... a 79,000 
52, 777 3,522 . . . . . . . . . . . . . . . . . . . . . . . .....•. 
49,282 3,757 . . .. . .. ................... . .......... . 
55,346 4,428 . . . . . . . . 1,838 ... .. .......... . 
58,573 4,487 ... .. . ... .. ......... .. ..• . . . ..... .. . . . 
59,767 2,186 . . . . . . . . . . . . . . . . . . . . . . a 100,000 
60,315 3,897 . . .. .... . .... . 
59,248 4,106 ... ... ... .. . .. ....... ...... ... .. ..... . 
56,490 4,533 . . . . . . . . 3,089 

~g:m ~:m :::::: :: :::::::: :::::: ......... ~ù<>.ooo 
66,132 3,774 .......................... . .. . 
69,851 4,573 ..... .. . 
63,980 4,000 ..... • .. 
58,297 5,047 .... .•.. 
58,386 5,276 .....•.. 
62,755 4,544 ...... .. 
70,426 4,543 . ...... . 
74 ,337 6 ,813 ....•.. . 
83,227 6,750 ...... .. 
94,996 6,384 ...... .. 
94,953 6,412 . ... .. . . 
96,756 5,645 ...... .. 
99 ,646 7 ,279 ... .... . 

105,478 23,660 ....... . 
113,418 26,.501 ..... . . . 
116,854 29,630 
125,276 30,238 ..... .. . 
129,098 24,690 ...... . . 
130,854 21,572 .. .. • •. . 
130.444 20,228 ....... . 
133,224 27,214 ....... . 
135,974 31,302 ..... .. . 
139,266 29,614 .. . .. .. . 
139 ,353 29,883 . . . . ... . 
139,938 30.798 . . ... . . . 
142,956 28.829 *2,743 
143,577 32,578 *3,56.5 
150,286 29,967 4,266 
153,082 25,278 4,770 
150,739 23,805 û,600 
154. 67 28,387 6,700 
153,155 32.222 6,235 
155, 790 30,309 6,845 
166,283 29. 77 7,85.5 
174,927 40,244 9,910 
182,.H8 44,110 11,.515 
19:l.058 46.:118 12,895 
198.208 50.125 13,550 

· .. a·,1so : : : : : : · · · · · · · · ~ ï3èi,ôôô 
3,166 .. ....... . ..... . 
2,940 .. . ...... .. .... . 

3,378 2,993 6,664 137,560 
4.128 3,295 9,074 153,155 
3,988 3,831 13,914 169,532 
4,626 4,349 14,520 179,432 
4,635 3,780 15 ,281 200,518 
3,646 3,775 17,242 206,878 
4,321 3,800 19,057 207,016 
4,390 4,221 21,080 218,252 
4,542 7,032 27,225 260,365 
4.462 7 .310 30,642 278,596 
3,809 6,843 33,375 286,331 
4,313 4,295 35,585 298,614 
4,579 4,247 36.921 298,889 
4.190 4,327 36,6961 298,860 
3,621 5,349 45,682 306,113 
3,869 5,117 50,731 321,791 
3.681 5,640 53,414 33.'i,359 
3,768 5,919 61,111 347,200 
3,675 5,656 72,836 363,004 
4,369 5,925 76,279 374,772 
4,522 5,7.521 69,159 377,915 
5,014 5,100 67,135 3 4,207 
5,029 5,845 79,462 413,175 
6,257 6.133 74,280 425,711 
5,868 6,244 91.070 444,964 
5,664 6,031 103,514 468,937 
6,325 6. 184 117,644 491.331 
5,970 5,785 111,794 4G5,438 
6,090 5,354 1 ~7,751 5 16.049 
8.280 5,560 143.552 :;.;2.:ns 
9.901 5,134 143.792 ,j(iQ,017 

10,607 5,887 lf\4.9·?1 ll~:J.45:l 
7 . .520 *5,.500 JS:{.014 G.H.:11;7 

* EsLimated. a According to F . Laur, Bull. de la Soc. de l ' lnd. ~Iinérale, 1874, p. 395 et seq . 
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The consumption of spelter in Europe did not attain much consequence 
previous to 1840. The statistics of production previous to 1845 are very 
incomplete. Gèrmany produced 10,000 tons of spelter in 1838, 10,980 in 
1840 and 18,000 in 1843. Austria produced 105 tons in 1840, and Russia 
made 2,739 tons in the same year. In 1846 the production of zinc in Europe 
amounted to 40,,000 tons, rising to 50,000 tons in 1850 and 62,000 tons in 1853. 

The above table of spelter production of the world does not include the 
zinc contents of white vitriol made directly from ore in Germany; nor of 
zinc white made directly from ore in the United States. It does not include, 
moreover, the zinc grey (zinc dust) recovered as a by-product and marketed 
in that form by the smelters of Upper Silesia, and presumably does not in
clude such of the same product as is marketed by the smelters of Rhenish 
Prussia, Westp·halia and Belgium. The statistics of spelter production are 
transcribed from the official reports of the respective countries with the ex
ceptions noted below, in connection with which some additional information 
is presented. 

United States.-The statistics used are those of The Mineral Industry 
except for the years 1895 and 1896. 

Great Britain.-Statistics for Great Britain subsequent to 1880 have been 
computed from the reports of Henry R. Merton & Co. of London, the British 
bluebooks giving only the quantity of zinc estimated as obtainable in smelting 
the ore produced in the United Kingdom. The inclusion of the metal derived 
from foreign ores explains the apparently great increase in the British pro
duction from 1880 to 1881. 

Gerrnany.-Previous to 1862 the production of Germany is assumed as 
identical with the production of Prussia as reported in the statistics for that 
Kingdom .. By far the larger part of the spelter production of Germany is 
due to the works of Upper Silesia. Practically the entire remainder of the 
German production is made in Rhenish Prussia and W estphalia. 

Netherlands.-The production of spelter in Rolland has been computed 
from Merton's reports, there being no official statistics for that Kingdom. 

Italy. -A small production of spelter since 1900 has not been included. 

Russia -The production in 18 9 and subsequent years is given as re
ported by Henry R. Merton & Co. The entire production of zinc in Russia 
is derived from the Kingdom of Poland, where there are only two producers, 
the reports for which by Messrs. Merton are always practically the same as 
the official figures. 

CONSUMPTION OF ZINC. 

The "IVOrld's consumption of zinc during the last 10 years, as reported by 
the l\Ictallgesellschaft of Frankfort am Main, is given in the following table, 
\Y hi ch pre umabl:· groups Canada with "other countries ". However, the 
actual consumption of zinc in Canada has been tated separately on a previous 
page of this volume. 



Country j 1895 

Austria ....... .. .. 1 25,140 
Belgium. . . . . . . . . . 38,308 
France. . . . . . . . . . . 49,267 
Germany. . . . . . . . . 110,895 
Great Britain.. . . . 83,828 

M:ih~1~;,;f.: "": : : : .~:~6~ 
Russia........ .... 11,670 
iff,ain.... . . . . . . . . 4,505 

nited States. • . . . 78,424 
Other Countries.. . *7,000 

Total. .. . . . . . . . . 415,011 
Production .... .... 416,625 
A~?· p~~ce, Lon,? on. .1;:141 

aS3 ,179 .. "New York b 3 .630 

WORLD'S CONSUMPTION OF ZINC 

THE WORI.D 1S CONSUMPTION OF ZINC. 

(ln metric tons.) 

1896 1897 1 1898 1899 1900 1901 ---------
25,686 24,143 23,516 20,916 23 ,782 23,212 
38,920 38,650 39,785 46,ïOO 31,562 34,410 
62,563 63,326 61,224 56,991 62,266 55,610 

112,831 120,064 128,167, 130,295 125,806 133,151 
92,651 86,587 98,647 96,770 92,726 90,384 

2,563 :t,969 2,657 3,271 3,328 3,797 
*3,600 *3,600 *3,600 *3,600 *3,600 *3,700 
Jl,913 13,653 14,665 15,624 14,668 17,530 

2,698 4,158 1,575 3,627 3,704 3,.530 
65 ,427 77,778 95,711 111,8!16 92,743 122,068 
*7,600 *7,000 *6,500 *7 ,000 *8,000 *8,700 

426,452 441,928 476,047 496,690 462,185 496,092 
424,141 443,300 469,026 489,189 478,475 507,448 

.!:161 .1;:17i .1;:20i .1;:24* .1;:201 .1;:17-
S3 ,615 S3 ,805 $4,457 $5,408 $4,40~ $3 ,696 

3 ,940 4 .120 4,570 5 ,750 4.390 4,070 

, 
139 

1902 1903 1904 

23,506 22,523 25,287 
24,492 32,338 38,465 
64,922 64,630 67,241 

131,880 143,017 151,576 
122 ,859 124,082 129,144 

3,588 4,158 5,079 
*3,700 *3,700 *3,700 
17,200 17,800 20,000 

4,060 2,906 4,010 
137,918 140,880 157,061 

*8,000 *9,100 *9,100 
542,125 565,134 611,663 
545,349 571,322 625, 134 

.1;:18i .1;:21- .1;:22i 
$4,022 S4 ,565 $4,892 
4,840 5 .375, 5 .100 

a. The average price at London in pounds sterling per 2,240 lb., as reported by the Metallgesellschaft 
has been converted into dollars. per 100 lb., at the exchange .l;:l= $4.87. 

b. Averages reported by The Minerai lndustru. 

Year 

1873 .... ..... 
1874 . .. . ..... 
1875 ......... 
1876 . . ...... . 
1877 ......... 
1878 ....... .. 
1879 .. . ..... . 
1880 ......... 
1881 .... ... .. 
1882 ......... 
1883 . ..... . .. 
1884 ......... 
1885 . ... . . ... 
1886 .. .... .. . 
1887 . ........ 
1888 .. . . ... .. 
1889 ......... 
1890 ..... . ... 
1891. ..... . .. 
1892 ....... . . 
1893 . ... . .... 
18!l4 ........ . 
1895 ......... 
1896 ......... 
1897 .... . .... 
1898 ........ . 
1 99 .... . .. .. 
1900 ..... . .. . 
1901 ......... 
1902 ..... .... 
1903 ......... 
1904 .. .. ...•. 
1905 ...... ... 

CONSUMPTION OF ZINC IN THE UNITED STATES. 

(ln tons of 2,000 lb.) 

WPORTS 
1 Production Suppl y Ex ports 

Spelter Sheet Total 

7,343 3,420 5,561 8,981 16,324 37 
10,000 1,797 3 ,008 4,805 14,805 22 
15,833 1,017 3,660 4,677 20,510 19 
16,000 474 2,306 2,780 18,780 67 
17,500 633 671 1,304 18,804 720 
19,000 635 628 1,263 20,263 1,273 
21,000 710 556 1,266 22,266 1,066 
23,239 4,046 2,035 6,081 29,320 684 
30,000 1,430 1,364 2,794 32,794 746 
33,765 9,204 2,207 11,411 45,176 745 
36,872 8,534 1,655 10,189 47,061 426 
38,544 2,935 476 3.411 41,955 63 
40,688 1,758 920 2,678 43,366 51 
42 ,64 1 2,150 546 2,696 45,337 459 
50,340 4,194 463 4,657 54,997 68 
M,903 1,913 148 2,061 .'i7,964 31 
58,860 1,026 507 1,533 60,393 440 
67,342 1,000 391 1,391 68,733 1,648 
80,262 404 11 415 80,677 2,147 
84,082 149 14 163 84,245 6,247 
76,255 213 14 227 76 ,482 3,723 
74,004 194 20 214 74,218 1,804 
87,59 1 372 21 393 87 ,984 1,530 
81,878 520 14 534 82,412 10,130 

100,387' 1,453 8 1,461 101,848 14,245 
114 ,104 1,371 ·········· 1,371 115,475 10,500 
129,675 1,493 ···· · ····· 1,493 131,168 6,755 
123,231 1,007 ... .. ..... l,007 124,238 22.410 
140,822 388 . . . . . . . . . . 388 141,210 3,390 
1.58,237 619 . . . . . . . . . . 619 158,S56 3.237 
158,502 364 ·· · ··· · ··· 364 158,866 l ,521 
181 ,803 4.67 · · ·· · ····· 467 182,270 10,073 
201,748 521 ··· · ······ 52 1 202,269 5,516 

Consumption 

16,287 
14,783 
20,491 
18,713 
18,084 
18,890 
21 ,200 
28,636 
32,048 
44,431 
46 ,635 
41,892 
43,315 
44,878 
54,929 
57,933 
59,953 
67,085 
78,530 
77,998 
72,759 
72.414 
86,454 
72,282 
87,603 

104,975 
124,413 
101,828 
137,820 
155.619 
157,345 
172,197 
196,753 

In the above table, consumption has been computed without taking into 
account the difference in stocks of metal on band at the beginning and end 
of each year, statistics for wbich are unavailable over the whole period covered 
by the table. 
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CONSUl\lPTION OF ZINC WHITE IN THE UNITED STATES. 

(ln tons of 2,000 lb.) 

Yeat Production lm ports Supply 
1 

Ex ports Consumption 
TENOR IN ZINC AT 803 

Short tonal ?.1etric tons 

1894 22,814 1,686 24,500 ni! 24,500 19,600 17,777 
1895 22,690 2,273 24,963 24 24,939 19,951 18,096 
1896 15,863 2,286 18,149 2,324 15,825 12,660 11,4 3 
1897 26,262 2,782 29,044 1.859 27,185 21,748 19,725 
1898 32,747 1,671 34,418 3,925 30,493 24,394 22,125 
1899 39,663 1,500 41, 169 5,343 35,826 28,661 25,995 
1900 47,151 1,309 48,460 5,WC 42,804 34,243 31,060 
1901 46,500 1,600 48,100 4,!;61 43,539 34,831 31,607 
1902 52,730 1,636 54,366 5,358 49,008 39,206 35,577 
1903 59,562 1,743 61,305 7,215 54,090 43,272 39,267 
1904 59,613 1,293 60,906 8,157 52,749 42,199 38,293 
1905 65,403 1,718 67,121 11,280 55,841 44,673 40,538 

Previous to 1886 the only available statistics of ~merican imports and 
exports of zinc white are for fiscal years ending June 30, which are of course 
useless for comparision with the production reported for calendar years. 

The imports entered in the above table represent only dry zinc oxide, 
besicles which a small quantity of zinc oxide ground in oil is brought into 
the United States, the quantity of the lat~er product being 65 tons in 1895, 
155 tons in 1896, 251 tons in 1897, 13 tons in 1898 and 21 tons in 1899. 

Previous to 1897 the exports reported above include zinc ore, correspond
ing to "oxide and ore" of the U. S. Bureau of Statistics enumeration. 
There was, however, but little ore exported before 1897, when large ship
ments from New Jersey first began to be made. 

The imports of zinc white into the United States and the supply from 
1885 to 1894 were as follows (in tons of 2,000 lb.): 

Year ........... . .. . ..... 1886 ~~I~ 1890 ~ 1892 1~ 
Production ......•....... . 18,000 18,000 20,000 1 16,970 20,000 23,700 27,500 1 25,000 
Importa .. .. ...... ........ 1,763 2,481 701 1,343 1,316 1,410 1,221 1,950 
Supply . .. ...... . ........ 19,763 20,481 20,701 18,313 21,316 25,120 28,721 26,950 

STATISTICS OF PRICE. 

The chief markets of the world, wherein the prices wh· ch govern the zinc 
industry are established, are New York, St. Louis, London and Breslau. The 
price made in London practically governs the industry in Europe, although 
the business in Upper Silesia is tra'nsacted on the basis of the price at Breslau; 
the latter generally preserves, however, a certain relation to the London price. 
Similarly in the United States the business of the Kansas-i'l'lissouri district is 
transacted on the basis of the price of spelter at St. Louis. The t. Louis 
price, however, corresponds with the ew York price, minus the difference in 
the cost of tran portation to the two points. That difference is not merely 
the freight rate from St. Louis to New York, but is the variation between the 
rates from Kan as smelting points to New York and St. Louis respectively. 
The cli fference between the New York and St. Louis pri.ce varies consequently 
from time to time according Lo the freight rate , but during the last six 
years it has been quite steadily 0.15. 
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Although the importation of spelter into the United States from Europe 
is practically prohibited by the tariff of 1. 5c. per lb ., and the American price 
of spelter is consequently to a considerable extent independent of the Euro
pean price, there is nevertheless at many times an intimate relation between 
the prices of the two Continents, because of the ability of American producers 
to export zinc at a profit under certain conditions. The freight rate on 
spelter from Kansas smelting points to Liverpool is ordinarily from $0. 25 to 
$0. 35 per 100 lb. (it has been as low as $0 . 22 per 100 lb.) Consequently if at 
any time the price of spelter at London rises materially above the price at 
New York, the exportation of spelter from Kansas to Europe tends to reduce 
the European price to the American level, or vice versa to cause the American 
price to rise to the European level. 

The average monthly price of spelter at New York arid the average an
nual price at London, for a long period of years, are given in the subjoined 
tables. The New York prices are as given in The Mineral Industry. 

AVERAGE MONTHLY PRICE OF PRIME WESTERN SPELTER AT NEW YORK, IN CENTS 
PER POUND. 

1 Jan. Feb. 1 Mar. April May June 1 July Aug. Sept. \ Oct. 1 Nov. Dec. Year 

1875 .. ·6.56 6.46! 6.35 6.75 7.20 7 .20 1 7.30 7 .175 7.175 7.275 7.275 7 .275 7 .00 
1876.. 7 .50 7 .6251 7 .685 7.80 7.875 7.625 7 .185 7 .125 6.96 6 .6851 6.495 6.435 7 .25 
1877 .. 6.375 6.56 6.435 6.31 6. 125 5.995 5.745 5.85 5.81 5.80 5 .745 5.625 6.03 
1878 . . 5.625 5.435 ~.435 5.125 4.81 4.435 4.625 4.685 4.81 4.66 4 .625 4.31 4.88 
1879 . . 4.375 4.51 4.495 4.50 4.375 4.245 4.56 5.21 5 .81 6 .185 6 .06 6.125 5.036 
1880 .. 6.185 6.56 G.625 6.31 5.81 5.a1 4.935 5.06 4.935 4.9351 4.775 4 .70 5.51 
1881. . 5.06 5. 185 4.935 4.935 5.935 4 .875 4.875 5.06 5.215 5.31 5.685 5 .935 5.243 
1 2 .. 5.875 5.685 5.495 5.375 .5.435 5.31 5.245 5.31 5.245 5.2451 4.995 4.685 5.325 
1883 . . 4.56 4.56 4.685 4.675 4 .625 4 .495 4.40 4.35 4.45 4.40 4.385 4.36 4.495 
1884 . . 4.285 4.325 4.50 4.575 4.525 4.455 4.50 4.57 4.56 4.475 4.35 4.12n 4.443 
1 5 . . 4.31 4 . 275 4.21 4.21 4.175 4.05 4.25 4.50 4.56 4.56 4.525 4.525 4.345 
1886 . . 4.40 4.455 4.55 4 .55 4.50 4.375 4.35 4.35 4.325 4.275 4.275 4.425 4.40 
1887 .. 4.55 4.55 4 .475 4.45 4.55 4 .55 4.575 4.55 4.50 4.525 4.775 5 .40 4.625 
1888 .. 5.425 5.35 5.10 4.85 4.65 4.55 4.55 4.75 4.975 5.05 4.90 4.875 4 .91 
1889 .. 5 .00 4.95 4.75 4.675 4.75 4.975 5.10 5.20 5.175 5.10 5.20 5.40 5.023 
1890 . . 5.41 5.28 5.187 5.085 5.35 5.575 5 .55 5.275 5.06 6.012 6 .122 6.101\ 5 .55 
1891 .. 5 .. 55 5.02515.125 5.00 4.85 5.083 5.063 5.01 4.958 5.02 4.Sa 4.75 5.02 
1892 .. 4.69 1.62 4 .89 4.68 4.79 4.71 4 .78 4.69 4.53 4.41 4.47 4.40 4.63 
1893 .. 4 .39 4.33 4 .28 4.38 4 . 41 4.27 4.13 3 .89 3.69 3.68 3.65 3.80 4 . 075 
1894 .. 3 56 3.85 3.89 3.62 3.47 3.40 3.43 3.38 3.44 3.45 3.36 3.43 3 .52 
1895 .. 3.28 3.20 3.23 3.30 3.50 3.65 3.75 4.15 4.30 4.10 3 .55 3.49 3.63 
1896 .. 3. 75 4.03 4 .20 4.09 3.9 4 . 10 3.97 3.76 3.60 3.72 3.99 4.14 3.94 
1897 . . 3.91 4.02 4.12 4.13 4.21 4.21 4 .32 -~.26 4.18 4.17 4.03 3.89 4.12 
181l8 .. 3.96 4.04 4.25 4.26 4.27 4.77 4 .66 4.58 4.67 4.98 5 . 29 5 . 10 4.57 
1 99 . . 5.34 6.28 6.31 6 .67 6.88 5.98 5.82 5.65 5 .50 5.32 4.64 4 .66 5 . 7,; 
1900 . . 4.65 4.64 4.60 4.71 4.53 4.29 4.28 4.17 4.11 4 .15 4.29 4.25 4.39 
1901 . . 4.13 4.01 3.91 3.9 4.04 3.99 3.95 3.99 4.08 4.23 4.29 4.31 4.08 
1902 . 4.27 4..52 4.28 4.37 4.47 4.96 5.27 5.44 5.49 5.38 5.18 4. 78 4.84 
1903 .. 4.87 5. 5.35 5.55 5.63 5.70 5.66 5.73 5.69 5.51 5 .3\l 4. 73 5.40 
1904 4.863 4.916 5.057 5.219 5.031 4.760 4.873 4.866 5.046 5.181 5.513 5.872 5.100 
1905.: 6 .190 6.139 6.067 5.817 5.4~4 5.190 5.396 5.706 5.887 6.087 6.145 fi.522 5.882 

AVERAGE ANNUAL PRICE OF ORDINARY SILESIAN SPELTER A1' LONDON, PER TON 

OF 2,240 LB. 

(From statistics of the Metallgesellschaft.) 

E s d. E S. d. E S. d. E S. d. 
1870 18 10 4 1879 16 12 0 1888 18 1 9 1897 17 9 10 
1 71 18 8 9 1880 18 7 1 1889 19 15 7 189 20 8 9 
1872 22 9 1 1 1 16 5 6 1890 23 4 6 1899 24 17 2 
1873 26 3 6 1882 16 19 9 1891 23 4 8 1900 20 5 6 
1874 22 17 7 1883 15 6 6 1892 20 16 6 1901 17 0 7 
1875 N 1 4 1884 14 8 11 1893 17 8 0 1902 18 10 11 
1 76 23 6 3 18 5 13 19 11 1894 15 9 2 1903 20 19 5 
1877 19 1 8 1 86 14 5 1 1895 14 12 2 1904 22 11 11 
1 78 17 17 10 1887 15 4 0 1896 16 11 10 1905 25 8 8 ------
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Equivalent Prices of Spelter in Pounds Sterling per 2,240 lb., and dollars and 
cents per 100 lb. 

The price of spelter (or any other commodity) quoted in pounds sterling 
per 2,240 lb. can be converted into the equivalent in U.S. currency per 100 lb. 
by the following formula: 

P=(PlXE)-:-22.4 
in which 

P=price per 100 lb. in dollars and cents. 
Pl=price in pounds sterling, shillings and pence being expressed in decimal parts of 

a pound. 
E=the value of J::l in U.S. currency-i. e., at the current rate of exchange. 

For example, the equivalent of .t:22 lüs. 6d. per 2,240 lb. in dollars and 
cents per 100 lb., when exchange is at $4.866, is computed as follows: 

!:22 lOs. 6d. !:22. 525 
!:22 . 525 X 4. 866-:-22. 4=$4. 983 

In the same manner the equivalents of .!:14 to .t:29 at rates of exchange of 
$4. 83 to $4. 89, with intervals of .t:l and le. respectively, have been calculated 
in~the following table: 

EQUIVALENT PRICES IN POUNDS STERLING PER 2,240 LB. AND DOLLARS AND CENTS 

PER 100 LB. AT DIFFERENT RATES OF EXCHNGE. 

J:: 1 = 4.83 4 .84 4.85 ~ $4.86 4 .87 4 .88 
1 4.89 Increase 

J:: 14 t 3.019 t83.025 83.031 3 .038 3 .043 t 3.050 $3.056 0 .6250 
15 3.234 3.241 3 .248 3 .254 3.259 3.268 3.275 0.6696 
16 t3 .450 3.457 3 .464 3.471 3 .479 3.486 3.493 0.7143 
17 3.666 3 .673 3.681 3 .688 3 .696 3 .704 3 .711 0 .7589 
18 3.881 3 .889 3 .897 3 .905 3.913 3 .922 3 .929 0.8035 
19 4.097 4.105 4.114 4.122 4 .131 4.139 4 .148 0 .8482 
20 4.313 4.321 4 .330 4.339 4 .348 4.357 4.366 0.8927 
21 4.528 4.538 4.547 4.556 4 .566 t4.575 4.584 0 .9375 
22 4.744 4.754 4.763 4 .773 4.783 4.793 4.803 0 .9821 
23 4 .959 4.970 4.980 4 .990 5 .000 5 .011 5 .021 1.0268 
24 t5. 175 5.186 5.196 5 .207 5 .218 5 .229 5 .239 1.0714 
25 5.391 5.402 5.413 5 .424 5.435 5.446 5.458 1 .1161 
26 5.606 5.618 5 .629 5 .641 5 .653 5.664 5 .676 1.1607 
27 5.822 5.834 5 .846 5 .857 5.870 5.882 5.894 1.2054 
28 6.038 t6.050 6.063 t6.075 6 .088 t6.100 6 .113 1.2500 
29 6 .253 6.266 6.279 . 6.292 6.305 6.318 6.331 1 .2946 

Increase 21.5625c. 1 1 ' 21.8304c. 0 .0446 21.6071 c. 21.6518c. 21.6964c. 21.741lc. 21.7857c. 

The figures marked with daggers in the above table are absolutely correct, 
the dividend giving ;vith the divisor, 22 . 4, the quotient as entered, without 
remainder. The other figures in the table involve errors to the maximum 
extent of plus or minus $0 . 0005 = l e. per 2,000 lb. The extreme right hand 
column giYes the differences in cents per 100 lb. caused by fluctuations of l e. 
in the rate of exchange, from which the equivalents of prices at intermediate 
rates of exch:rnge can be found by interpolation. At the foot of each column 
heaclcd by the rate of exchange is given the difference in cents per 100 lb. 
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eau ed by a difference of El per 2,240 lb., from which the equivalents of frac
tional values can be quickly arrived at by interpolation. It may be assumed 
roughly that a difference of ls. per 2,240 lb. corresponds to le. per 100 lb., 
6d. =0 . 5c. and 3d. =0.25c. for all rates of exchange between $4.83 and $4.89 
In determining the equivalent of a fractional price with an intermediate rate 
of exchange with absolute accuracy a double interpolation must be made. 

For convenient comparison of the prices of spelter at New York and 
London, the averages reported in pounds sterling per long ton have been 
reduced in the following table to the common basis of cents per pound. The 
statistics for New York have been taken from The Mineral Industry; those 
for London represent the price of ordinary Silesian spelter as reported by the 
Metallgesellschaft. 

AVERAGE ANNUAL PRI CE OF SPELTER IN VARIOUS MARKETS, REDUCED TO 

CENTS PER POUND. 

Year 
1 

New York London Year New York 
1 

London 

1871 .. . .. 4.008 1889 5.023 4.299 
1872 ..... 4.881 1890 5.550 5.048 
1 73 ..... 5 .691 1891 5.020 5.049 
1874 . ... . 4.973 1892 4.630 4.527 
1875 7 .000 5 .232 1893 4.075 3 .783 
1876 7.250 5.068 1894 3 .520 3 .359 
1877 6 .030 4 .333 1895 3.630 3.175 
1878 4.880 3 .888 1896 3 .940 3.608 
1879 5.036 3.609 1897 4.120 3.803 
1880 5.510 3 .989 1898 4 .570 4.443 
1881 5.243 3.538 1899 5.750 5.405 
1882 5 .325 3 .693 1900 4.390 4.407 
1883 4.495 3 .329 1901 4.070 3.702 
1884 4 .443 3.140 1902 4.840 4 .321 
1885 4.345 3.043 1903 5.400 4.560 
1886 4.400 3.097 1904 5.100 4.913 
1887 4.625 3 .302 1905 ,,. 5 .882 5.529 
1888 4.910 3 .932 

The price of spelter has been subject to wide fluctuations, especially in 
the United States, where the range has been from 7. 875c. (the average for 
May, 1876) to 3. 20c. (the average for February, 1895). * The maximum 
price was attained at a time when the market was controlled by a combination 
of producers which was organized for the purpose of enhancing the value of 
spelter and was temporarily successful in doing so. The minimum price was 
quoted during the period of depression which followed the panic of 1893. 

The decline in the price of spelter which began in 1874 and continued, 
with only two checks, until 1885 is attributable chiefl.y to the new supply of 
rich ore that in 1870 began to be offered in the form of blende. At about the 
same time the United States began to be an important producer of zinc, its 
importations from abroad dwindlecl down, ai1d this outlet for European spelter 
gradually became closed. Simultaneously there was a heavy increase in the 
world '. production. Up to 1870 the spelter product of Europe was clerived 

* In February, 1895, speltPr atone time touched 2.90c at St. Loui s. 
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almost exclusively from calamine. Blende had been mined and smelted in 
Belgium as early as 1845, but the output of that Kingdom never attained 
much magnitude. The Belgian production of calamine had been on the 
wane since 1856. In 1870 the Scharley and Marie mines, which had pre
viously been the most important producers in Upper Silesia, came to the end 
of their resources, but in the same year the blende of the district began to be 
utilized, although its production did not assume large proportions until nearly 
10 years later. 

The abnormally high prices for spelter in the United States in 1875 and 
1876 were to a large extent artificial, being due to the manipulations of a 
combination of the western producers, which was formed in the spring of 
1875. In April, 1876, it succeeded in raising the nominal price of spelter to 
Sc., New York, but production had been stimulated, consumption restricted 
and stocks accumulated, so that in June, 1876, the coll!bination was practically 
disrupted, this being followed by a rapid decline in the price. In 1879 and 
1882 syndicates to control production and price were organized in Europe, 
but their efforts were of only temporary effect on the market, which continued 
to sag under the weight of the heavy production. During the decade 1881-
1890 the exports of spelter from Europe to the United States again became 
of considerable importance, attaining a maximum of 11,411 short tons in 
1882 (in which year the American production wa.s 33,765 tons), but since 
1887 foreign spelter has ceased to be of any consequence in the American 
market. In 1888 there was formed in Europe a combination of the French, 
German, and British producers to re trict production, which went into effect 
in 1889 and continued to the end of 1894. This was probably the best-sus
tained effort to regulate the price of spelter, but although it had a temporary 
influence on the market it could not prevent production by new concerns, 
who \Yere led into the business by the attraction of high prices and large pro
fits, and its ends were thus defeated. 

Since 1890 the predominant features in the zinc market have been the 
sagging of prices under increasing production in the early part of the decade; 
the enormously increasing production in the United States and the beginning 
(in 1896) of large exports to Europe; the decrease in the cost of smelting in 
the United States because of the utilization of the natural gas rcsources of 
Kansas and improvements in the metallurgical practice; and the increase 
in the cost of smelting in Europe becau e of the rise in the value of coal, 
especially toward the end of the decade. There was a period of industrial 
depression in both Europe and America in 1 93 to 1895 ; and a recovery, 
which culminated in a boom in 1899 and the early part of 1900; followed by a 
depression in Europe, which caused a great decline in the price of spelter 
there, and sympathetically a corresponding decline in the price in the United 
States, although the period of general indu trial prosperity continued here. 
It will be observed, from the accompanying tables how since 1 90 the Ameri
can price for spelter has preserved a rather constant relation to the European 
price, although spelter in Europe can no longer, under normal conditions, 
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enter the American market. Beginning in 1902, and continuing to the pre
sent writing, there was another period of great industrial activity, creatin~ 
increased demand for spelter, which again carried prices to a high level. 

Yr. 

1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 

AVERAGE MONTHLY PRICE OF ZINC BLENDE ORE AT JOPLIN, MO. 

(Price per 2,000 lb. of ore, in producers ' bins.) 

1 
Mar. _I April Jan. 1 Feb. May June July Aug. Sept. Oct. Nov. Dec. 

--1- - --- -

1 s 
s s s $ $ s s s s s 

24.00 23 .50 23.00 23 . 00 21.50 21.00 21.50 21.00 20.00 20.50 23.50 25.50 
22 . 125 21. 50 21.00 21.125 21.60 21.875 22.50 22 .50 22 .625 22. 75 23.50 24.25 
23 .00 22.50 23 .00 24.62 26.50 28 .50 28.00 28 .37 31.00 33. 70 36.25 37.00 
32 .25 43 .37 43 .40 51.50 50 .50 45.50 44.20 45.00 43.75 43.50 35 . 00 36.00 
30 .23 129 .36 28 .45 28.42 26.92 25.00 24.23 25 .67 24 . 25 24 .25 24 .45 25.40 
23.73 23. 96 23 .70 24.58 24.38 24. 22 24.68 23.88 22 .82 21.63 26 . 15 28.24 
26 . 75 27 . OO 28 .00 28.85 20.23 34.10 34.37 32.50 33.58 ,33.58 32.10 29.25 
34 .50 32.50 135 . 75 37.75 36 .60 36.50 36 .00 36 .00 34.40 34.40 30. 75 30.00 

~u~ rntgg 36.00 36.40 34.63 32.62 35.00 37 .00 40 .40 40 .00 44.25 46.13 
47.40 43.93 43.74 40. 75 43.00 50.24 46.80 49 .37 50 .37 47 .67 

12 mos . 

s 
22.33 
22.28 
28.44 
38 .54 
26 .50 
24 .21 
30 . 73 
34 .44 
37 .40 
47.40 

The statistics of the above table are taken from various volumes of The 
Mineral Industry with the exception of those for 1900 and 1901, for which 
years the values reported by the U. S. Geological Survey have been adopted. 
The Mineral Industry and the U. S. Geological Survey agree as to the values 
for the years 1896- 1899, both inclusive. There are no complete statistics 
available for the years previous to 1896. The Mineral Industry reports the 
following averages: 1889, $25; 1890, $23 .90: 1891, $25.90; 1892, $22.50; 
1893, $19. 25; 1894, $17 . 10. The Mineral Industry made no quotation for 
1895; Prof. Erasmus Haworth, State Geologist of Kansas, gives the average 
for that year as $19. 68. In the earlier years the figures represent the value 
of the average grade of ore marketed. Since 1899 they represent the average 
value of ore assaying 60% zinc. 

In the early part of the decade, 1891-1900, the average grade of the ore 
produced in the district was probably between 56% and 58% Zn; certainly 
not more than 58% . About 1900 the average was probably very close to 
60% , which is rated as the "standard" ore of the district. A good deal of 
ore assaying 62% to 63% Zn is produced, and occasionally lots assaying as 
high as 64. 5% . During the last two or three years the average grade has 
been about 58% zinc, which is representative of the present production. 

10 
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FIG. 3.-0re-picking Belt. 

FIG. 4-r\rrangernent of :ll agnetic Separators at Fricderich~segen, Gcrrnany. 
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FIG. 6 to 9-l\.l agnetic Separator formerly used at Friedrichssegen, Germany. 
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F1 c;s . 10- 11-Ca kining Furna..:e used al Fried r ichssegen, 1;G erma ny . 
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FIG. q-Transverse Section of \Vetherill i\Iag-netic Separat ing Plant at 

Loh111annsfield, Ger111any. 
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FIG. r 5-Plan of Wethe rill Magnelic Separating Plant at Lohmannsfeld, Ge rmany. 
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FIG 16-Transverse Section of \ Vetherill Magnectic Separating Plant at 
Lohrnannsfeld, Gerrnany . 
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Fic. 1 ï- • 8-Mechernich Separator. Diagrams showing forms of Pole Pieces and 
Distribution of Lines Force. 

FH ;s 19-20 - ~I cche rn ic h Se para tor. Diag..a rns sho \\'ing- fonn~ of Pole Picce~ 

and ..,epa ra tion of o re:-,. 





FIG. 21-Mcche rnich Separator. Side Elevalion. 
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Fic. 22-Knowles Se pa ra to r. Side Eleva t ion. 

Fic; . 23-Principle of \\.etherill, Type "E" St>parator . 
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Fi c.. 24- \Ve tl1 e rill, T ype "E," N o. 2 Se pa ra to r . 
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FIG. 25-lnte rna ti ona l Se pa ra to r 
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Fic.. 26 - International Separator. Sectional View. 
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F1 G. 27 .- lnte rnationa l Sepa ra to r . Arma ture and P o le Pieces. 





F1G. 28. -Dings Separator. 





FIG. 29 - \VORK OF KOOTENAY ÜRE Co, KASLO. 
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Fic;. 30.-Blake Separalor. \ · ert ical Sec tion. 





Frc . 31-Blake Separato r ( Experimental T esting Size) In the U.S. Geological Surn~y ·s 
testing plant at Portland Oregon . (;eological Survey, April, : 1906. 





Fic.. 32- Standard Blake Separalor. (Double) Set up in Den\'er 
Shop fo r Te~ting-, ,\ pril, 190 1 . 
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Srn,-

Herewith I beg to submit my report on the mines of the East and West 

Kootenay districts, British Columbia, that showed developed resources of 

zinc ore in 1905. 

This report is based on an examination of the mines which was begun 

Sept. 1, 1905, and was concluded Nov. 20, 1905. The Geological notes, 

based on one or two days examination of the workings of a given mine, 

are intended to convey only a general idea ot the geology of the ore deposits; 

any detailed geological examination was not only impossible t.o carry out 

in the time alloted to the field work, but was also outside the scope of this 

report. 

The tons referred to in this report are uniformly of 2000 pounds. Per

.centages of lead are stated on the results of assays made by the volumetric 

method. 

WALTER RENTON INGALr,s, EsQ., 

Chief Commissioner. 

Yours respectfully, 

PHILIP ARG ALL. 
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AINSWORTH OAMP. 

Ainsworth Camp, or Hot Springs, a::; it was formerly called, is one of 
the oldest mining camps in British Columbia. It is situated on the eastern 
shore of Lake Kootenay, about 28 miles by steamer from Nelson. The 
formation is classed by The Geological Survey of Canada as "Shuswap 
series," Crystalline Archaean; consisting of mica schists, quartzites, gneiss 
and crystalline limestone, penetrated by many recent basic dikes. The ore 
deposits in the schists usually conform to the planes of schistosity, but in 
the limestone are generally of irregular nature, usually replacement. 

The veins while fairly rich in lead are of low silver value, consequently 
when the richer silver lead veins of the Slocan were discovered in 1891, 
there was a stampede from Ainsworth to the richer fields, and since then 
the camp is best described as in a state of suspended animation. Zinc ore 
occurs quite extensively with the galena in the veins; hitherto it has been 
as far as possible eliminated in concentrating the ores and sent down the 
creeks with the waste. With the present high price of zinc and lead, and 
the decided demand for zinc ore of all classes, Ainsworth should again corne 
to the front , more particularly if modern methods of mining and concen
tration are put into efficient use. The ore deposits are on the whole of fair 
size-tbe Blue Bell on the west shore of the lake is, however, an enormous 
minerai deposit-and the tenor of the ores in lead and zinc is fairly good; 
hence with efficient mining and milling on a scale commensurate with the 
deposits, success would undoubtedly accrue and Ainsworth once again 
become a lively mining district. 

Severa! warm springs issue from the hill side in and near the town of 
Ainsworth and have deposited beds of travertine on the steep slopes and 
along the lake shore. The following analysis of these waters is said to have 
been made in 1899, by A. H. Holdich, Royal School of Mines, London , . 
England:-

" The water was colourless, not. q11ite clear, no particular smell, but 
taste salty. Reactiou to litmus paper distinctly alkaline. 

The solid matter in solution is as follows:-· 

Sodium carbonate ...... . ... . ......... .. . .... . 
Sodium silicate . . . ....... . . . .. . 
Sodium chloride .. ......... . .. . 
Lime carbonate ................. .... . .. . ... . 
Magnesia sulphate .......... . ............. . . . 
Oxide of iron .. .. .. . ..... . . . .. . ..... ...... .. . 

Total solids ... . . . .. .. ..... ... ........ . 

31. 1 grains per Imperia! gallon . 
9 .5 " " 
7 .2 

26 .2 
3.6 
0 .9 

78 . 5 

" 

Ko bromine or iodinc, and the iron which probably exists as carbonate 
is very small. I consider the water too alkaline for general use t.hough 
there may be special causes where it might be useful from a medical poin t 
of view." 
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The amount of carbonates and silica in solution is very suggestive, 
and it may be that mineral veins are now in course of formation by tbese 
waters in rock fissures and cavities adjacent to the town, while fully matured 
veins are being worked in similar formation three quarters of a mile away. 

HIGHLANDER MILL A D MINI G COMPANY. 

The property of the Highlander Mill and Mining Company at Ainsworth 
Camp consists of seven (7) claims aggregating 380 acres, developed by 2,766 
feet of tunnel work, 1,227 feet of drifts in the veins and 430 feet of winzes 
and raises. 

The Highlander vein varies from 25 feet down to about 2 feet in width, 
and may be said to average 3 feet of concentrating ore in the shoots opened 
on the main Higblander tunnel-horizon south drift. About 700 tons of 
lead concentrates and 100 tons of hand sorted lead ore have been shipped 
from this property and is said to average 67% lead, 4% zinr. and 22 ozs. of 
sil ver. 

HIGHLA DER MINE. 

The Highlander vein was discovered in 1890. It outcrops on the summit 
of the steep escarpment on the western side of Lake Kootenay, about 1,100 
feet above high water. A short t.unnel intersects the vein 100 feet below 
its outcrop, and development is contim1ed by a sbaft for a depth of 170 
feet from the outcrop of the vein. Later, a main tunnel was started, now 
known as the Highlander tunnel, to open up this vein at a depth of 750 
feet vertically below its apex, or 1,000 feet on the dip of the veiu. The 
portal of this tunnel is situated about 350 feet above the Jake and one mile 
south of the town of Ainsworth. 

After penetrating the wash, the tunnel entered the mica schists of the dis
trict, and at a distance of 225 feet from the portal intersected what is known 
as the "Tariff" vein. (See Plate o. I). At 350 feet the schists gradually 
became harder, passing by insensible gradations into gneiss, through which 
the tunnel penetrates for a distance of 1,200 feet. In the centre of this 
mas of gneiss the crystallization becomes coarse, the rock in places pre
senting a granitic appearance, but on nearing the main Iode again become 
schistose and the nin is intersected at 1,560 feet from the portal, with a 
westerly dip of 45° giving the following general section. The footwall 
portion shmYs a banded structure of quartz and dark slaty rock, c0ntaining 
some seams of calcite, occupying a "·idth of 2 feet (Plate No. II), next cornes 
2 feet of gray porphyritic Yein filling, possibly a portion of a small dike, 
the hanging wall of \Yhich is polished and shows slickenside markings. Rest
ing on this \rnll is a seam of quartz and slate breccia cemente~ by a por
ph)Titic grouncl ma. . . The remaining portion of the Yein ronsists of dark 
schists containing irregular leuses of Yein quartz , the whole occupying a 
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width of 25 feet between walls, but does not contain pay ore in any part, 
truly a rather disappointing showing after so much expense. On drifting 
to the south, however, pay ore was found in the foot wall portion of the vein. 

On reference to Plate No. I it will be seen that this main vein was eut 
in the exact position that the prolongation of the dip from the surface work
ings on the Highlander vein would indicate; therefore it was assumed to be 
the Highlander vein; but considering the 900 feet of 1mexplored ground 
between this tunnel and the surface workings on the Highlander, it must 
be freely admitted that it is simply a matter of conjecture. A basic dyke 
four feet in thickness cuts almost vertically through the vein on the tunnel 
horizon, as shown in Plates I and II. 

The hanging wall streak of this composite Iode is continuous quartz 
that has been drifted on northerly for about 80 feet, showing a fairly regular 
seam (avera.ging 30 inches thick) of white and blocky quartz, but devoid 
of mineral. 

Crossing these quartz lenses in the tunnel, at about right angles to the 
dip, is a sheeted zone showing four open fissures, varying from 0 . 5 to 4 inches 
in width, as seen on the line of the main tunnel; giving a basis for the im
pression that t.his portion of the vein has an easterly dip. Passing westerly 
along the main tunnel, the mica schists become harder , more silicified, and 
various breaks or open fissures occur between the hanging wall of the High
lander vein and the face of the main tunnel, a distance of 1,014 feet. 

On account of poor ventilation and the amount of water that was 
issuing from the joints and fissures, I found it impossible to examine care
fully the rock structure between the Highlander vein and the face of the 
tunnel. One large fissure was, however, encountered, said to contain mostly 
loose calcite, which burst out several times in the tunnel, but was timbered 
up closely at the time of my examination. 

At the present face of the tunnel, 1,014 feet from the hanging wall of 
the Highlander vein, another vein was encountered, with a strike North 50° 
West, and clip 25° westerly. This has been opened up on both sides of the 
tunnel for a total distance of 50 feet, and consists of an irregular qnartz lens 
varying from 2 inches up to 15 inches in thickness, showing some very pale 
iron pyrites with a little siderite and calcite, a clay gouge of about 6 inches 
and a hanging wall of mica schist. This point is 2,610 feet from the portal 
of the tunnel and about 1,400 feet vertical below the surface of the mountain. 
The vein conforms, as far as can be seen, ,-'1th the strike and dip of the schists, 
and while the showing is very poor, there is a possibility that drifting on 
the strike of the vein might open up some pockets of pay ore. Work, how
ever, had been suspended in this place for some time prior to my examina
tion. 

The la t 300 feet in the main tunnel is a poor piece of work, crooked, 
and at extremely bad grade, but on account of the numerous slips and open 
fissures that have been encountered, ail of which are discharging consider
able water. it. was doubtle s an expensive and rather difficult place to operate. 
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Returning now to the point where the Highlander vein was intcrsected 
(1,560 feet from the portal of the tunnel) a drift extends southerly along 
the foot wall; while the vein was entirely barren where intersected, some 
blende was discovered at about 50 feet south of the tunnel and continued 
for 100 feet in length; then 50 feet of ba.rren vein came in, followcd by about 
150 feet of vein matter, averaging about 5 feet in width and containing about 
2 feet of pay streak, sho'\\7ing zinc blende and galena. Sample No. 51 was 
taken across the pay streak 320 feet south of the tunnel, and gave the fol
lowing result: Sil ver 4 ozs., Lead 21. 8%, Zinc 7. 23; width sampled 2 
feet. At 400 feet south a winze had been sunk 52 feet, the vein having here 
a dip of 45 degrees to the west and varying from 6 to 12 feet wide. At the 
collar of the winze there is a very good bunch of galena which carried down 
nearly 2 feet wide of a pay streak, following the hanging wall, for a distance 
of 30 feet along the winze, and from 18 inches to 24 inches of mixed zinc 
blende and gangne resting on the foot wall. 

The vein here shows a banded structure with a large development of 
calcite as vein filling, together with siderite and schist; the hanging wall is 
very smooth and regular, next toit a 6 inch clay gouge occurs, the whole forma
tion presenting the general appearance of a bedded deposit. A drift has been 
advanced about 40 feet northerly from the bottom of the winze and in places 
this shows quite a mass of porphyry and zinc blende fragments, encrusted 
with siderite and zinc blende in alternating layers. The galena in the vein 
rather favors a calcite gangue, makes near the hanging wall gouge, and in
variably contains a sprinkling of chalcopyrite. Plate ITI is a good illus
tration of crustification and the order of minera! deposition in the High
lander vein. 

(P) is a porphyry fragment cubical in shape, covered with a film of 
siderite; next an envelope of zinc blende t inch in thickness imrrounds the 
cubc-like piece of porphyry, following which is a coating of siderite t inch 
thick, which is in turn surrounded by a thin film of zinc blende forming the 
outer layer, coïncident with that of the fragment above it. 

Irnmediately above the porphyry fragment marked (P) a similar one 
occurs with its longer axis at right angles to that of (P). On this upper 
fragment the same order of deposition can be seen, but not in su ch regularity; 
the zinc blende is merely a film around the bottom and sides of the fragment, 
while on top it is t inch thick; the siderite layer following the zinc is qui te 
regular on the sides and top, while the outer film of zinc blende roughly 
traces a figure 8 around both fragments. 

To the left of (P) occurs a solid piece of zinc blende enveloped in siderite 
and outsicle that, in places, zinc blende, but not in regular envelope. To 
the right of (P) another porphyry fragment can be seen surrounded by blende 
and siderite in the manner previonsly described. In the lower part of the 
specimen, which corresponds with one of the vein wall , the zinc blende 
is in streaks parallel with the "·ail. and contains some pyrites and galena 
associated '\\'ith quartz. The "·hite !!round-mass is silicious iderite. 
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The general order of mineral deposition around the porphyry breccia 
is first a film of siderite; then zinc blende, third, siderite and fourth zinc 
blende as a very thin outer coating of the fragments and beyond that the 
siderite ground-mass cements everything solidly. 

Thirty feet south of the winze on the main level, a raise has been put up 
about 200 feet, which, for the first 60 feet shows a very fair vein with a pay 
streak, varying from 18 inches to 24 inches of blende and galena, the siderite 
and calcite gangue being very similar to that seen in the winze below, but 
the galena is Jess plentifu1. Sample No. 52 was taken across this vein in two 
cuts, for a width of 18 inches, about 30 feet above the level. It assayed: 
Silver 1. 9 ozs., lead nil., zinc 13. 9%. The main level extends on the vein 
300 feet southerly from the winze, for the last 200 feet of which the lode 
becomes bard and unproductive, the face of the drift showing a porphyry 
structure, and it looks as if at this place a gray porphyry dyke occupied part 
of the vein. 

Two cross-cuts have been driven into the hanging wall of the vein 
between the main cross-eut tunnel and the face of the southern drift, without 
showing up any mineralization, but the foot wall portion, as opened on this 
level for a distance of 350 feet, shows an extremely well rrûneralized deposit 
with a pay streak t.hat would average about 2 feet wide of a composition 
similar to that indicated in the samples above referred to, both of which 
were taken from two cuts across the vein. The best showing is in the bot
tom of the level but owing to the wet nature of the country and the prevalence 
of fissures in this rather open vein structure, rrûning below the level will, 
no doubt, be hazardous and expensive. A tunnel can be brought in 320 
feet deeper, but it will necessitate driving about 2,800 feet and would not 
be warranted without considerable further development on the vein and 
the opening up of large quantities of pay ores. 

The water is purnped from the winze and the ore hoisted by compressed 
air delivered from the Taylor Air Compressing Plant situated on Coffee 
Creek about two rrûles south of the mine. There is no opening to surface 
except the main tunnel; the only ventilation in the mine is that suppliecl 
by the compressed air, which is insufficient, as carbonic acid is very pre
valent, and in many of the workings a candle will scarcely burn. 

Although tbere are 900 feet of backs above the tunnel level available 
for stoping no prospect raises bave been put up, except the one described. 
One or more raises should be pushed through t.o surface, as in su ch a strong 
vein there is every probability of good shoots of pay ore being found above 
the tunnel level. 

It is interesting to note a comparatively fiat deposit , conforming to the 
planes of schisto ity of the enclosing rock, which continues so regular and 
strong at a depth of nearl y 1,000 feet from surface, and under such a mass of 
superincumbent rock. 

The appearanceof the Higlùandervein in places would suggestthatasmall 
stratum of limestone had been in part replaced by ore, and the solution 
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and re-crystallization of the limestone had restùted in consideraLle settling 
of the hanging wall and general rock movement adjacent to the vein. There 
is also evidence that in various places a porphyry dyke occurs within the 
vein. 

The Highlander property bas the appearance of having had far too 
much money squandered on the main tunnel, in search of elusive veins at 
great depth, to t.he neglect of the large vein, which is really a first class 
prospect and deserving of thorough development. 

The Highlander tunnel is connected by wire tram with a concentration 
mill on the shore of the Kootenay Lake. The tram serves to transport 
both the milling and hand-sorted ore, and the latter, together with the concen
trates is shipped in barges from the mill. This mill was not examined as 
it, has not been operated for somc tirne. The management was, at the time 
of my visit, figuring on shipping the crude ore in bulk to the smelter, after 
a preparatory band sorting, and in this way securing the benefit in a smelter 
rate from the carbonate of iron and lime that the ore contains, and saving 
the loss incident to concentration. Though the freight and smelting charge 
must be necessarily higher than the combined rate on concentrates, yet, 
the managemeut considers the bulk shipments more profitable. Considering 
the low tenor of the ore and its intimate association with the gangm', the 
experiment does not appeal very favourably to me. 

TARIFF MINE. 

The so-called Tariff vein, where intersected in the Highlander tunnel, 
is sirnply a clay gouge with an inclination varying from 10° to 30° westerly. 
The vein, as followed in the sonth drift, varies from merely a clay parting 
up to a couple of feet in thickness of quartz and calcite. ear the end 
of the drift a cross-eut was pushed into the foot wall 80 feet, and a drift 
was advanced 20 feet soutberly on a small veinlet, slwwing a sprinkling 
of blende and galena near the face. Generally speaking one would scarcely 
recognize anything in this drift as an important minerai vein. H is prac:ti
cally an irregular series of small quartz lenses conforming to the planes of 
schistosity, containing in places some calcite and a little clay gouge. Practi
cally, iherc is no mineralization in the vein at this depth, and as no conneciion 
has been made with the Tariff workings at surface there is nothing to show 
that it is the same vein, though the probabilities are strongly in favor of its 
heing so. 

The main workings on the Tariff vein consist of an incline-shaft, 175 
feet vertically above the Highlander tunnel (aneroid reading). Passing 
clown this incline cverything is stoped out from the first level to smface. 

On the serond level the vcin bas a strike of north 20° west and the dip 
from surface to ibis level is 25 degrees westerly. The level extends for 
ahout 250 feet , and the ground has bf>en fairly well stoped out on either sicle of 
the shaft. The win is very regnlar in strike and dip and is stoped to a width 
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of about 3 feet, the workings in places reaching 5 feet in width. The vein 
occurs in mica schist and is corn.formable with the planes of schistosity; the 
hanging wall is ext.remely smoot.h and regular. 

On the third level a cross-eut east, hehind the shaft, passes through the 
foot wall and opens up ·a pa.rallel vein, 50 feet distant from the main vein, 
on which about 250 feet of drifting was clone. I could not detect any par
ticular values in the north drift, but the southern one showed some zinc 
near the face. . 

Passing south from the incline-shaft on this level I found the stoping 
had not been carried below the fioor. The vein there is practically a.11 
quartz, showing a little disseminated pyrites. In the southern face of the 
stopes it consists of 2 feet of quartz on the foot , and close to the hanging 
wall a 1 inch seam of fine grained blende carrying galena in fine specks. 

The face of the drift 10 feet further south shows quartz and schist only, 
for a width of 2 feet, and is barren of pay mineral. In the north end of this 
stope, 30 feet north from the face of the drift, the vein shows for a width of 
30 inches. Next the hanging wall there is 1 inch of blende, then 2 inch of 
quartz, followed by 9 inch of fairly solid blende (containing, however, some 
quartz breccia) , and below that 18 inch of quartz and schist withalittle blende 
distributed through the joints and cleavage plains. This ore, however, does 
not continue for any considerable distance along the leYel, in as much as at a 
point 10 feet farther north the vein is apparent.ly filled with quartz for a 
width of 3 feet and shows no appreciable mineralization. 

Descending to the next level, which extends north only, or in the oppo
site direction to the last, considerable stoping has been done, and in one 
place a winze haS" been put clown and a small stope opened belo\v the level. 
Practically, however, this level forms the bottom of the northern stopes, just 
as the level above forms the bottom of the southern ones. This north level 
for the greater part of the distance consists of quartz and calcite, the former 
predoruinating. I could detect but little mineralization at any point. At 
this level a short drift extends southerly, showing a vein about 2t feet 
wide, mostly quartz but not containing any pay minerals. A winze was 
started in the fioor of the level and sunk 5 feet, showing a fair vein of ciuartz 
and calcite, but no pay minerals. The shaft extends at least 50 feet below 
this level at which point water was encountered. The level previously 
described has been recently under water and was smeared with mud and 
very difficult to examine. There was no one present to represent the owner 
of this property, which has been abandoned for several years, and the work
ings were scarcely safe, but having been informed there was considerable zinc 
showing in the old workings, I ventured to make the examination without a 
guide. 

Judging from the stopes, the vein so far as developed, contained one 
good shoot of galena together with a Iittle blende, near the surface; which 
has been to all intents and purposes stoped out to the extreme boundaries 
of the shoot, and in depth, . o far as any pay ore could be followecl. Other 
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shoots may, however, be found by development on the strike of the vein to 
the south. 

It it evident that the ore shoot splits in depth in two prongs, and the 
ore becomes more silicious; quartz predominates and little, if any, galena 
or blende can be noticed in the lowest workings. This fact, taken in connec
tion with the showing made on the drift from the Highlander tunnel augurs 
badly for a profitable exploration of this vein in depth. The easterly vein 
reached by a cross-eut from the incline-shaft has the best showing at that 
depth, and the few traces of ore found in the workings from the Highlander 
tunnel also occur in this easterly vein, at least the probabilities are such; 
for, as previously stated, neither vein has been connected between this 
tunnel horizon and the old workings above. 

BLUE BELL AND KOOTENAY CHIEF MINING CLAil\Œ. 

On the east shore of Kootenay Lake, opposite the town of Ainsworth, 
important ore deposits occur on what might be described as a small penin
sula, 5,400 feet in length by about 1,000 feet in width. This peninsula rises 
to a height of from 150 to 200 feet above high water level of the lake, and 
is partially separated from the main land by a shallow valley terminating 
in two small bays known as North Bay and Galena Bay. The mineral out
crops, and thcir supposetl continuations are covered by the Arcade, Comfort, 
Blue Bell and Kootenay Chief mining daims, the last covering the ex
treme southern point of the peninsula, and extending 1,000 feet up the west 
shore of Galena Bay. 

KooTENAY CHIEF.-Ûn the southern point of the Kootenay Chief 
(Plate VI) there is considerable exposure of mineral in marbleized limestone, 
exhibiting a well pronounced shearing structure, in the larger and more 
open zones of which mineral solutions have circulated and replaced certain 
strata of limestone, presumably by metasomatic process of ore deposition. 
This mineralized zone may possibly extend northerly for a distance of 800 
feet, the shearing taking an east and west (magnetic) course, crossing the 
point of the peninsula. The ore expo ed in the limestone around the' point 
of the peninsula is mo~tly pyrites and pyrrhotite, with a little galena, 
and in places a considerable showing of blende. The rnineral in the larger 
shear zones, or east and west fissures, appears for the most part thoronghly 
oxidized and stands out in marked contrast to the horizontal deposits in 
the limestone; it is, in fact, an admirable place to study the genetic relation 
of the ore deposits to the sheeted fissures. The limestone is here covered 
\\ith harcl rnicaceous schist; the upper st rata of the limestone also show 
considerable muscovite in the bedding planes, and in a few instances it can 
be noticrd in the joint structure of the limestone rock. This limestone, as 
prcviously noteù, has been throughly rnarbleized, and though it contains 
numerous streaks of o-rcyish slaty matter, yet large beds occur of white 
crystalline marble. I could not determinc the thickness of this limeston e 
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formation, but I have no doubt the ore deposits will continue to the bottom 
of the lirnestone, and some of the larger fissures will probably extend, carry
ing pay ore, to that depth at least. 

On the shore of Galena Bay, at a place about 100 feet north from the 
extreme point of the peninsula, I took sample No. 54 from a bed of ore 6 
feet thick, making two cuts for the entire height. This sample showed con
siderable iron pyrites, some pyrrhotite a little lead and considera~le blende. 
A little siderite occurs in the bed with the other minerals, and some actinolite. 
The sample assayed: silver 1.3 ozs., lead 4.9%, zinc 27.5% . About opposite 
to this sample and around the point on the lake shore, I took sample No. 53 
from a bed consisting almost entirely of pyrites and pyrrhotite, though 
showing a little blende and galena. It assayed: silver 0.8 ozs., lead 2.4%, 
zinc 5.9%, for a thickness of seven feet. Stratigraphically this bed is about 
20 feet above the one sampled by No. 54. It, however, contained a con
sidel'able development of actinolite in the ore deposit. The east and west 
fissures in the sheeted zone stand almost vertical, and could in places be 
traced along the shore and into the cliff. They contain oxidized ores, and 
occasionally developments of calcite crystals. 

Very little work has been done here, simply a few shots in one or two 
places, the whole mass being no doubt too low grade to pay for working 
in the past. It also looks as if a better minerai would be found at greater 
depth , but owing to the close proximity of the lake and Galena Bay, and 
the fissures striking east and west from river to bay, the water question 
will undoubtedly prove troublesome in mining below the water level. 

BLUE BELL.-The principal deposit, so far developed on the peninsula, 
occurs on the Blue Bell claim adjoining the Kootenay Chief to the north, 
and at a point about the centre of the peninsula where two large open cuts 
have been excavated in another sheeted zone, cutting through limestone 
formation and consisting of four principal and several minor fissures con
verging slightly on their western strike as more clearly shown from the 
workings in the main tunnel (Plate IV). It would appear that the main 
fissures will converge at a point on their strike 500 feet from the place where 
the main tunnel intersects the western fissure. The open cuts on the surface 
expose the formation for a width of 150 feet in one eut and 75 feet in another, 
separated from the first open eut by a band of limestone 50 feet wide. The 
limestone in the main open eut shows in the face 60 feet high, replaced in 
part by pyrites, pyrrhotite, blende and galena, while immediately below 
the floor of this open eut an immense gallery has been excavated to an 
average width of 0 feet, a length of 200 feet and height of 25 feet. 

At the time this excavation was made, blende was of no value and the 
stoping was conducted in search of galena. The property has been id.J.e for 
almost 10 year , but has recently been taken up by the Canadian l\Ietal 
Company of Frank, Alberta, and the workings, at the time of my visit, 
were being cleanecl out preparatory to resuming opcrations. 

The property was last workccl through a main tunnel having its portal 
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in a smail bay at an elevation of 25 feet above the low water mark of Kootenay 
Lake. A substantial wharf is erected here, together with ore bins to facilitate 
shipping the ore to Pilot Bay, where the former company established a con
centration and smelting works (Plate XII). Just why it went to the expense 
of loading the crude ore on barges and towing them down to Pilot Bay, a 
distance of 8 miles, and then unloading the ore again before concentrating, 
it is difficult to imagine. The concentrator should by ail means have been 
erected at the tunnel mouth where a good water power might easily have 
been developed from the creek north of the mine, and the ore reduced and 
concentrated without further expense in moving waste rock. 

A good air-compressor, operated by steam, is erected at the tunnel 
mouth, together with a blacksmith's shop, and the usual mining buildings, 
ail in a fair state of preservation (Plate X). 

A map of the property made in 1892, shows the strike of the Blue Bell 
vein to be practicaily north and south, whereas the strike of the sheeted 
zone and mineralization is almost east and west (magnetic), or at right 
angles to that shown on the map as the "strike of the vein or deposit." 
Proceeding on these lines the main tunnel was doubtless advanced on a 
course that intersected a main fissure 560 feet from the portal. Had it been 
advanced in a more northerly direction, say on the line A.B. of Plate IV, 
the principal ore body would have been intersected in about the center of 
the proved mineralization. The sheeted zone as proved by this main tunnel 
is 120 feet in width and there should be 80 to 100 feet more of this sheeting 
to the north, as will be observed from the section, Plate V. 

The tunnel gives the following section : 20 feet of wash, 103 feet of 
mica schist, then a bed of white marble which has been opened up somewhat 
and in places shows a development of large calcite crystals. The strike of 
the beds as shown by this opening is north and south (magnetic), with a 
dip of 35 degrees to the west. The vein of marble is 10 feet thick and its 
foot wall on the tunnel is also mica schist, but in a few feet a basic dike is 
encountered 15 feet in width. The tunnel next penetrates 50 feet of mica 
schist, then 28 feet of quartzite, followed by 50 feet of schist. When the 
main limestone series is met with , in which the ore occurs, and at a point 
360 feet from the tunnel's portal, drifts extend easterly and westerly in this 
ore zone, and considerable stoping has been done for a distance of 60 feet 
west of the main tunnel. The ore exposed is mostly heavy iron sulphide, 
showing in places a little galena, together with some blende. The west face 
is apparently nearing the schist, while the sides of the drift or stope, 1 feet 
'vide, is in white marble with quartz stringers. This stope was probably 
worked for lead, and doubtless with unsatisfactory results. This minerai 
zone has a width of 60 feet. 

As previously stated, the main sheeted zone was intersected at 560 
feet from the portal, at which point the tunnel was turned to a magnetic 
north course, intersecting four or five of the fissures and extending west 
on the first main fissure 160 feet, at which point the stope was abandoned 
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in very good ore. Sample No. 55 was taken on the south side of the breast, 
8 feet in thickness, assaying: 4.8 ozs. silver, 23.4% lead, and 19.5% zinc. 
Io. 56 was taken in the center of the breast extending from the roof to a 

depth of 6 feet. The ore I believe extends to the fl.oor of the stope, a 
distance of 10 feet from the roof, but could not be sampled on account 
of an accumulation of broken rock in the face. This sample assayed: silver 
0.5 ozs., lead 0.4%, zinc 31.9%. No. 57 was taken on the north side of the 
stope beside the main fissure. It assayed: silver 2.1 ozs. lead 11.3%, zinc 
10.9%, for a height of 8 feet. AU these samples show very good blende 
and rather pure galena, together with some iron pyrites and pyrrhotite, 
in a crystalline limestone gangue; some quartz containing chalcopyrite is 
in places developed adjacent to the fissures. The face of this stope is 22 
feet wide, and will average, for a height of 8 feet, 2.5 ozs. silver per ton, 
11.7% lead, and 20.8% zinc, a remarkably fine showing. Fifty feet east 
of the face a stope over the level communicated with the fl.oor of the grand 
gallery above. Sample No. 59 was taken in this stope 6 feet below the 
fl.oor of the gallery, for a height of 3 feet; it gave the following assay: silver 
2.1 ozs., lead 15.7%, zinc 21.13. Passing up into the grand gallery, sample 
No. 58 was taken near the face of the old workings immediately above the 
stope on the leYel below, on which Nos. 55-57 were taken. This sample 
was 4 feet thick, of bigh grade zinc ore, assaying: silver 1.3 ozs., lead 23, 
and zinc 34.5%. It. was, however, from a stratuiu about 15 feet above 
the one on which the lower stope was operatcd. Sample No .. 58 was from 
the south wall of the grand gallery, opposite a cross-eut, extending 30 feet 
into the north wall of these workings. The sheeted zone exposed here, for 
a width of 110 feet, shows six almost parnllcl fissures. 

Returning to the main tunnel level , the stope where No. 56 sample was 
taken, will (when advanced 40 feet westerly) break into the largest stope 
on this level, which has been opened on a main central fissure and followed 
for a distance of 240 feet from the point where the tunnel intersects the 
first main fissure. Here the ore has dipped below the fl.oor of the stope and 
the -overlying muscovite schist· must be close at hand. The western face 
of the stope for its full width is practically barren of ore, but contains a 
little quartz in the massive beds of white marble. There are, however, a 
few patches of pyrites and pyrrhotite in the marble and several grey slaty 
streaks following the assumed bedding planes. Along the north side of this 
stope a little ore is seen, mostly, however, pyrites. This probably results 
from the next northern fissure, which passes tlu-ough the shaft and has nor 
been explored beyond that point. The strike, however, will bring it neat 
the present northern face of the big stope. The prospect of finding ore by 
drifting north-east from the big stope is therefore somewhat encouraging. 
The shaft, I am informed, is about 36 feet below the tunnel level, and a 
drift extends southerly 60 feet, with what results I could not determine 
as the shaft was full of water. 

Reference to the photographs (Plates Nos. VII, VIII, IX, and XI) will 
11 
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show the general appearance of the open cuts, and in part, the structure of 
this immense deposit much clearer than any written description can portray 
it. 

The Blue Bell ore deposit is, in my opinion, genetically related to the 
zone of fissuring extending in the crystalline limestone across the peninsula. 
Through the fissures in this sheeted zone mineral-bearing solutions cir
culated and attacked certain of the favourable beds or bands of limestone, 
depositing metasomatically the great ore beds and irregular masses of mixed 
sulphides. Sometimes they completely replaced a given bed for consider
able distances, but more often with the irregularity of such deposits, skipped 
certain portions of an apparently favourable bed, and then again formed 
another deposit in this same bed, further along the strike of the fissure. 
A certain stratum for example, may at one point be replaced by ore for a 
thickness of 7 feet, extending across the full width of the sheeted zone, 
while 50 feet away the same stratum may only carry ore adjacent to the 
main fissures; or it may be entirely barren. Usually, however, certain 
favourable strata contain irregular ore deposits adjacent to the fissures so 
far as development has followed their western strike; therefore it is reason
able to assume that if the converging fissures continue westerly and inter
sect, large ore bodies should be found in that extensively sheared and frac
tured zone. 

The key of this deposit is apparently the fissures. There is good reason 
to expect pay ore in the crystalline limestone anywhere along their strike 
and in depth to the bottom of the limestone, in such places as favourable 
beds have been subjected to the mineralizing influence of circulating solu
tions. It is difficult to form an opinion as to the condition incident to a 
change of formation in depth, say from limestone into schist. However, 
as there is no appreciable faulting as a result of the fissuring, I rather incline 
to the opinion that the fissuring will disappear at a moderate depth in the 
underlying schist, though some one main ore bearing fissure may be found 
to continue to considerable depth in the underlying formation. 

About the only development work carried out by the former owners 
of the Blue Bell-outside the main tunnel-was by stoping; no effort was 
made to show up either the length, width or depth of the ore deposit, though 
the conditions for proving up its extent by diamond drilling are ideal. The 
new company had not commenced mining work at the time of my examina
tion; hence any attempt to estimate closely the tonnage or even the value 
of this very large ore deposit, is simply an impossibility. 

During the former working of the Blue Bell property for lead, the zinc 
and pyritic ores were avoided; the new company is, however, primarily in 
the field for zinc ore and should mine the entire deposit up to the limits 
of pay ore. On such a basis there is undoubtedly ore enough above the 
level of the lake to keep a 200-ton concentrating mill well supplied for several 
years. Considering the great size of the stopes and chambers now existing, 
the great width of the mineralized zone, and the depth to which the ore 
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extends, the economic rmnmg of this ore, in mass, presents an interesting 
problem, the proper solution of which is a matter of the very first impor
tance, to the end that the best system to meet the peculiar conditions shall 
be adopted. 

KRAO ·MINE. 

This property lies at an elevation of about 1,260 feet above Ainsworth, 
with which it is connected by a good mountain wagon road, about 3! miles 
in length. The property, consisting of one mining claim (20.66 acres), is 
located on a creek following a depression along a comparatively fiat step, 
which joins the steep escarpment rising about 1,100 feet above Lake Kootenay. 
Along this bench a thick seam of white, crystalline limestone (marble) out
crops and can be traced for a couple of miles along the mountain side, chiefiy 
to the north of this property, which I shall for distinction call the Krao lime
stone. A continuous line of claims is staked along this limestone outcrop 
for probably a mile and a half. 

At the Krao mine the limestone exhibits a sheeted structure and there 
is probably a fault running parallel with the creek at this point, but no 
evidence of it could be detected other than the continuous sharp depression, 
as previously noted. In the sheeted zone at the Krao the limestone is 
impregnated with galena and some blende, siderite often filling the fissures , 
while the circulating waters have dissolved irregular pipe like cavities in the 
limestone, which have later become lined with mineral, chiefiy galena, next 
to the limestone, with an outer coating of blende and siderite. The deposit has 
been stripped at surface for a width of about 60 f{'et and a length of 1.50 
feet, and 6,858 tons averaging 22 ozs. silver, 123 lead, and 83 zinc had 
been quarried out, hand sorted and shipped to the smelters prior to October 
31, 1905. The ore apparently runs fairly well in silver, and wire silver is 
a common occurrence in the cavities and joint planes within the mineralized 
area. 

Three men were at work shooting out the ledge for a width of about 30 
feet, sorting it over and sacking the sorted ore for shipment. The open 
eut had reached a depth of about 12 feet. The fissure near the hanging wall 
appears to be the larger of the group, and contains considerable iron oxide 
resulting from the decomposition of the originally contained ores, in fact 
ail the sheeting planes near the surface, and many of the vugs and pipes, 
are filled with this oxidized material in which rich silver ore and wire silver 
are very often found. 

A shaft was sunk on the hanging near the main fissure to a depth, I am 
informed, exceeding 100 feet, but at the time of my visit the water level 
was reached at 35 feet at which point a cross-eut extended about IO feet 
into the sheeted zone, exposing a mass of white crystalline limestone pene
trated by numerous irregular tubes and vugs, lined with galena and siclerite 
(Plate XIII, Fig. 2). The galena has also penetrated the crystalline limestone 
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for some distance from those tubes and vugs and from the fissures in its 
mass (Plate XIII, Fig. 1). The vein was exposed at this depth for a length 
of about 30 feet, extending for a short distance on either side of the shah. 
The northern face exhibited a very rich appearance owing to the good show
ing of galena, while the south side was much poorer in galena and more 
quartzose. The shearing has a strike of north 45° west and a westerly dip 
of about 80 degrees. I should judge from the hardness of the limestone 
that it was somewhat silicified by the ore bearing solutions which circulated 
within it. 

This property presents, on a small scale, the same phenomena as the 
Blue Bell property on the east side of Kootenay Lake. Very little develop
ment has been carried out, and one can only class it to-day as a very pro
rrùsing prospect, in which development in depth may prove up good payable 
ore deposits. 

STAR VEIN. 

Proceeding northerly along the Krao limestone for a distance of about 
2 miles and past several prospects, the Star vein is reached at an elevation 
of 1,800 feet above Ainsworth. The Krao limestone outcrops boldly at this 

· place with a strike of north 30° west, and a westerly clip of 30 degrees. Two 
short inclines have followed down a mineralized stratum for some distance 
and a center incline is evidently communicated with a tunnel run in from 
the bluff below. In the shaft-house at this incline some galena and lead 
carbonates were sacked, showing that some values had been obtained in the 
course of development. There was very little zinc showing in any of the 
ores at the shaft-house, and the workings were not in a safe condition for 
examination. I was informed that a new tunnel had been started last 
year to get the vein at considerable depth, but work had been abandoned 
during the winter. 

SPOKA E. 

Coming down from the Star claim to Ainsworth over the old Bridie 
trail, the Spokane vein was crossed, bearing north 50° west, with a westerly 
dip of 40 degrees, showing an extremely regular vein about 2 feet in width, 
r.onsisting of 6 inches of gouge on the hanging wall, followed by 4 inches of 
galena, under which was 10 inches of quartz and calcite. This vein has mica 
schist hanging and foot walls. A lead streak crops out with considerable 
regularity for 1 OO feet along the hillside where the vein had been stripped, 
almost as regular as a line (Plate XIII, Fig. 3). The prospect is at an 
elevation of 940 feet above Ainsworth, measurPd at the one incline-shaft 
on the property , depth of which could not be ascertained. 
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OLD JEFF. 

Descending along the Bridle trail the Old Jeff location was visited, 
situated at an elevation of 500 feet above Ainsworth. ~wo short inclines 
have slightly opened this vein, which appears to be about 2 feet wide, en
closed in mica schist and showing a little galena and blende intimately 
mixed with silica, as the vein is largely composed of quartz. The develop
ment is insignificant, and further work is necessary to show up pay ore, 
provided it occurs in the vein in the locality of the present prospect holes. 

GLENGARRY. 

This property joins the Krao to the south. It has a fissure vein, which 
bears east and west at surface, with a southerly clip of 70 degrees, crossing 
the schist formation. The workings were full of water at the time of my 
visit, but the late owner of the property informed me that the shaft was 65 
feet deep, and that a little drifting had been clone at the bottom. The ore 
from the drift he said ran from 8 to 10 ozs. in silver and 44% zinc. 

A small open eut at the surface showed a vein about 3 feet wide, contain
ing some very fair looking blende associated with quartz and decomposition 
products. 

This property has recently been taken in hand by the Canadian Metal 
Company of Frank, Alberta, which was erecting a hoist and gallows frame 
preparatory to pumping out the water and resuming work. The machlnery 
will be operated by compressed air from the Taylor Compressing Plant, 
situated on Coffee Creek one and one-half miles distant .from the mine. The 
same air line is also being extended to the United mines about 1,600 feet 
northwesterly from the Glengarry. 

UNITED MINES. 

This property is situated a little further up the hill in a northwesterly 
direction from the Glengarry, the collar of the shaft being about 1,350 feet 
above the lake, and connected with the wharf at Ainsworth by a very good 
mountain wagon-road. The vein is exposed in two places at surface, and 
contains considerable galena together with some blende. The shaft, ,which 
is full of water, is said to be 170 feet deep, with levels extending east and 
west in the vcin at a depth of 50 feet, and for a distance of 80 fcet on either 
sicle of the shaft. From the shaft and this drifting (it is claimed that the 
vein ha not been ·toped at any place) it is said that 500 tons of ore was 
shipped to Revelstoke by the former operators, who were also interested in 
a small smelter erected at that place. This is also a fissure vein with an east 
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and west course, and a southerly dip of 60 degrees, and is said to average 12 
feet wide at the 50 foot level; it appears to be half that width at the surface. 

About 130 feet west of the shaft a ravjne courses along the foot of a 
steep bluff and may possibly follow a line of faulting, although no evidence 
of actual faulting .. could be detected. Considerable trenching on the west 
side of this creek has failed to discover the vein, so that it is evident, if it 
is not faulted, it terminates about 130 feet west of the shaft. The vein bas 
not been traced by open eut or otherwise for any great distance easterly 
from the shaft, and like the Glengarry, appears to be a short fissure crossing 
the strike of the formation, and probably not extending to any great depth. 
Both these veins are in a formation occurring between the crystallineArchaean 
and the Slocan slates. 

There is about 50 tons of zinc ore lying on the surface at the United 
shaft from which a heap of very good lead ore has been hand sorted. The 
property is being re-opened (after several years of idleness) by the Canadian 
Metal Company, which is erecting a hoisting plan,t to be operated by com
prPssed air from the Coffee Creek plant. 

Cooking and bunk-houses for the men are also under construction. 

GENERAL CONCLUSIONS. 

Assuming, for the purpose of an estimate, that the Blue Bell ore if mined 
en masse,-rejecting only the barren lime rock in the stopea,-would average 
153 zinc, or 300 lbs. per ton, that the net recovety would be 653, or 195 
lbs. of zinc per t6n of ore milled, then the daily treatment of 200 tons of 
crude ore would give 39 tons of 503 zinc concentrate. 

A net recovery of only 653 of the total zinè in the ore may be con
sidered low, but allowing for zinc associated with the galena, or retained in 
the lead concentrates, the zinc lost in the mill tailings, and, lastly, the loss 
in the magnetic separation of the zinc from iron pyrites and pyrrhotite in 
the zinc-iron concentrates, the result will not appear much out of the way. 
It practically amounts to a saving of 773 of the zinc in the zinc-iron con
centrates and a loss of 153 of this zinc in the magnetic treatment, which, 
everything considered, is about as good as could be reasonably expected 
from this class of ore. I should note in passing that the galena concentrate 
recovered ought to go a long way towards paying for both the mining and 
milling of the ore. 

'I;he other mines examined in Ainsworth Camp could produce from 
present developments 15 tons of 503 zinc concentrate per day, or its equi
valent in lo\ver grade ore, if a satisfactory price were obtainable. With fur
ther developments the output would no doubt steadily increase, probably 
reaching a production of 100 tons of 45-503 zinc concentrate per day in 
the course of a year or so. 
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This estimate, it will be observed, is based on mining and milling the 
low grade ores now exposed in the varions mines. Any selection of ore, 
or new strikes of highcr or lower grade will necessarily affect the results. The 
Blue Bell alone could by selecting the milling ore produce for some time 
GO tons of 45- 503 zinc concentrates per day; whereas my estimatP. is based 
on fairly mining the entire workable deposit. 

THE SLOCAN. 

Geological.-The Slocan series of roc~s are classed by the Geological 
Survey of Canada as upper or middle Palaeozoic (Carboniferous in part). 
"The series consist of dark carbonaceous argillites, dark limestones ( often 
impure), quartzites and greywackes, together with beds of tuff and ash. 
Only an obscure fossil bas been found in these rocks, which are in all likeli
hood upper Palaeozoic, probably Carboniferous. They are mostly thin 
bedded and fissile, and where the conditions were favourable seem to have 
been particularly susceptible to mineralization, forming the country rock 
of a large part of the highly productive silver-lead mines of the Slocan dis
trict."* 

The Slocan rock series as exposed in the mines examined, consist 
essentially of black, fissile, carbonaceous slates, intercalated with which are 
beds of limestone and quartzite. The limestones although usually dark 
and slaty, passing over into calcareous slates in many places, are sometimes 
crystalline and of exceptional purity. In the Cork mine, for example, a 
very fair light coloured marble occurs, while in the Lucky Jima grey coloured 
semi-crystalline limestone contains 533 of CaO, less than 13 silica and 
only a trace of MgO. 

The slates are penetrated in almost every direction by porphyry dikes, 
closely related to the younger granites, which form massive intrusions, sheets 
and dikes throughout the argentiferous galena producing area of the Slocan. 

The silver-lead-zinc deposits (hereinafter called Slocan veins) are almost 
exclusively confined to fissure veins formed in the slates, subsequent to the 
porphyry dikes and the granitic intrusions. They are divisible into two 
series, the dry ore or silicious veins , adjacent to and sometimes penetrating 
the granites, and the lead ore veins in the slates. 

The vein fissures are closely associated with the dikes and int rusions, 
some of which they follow for considerable distance, but more often eut 
acro s the dikes on their strike. One of the largest Slocan veins, the Star 
and ilversmith, passes arouncl a very large intrusion or stock, forming a 
rough semi-circle through the slates in doing so. 

*British Columbia, W est K ootenrty Sbeet, by R. G. ?llcConncll and R. W. Brock. 
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Subsequent to the formation of the fissure veins, a very complicated and 
widely extended faulting occurred, displacing both the dikes and the veins, 
while in the softer slates, recent slight crushing and settling has resulted in 
incipient faulting that is even now in progress. 

Another class of deposit in the Slocan series is a replacement of limestone 
beds with zinc blende and pyrites, in chimney-like ore shoots associated 
with fissures, barren in the enclosing slates and probably more recent than 
the Slocan veins. This class of deposit is best represented by the Lucky 
Jim ore shoots. 

The Slocan veins are primarily deposits of argentiferous galena of very 
high grade; the average of nearly 8,000 tons shipped during 1905 is: silver 
90 ozs. per ton, lead 403, and zinc 9.83 . Blende, siderite and pyrites 
are the common associated minera.ls. Tetrahedrite (Freibergite) and chal
copyrite occur in small quantities as primary ore associated with the galena, 
and occasionally with the blende; in the latter case the blende con.tains 
high silver values. 

There is no well marked or definite order of mineral succession in the 
Slocan veins. Galena occurs in the outcrops of nearly ail the pay veins and 
may or may not be associated with blende and siderite. Galena also occurs 
in some quantity to the greatest depths I have seen the veins exposed. 
Taking the relative abundance of the minerals, however, I find as the result 
of my observations, that galena favours the hanging wall of the veins and is 
more abundant in say the first 300 feet than at greater depths, zinc blende 
in the compact Yeins is very often found next the galena, while siderite and 
quartz usually form the foot wall portion of the veins. And 
so in depth, blende becomes more plentiful as the galena becomes less; at 
still greater depths siderite and quartz fill the veins almost to the exclusion 
of both the galena and the blende; while at the greatest depths quartz pre
dominates. Calcite is a common minerai in the veins, and in some cases 
forms the exclusive gangue accompanying the ore. The Wakefield mine is 
a good example. 

In the dry ore veins, silver ores are associated with galena, some copper 
minerai and zinc blende, with perhaps a little siderite, in a highly quartzose 
gangue. These pass in depth through the stage of zinc and quartz into 
almost straight quartz veins, or a breccia of quartz and slate, and thus both 
class of veins at the greatest depths are of practically the same composition. 

SOUTH FORK OF THE KASLO RIVER. 

This district is reached by the Kao lo & Slocan Railway to South Fork 
station, about five miles from Kaslo ; thence an excellent wagon road con
nect " ·ith the Cork mine, a distance of five miles, in which the road rises 
only about 1,000 feet, following the South Fork of the Kaslo through a 
densely wooded country. 
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At four miles from the railway a mill was erected some years ago by 
the Montezuma company, and a wire tram probably eonnects direct from 
the mill to the mine. The mill is now partially dismantled, not having been 
operated for about seven years. It was, however, fairly well arranged, 
operated by water power from the South Fork, and contained 8 jigs and 
two double deck revolving buddles. The tailings show considerable zinc, 
and some ore left in the bins, also contains zinc, though it was evident that 
a lead concentrate was aimed at. 

Mr. Geigerich, who is now the principal owner of the property, gave me 
the following note: "The Montezuma claim was operated through a cross
cut tunnel from surface, 450 feet long. There are four levels on the property 
and all connected to surface. About 1,000 tons of lead concentrates were 
shipped, .containing so much zinc that the operation of the mine on a lead 
basis was abandoued. The property finally went into liquidation with a 
debt of $75,000, and has not been operated since 1898. There are 6,000 to 
7,000 tons of ore in the mine and on the dump." 

The zinc ore showing on the Cork mining claim and on the Province 
was not, in my opinion, sufficiently important to warrant the examination 
of the Montezuma property, more especially as the owners had not made 
any preparation to clean up and prepare the mine so that the workings 
could be properly examined after their seven years abandonment. 

CORK MINE. 

This property is, in point of development, the most important now 
being operated on the South Fork. The vein has been tapped by three 
tunnels, and considerable lateral development conducted. A large mill 
has been erected, and 30 men are employed on the property. 

Geology.-The rnineral channel containing the Cork vein would appear 
to occur in the basal series of the Slocan slates. The geology, as seen in the 

o. 1, or lowest, cross-eut, consists of indurated dark semi-crystalline slates 
and schists in which are strata of crystalline limestone, the principal one 
occurring about midway between the portal of the tunnel and the vein, and 
the next in size, 110 feet east of the vein. The last , varying from 3 to 4 
feet in thickness, is found near the face of the main tunnel, 200 feet easterly 
of the vein. The line of demarkation between the crystalline limestone 
and the slates is everywhere clear eut and distinct. Usually the slate ad
joining the limestone is quite soft, and in places mere clay. There are 
other beds of fine grit included in the series, all of which have a general 
easterly dip of about 55 degrees, though the innermost bed of limestone, 
where intersected by ro. 1 tunnel , dips easterly at about 75 degrees. The 
limestones, easterly of the vein, are very thinly beddcd and contain dark 
bands of apparently clayey material. On examining this rock under the 
gla s it presents a coar e aggregation of calcite crystals. 
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The vein, or veins, occur in a channel of faulted or disturbed slates 
from 30 to 50 feet in width. · The ore makes along ÎITegular slips, or in
cipient faults, inside the main walls of the faulted zone, which bears approxi
mately north 40 degrees east, the vein proper dipping at 62 clegrees easterly, 
or into the mountain. 

Mill.-The No. 1, or lowest, tunnel is connected with a new mill by 
a level tramway, the cars being pushed out and dumpecl into the mill bin, 
the ore passing first through a 10 by 20 inch Blake crusher, following which it 
passes through a No. 4 Gat.es crusher, and withoÙt screening between the 
crushers, which is rather bad practice. The crushed ore is then spouted 
to a stock bin, whence a Challenge feeder delivers it to a set of 10 by 30 inch 
Allis-Chalmers rolls, running at 80 revolutions per minute. The crushed 
ore is then elevated to revolving screens which size it to 12, 8, 5 and 2 mm. 
the oversize returning to the first roll, and the middlings from the jigs to 
two other rolls of the same make and running at the same speed. The fines 
from the 2 mm. screens goes to two "V" boxes, the product of which is also 
jigged, making six jigged products. The overfl.ow from the "V" boxes passes 
to a settling tank, the product from which is treated in three sizes on three 
Overstrom tables, and the overfl.ow from the large settling tank passes to a 
second tank of similar construction, simply an elongated "V" box, where 
the entire product is treated as three different sizes on as many Frue vanners, 
but this feed is entirely too thin for any effective work, and it looks as if the 
amount of concentrate obtained by the vanners would not pay for their 
lubrication. 

Both the lead and the zinc in the mill feed is very finely distributed 
through the ore, and is also of very fine grain, so much so, that the four 
compartment jigs give but one finished product and three middlings for 
regrinding. 

I was informed by the management that the ore now being treated, 
(which, by the way, is first roughly soTted in the mine) is producing from 
6 to 7 tons of concentrates per 100 tons of feed, the concentrates running 
from 50 to 553 lead and 30 to 33 ozs. of silver per ton. The average capacity 
of the milling plant is 3 tons per .hour. 

The machinery is operated by Pelton wheels, one situated on the crusher 
fl.oor operating the crusbers, screening machinery and the jigs, while a smaller 
wheel operates the 'tables and Frue vanners . 

The water has a head of 700 feet and is conducted to the mill in an 8 
inch pipeline, but the present fl.ow (November, 1905) is insufficient to operate 
the rnilling plant alone, to say nothing of the compre sor and sawmill; con
sequently, we find this new mill, which has not operated 30 days, short of 
power, and arrangements are under way to install a turbine wheel on the 
South Fork creek, where there appears an ample fl.ow of water, practically 
at the foot of the mill. This new power will, I suppose, be used to operate 
the rnill, whilc the inch line ·will operate the sawmill and air compre sor. 
An enlargement of the mill is also contemplated by an addition of one rough 



CORK MINE 171 

jig and two jigs to treat medium product. This addition is somewhat in 
the nature of an adjust.ment, some of t.he pre ent jigs having too much feed 
and others too little. The mill is fairly well built and the arrangements 
are on the whole good. There is no doubt if sufficient galena exists in the 
mill feed, paying results will be obtained. No effort is made to save any 
of tl).e zinc blende. It is of such a fine nature that the ore would have to 
be crushed very much finer, and more slime machinery introduced before 
any attempt could be made to save the blende. The examination of the 
present mine workings, however, shows that the Cork property does not 
at present corne within the definition of a zinc mine. 

Mine.-This mine is developed by three tunnels. No. 1, or the lowest, 
is connected with the concentration mill, as previously described. The 
vein is reached in this tunnel at a distance of 900 feet from its portal, 
the tunnel extending, as previously noted, 200 feet beyond the vein. At 
the point of intersection the vein is very poor, consisting almost entirely of 
crushed slate, with a little siderite and quartz on the joints and faces of the 
crushed rock. 

On extending the drift northerly in this faulted zone, siderite became 
more plentiful, and at about 150 feet an 8 inch streak of mixed galena and 
siderite with a little zinc blende occurs and has been stoped in the roof for 
a distance of 70 feet. An examination of the stope shows that the lens-like 
mass of ore is cutting out 15 feet above the Jevel, though another lens will 
doubtless corne in higher up. The ore, however, is low grade. Sometimes 
it is found near the hanging wall of the faulted zone, as at the present face 
of the north drift, which is entirely in the hanging; at other times near the 
foot wall, or in diagonal seams crossing be~ween these walls which are about 
30 feet apart-but it is doubtful if the mineralization in these northern 
stopes, drifts and cross-cuts is sufficiently rich to pay for mining and milling 
under the conditions that now obtain. An examination of the No. 2 tunnel, 
203 feet vertically above, shows a more regular vein, but it consists almost 
entirely of iron pyrites and siderite, with small bunches of zinc blende occur
ring at intervals, so intimately mixed with dense siderite as to be almost 
impossible to concentrate, as well as expensive to separate the mixed minerals 
after concentration. 

Going south on the vein from No. 1 cross-eut tunnel, no particular 
mineralization can be detected until the raise is reached at a distance of 150 
feet. This raise connects with No. 2 tunnel at a place where there is a good 
development of ore, but on o. 1 tunnel the vein at the raise is not of much 
value. Immediatel,y to the south, however, a stope was being operated 
that had reached a height of 60 feet above the level, the vein being then 1 
feet wide between regular walls, much striated, and showing deep scars and 
slickensides. Formerly the full width "·as stoped, but now an effort is being 
made to stope a width of five feet only on the foot wall. On the northern 
face of this stope, at the height indicatcd, there is a streak on the foot \\'ail 
of 8 inches of quartz and galena, and on the hanging a little galena associatecl 
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with blende, the central portion being massive siderite with a sprinkling 
of blende. At the south face of the stope at about 70 feet from the level, 
a cutting-out stope has advanced about 10 feet south of the regular line of 
stoping. The pay streak is there 4 feet \vide of very solid blende (sample 
No. 87)., which assayed 6.7 ozs. silver, 13.73 lead, and 28.53 zinc. This 
was the only place in the mine where the occurrence of blende was sufficiently 
good to warrant sampling. This stope is only about 70 feet long, and is 
more in the nature of a chimney than the regular occurrence of ore in vein
like form. It has, as previously noted, good walls, but lacks continuity 
in length. If the deposit were stoped to the main hanging wall it would 
be about 30 feet in width by 70 feet in length. Considering the showing 
on No. 2 lev el above, I rather expect that some good bunches of both lead 
and zinc ore will be developed as the stoping is carried upwards. On the 
main drift, south of this stope, the vein again splits np, and nothing but a 
clay gouge exists in the face. 

Tunnel No. 2 intersects the vein 70 feet northerly from the raise con-" 
necting with No. 1. The main drift extends northerly and southerly along 
the foot wall portion of the vein, and on the south extension shows but little 
mineralization until a point is reached 20 feet north of the raise when ore 
cornes in which can be traced along the level for 100 feet, at which point it 
shears off into the foot and is exposed in a short cross-eut, but has not been 
followed. The vein there consists of massive siderite, with bunches of very 
good blende distributed irregularly through it, also considerable pyrites. 
The vein in this south drift might be considered a sort of cross vein, that 
is to say, running diagonally across a mineralized and faulted zone. The 
ore at the raise makes back into the crystalline limestone, which there forms 
the hanging country rock. At this place massive siderite and blende, with 
a little galena, occurs for a width of 20 feet and a length of 50 feet, the cross 
vein terminating in solid limestone, evidently a replacement of the lime by 
the mineralizing solutions (See Plate XIV.) South of the short cross-eut the 
pay ore gradually plays out in the main vein, and the face is entirely barren. 
This south drift is 300 feet in length and the short cross-eut indicated occurs 
at 150 feet. Going northerly from the main tunnel cross-eut, the vein is 
picked up at 50 feet, showing a little minerai, and continues in rather irre
gular bunches to the face, a distance of 200 feet. Siderite is, however, the 
predominant minerai. Hard white iron pyrites would corne next in order 
of abundance, while blende occurs at irregular intervals; al o a little galena 
in places. This portion of the vein, however, like that in the level im
mediately below it, is low grade. So far as present dev~lopment shows, the 
only good ore in the mine is the short chimney-like shoot immediately 
south of the rai e and extending from o. 1 level to possibly No. 3, or the 
nppermost lcvel. There are, however, possibilities that if the drifts are 
pushecl further north and south in the mineralized zone, at least another 
shoot or chimney may be met with . Considering, however, even in the 
best stope, the very scattered occurrence. of minera! in this wide, crushed 
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and faulted zone, it becomes clear that it must be worked on broad lines, at 
big capacity and with all modern improvements, in order to score complete 
success. 

Tunnel No. 3 starts on the outcrop of the vein, which shows a consider
able development of quartz and spathic iron with very little lead mineral. 
The drift advances southerly to a point over the main raise from No. 1, 
near which communication was made with No. 2 tunnel. The workings 
bere were caved and inaccessible. The management indicated that they 
were also unimportant. 

It will be noticed that the vein carries good ore where the limestone 
forms one of the walls, as on No. 2 level. If the main vein could be traced 
into one of the limestone beds good discoveries of pay ore might follow. 

PROVINCE MINE. 

The Province property is situated immediately to the north of the 
Cork, the vein occurring in the same mineralized zone. The geology and 
ore occurrences are practically identical for both mines, but the Province 
bas a better shoot of zinc ore than anything yet developed in the Cork. 

The Province mine is opened by two tunnels, the upper, or No. 1, being 
merely a prospect drift extending northerly and southerly on the vein for 
some distance beyond its exposure in the creek. 

Tunnel No. 2, about 65 feet lower, enters the mineral zone at a distance 
of 120 feet from its portal, after penetrating the slates and schists of the 
district, but no limestone could be detected. The vein was reached at a 
distance of 170 feet from the portal of the tunnel in an unproductive place; 
a drift northerly of about 100 feet (which is now caved) did not, it is stated, 
discover anything of value. The southern drift followed a fairly regular 
wall until a point was reached 20 feet north of the winze, where a nice bunch 
of galena was met with close to the hanging wall, and underneath it some 
zinc blende associated with siderite-The winze is sunk 65 feet on this 
showing, and at the bottom a cross-eut reached the foot wall giving a distance 
of 25 feet between walls. The galena and zinc blende continues very regular 
in the winze, and the cross-eut exposes for 20 feet a vein of massive siderite, 
through which blende is distributed in irreg11lar streaks and bunches. The 
vein for a width of 20 feet would average one-third blende, and in the ordinary 
milling, 4 tons of feed should give one ton of blende concentrate, exclusive 
of siderite. There is also some galena showing on the foot wall as well as 
on the hanging, but the latter is the best showing. The hanging wall drift 
extended northerly about 20 feet carrying galena for most of the distance; 
the face , however, is rather poor. 

Returning to the main (No. 2) levcl, the ore lens on which this winze 
and other workings occur, shows to be only 40 fcet in length, but at 20 feet 
south of the winze a cross branëh drops in, and at the intersection wi th the 
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main vein, a raise was put up 30 feet, and a drift advanced 6 feet in the vein. 
The face of this drift contains for 4 feet in width a very good exposure of 
zinc (sample No. 89, assaying: silver 15 ozs., lead 20. 73, zinc 23.63); 
and zinc and lead can be seen in the ends of the raise clown to the No. 2 level. 
About 35 feet west on the cross seam a good bunch of galena occurred and 
has been stoped in the bottom of the drift for a depth of 12 feet. The main 
drift then takes a northwesterly course, following a zinc and lead cross seam 
for a further distance of 40 feet. I believe this cross vein is merely a local 
phenomenon. I would not expect it to extend for any particular depth or 
height; it is simply a small fracture carrying ore across the main mineral 
channel. Sample No. 88 was taken in the face of this drift; it assayed: sil
ver 3. 6 ozs., lead 1 . 73, zinc 27. 83. Sufficient work has not been carried 
out to show the exact nature of the principal ore occurrence. It looks, 
however, as if this chimney could be depended on to give from present develop
ment a stoping width of 10 feet, alength of 50 feet, and a vertic.alextension of, 
say, 100 feet, which would give approximately 4,000 tons of milling ore, 
from which considerable galena could be picked out, probably 200 tons. 
The remainder, however, would require concentration, and owing to the 
dense nature of the siderite, would give a low grade concentrate containing 
approximately equal parts of blende and siderite. Arrangements may 
possibly be made by which this ore could be stoped out and treated in some 
local mill. Far more extensive developments would have to be carried 
out before any concentration mill would be justified for the treatment Of 
Province ores on the ground. The property, however, is a very promising 
one, and may, on development, open out into a big mine of medium grade 
ore. The diamond drill could be used effectively to prove up the deposits 
and attention should be given to the location of the vein system in the lime
stone beds, where there is every reason to expect larger and richer ore deposits. 

WHITEW ATER MI E. 

This property, owned by the Whitewater Mines, Limited, consists of 
five claims and a fraction, aggregating 113 acres. It is situated within li 
nilles of the Whitewater station of the Kaslo & Slocan Railway, over an 
excellent wagon road; the ore is delivered from the mine f.o.b. cars, for 75 
cents per ton. 

There is but one vein opened. It was discovered in 1892, and worked 
vigourously for silver-lead for several years, but for the last 3 years inter
mittently under lease. The first shipment of zinc ore was made in 1904, 
though the vein contains large quantities of zinc, as is well shown by the 
analysis of the lead concentrates; the zinc blende is for the most part rich 
in silver. 

The Whitewater mine is developed by 7 tunnels. The vein varies in 
width from 8 feet down and may be said to average 5 feet, the pay streak 
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about 8 inches. The mine has produced 12,548 tons of lead concentrates 
and 8,435 tons of hand sorted lead ore, which averaged 84.4 ozs. silver per 
ton, 33 . 93 lead, and 18. 53 zinc. The average price received for this ore, 
covering a period of ten years was approximately $37. OO per ton. 

The first zinc shipment of 38 tons assayed as follows:
Silver. . . . . . . . . . . . . . . . . . . . . . . . 33 . 4 ozs. 
Zinc..... ................. ... 46.03 
Lead........................ 4.53 
Iron. . . . . . . . . . . . . . . . . . . . . . . . . 7 .23 
Silica . . . . . . . . . . . . . . . . . . . . . . . . 8 . 03 

Net price received, $16. 92 per ton. 

The second lot amounted to 61 tons, assaying 
Silver . .............. . ....... . 
Zinc .... ....... . .. . ...... ... . 
Lead, ...................... . 
Iron ........................ . 
Silica ....................... . 

Net price received, $8 . 37 per ton . 

17 .6 ozs. 
43 .23 
3.73 
8.03 
9.03 

Mill.-A concentration rnill was erected in 1898, having a capacity of 
8 tons per hour and costing approximately $45,000. It is of the usual roll 
and jig variety, operated by water power and designed to produce a lead 
concentrate only. The operating cost when worked up to its capacity in 
1900 was 36 . 33 cents per ton, the following year 33 .4 cents, and in 1902, 
31. 59 cents per ton of ore milled. A sample of mixed zinc ore was taken 
from the bed of a third compartment jig, to show the composition _ of the 
zinc ore (No. 40); it .assayed: silver 28.4 ozs,. lead 6.73 , and zinc 27.83. 

Mine.-The vein with an east and west strike and southerly dip of 35 
degrees, has been followed from its outcrop above No. 1 tunnel to No. 7 
tunnel and qui.te extensively stoped for a vertical depth of 500 feet. The 
mine, at the time of my visit was being operated by three sets of lessees, 
one of whom was working around the pillars and in the old stopes, the other 
two advancing No. 6 and No. 7 tunnels westward in the continuation of the 
ore shoot and with fairly good results. 

The map of the workings shows a regular and rather a long ore shoot 
for the Slocan. The No. 2 tunnel, for example, is stoped for a distance of 
400 feet, while No. 6 tunnel has been stoped for a length of 450 feet on the 
same ore shoot, and all the intervening ground between these levels is also 
stoped within the lines of the main ore shoot, which appears to aveFage 
450 feet in length. These old stopes are said to be crushed, caved and 
inaccessible between the first and sixth levels. The stope map indicates 
a second, or eastern, shoot extending from No. 4 to No. 7 levels, showing 
by the stoping a length of 250 feet on No. 6 and 100 feet on No. 7 level. 
Towards the end of o. 7 tunnel, which by the way is situated at an eleva
tion of 4,150 feet above sea level , the drift follows the foot wall too closely, 
and the lessees have recently cross-eut into the hanging, proving the vein, 
according to Mr. A. C. Gardé, to be 8 feet wide carrying 3 feet of zinc and 
lead ore from which he took sample No. 39, which assayed : silver 57.4 ozs., 
lead 26.23, zinc 29.63. 
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From the best information obtainable it would appear that considerable 
zinc ore has been left in the old stopes, in the form of broken ore and pillars, 
much of which may be recovered by lessees. While in a moderate depth 
below the seventh level, the Whitewater vein will pass into the Whitewater 
Deep property, yet there is considerable ground to the west of the White
water Deep covering the strike of the vein, on which no attempt has been 
made to open up the main vein, though the prospect of finding pay ore in 
that neighbourhood is promising. 

WHITEW ATER DEEP MINE. 

The Whitewater Deep, as the name would indicate, covers the White
water vein on its dip after passing outside the lines of the Whitewater :Mines, 
Limited. 

The Whitewater Deep Company has a very extensive establishment in 
the town of Whitewater, consisting of a palatial residence for the manager, 
sumptuous offices and well arranged assay office, together with a large and 
well furnished hotel, now in the hands of a caretaker, as are also the other 
buildings of the company at this place. 

M1:ne.-The mining operations of this company consist of a main tunnel 
with some cross-cuts and three raises on the vein, from which a slight amount 
of drifting has b een conducted. The m~in tunnel starts at an elevation of 
3,779 feet, and is advanced 1,500 feet westerly from its portal. For the 
greater part of the distance the tunnel has advanced in faulted ground, 
broken and crushed slat.e, with only one small ore lens showing on the tunnel 
horizon. In the face oi the tunnel the vein consists of 18 to 24 inches of 
siderite dipping south at -10 degrees. A little quartz is showing in the foot
wall, but no zinc or lead is visible. A short cross-eut at the tunnel face 
exposes what is probably the hanging wall, but the vein shotùd be 
cross-eut thoroughly at this point, and the true hanging wall determined. 
On the east side of this cross-eut about 1 inch of mixed galena and fine 
grained blende occurs on top of the siderite. The vein in the face while 
barren is well defined and looks to me a g00d prospect, more particularly 
as by extending the drift it would p:i,s under the points where ore is now 
being mined in Nos. 6 and 7 tunnels of the Whitewater mines, which is un
doubtedly on the same vein. I examined two of the raises over the main 
Whitewater Deep tunnel ; the western one showing a lens of siderite standing 
almost vertical in the vein, and containing a little galena. Passing the 
next raise to the east, I went up the second one and in a branch drift saw a 
fair vein of siderite with a little blende and lead, averaging 15 inches wide 
in the aggregate. Near the head of the raise a drift extended west about 
50 feet and carried a fair vein, averaging 1 inches wide of siderite, with 
occasionally a seam of mixed lead and zinc ore from 2 inches to 6 inches in 
width. This also looks a good prospect, but the company having expended 
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the bulk of its capital in the acquisition of the property, and the erection of 
buildings, the actual development of the propert:v has been apparently lost 
sight of. 

There is abundant evidence of cruslùng and folding, resulting in slight 
faulting along the grcater part of the distance in the main tunnel. It is 
beautifully illustrated (Plate XIV, Fig. 2) in one of the cross-cuts, where an 
intrusive dike has been crushed and folded along with the enclosing slates. 
The vein occurs, at least in some parts of its strike, practically in the clea
vage of the slate and shows evidence of faulting to some extent, and I rather 
suspect that slight movement is still taking place. An important feature 
of this vein is the strong lens of siderite that occurs near the face of the main 
tunnel and continues for some distance easterly. The point to determine 
is, Does this siderite form the bottom of the pay ore? In other words, Do 
the zinc and lead nùnerals, which occurred so extensively in the workings 
of the Whitewater mine immediately above, give way in depth to barren 
siderite? 

About 600 feet from the portal of the main tunnel a dike of basic rock 
was encountered, which in all probability cuts the vein, but on account 
of the lagging and rotten condition of the ground and timbers I could not 
deternùne the fact. A drift was here extended into the foot wall, following 
the dike for some distance, then passing through it and entering the ground of 
the Whitewater mine, but no ore was encountered in this drift. 

A lower tunnel, at elevation of 3,375 feet, say 400 feet below the main 
tunnel, was also commenced in the early days of this property, but no serious 
attempt was made to push it ahead. The distance to be covered in order to 
inte1;sect the vein is very great, and cloubtless the showing made on the main 
tunnel discouraged the running of anot.her tunnel at so much greater depth. 
An air compressor operated by a Pelton wheel was erected near the lower 
tunnel , and the air pipes were brought up to the main tunnel , although the 
ground there was so soft that machine drills coule! not be used to advantage. 

o connection has been made between the main tunnel of the White
water Deep mine and the workings of the Whitewater mine immediately 
above. Three raises were put up on the vein and some drifting conducted 
from them, as previously described, but none of these has c:ommunicated 
with the workings above. It is obvious that the two properties coule! best 
be operated as one nùne; then the raises coule! be connected with the oie! 
workings of the Whitewater, establishing good ventilation, and I believe 
they would open up good stoping ground. In this direction, and in the 
advancerncnt of the main tunnel further westerly, lie the principal hope 
of future production from the Whitewater property. 

JACKSON MINES. 

The Jatkson is the most important group of mines in Jackson Basin , 
both in point of development and production. It is owned by the Jackson 

12 
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Mines, Limited. The property consists of five Crown granted claims, ag
gregating 230 acres. A fairly good mountain wagon road 5! miles long 
connects the mine with Wlùtewater station on the Kaslo & Slocan Rail
way, over which the ore is hauled from mines to rail at a cost of $2.35 per ton. 

The Jackson vein, originally called the Northern Bell, after one of the 
claims in the group, was discovered in 1892, and was worked intermittently 
for silver-lead up to the present year. The mine also produced heavily 
in zinc blende, which was in part rejected in tailings and in part shipped 
with the lead concentrates. In 1904 the concentrating mill was remodelled 
with a view to saving the zinc blende, the preliminary campaign in 1905 
resulting in the production of 1,200 tons of zinc concentrates, wbich at the 
time of my visit was piled up at the mine awaiting the completion of the 
magnetic separation works at Kaslo. 

The production of Jackson mine is approximately 2,000 tons of lead 
ore, about one-balf of which was hand sorted, the remainder being lead 
concentrates averaging: silver 58 ozs., lead 603, zinc 123; and 1,200 tons 
zinc concentrates averaging: silver 10 ozs., zinc 383, lead 23 and iron 153, 
the iron being cbiefly as carbonate (siderite). 

There is but one known vein in the Jackson property; it has been de
veloped by 5 tunnels, varying from 500 to 900 feet in length and aggregating 
3,800 feet, nearly all on the vein, besicles 700 feet of raises and winzes. The 
vein varies from 2 to 6 feet in thickness and would probably average 3 feet, 
with a pay streak of about 10 inches. It is a fissure vein occurring in the 
Slocan slates, remarkable, however, for the unusual number of porphJ1'Y 
dykes associated with it and the amount of porphyry breccia occurring in 
the vein. 

Mill.-In 1898 a concentrator was built with a capacity of 4 tons per 
hour, connected with Io. 3 tunnel by a gravity tram, and with No. 5 tunnel 
by an incline-shaft on the vein and a level surface tram. The mill machinery 
consists of one 7 by 10 inch rock breaker, 1 set of rolls 16 by 30 inch and one 
set 14 by 24 inch, seven jigs varying from 2 to 4 compartment , with the 
usual assortment of screens and hydraulic sizers. 

The ore is jigged frorn 20 mm. (oversize) , 15 mm., 10 mm., and 5 rom., 
and two products from the hydraulic classifiers; the remainder of the fine 
ore is fed to 2 Wilfley tables. Thi plant cost about $50,000, including the 
development of the water power and the auxiliary tearn plant. The mill 
is operated by wire rope transmis ion from the water wheel in the valley 
below, and by a steam plant in the mill building when water is short. 

Mine.-The workings on the upper tunnel are caved and inaccessible, 
at least around the portn.l. 

During the summer of 1905, No. 2 tunnel was operated under contract, 
through which the concentrator was kept supplied with milling ore at a 
fixed price per ton of finished lead and zinc concentrates. 

The contractors mined considerable ore in the foot wall of the lead streak, 
which had in part been stoped out several years previous. The vein in 
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this mine carries a bunchy and irregular streak of silver-lead next the hanging 
wall, followed by either solid zinc blende, or zinc blende and siderite in a 
brecciated dike gangue, often filling the vein to the foot wall. The principal 
stope commences at the mouth of No. 2 tunnel and is carried up to the out
crop of the vein near the portal of No. 1 tunnel somewhat in the nature of a 
quarry. From the portal of No. 2 to the winze connecting with No. 3 tunnel, 
good ore is showing in the roof of this stope. Sample No. 1 is from four 
feet in thickness of zinc ore assaying: sil ver 2 oz., lead 1 . 93, zinc 32. 53 . 
No. 2 is from a 6 inch galena seam resting on the zinc ore and occurring 
immediately under the hanging wall of the vein; it assayed:silver 71 ozs., 
lead 73. 53. About 250 feet from the portal of No. 2 the vein makes al
most a right-angle turn, and while little prospecting has been clone on the 
vein, it does not look so good after changing its course. In one place, how
ever, near the face of the drift, a bunch shows in the sicle for 6 feet inlength, 
averaging 18 inches thick, from which sample No. 3 assayed: sil ver 49. 2 ozs., 
lead 453, zinc 73. 

At the turn in the vein 250 feet from the portal a fault cuts off the ore 
at the head of the raise (Plate XIV, Fig. 4), which connects with No. 3tunnel. 
The vein above this raise is quite fiat and contained perhaps the best lens 
of galena in the mine, extending from No. 2 through No. 1 levels to surface. 
A porphyry dike occurs near the bend, cutting acutely into the vein and 
following it for some distance. 

Tunnel No. 3 crosses the formation slightly until the vein is reached, 
at which point a short raise was put up and a vein exposed with a thickness 
of 12 inches, 8 feet above the back of the level. A sample was taken at this 
point in two eut~ (Sample No. 4) which assayed: sil ver 0 . 8 ozs. , zinc 21. 93. 
No lead was showing at this point and the zinc was rnixed with siderite. 
At distance of 30 feet further in, a winze was reached, connecting with No. 4 
level, and a raise with No. 3 level, neither of which were, however, accessible. 
On the level a well defined vein could be seen showing a regular hanging 
wall carrying a strong gouge, and along the bottom of the level a lens of 
siderite continued for a length of 20 feet. Sorne small crystals of lead oc
curred in this siderite, and a considerable amount of blende crystals dissernin
ated irregularly through the lens. Sample No. 5 across this lens was taken 
in three cuts, where it averaged 3 feet in thickness. It assayed: 23 lead, 
and 14 . 93 zinc. Following this lens cornes 20 feet of vein, showing only 
gouge and brecciated dike with crushed slate for a distance of 20 feet, follow
ing which cornes a second siderite lens 30 feet long, from which sample No. 6 
was taken in two cuts, average width 3 feet. This sample assayed: 4. 93 
zinc, and 21. 83 iron. Beyond this point the vein becomes more irregular, 
and at 1 5 feet from the winzes the cross-eut into the hanging wall shows 
a large dike almost directly below the one shown on No. 2 tunnel, while 
the face of the drift is abandoned in a massive porphyry dike from the cracks 
and fissure of which large streams of water are issuing. The level at thi, 
point ha , however, passed the right-angle turn in the vein, and is advancing 
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almost at right-angles to the strike of the vein, where it carries its best ores
The portal of tunnel No. 4 was caved down and the workings were 

inaccessible. The plan of the property shows that drifting was suspended 
before reaching the right-angle turn in the vein. 

The portal of tunnel No. 5 is situated on the side of the creek immediately 
below the concentrator. At a distance of 250 feet from the portal a main 
incline-shaft has followed the vein down from surface, showing a very fair 
streak of lead ore. Sample No. 7 was taken from the side of the shaft near 
the tunnel level from a 10 inch ~treak of very fine looking galena. It assayed: 
41. 3 ozs. sil ver, 59. 4% lead. I am informed that this pay streak continued 
with but few interruptions to the bottom of the shaft, a distance of 150 feet 
below the tunnel. At 75 feet from the portal of the tunnel a porphyry dike 
strikes in from the hanging wall at an acute angle, and the vein opens along 
the course of this dike to the portal (Plate XIV), for which distance the vein 
is largely composed of brecciated porphyry with some zinc blende and a 
little galena. About 280 feet inside of the shaft a similar dike cornes into 
the vein in precisely the same manner, near which, for a length of 20 feet, a 
small lens of zinc blende occurs, from which sample No. 8 was taken. It 
assayed: 1 oz. sil ver, 31 . 6% zinc. A cross-eut of 6 feet has here been made 
into the hanging wall, but without opening up any further vein matter. 
The sample was taken in two cuts and averages 12 inches in width. In 
the absence of a survey of this level it is diffi.cult to say what its relation is 
to the main ore shoots opened in the upper tunnels. It strikes me, however, 
that the drift is not sufficiently advanced to reach the strike of these shoots, 
and while there is very little mineralization between the shaft and the face 
of the tunnel, except the zinc lens noted for a length of 20 feet, yet the face 
of the drift shows a fair vein, and doubtless on being extended and connected 
'vi.th the tunnels above, will open up considerable ore. 

The galena in the Jackson vein occurs in lens-like seams immediately 
beneath the hanging wall, sometimes reaching a width of 3 feet and dwin
dling down to an inch, or Jess, as followed on either strike or dip, opening 
again in another lens-like deposit. The zinc ore, however, is separated 
from the hanging wall by the galena lenses just described, and occurs mostly 
in a brecciated mass consisting Jargely of a ground mass of porphyry, in 
which is distributed bunches and seams of zinc blende and siderite, and 
occasionally a Jittle lead. The enclosing rock is very dark graphitic slate, 
and near the vein is much striated and the cleavage polished. The vein 
is a fissure with a dip varying from 10 to 45 degrees, in the same direction 
as the slate, which, however, has dip of 70 to 0 degrees. 

At irregular intervals on the course of the vein eruptive dikes strike in 
at acute angles and the fissuring , which is now represented by the vein, fol
lowed along those dikes for considerable distances. The ore appears rather 
to favor the Yicinity of the dikes. Like many of the Slocan propertie 
the denlopment work has not been pushed ahead as much a it should have 
been, but no doubt with a good market for zinc blende in addition to the 
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-- ilver-lead contents of the vein, development will be pushed and the mine 
-once more brought into condition to produce a large tonnage of concen-
trating ore. At least one of the drifts, preferably No. 2 tunnel, should be 
continued on the vein until it either resumed its normal bearing or pinched 
out. For there is every probability that in the former case good pay mineral 
would be found at the point where the vein approximately resumes its normal 
bearing. 

BELL MINE. 

The Bell claim is situated at the head of Jackson Basin, on its eastern 
.·ide, abouti miles from the Jackson mine where the wagon road from White
''"ater terminates. This road must be extended to the Bell before steady 
shipments can be made, except by pack or by raw-hiding during the winter 
months. The property had just been sold when the Commission visited it, 
there was no person to show the workings or furnish particulars of the ore 
shipments. 

The upper, or No. 1 tunnel, starts in on a vein of zinc blende, one foot 
in width, continuing quite regular for 10 feet from the portal, where an open 
cross-fissure cornes in (Plate XV), along which the blende widens out to 10 
feet and continues along the drift at a gradually decreasing width until a 
slip cuts it off, 30 feet from the portal, at which point the blende was only 
5 feet wide. A stope in the roof from 10 to 25 feet from the portal shows a 
very good vein of r.inc blende. Sample No. 10, taken across the roof stope 
for a width of 10 feet assayed: silver 2.2 ozs., lead nil, zinc 40%. A small 
stope ~n the floor of the drift shows at a depth of 5 feet an almost solid vein 
of zinc blende 8 feet in widt.h, containing, however, some small ribs of slate, 
but showing in either end, 9 feet apart, almost solid blende. This shoot or 
chimney of ore should go clown for considerable depth and produce a fair 
tonnage. 

At a distance of 45 feet from the portal there is no vein to be seen, 
the slips that terminated the ore ha ving reached the floor of the drift; but 
a cross-eut of 27 feet easterly reached what appears to be a parallel vein on 
which a drift extends 22 feet northerly, showing two small veinlets of zinc 
blende in very tight ground, and but a few feet in length. For 20 feet sou th 
of the cross-eut the drift is timbered, but from the end of the timbers to the 
face, a distance of 30 feet, a very solid lens of first class zinc blende occurs 
that will average 30 inches in thickness. Sample No. 11, taken from four 
cuts across this vein, assayed: silver 2.1 ozs., lead 1.0%, zinc 46.1%. At 
the south face of the drift, 50 feet from the cross-eut, a porphyry dike occurs 
whit.:h forms , or parallels, the hanging wall of the blende for some distance. 
About 30 feet south of the cross-eut a raise goes up 10 feet, apparently 
reaching the top of the zinc lens, which, however, continues strong and 
regular in the bottom of the level for the entire distance of 30 feet. 

Two other tunnels are opened below No. 1, but the formation and ore 
occurrence a re different, and I am doubtful if either of these tunnels is on 
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the main deposit opened in the upper tunnel. Two approximately parallel 
lenses are opened in the upper tunnel as described, but in the absence of 
any connecting raises or even a survey of the workings, one is not justified 
in pronouncing a positive opinion. Tunnel No. 2 passes through dark 
slates for 50 feet and then turns northerly on an irregular deposit, showing 
small veinlets of zinc blende and galena. A short stope or raise has been 
started at the end of this drift, showing in one place a small lens of galena 
10 inches maximum thickness. A winze was also started under the raise, 
following down the galena, but was full of water. 

Judging from the ore on the dump some good grade galena and zinc 
blende had been taken out of these workings. 

The lower, or No. 3 tunnel, goes in for about 100 feet through gra
phitic slate, and then turns northerly. At thls point a streak of zinc blende 
4 inch.es thick can be traced diagonally across the drift. for a length of 15 
feet. A little further on a 5 inch parallel streak of fine-grain crushed and 
slickensided blende occurs for a length of 20 feet. At the end of the drift, 
whlch is 30 feet from the turn in the main tunnel, a raise or a small stope 
was found. The platform in the raise, covered with loose rock, prevented 
one from passing up through it. The rock is black slate and the foot wall 
smooth and well defined with a southerly dip of 60 degrees. 

The ore lenses are very irregular and have a peculiarity of running 
diagonally with the vein walls and terminating on contact with them. 

The 20 foot lens was sampled in three places, whlch averaged a thlck
ness of 5 inch.es, and assayed ( ro . 9): silver 2.2 ozs., lead nil, zinc 48.53. 

Thls property gives promise, when opened up, of being a good pro
ducer of zinc blende. It will be noticed that o. 1 tunnel shows rather 
a large vein of hlgh grade zinc blende, with practically no galena, while 
the lower tunnels show small irregular lenses of both galena and zinc blende, 
like the average Slocan veins. The deposit of hlgh grade, almost lead
free, blende in No. 1, however, more nearly resembles the Lucky Jim type 
of ore deposit. 

ECHO-ALMEDA MINE. 

This group of four claims is situated on the mountain forming the 
head of Jackson Basin, and about one mile south of the Jackson mine; 
whence it is easily reached over a good pack-trail. The ore is packed from 
the Bell and the Echo group to head of the wagon road for $3 per ton. 

The principal vein bears north (magnetic) and dips easterly from 40° 
to 60°. Its most productive partis practically on the dividing line between 
the Echo and the Almeda claims, in close connection with a large porphyry 
dike. The property bas been operated for silver lead and is said to have 
produced ore averaging about 120 ozs. of silver per ton. 

The upper tunnel has its portal on the Almeda claim and is connected 
with the Echo tunnel below, and with surface through a shaft situated 
on the Echo-Almeda line. The tunnel extends 150 feet south of the shaft, 
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exposing two lenses of concentrating ore, lead and zinc, 15 to 20 feet long 
swelling to 18 inches greatest thickness. Towards the end of these lenses 
some high grade zinc occurs, which in turn gives way to iron pyrites. A 
strong porphyry dike, apparently paralleling the vein, is exposed in several 
places along the upper tunnel, and when branches from this main dikc 
occur in the veins good lead and zinc ore has been found. The southern 
continuation of this vein is eut off by a fault having a southern dip. I 
could not see that any effort had been made to locate the vein beyond the 
fault. 

The Echo tunnel is in part located on the fault plane previously re
ferred to and intersects the vein 200 feet from its portal, right on the fault, 
where, I am informed, a good bunch of lead ore was found. The tunnel 
followed the vein from the fault northward and connects with the shaft 
on the Echo-Almeda line. This shaft extends 25 feet below the Echo tunnel 
drift and at 20 feet a stope is carried back along a smooth and regular wall 
to the fatùt plane, where there is a very fair showing of galena and zinc blende 
in a vein 3 feet wide, as shown in a winze following the fault for a depth of 
15 feet. From this winze to the shaft the vein shows one foot of high grade 
blende along the hanging wall, mixed with which is g::Llena in irregular bunches 
and in veinlets. Below this pay streak cornes 2 feet of siderite, mixed with 
zinc blende, forming good milling ore. The hanging wall streak was sampled 
in three cuts, No. 12 assaying: silver 14.6 ozs., lead 2.63 , zinc 46.33 . 

The large porphyry dike described with the upper tunnel workings is 
also seen in this level, but has not been exploited much north of the shaft, 
though the prospects of discovering pay ore in that direction are, in my 
opinion, very good indeed. 

The cross-eut tunnel has its portal in the Almeda claim, at a point 
about 100 feet below the upper tunnel. It continues as a cross-eut for 170 
feet and then follows the assumed course of the vein, without however, having 
anything like a minera! vein to follow, so at 60 feet the cross-cutting was 
resumed and continued for a further distance of 140 feet easterly, without, 
however, finding anything of value. Drifting was then resumed along the 
course of the vein and some minera! encountered from 110 to 140 feet south 
of the last described cross-eut. The mineral occurs as two small lenses of 
siderite, showing some zinc with a slight sprinkling of galena. 

The developed ore shoot in the shallow tunnels is about 150 feet in length. 
The high grade galena has been for the most part stoped out, but there is a 
fair tonnage of concentrating ore that will yield a galena conccntrate, and, 
at least 203 of zinc blende concentrate, as '"ell as some high grade blende 
that can be hand-sorted. The vein shotùd be prospected for south of the 
faul t, more especially as the best ore is found near the fault plane and the 
ore shoot appears to have a southern pitch in the vein. 
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SLOCAN STAR MI E. 

- This property, owned by the Byron . White Company (Foreign), 
consists of 18 mining claims, 460 acres, situated near Sandon. The Slocan 
Star, the only developed vein on the property, was discovered in October, 
1891. It has been operated for silver-lead ever since and for zinc blende 
during the last two years. 

The mine has been opened by 4 cross-eut tunnels varying in length 
from 50 feet in No. 2 to 860 feet in No. 5, while a still deeper tunnel is con
templated. The drifts on the vein aggregate 8,389 lineal feet, with 3,107 
feet of raises and winzes. The vein varies in width from a mere clay gouge 
up to a width of 40 feet and is said to have contained pay ore for the greater 
width in some of the shallow workings. The vertical depth from the out
crop to the lowest workings on the vein is 625 feet. 

Production.-The Slocari Star has produced 34,000 tons of lead ore 
and 4,183 tons of zinc blende, the aggregate value of which amounted to 
$3,000,000, from wruch $567,500 was paid in dividends, or 18 . 92% . 

Mill.-The mill has lately been remodelled for the saving of zinc ore, 
and appears fairly complete in all particulars. It is operated by a water 
wheel which develops 75 to 80 h.p., from a fall of 470 feet. The discharge 
water from the wheel situated at the top of the mill supplies the full amount 
for the jigs and tables used in concentrating the ore. Two ftumcs supply 
the wheel, that from Sandon creek gives water enough for five months, 
commencing about the midclle of April . A much longer flume runs to Cody 
and is used when the supply from Sandon creek falls short. The mill has 
also a steam plant. It is at present idle and, I am informed, will not start 
up before spring. The litigation in which t his property is involved is said 
to be the principal cause of the shut-down. 

The mil! is located on the hillside and connected with No. 5 tunnel by a 
gravity surface-tram which delivers the ore in the mil! bins at 4 cents per ton. 
The machinery consists of a 9 by 15 inch Blake cru her, 3 rolls 14 by 26 inch 
and one 12 by 36 inch, 6 four compartrnent jigs, 2 three compartment and 4 
two compartment, 6 hydraulic sizers, 4 vVilftey tables and 4 Frue vanners. 
The gcneral ore treatment can be clearly followed on the excellent flow 
sheet compiled by :\Ir. W. F . Robertson, Provincial :\Iineralogist. (Plate 
XVIII). 

The plant has a capacity of 5 tons per hour, cost $40,000 and represents 
about the best class of concentrating works at Sandon. It was built in 1 96, 
and remodclled for zinc reCO\'ery in 1904. The operating cost is about 
53 cents pE'r ton. 

The following zinc shipments made during 1905 are remarkable for their 
uniformly high silver contents:-
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zrnc SHIP)1ENTS FROM THE BYRON N. WHITE CO. OF SANDON, B.C., 

TO 

THE UNITED STATES ZINC CO. OF PUEBLO. 

Returns made from Denver. 

Date. Gross Wt. J Moisture. Net Wt. 
1 

% Zinc. Ozs. Silver 

1905. 
March .. 10 .................. 158, 120 4.8 150,530 33 .5 33.4 

" 14 ...... . .... . .... . . 178,000 5 .2 168,744 32.1 44 .2 
" 14 .................. 173,700 4.5 165,884 33.2 43.5 
" 18 ........... . ...... 156,510 2.7 152,284 33.9 47 . .5 
" 24 .... ........ ...... 199,530 4.0 191,549 33.0 43.4 
" 25 ............. . .... 193,090 3.2 186,911 32.0 42.4 
" 27 ..... . •. . ......... 175,565 4.0 168,542 31.0 40.6 
" 27 .......... . ... .. . . 142,645 3.1 137,367 31.9 42.4 
" 29 ................. . 181,065 4.3 113,279 31.2 42.8 

April . . . 3 ............ .... .. 177,803 4.5 169,802 33.5 43.7 
" 8 .................. 180,583 4.7 172,096 31.5 42 .0 
" 13 ....... . .......... 180,005 4.3 172,265 32.5 43 .6 
" 13 . ......... . .. .. .. . 175,623 3.2 170,003 33 . 1 42 .3 
" 25 . .. ............... 155,925 2 .3 152,339 33.0 42.0 
" 25 ............. . . .. . 123,340 2 .3 120,503 31.3 44.0 
" 25 ... ... ...... ... ... 216,780 2.8 210,710 32 . 7 43.0 

May ... 7 .... . .. . .......... 86,500 4.0 83,040 34 .6 44.0 
" 10 .................. 355,020 2.8 345,079 31. 7 41.8 
" 10 ................. . 206,340 3. 7 198,10.5 31.2 43.4 
" 10 .. . ..... ... . ...... 123,880 2.1 120,783 31.5 41.0 
" 12 ...... .. .......... 233,340 2.0 218,873 31. 8 44.4 

July ... 20 .................. 229,020 1.3 226,043 33.0 29.7 
" 20 ....... . ........ . . 148,240 1.0 146,758 32.0 32.5 
" 20 ..... ... ..... . .... 103,120 1.0 102,089 31.9 29 .6 
" 25 . ........ . ... .. ... 115,360 2.3 112,307 29.7 27.8 
" 31. ................. 43,740 2.0 42.865 32.8 31.2 
" 31. .... . ........ . ... 1.58,980 2.8 154;529 31.1 29.6 

Aug .... 4 .... . .... . ...... . . 232,660 1.9 228,239 32.4 33.0 
" 4 .... . .... ... ..... . 5.5,700 3 .0 54,029 31.6 34 .1 
" 12 . . .. ...... .. ...... 115,840 1.8 113,7.55 32.6 33.0 
" 16 .. .. ..... . ........ 78,280 4.0 75,149 33.5 39 .0 
" 1 122,380 2.0 119,932 33.0 34.6 ................. . 
" l 42,920 2.5 41,847 33.3 40.8 . . . . .......... . ... 
" 29 ... .. ... ... ....... 43.340 1. 5 42,690 33.6 4-1.8 
" 29 .. ......... . ..... . 370;550 1.5 364,992 33.8 36.8 
" 29. 290,340 1. 9 284,824 32.5 43.0 ....... . . . . . . . . . . 
" 29 . ........ . ...... .. 57,160 2 0 56,017 33.1 48.2 
" 31 ........ .. .... ... . 120,020 1. 5 118,220 32.5 46.l 

Sept . . 2 ...... ...... .. . ... 166,160 2.0 162,837 32.0 44.6 
" 2 ... . . ........... . . 121,840 1.0 120;622 31.1 42.5 
" 8 .................. 354,740 1.8 348,355 31. 9 42.4 

illine.-This is situated on a steep mountain side, in the western part 
of which a very large granitic mass, or stock, occurs which has had con
siderable influence on the formation of the vein fissures. There are also 
numerous smaller dikes, in all probability branches from the main stock, 
which are intersected by the vein in various places throughout the workings. 
West of the shaft on No. 5 level, the vein is diverged by the main porphyry 
stock, which it courses around at a distance of from 2 to 50 feet, and passing 
round the western end of the stock resumes its general direction making 
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large ore deposits, but from a point 300 feet west of the shaft until it reaches 
the western sicle of the stock, the vein or veins contain but little ore. This 
is one of the disputed points, on which it must be distinctly understood that 
I pass no opinion whatever, the plaintiffs in the litigation claiining that the 
Star vein is eut off immediately east of the shaft. The Star vein outcrops 
very prominently around No. 2 tunnel, and slightly west of it a spur from 
the main vein is exposed on the trail for a width of 5! feet, 4 feet of which 
is good zinc and iron ore. Sample No. 15 gave: silver 2. 2 ozs., lead 1. 03 
zinc 293. Further westerly the outcrop of the main vein can be seen in two 
or three places adjacent to the trail, exposing a wide outcrop (including a 
slate horse) showing zinc and carbonate of iron with galena. Considerable 
surface gophering has been conducted around this place in search of pockets 
of galena, while east of o. 2 level or cross-eut, the vein was quarried out OiJ. 
surface and the workings are now caved. Tunnel o. 1, I was informed, 
is completely worked out, caved and abandoned. 

Tunnel No. 3 intersects the vein practically at the east end of a large 
horse, or the point where two branches of the veins meet. East of the 
junction the vein has a bearing of north 50° east, with a dip into the moun
tain of 50 degrees. The stope immediately in front of the tunnel is 20 feet 
wide and cornes to a point about 70 feet easterly. I went down a winze 
through this stope to an intermediate level 60 feet vertically below tunnel 
No. 3, and sampled a body of zinc ore exposed by a cross-eut 16 feet into 
the foot wall, including 4 feet of quartz and slate in the center. This foot 
wall lens is good concentrating ore, but rather silicious. Sample No. 25 
showed: sil ver 1.6 ozs., lead O. 73, zinc 19.23 . Mr. Gardé sampled the 
west end of this intermediate level finding 7 feet of zinc ore (Sample o. 
31) showing: silver 3.1 ozs., zinc 273. 

Tunnel No. 4 intersects the vein also in a wide place, practically at the 
east end of the horse. Ali the lead ore has been stoped up clean to surface, 
leaving, however, lenses and veins of zinc ore very difficult to estimate, 
but no doubt in large quantity. The ore sampled on the intermediate 
level between 3 and 4 tunnels would be merely part of the available Inilling 
ore standing above this level. 

At distance of 120 feet easterly of the main No. 4 cross-eut a winze cou
nects with No. 5, the ground between the cross-eut and this winze being all 
stoped out below the level for a considerable depth; there is, however, a 
good bunch of zinc ore on the eastern side of this winzc, and zinc can be 
traced 200 feet along the bottom of the level to where a second winze con
nects with ~o. 5. This block is represented by samples os. 16 to 20, in
clusive. No. 16 assayed: silver 1.5 ozs., lead 1.23, zinc 25.73. Io. 17 
assayed: silver 2.9 ozs., lead O. 3, zinc 26.73. Xo. 1 assayed: silver 
1.5 ozs., lead 2.23, zinc 15.73, ~o. 19 assayed: silnr 1.7 ozs., lead 13, 
zinc 17.43. ~o. 20 assayed: silYer 1.4 ozs .. lead l.3o/c . zinc 20.2% . 

Passing easterly from the econd winze on ~o. 4, I found 150 feet of 
practically barren Yein. Quartz lenses occur at interya]s and sometimes 
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also a little siderite, but these cross the strike of the vein at acute angles 
and appear to terminate at the main walls. At other points the vein is 
merely a 6 inch gouge of crushed black slate. Succeeding this harren 
stretch of 150 feet there follows 100 feet of very good veip, mostly, however, 
siderite alternating with zinc blende. Samples No. 21 assayed: silver 
1.6 ozs. , lead 0.83, zinc 313 . No. 22: silver 2.3 ozs. , lead 1.33 , zinc 
38.53. No. 23: silver, 1.1 oz., zinc 29.23. No. 24: silver 1.4 oz., zinc 
20.53 . The level extends 22 feet beyond this lens and ends in barren 
ground, the vein being again reduced to about 10 inches of crushed black 
slate ànd gouge. 

The siderite lens previously described consists in part of seams crossing 
the general strike of the vein at an acute angle and terminating at the walls; 
the last seen of this lens is at a point 22 feet from the face, where it crosses 
towards the foot wall, along which it probably continues, the .drift having 
evidently followed the hanging wall. 

No. 5 level east passes below this ground at a depth of 165 feet vertical, 
and shows siderite in several places and also some zinc. The vein on No. 
5 east is very irregular and wavy, the drift very crooked. The vein would 
probably average about 4 feet in thickness and contains much more quartz 
than on the level above, but not nearly as much siderite as in No. 4 east. 
At about 500 feet east of the main cross-eut a raise shows 4 feet of siderite 
and zinc blende with a slight sprinkling of galena, and again at 400 feet 
east of No. 5 cross-eut there is a eut in the hanging wall showing 4 feet of 
siderite and a little blende. 

In two places along this drift small stopes were started, but the vein 
did not open out above the level, and above ail, the minerai that they were 
looking for, galena, did not occur in a profitable quantity, but much of this 
ground will, I believe, when opened up, produce milling ore when zinc can 
be mined and milled at a profit. I did not, however, at any place on this 
level see as good a run of either siderite or blende as on the No. 4 level. At 
one point a porphyry dike shows in the hanging and below it a spring of 
water issues. The vein immediately under the dike is chiefly quartz , carry
ing a little galena and fragments of blende with some siderite. It looked 
to me a good prospect to sink on. 

Goi.ng westerly on No. 5 the vein has been stoped in the roof continu
ously, and in one place passes through a small dike and contains there about 
20 inches of blende with a little siderite. The stopes increase in height as 
they reach the main winze (shaft) sunk below this No. 5 level, and the vein 
at this point is very wide as will hereafter be shown. Immediately west 
of the shaft the vein follows close to the main stock, previously described, 
but the pay streak is very narrow. At about 1,000 feet west of the shaft, 
what is called the main vein is again picked up and opened for a length of 
350 feet, about 100 feet of ,,,.hich is in pay ore. Sample No. 26 was taken 
from a stope where the ore showed a beautiful ribhon structure of blende 
and quartz with galena and a little siderite, 3 feet wide. It assayed: sil \' er 
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28.5 ozs.,' lead 0.73, zinc 23.93. Sample o. 27 was taken from the same 
Silversmith stope, 30 feet east of the latter, and for a width of four feet. 
At this point about 4 inches of galena occurs on the hanging wall as well 
as some little galena disseminated throughout the vein. The sample assayed: 
silver 50.8 ozs., lead 0.63, zinc 193. This very fine stope produced the 
bulk of the rich silver-zinc concentrates shipped in 1904. 

In the main winze below No. 5 level, the west end shows a magnificent 
vein averaging 12 feet in width between the 5th and 6th levels. The pay 
streak is mostly galena. I sampled 4! feet. Sample No. 30, on the foot 
wall sicle assayed: silver 111.9 ozs. lead 783, zinc 33. About 25 feet 
below o. 5 level there was another streak of about 18 inches of galena 
towards the hanging, but this was inaccessible for sampling. The vein 
filling between these streaks is quartz and slate with a little blende. About 
û feet has been stoped west of the shaft on this splendid ore lens, while a 
stope opening on the east sicle, about midway between levels, shows 7 feet 
of quartz and blende, a brecciated vein, mostly quartz with pieces of slate, 
fragments of zinc blende and a sprinkling of galena throughout the mass, 
and about 4 inches of galena on the hanging wall . Sample No. 28 was taken 
across this stope, width 7 feet. It assayed: silver 12 ozs. , lead 4.43, zinc 
18.9.3 . This Jens appears to have its greatest width at the winze and is 
of short length, probably not exceeding 80 feet. 

No. 6 level extending west of the "'inze on the course of this lens I was 
not shown, while easterly on No. 6 level the ore lens has practically dis
appeared 30 feet from the shaft. The vein, however, continues 8 or 10 feet 
"ide in a very irregular country, containing several small dikes, though small 
bunches of siderite, blende and galena occur at intervals in the vein. At 
one place the vein appears to fork and was followed southerly for some dis
tance, when it turned and almost resumed its normal course. The main 
drift continuing through the dikes finally r~ached a distance of 400 feet 
from the shaft where I took sample No. 29, on eptember 19, from 12 inches 
of galena and blende in a quartz gangue; it assayed: silver 11.5 ozs., lead 
28.93, , zinc 183 , iron 7.43, insoluble 36.13. This ore is just coming in, 
the pay streak is about 1 inches wide, and the ground very loose and extre
mely ''"et. There is considerable development of iron pyrites in the vein 
at this, the deepest point in the mine; a little yellow copper ore cai;i also be 
noticed in specks associated with the quartz and galena. 

In the upper portions of the mine, the galena, and sometimes the blende, 
contains a little chalcopyrite, but more often gray copper, particularly 
where the sil Yer yaJue is high. It would appear that on the 6th lev el copper 
ore occurs u.lmo:;t exclu ively in the form of chalcopyrite. It is probably 
that the outhern vein \Yill soon fall into the main vein and include between 
them one of the sbte horses which form so prominent a feature in this mine. 

The 6th level is opened about 625 feet. vertical below the outcrop of 
the vein at the highest point on the mountain, and there occurs on and 
abo\'e this le\'el probably as rich a bunch of silver-lead a has been found 
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anywhere in the mine. The blende also occurs in this lens at the main 
winze of normal character and in fair quantity, wh:ile the east face of No. 6 
level appears to be entering another lens of normal character and composi
tion. Consequently, it can be at least claimed that the vein at its deepest 
point, taking the mine as a whole, carries ore of normal richness and com
position; in other words, there is no falling off in values with depth. There 
follows, hmYever, the matter of quantity of mineral in the vein, and uncler 
this head the showing on No. 4 tunnel east is very fair, the development of 
siderite alone being abnormal; while on the 5th level, east of the main cross
cut, the vein on the whole is poor, but with a market for zinc, would, in 
several places, pay to mine, and there is a strong probability that. bunches. 
of good lead ore would be found in stoping and possibly some Ienses of nor
mal richness; and if so, the whole vein could be profitably stoped. Siderite 
occurs everywhere in the vein, from the outcrop to the lowest depth de
veloped. 

Studying the mine sectionally we can roughly <livide the ore deposits 
into a central or main shoot, an east and a west ore shoot. The central 
shoot is by far the largest of the three, and carries pay ore continuously 
from the outcrop to the 6th level. 

The east ore shoot has an easterly pitch in the vein, develops massive 
siderite as vein filling on the 4th level and is poor on the 5th level, quartz. 
predominating. 

The west ore shoot has a westerly pitch in the vein, but owing to the 
shape of the hill the 5th level cuts it at much less depth from surface than 
the eastern shoot is explored. The western shoot continues strong on 
and below the 5th level, west of the granitic intrusion, and will probably 
carry clown pay ore below the 6th level, and in the wider portions of the 
vein perhaps to much greater depths. 

I had arranged for a number of illustrations to show clearly the ore 
occurrence in the Slocan Star vein, including a plan of No. 5 level and several 
sections across the vein, which is really one of the most interesting, and 
probably the largest developed vein in the Slocan. At the last moment, 
hO\vever, the manager refused to have any data whatever taken from the 
working plans, and hence I have been compelled to describe briefly this 
interesting mine without the aid of illustrations, so cssential to a proper 
understanding of the great vein and its ore shoots. 

It must be remarked, however, that the owners of the Slocan Star have 
been in litigation over that nightmare, "Apex rights," which I had hereto
fore believed was an expensive uncertainty confined exclusively to United 
States mining practice. 

RICHMOND GROUP. 

Tlùs property con ists of six mining claims acljoining the Slocan Star 
group. The formation consists of the usual 'locan series of slates in \\·hich 
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somewhat irregular faulted veins occur, carrying some high grade galena 
and considerable zinc blende. In fact the ores are identical with those of 
the Slocan Star, and will require the same treatment. 

In the lowest (No. 5) tunnel a brecciated vein, 6 feet wide, could be 
seen outcropping and extending for a few feet in the tunnel, where it is 
apparently eut off. This tunnel is comparatively short, and at present 
unimportant, from the fact that while considerable fault movement can 
be noticed, but little ore or any regular vein formation has so far been de
veloped. 

Sorne zinc ore is visible in No. 4 tunnel near the mouth, but the work
ings inside do not appear to have exposed any regular vein. 

No. 3 tunnel, or middle tunnel, shows a better defined vein than either 
of the others; in one place a short lens of zinc blende, 3 feet wide in its 
thickest place and 20 feet long, occurs, and towards the face of the tunnel 
a regular and well defined vein has been opened up for the last 40 feet of 
drifting, and looks as if pay ore might be developed at any moment. This 
property can only be classed as a "prospect," and owing to the steepness 
of the mountain sicle and prevalence of snow slides, it can only be operated 
satisfactorily during the summer season. The amount of work so far clone 
cannot be said to show up a regular or continuous vein, excepting, perhaps, 
that near the face of No. 3 tunnel. The large brecciated vein showing 
zinc blende at the mouths of Nos. 4 and 5 tunnels, appears to be out of 
place. It is, however, possible to operate the property by a main tunnel 
having its portal in some place secure from snow slides, but such develop
ment would scarcely be warranted until further prospecting shows up a 
regular and profitable vein in place. The chances for developing a pay 
mine in this group of claims is, in my opinion, good. The work so far done 
shows- the upper tunnels to be the more promising, and in these, or say 
in No. 3 and the next above, it would be safest to develop the vein first. 

RUTH MINES. 

The Ruth mines, owned by the Ruth Mines, Limited, consist of 14 
Crown granted claims-about 400 acres-situated at 'andon. There are 
two developed veins, known as the Ruth and the Hope, discovered in 1892 
and worked since that date for silver, lead, and the Ruth for zinc blende 
since 1904. The Hope not having produced zinc blende in commercial 
quantity, was not examined. 

The Ruth vein has been developed by five tunnels to a vertical depth 
of 600 feet below the outcrop. The tunnels vary in length from 600 feet in 
N" o. 1 to 3,000 feet in No. 2, while o. 5, the lowest, tunnel is 2,000 feet long. 

T early all the tunnel work is on the vein and fault, and aggregates about 
10,400 feet of drifts, while the mises and winzes amount to 2,500 feet of 
additional development. The vein varies from 2 feet upward and would 
ayerage about 4 feet in thickness; it is a typical, locan vein carryi.ng galena, 
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blende and siderite in lens-like masses. Between the lenses in places there 
is nothing but a clay gouge or crushed slate to follow, and sometimes this 
is very difficult to follow, as for example in No. 2 tunnel, where, in the early 
development of the property very extensive cross-cutting (amounting to 
1,300 feet) together with 1,200 feet of drifting failed to find the continuation 
of the vein beyond the fault. 

The property has produced 17,410 tons of silver lead ore, 15,000 tons 
of whi.ch was hand sorted. About 1,000 tons of blende concentrate was 
produced and stored at the mill during 1905, which is said to assay 36% 
zinc, 1.5% lead, 14% iron and 12 ozs. of silver per ton. 

The silver-lead ore averages about 65% lead and 85 ozs. of silver. The 
mine is credited with the payment of $165,000 dividends. 

Mill.-The Ruth mill is situated on a hill side, practically in the town 
of Sandon and connected with the Kaslo & Slocan Railway, over which 
concentrates can be shipped direct. The mill is operated by water power 
and connected with the principal tunnels of the Ruth mine by a short wire 
tram. It has a capacity of 4 tons per hour and cost approximately $65,000, 
including fi.urne and power plant. The Ruth mill is well constructed, fairly 
well arranged, and is the best lighted hill-side mill in the Slocan. It was 
erected in 1899 and re-arranged for zinc saving in 1904. The machinery 
consists of one 7 x 16 inch Blake crusher, two 14 x 24 inch rolls, four 2 com
partment and four 3 compartment jigs. The sizes jigged are the oversize 
(about 20 mm.), then 15 mm. , 8 mm. and 4 mm., together with the coarser 
product from 4 hydraulic sizers. Four Wilfley tables and one <louble-deck 
Evans buddle take care of the finer product of the milling ope;arrons. 

Mine.-The vein above No. 3 tunnel has been stoped out and the fillings 
run down and passed through the mill for their contained lead. The vein 
appears to have carried ore from near the mouth of the tunnel to the fault, 
and it also appears that the ore was continuons for similar distances in the 
tunnels above o. 3. 

No. 4 tunnel (see Plate XVI for plan of workings) is presumably driven 
in on the vein, which is extremely irregular and small; so much so that 
it was hardly recognized until a distance of 500 feet had been reached from 
the portal and connection made at that point with tunnel o. 3. A winze 
was also sunk about 70 feet below No. 4 tunnel, but nothing of value was 
discovered. From this point the tunnel advances on a somewhat regular 
vein, but barren of ore until the fault is reached, and at that point about 
3 feet thick of vein matter occurs. It is mostly siderite, and contains scarcely 
any mineral of value. From the point where the vein was displaced by 
the fault a south cross-eut was started, which in part paralleled the fault 
and over-shot the other end of the vein by about 80 feet; in other words, 
from the point where the cross-eut intersected the vein, it extended east 
0 feet and for the greater part of this distance has been stoped in the roof 

and partially stoped in the bottom, the remaining blocks showing a fair 
mincralization, principally of blende. 
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Passing westerly a main winze was sunk 150 feet from the point where 
the cross-eut intersected the vein and extended in depth to the No. 5 tunnel. 
From tllis winze at a depth of 30 feet below No. 4 tunnel an intermediate 
level was driven easterly 200 feet and westerly 70 feet. About two-thirds 
of the vein matter has been stoped out over this level for the entire distance 
specified (270 feet .) Sorne small stopes occur in the bottom of the level 
and show very fair zinc blende and an average of 3 inches of galena against 
the hanging wall. 

Most of this work, I understand, was performed by contractors who 
stoped the ore on a basis of tons of concentrates produced in the mill. The 
rate, however, was for the most part based on lead concentrate, and only 
towards the close of the campaign was the contractor allowed anything for 
zinc as that minera! was then of little value; even when concentrated. 

At the end of this 200-feet intermediate level there is a very nice ribbon
structure vein consisting of an irregular streak (about 2 inches) of galena, 
against the black slate hanging wall, then a breccia of blende cemented by 
siderite, and the remainder made up of alternate seams of siderite and blende 
with an occasional sprinkling of galena (see Plate XVII, Fig. 1). Sample 
No. 13 was taken at this point in two cuts across the vein; it assayed: 
silver 13 ozs., lead 5.53, zinc 30 .43. 

This bunch of ore is at a splice in the vein and is just, as it were, conling 
in, and future developments, by advancing this drift easterly, will show 
up its length, though the break or fault should be met with in about 30 or 40 
feet. Fifty feet east of the main winze in this intermediate drift a winze 
has been sunk 70 feet, and a second intermediate level driven from it, connect
ing with the shaft and extending easterly from there 150 · feet. At the 
collar of this winze and extending clown for 15 feet on its eastern sicle, a vein 
of siderite and blende occurs, almost a duplicate of that taken in sample 
No. 13, and in various places between this point and the bottom of the winze 
very solid kidneys of blende occur in the vein , which would average about 
18 inches of rather solid ore. . 

At a depth of 60 feet, and about midway between the shaft and the 
winze, sample No. 14 was taken from the Yein, which showed solid blende 
and a little galena, in two cuts averaging 18 inchcs in thickness. The vein 
here would have to be stoped to a width of 4 feet. The sample as ayed: 
silver 20.9 ozs., lead 13 . 13, zinc 31.73 . 

Descending to the second intermediate level. which has been advanced 
150 feet from the shaft easterly. the vein east of the stope is, a a whole, 
rather poor. In the eastern face there is about 3 inches of galena and blende 
coming in , and the ground appears to me favourable for the production of 
minerai. I rather expect that another bunch, or Jens, will be found bctween 
the present face of the drift and the fault. Blende also occurs in one or two 
places along the back of the level, but in very small bunche" The ground, 
ho,Ycvcr , is , on the whole, poor, and the drift has apparently passed in very 
close to the bottom of the Jens. Yet, as we have seen, the upper portion 
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of the block contains a good vein, the winze proves its continuity, so the 
block as a whole will no doubt pay well to stope out regularly. 

The main winze continues below the second intermediate level for 110 
feet on the dip of the ve· n and there connects with No. 5 tunnel. As this 
winze (or raise from No. 5) was full of mill ore it was impossible to examine 
it below the intermediate level, much as I would have liked to have done so 
on account of the depth to which the vein was exposed at this point, and 
moreover because the vein has not been located with any certainty in the 
No. 5 tunnel workings, immediately adjoining this winze. 

Returning to No. 4 tunnel, the Jens on which the main winze was sunk 
continues westerly along the vein for about 150 feet, at which point a stope 
was put up about 30 feet, opening a vein 3 feet wide, mostly silicious siderite 
containing bunches of blende. At about 40 feet further west along the level 
this lens pinches out, and for some little distance the vein was barren, but 
at the time of my visit the face showed a seam of 6 inches of fine-grain galena 
ore, containing a little blende. The rock is soft black shale standing almost 
vertical and showing fault movement. The advance made in this drift, 
since the examination, traced the vein into a faulted zone, as shown on the 
plan (Plate XVI). This work, however, I have not seen. 

No. 5 tunnel is, according to aneroid reading, 240 feet below No. 4. 
It is wide enough for a double track almost to the fault, and is a very fine 
piece of tunnel work. I was informed that No. 5 tunnel was almost com
pleted before the faulting in the upper levels had been developed, and no 
doubt it resulted in considerable disappointment. 

A careful examination of the tunnel shows a well defined, though small, 
vein 350 feet east of the fault , while at 300 feet a small lens of blende and 
siderite can be seen along the roof of the tunnel for about 40 feet; in places 
it is 18 inches wide and shows some good seams of galena. This lens looks 
very promising and occurring, as it does, in line with an ore shoot above 
No. 4, there is good reason to expect paying results from the development 
of the ground between these tunnels; and perhaps an intermediate drift 
easterly (toward surface) would prove up good ore at a shallow depth. 

At the point where the tunnel crosses the Ruth-Lone Star line a strong 
vein can be seen, consisting of quartz and slate breccia, containing some 
siderite and small crystals of zinc blende. This is, I believe, the Ruth vein 
west of the fault. There are some water courses adjacent to this vein from 
which, and the vein proper, considerable water is issuing, draining no doubt 
a wide area of the country. 

I could not detect any ore or even a regular vein in the workings wcst 
of the Ruth-Lone Star line on No. 5 tunnel. 

The Ruth mine contains some large blocks of zinc-lead concentrating 
ore. Further development of the lower intermediate, between Nos. 4 and 5 
tunnels, eastcrly towards the big fault , should open up another run of good 
stoping ground, while the lens east of the big fault on No. 5 gives promise 
of opening out into another important ore shoot. Lastly, the old workings 
might, under the leasing system, pay for re-working on a blende basi 

13 
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PAYNE MINE. 

The Payne mine, owned by the Payne Consolidated Mining Company, 
Limited, is situated about 2 miles from Sandon. The mill is located on the 
Kaslo & Slocan Railway, and is connected with No. 5 tunnel by an inclined 
surface-tramway. The property consists of six mining claims-about 79 
acres. The Payne vein was discovered in 1892 and has been worked ever 
since for silver-lead ore; zinc ore has also been produced since the completion 
of the concentration mill in 1903. 

The vein has been developed by six tunnels, the first four of which are 
worked out and abandoned. No. 5 is now the principal working tunnel, 
and near its face a main winze connects with No. 8 tunnel, driven in from 
the east sicle of the mountain, opening up and draining the vein to a depth 
of 850 feet, vertical, below the outcrop. With the exception of No. 8, the 
tunnels are mostly on the vein, while between the latter and No. 5 tunnel, 
Nos. 6 and 7 levels are opened on the vein from the main winze. The Payne 
vein varies in thickness from 1 to 10 feet and would average about four 
feet. The pay streak of galena, it is estimated, would average about four 
inches, though in some places it has exceeded 8 feet in thickness. 

This property has produced 50,000 tons of silver-lead ore, averaging 
about 68% lead and 120 ozs. of silver per ton, together with 6,000 tons of 
zinc blende, the aggregate value of which amounts to $5,000,000. The 
dividends paid reached the grand total of $1,438,000, or 28. 76% , which 
stands, so far as I can determine, the highest rate of profit and largest ag
gregate dividend of any property in the Slocan. 

Mï ll.-The Payne mill was erected in 1902, at a cost of about $30,000, 
for a capacity of about 10 tons per hour. It is operated by water power 
with steam-auxiliary to tide over the dry seasons. The mill does not vary 
much from the average Slocan concentrator, except that the first magnetic 
machines for zinc separation in British Columbia were installed in this plant. 
For various reasons they did not prove much of a success. 

The separation plant consisted of a modified Spence roaster, a Knowles 
and a Cleveland-Knowles magnetic separator. The roasting furnace i a 
very poor one and ill adapted for the light roast necessary to change siderite 
to the magnetic tate. The co t of roasting is said to have averaged . 3. 
per ton , and to ha,·e resulted in considerable silver losses (probably as 
dust). The Knowles separator con ists of a fixed electro-magnet over which 
passes a leather belt thickly studded with iron rivets, which on passing over 
the magnet pick up the magnetized portion of the ore and remove it from 
the magnetic field ; this machine was not successful. The Cleveland-Knowles 
machine, howeYcr, gaYe fairly satisfactory results on well roasted ore. 
Through various causes the separating plant was not a commercial success 
and is not no"\\· in operation. 

The mill was treating ore from ~o. 5 dump at the time of my vi it, 
end in addition to the silver-lead concentrate, a good zinc product (avera-
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ging 45% zinc and 15 ozs., silver) was being produced and shipped direct 
to the smelters without further treatment. 

The Payne mill has treated 180,000 tons and produced 5,186 tons of 
concentrates, or one ton of concentrates from 34.7 tons of crude ore, the 
material treated coming largely from stope fillings in the mine and the 
surface dumps. The milling cost varies considerably. In 1903 and 1904 
it was about 90 cents per ton, and during 1905 about one half this figure; 
in addition to which is the cost of repairs which is said to vary from 2 to 
10 cents per ton of ore. 

The gravity tram connecting the mill with the mine is about 5,000 feet 
m length. The head house is about 2,300 feet in elevation above the 
mill. The cars hold 3 tons each and the cost of delivering ore in the mill 
bins is 4 cents per ton. 

Mine.-l went in through No. 5 tunnel to its intersection with the 
Payne vein, noticing 2 dykes on, the way, then passed casterly to the face 
of the level. The main ore shoot appears to have been stoped out from 
this tunnel to surface, and in places as far down as the 6th level. N ear 
the east face of No. 5 a main winze 'communicates with No. 8 level, opened 
from a tunnel entering the mountain on the side opposite to that entered 
by the other .tunnel. This now forms the main drainage adit of the mine. 
The winze is equipped with an electric hoist to raise the ore to No. 5, and a 
chute to convey the waste to No. 8 to be trammed out through that tunnel, 
while the third compartment is used for a ladder-way. The sixth and 
seventh levels are opened from this main winze and have no surface outlets, 
aS ail the other levels, from one to eight, have. 

The sixth level is opened from the winze, and extends westerly on the 
vein, which here contains considerable siderite, and would average for the 
greater part of the distance 3 feet in width. One stope is now being oper
ated, from which I took sample No. 37, which assayed: silver 12.6 ozs., 
lead 5.2%, zinc 42.2%. This appears a fair zinc ore and has distributed 
through it sorne small seams of galena, alternating with siderite and blende, 
forming a very pretty vein structure (See Plate XV. Fig. 3). West of the 
stope the vein is slightly faulted to the north, and was followed for about 
50 feet beyond, with indifferent results. For the last 30 feet a small dyke 
occupies the vein fissure and next to it is about 12 inches of siderite with a 
little quartz, as indicated (Plate XVII. Fig. 3). 

No. 7 level extends westerly from the winze about 400 feet and ter
minates at the fault (Plate XVII. Fig. 2). This drift also shows the dyke ob
served on the level above, and in several places a vein averaging 2 feet in 
thickness, composed of alternating seams of siderite and blende of about 
2 inches each, with considerable quartz development on the foot wall. 

ro. 8 level extends from the main winze and connects with No. 8 adit. 
The drifts appear badly mixed up, making several folds and righ t angles 
( ee Plate XIX for plan of lower workings). The vein, however, was finally 
intersected at a point 850 feet below its outrrop and shows at this place 
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some mineral. A stope was opened out east of the intersecting cross-eut, 
near which preparations were made to sink a main winze below o. . The 
vein was, to some extent, stoped above this point and appeared to be of 
normal composition and value. 

I sampled a 2 inch lead and zinc streak (Sample No. 38) on the floor 
of the level east of the winze and probably about the center of the vein, as. 
there was evidence of a streak 4 feet further north , which would probably 
be the main hanging wall of the vein. The sample assayed: silver 113 ozs., 
lead 67.93, zinc 12.13 . This was from the deepest point of development 
on the vein. On the west side of the cross-eut the vein opened out to 10 
feet, is stoped above the level, and produced, I am informed, a fair tonnage 
of lead ore. The end of the stope is mostly siderite, though there is quite 
a little blende also. (See Plate XVII. Fig. 4). 

Beyond this point the water was too deep to permit of examination, 
but I was informed the level was abandoned on reaching the fault shown on 
the 6th and 7th levels. Near this fault a very large stream of water issues, 
perhaps draining the entire vein above. I suspect it cornes from 
a water course following the wall of the dyke which occupies part of the 
vein fissure above this level, as previously described and illustrated in Figs. 
2 and 3. (Plate XVII). 

It appears to me that the enclosing slate rock is much harder on the 8th 
level than on the 5th for example, and that it gradually increases in hard
ness between the 5th and 8th levels. The vein, neglecting the pay ore, i 
more regular and better defined on the 7th level than on the 6th, and be.st. 
of ail on the 8th le'=el. The galena is apparently less plentiful in depth. 
A little is showing on the 6th and 7th levels, though on the 8th, I understand 
a good bunch has been taken out of the stopes and some remains visible 
at this date. The siderite, however, undoubtedly increases with depth, as. 
does also the amount of quartz in the vein, but not to the same extent as· 
the sideri te. 

1 have previously pointed out that the vein fissure, on the sixth and 
seventh leYels, followed for some distance the course of a porphyry dyke 
which forms the hanging wall of the vein; near the eighth level, however, 
the dyke apparently flattens , disappearing in the hanging wall, while the 
vein continues on its normal clip. It is worth noting that the heavy de
crease of galena in the vein is, to some extent, co-extensive with the porphyry 
hanging wall , but not exclusively so; hence it may be assumed that a slate 
hanging is more favourable for the deposition of galena, and therefore, that 
below the eighth levPI where this eondition again obtains, normal deposit 
of galena should be found. However, 1 attach more importance to the 
structure of the vein itself, which on the eighth level is one of the best cle
fined and strongest veins in the andon district, at least that portion of it 
extending westerly from a point slightly ea t of the intersecting c-ros -eut. 
The vein here gives the appearance of opening out into one or more lens
like deposits at moderate depth. The whole showing on the eighth lcvei 
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fully warrants proving the veins to greater depth, and I would add, I have 
<:onfidence that pay values will be found in the wider portions of the· Payne 
vein below the eighth level. 

On referring to Plate XIX-reduced from the working map-it will be 
noticed that east of the intersecting cross-eut the eighth level, following a 
vein, diverges widely from the normal course of the Payne vein, which on 
the seventh level from a point 200 feet west of the main winze bears North 30° 
East, while the eighth level vein for a practicallysimilar distance bears North 
70° East; but for the fact that a slight fault in the Payne vein occurs, near 
the main winze, one would be led to the conclusion that. the eighth level east is 
on a branch, or spur, from the main vein. My examination was not made .in 
sufficient detail to justify an opinion, hut the circuitous drifts and cross-cuts 
on the eighth level, evidently in search of the vein, show not only that some
thing is amiss, but also that the position of the winze to develop the Payne 
vein below the eighth level is perhaps too far east. Consequently drifts 
should be e.xtended west from this winze, at least to the fault, before the 
Payne vein can be assumed to have had satisfactory development in depth. 

The ore reserves in the Payne mine are so nearly worked out that an 
estimate of the available tonnage of milling ore is not justified. This state 
of affairs is, in my opinion, due as much to lack of development as to changes 
in the vein. The os. 6 and 8 levels should have been driven westerly to 
the limits of the ore shoot as outlined by the stopes above No. 5. While, 
perhaps, of greater importal:lc.e, the opening of at least one more level below 

o. 8, should have long since been completed. The shallower portions 
of the mine would probably yield a further tonnage of high grade ore if 
leased, and work by lessees would undoubtedly lead to discoveries of mill 
ore in the majority of the workings, but in depth further development must 
precede future production. 

IVANHOE AND ELGIN MINES. 

These mines, owned by the Minnesota Silver Company, Limited , con
sist of two full claims situated near the summit of the mountain, overlook
ing andon to the west. The l vanhoe vein was discovered in 1893, and 
has been worked for silver-lead ore almost ever since. Zinc ore has been 
produ ced during the last 3 years . 

The mines are developed by two main tunnels, aggregating 2,880 feet 
in length, and a imilar amount of drifts on the vcin, together with about 
1,000 feet of raises and winzes. The greatest depth reached on the vein 
is 540 fcet below the outcrop. 

Further details of the vein were not availablc, nor could I obtain any 
records of the production of the mine. Inasmuch as the "developed ore" 
had been toped out, and work in search of other shoots had not opened up 
pay ore, the property was not examined. 
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Mill.-The Ivanhoe mill is situated on the C.P.R. Railway, about 
t mile below the town of Sandon, and connected with the mines by a wire 
tram 8,400 feet in length. The mill is well arranged, well lighted and 
modern in its equipment. The machinery consists of one 10 inch by 20 inch 
rock breaker, two 14 inch by 30 inch and one 6 inch by 42 inch rolls, an auto
matic sampler, one two-compartment roughing jig, one 3 compartment and 
six 4 compartment jigs treating 1 in., i in., 10 mm., 6 mm., 4 mm., 
and 2.5 mm. ore from screens. Eight Wilfley tables treat the material 
from the hydraulic classifiers. A picking belt, 45 feet centers, between 
rock breakers and the storage bins, is a good feature in this mill, but it 
should not be lost sight of that it is invariably necessary to wash the ore 
before effective picking can be hoped for. 

This mill was erected in 1900, at a cost of $50,000. It bas a capacity 
of 6 tons per hour and is operated by water power. The milling cost is about 
57 cents per ton. Delivery of ore from mine to mill over 8,400 feet of wire 
tram cost 12 cents per ton. (See Plate XXV). 

NOBLE FIVE AND GOODENOUGH MI ES. 

The Noble Five mine and mill, and the Goodenough mine are des
cribed in the report by Mr. A. C. Gardé, which is to be found in a sub
sequent portion of this volume. 

MONITOR MINE. 

The Monitor mine is situated at Three Forks in the West Kootenay 
district, the lower tunnel being practically on the line of the C.P.R. Rail
way. The property consists of 8 claims and is owned by the Monitor & 
Ajax Fraction, Limited. 

But one vein has been developed-the Monitor-discovered in 1 95 
and worked intermittently for silver-lead ore. The vein is opened by five 
tunnels varying from 810 to 1,200 feet in length and aggregating 4,300 feet, 
together with about 1,500 feet of drifts, winzes, etc., on the vein. The greatest 
depth reached is about 490 feet below the outcrop. The mine bas been 
closed down for a year or so pending the completion of the new mil! at Rose
berry, and was not visited by the Commission . I understand, however, 
that the property has been a fair shipper of high grade band sorted lead 
ore running from 353 to 403 lead, 1 3 zinc, about 120 ozs. silver, and 
$10 per ton in gold. There is, it is claimed, a large tonnage of zinc concen
trating ore in the old stulls, on the dump, and in some of the stopes, that 
will be treated at the new mill. 

Mül.-The new concentrating mill is situated on the C.P.R. Railway 
at Brockman, near Roseberry , on the shore of Slocan Lake. The site is a 
level one, and the mil! , as a whole, extremely well built. The general de
sign is, however, not of the best, though the level site offered all possible 
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facilities for the construction of the most approved design in concentra
tors. I am indebted to Mr. lVI. Gintzberger for an excellent fiow sheet of 
the mill. This is shown in Plate XXX, a reduction from Mr. Gintzber
ger's drawing, which clearly indicates the operations of the concentrator. 
It is said that the intention of the company is to treat the ore from its own 
mines at Three Forks, and also to do a custom business, or, at least purchase 
concentrating ores and treat them in this new mill at Brockman. 

A magnetic separating plant will, it is said, be added to the mill equip
ment at some future date. The ore will be unloaded from the C.P.R. cars 
by shoveling into a chute leading directly to a Hadfield all-steel crusher, 
thence (without washing,) the ore passes to a picking belt and is delivered 
to an elevator which takes it up to a Snider sampler, consisting of three cast 
iron dises having two orifices each, through which the sample passes, while 
the face of the dise deflects the main stream into the stock bins below. 
There is no crushing or even mixing devices between the cutters or samplers, 
the second simply cutting the stream taken out by the first one, and the 
third cutting after the second. The design ·and arrangement of this 
sampler do not conforrn to the generally accepted principles and its 
results are hardly to be relied upon. 

!fhe sample leaving the last cutter passes through a sample grinder, 
and thence directly to a Jones sampler. This arrange.ment is also faulty, 
inasmuch as the ore should b"e mixed after crushing and dumped in some 
quantit.y, at intervals, over the Jones sampler. The ore is fed from the 
stock bin to a Hadfield 14 inch x 24 inch rolls operated by two driving pul
leys, 36 inch x 8 inch, with a flange next to the roll. This is a very poor 
machine for coarse crushing as the belts and pulleys are entirely too small, 
incapable of transmitting the power necessary to crush rough ore to the 
flùl capacity of such rolls, and such small wheels cannot, of course, contain 
the momentum that is required when coarse ore or uncrushable material 
enters the rolls. In such a case it would mean a choke-down and throwing 
off of the belts. On the same fioor there is another rolls of the same pattern 
and size for crushing middlings. One elevator takes the crushed ore to the 
top of the mill building, where it passes through four revolving screens of 
12, 8, 4 and 2 mm. apertures. The screened ore passes to the jigs and the 
finer material to three Culver hydraulic classifiers, which give three jigging 
products. The strearn leaving these classifiers passes into a V shaped 
settling tank, 60 feet long, about 2 feet wide at the smaller end and 10 feet 
at the larger, making eight products, which pass to nine Luhrig type vanners 
immediately below, the tailings from which pass to waste, while the head
ings are re-worked on nine other similar va1rners on the lower fioor. The 
tailing from the finishing vanners are elevated in four sizes and again 
passed over the upper, or first, vanners. Below the vanners there are the 
u ual settling pits for the concentrates. There are also water tight bins 
below the jigs for receiving the jig concentrates. A 24 inch Pelton \\"heel 
is being placed on the lower vanner fioor to operate a dynamo for lighting 
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the mill, and probably to operate also a low tension machine for the 
magnetic separators, although this part of the plant had not been . decidcd 
upon. The concentrating machinery is operated by a 60 inch Pelton wheel 
on the screen floor. The discharge water from this wheel furnishes the 
supply of wash water for the jigs and vanners. 

A very well arranged assay office has been built. in connection with the 
mill, and, as previously noted, the mill is very well constructed, and it is 
well lighted, as, of course, all mills on fiat sites are, and conveniently arranged. 
The roll capacity is, however, far too small for treating 4 tons per hour, to 
do good work. At least two other rolls should be added for grinding mid
dlings. 

The modified Luhrig vanners are probably the principal problems to 
be solved in this mill. The regular Luhrig vanners have done good work 
on the Pierrefittcs ores in the French Pyrenees and at other points in Europe, 
but so far as I know they are new in this country, and for slimes, at least, 
cannot compare with the Frue vanner, and on fine sands are inferior to the 
Wilfley type of table. The modified vanners in the Brockman mill, how
ever, are operated by eccentrics and have neither spring, bump, nor any 
sort of concussion. 

When mixed zinc-lead-siderite ores occur, 5 compartment jigs arc 
essential to a close saving of zinc, and none should be less than 4-compart
ment. I was, therefore, disappointed to find no 5-compartment jigs in this 
new (1905) mil!, but very few 4-compartment jigs, and practically no fine 
grinding mac hinery. 

LUCKY JIM MINE. 

This property, situated at Bear Lake is owned by Mr. G. W. Hughes 
and associate. It consists of 12 mining claims and fractions, aggregating 
about 350 acres. The Lucky Jim vein was discovered in 1 92 and worked 
irregularly for some years for silver-lead ore; during the years 1896-1 99 
concentrating ore amounting to 5,641 tons was produced, from which 1,600 
tons of zinc blende averaging 50% zinc was sorted out. The remainder, 
a zinc-lead product was sold to the owners of the Pilot Bay concentrating 
and smelting works. The 1,600 tons of zinc ore assaying about 6 ozs. of 
silver per ton, 3% lead, and 50% zinc, was slùpped partly to Antwerp and 
partly to the Fry proces works on the Manchester· Slùp Canal, England, 
a special freight of $14.50 per ton having been secured from the mine to those 
works, but unfortunately the works, the process and its inventor ail came 
to grief about the time the ore arrived in England and the slùppers gained 
nothing but expcrience by the transaction. 

During 1901- 2 the property was shut down, but it was reopened in 1903 
by ~Ir. G. W. Hughes, the present owner, who ha declared dividends of 

100,000 as the result of zinc ore shipments during 1904 and 1905. 
The production uncler ~Ir. Hughes' management up to the end of 1905 

amountecl to 5345 tons of zinc blende averaging 54% zinc, a small portion 
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of the tonnage being concentrates from a trial shipment to the Payne concen
trator at Sandon. 

Development.-The property is developed by five tunnels, the upper
most worked exclusively for silver-lead ore and now abandoned, being 
situated at an elevation of 4,551 feet above sea level. The Slide tunnel, so 
called because its portal is situated on the side of the gulch, in the track 
of a large snow slide, is at an elevation of 4,474 feet. A second tunnel (Safety 
tunnel) was driven in at this same elevation from a sheltered point on the 
side of the mountain and connected with the workings of the Slide tunnel, 
so that the men can enter or leave the mine in safety when slides are running 
in the gulch. 

Two tunnels, one on the east and one on the west side of the gulch, 
have their portals at an elevation of 4,366 feet. These tunnels (called No.2) 
are connected with the Kaslo & Slocan Railway by a gravity tram 1,300 feet 
long, with a fall of 830 feet. These tunnels together with the branch levels, 
aggregate 3,000 feet of drifts. 

Geological.-The Lucky Jim ore deposit differs so much from the 
general run of the Slocan vein series, that a short note on the geological 
conditions is necessary · to a clear understanding of the ore occurrence at 
this very interesting mine. In a word the ore is found in a zone of lime
stone and calcareous slate where penetrated by fissures, and invariably 
in the purer crystalline limestone of the zone. The foot wall of the lime
stone zone is a hard dark-green fissile slate, more or less pyritiferous near 
the plane of contact with the limestone. Impure quartzite beds occur 
in the foot wall slates, but not in the vicinity of the ore deposits. The 
hanging wall country, as seen in No. 2 tunnel, appears to be the average 
graphitic slate of the Slocan series. The foot and hanging country is se
parated by about 100 feet of calcareous slates, limestone, etc., that make 
up what I shall call the limestone zone. The pay ore occurs in chimney
like columns in the purer limestone, invariably along some line of fissuring, 
or extending along the fissure in vein-like form, where limestone forms 
one or both of the fissure walls. The fissuring, like most of the Slocan 
series, is greatest at the present surface and becomes less in depth , the minor 
fissures often disappearing in less than 100 feet from surface. These latter , 
howevcr, are confined to the limestone zone, and are more properly called 
incipient fissures. The key to this ore deposit is, however, the east-west 
fissures crossing the strike of the limestone zone and this fact should not 
be lost sight of in prospecting at t.he Lucky Jim, or other properties 
along the strike of the limestone zone to the sou th. 

The mine.-RPferring to the plan of the workings (Plate XXXI), theSafcty 
tunnel follo\\"S vcry clo ely the strike of the slates from its portal to tlw 
turn . The main fissure of the mine was inter ·ected at this turn and followecl 
we. terly through the slates until the contact plane was reached. This 
fissure i a clear break in the slates, avcrages about 2 feet in width and . tancb 
vertical. I coulù not observe any mineralization in the slates, the fissu rc 
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being for the most part open, though here and there blocked by crushed 
slate. The drift followed the open fissure westerly until the limestone 
zone was reached, where ore was at once discovered in chirnney-like mass 
which was followed up to surface along the contact and stoped out, pro
ducing considerable lead ore. This upper stope, it will be noticed on the 
plan, extends near the surface from the main fissure across the Slide tunnel, 
and connects wi.th one of four subsidiary fissures that occur in the west 
drift of this tunnel. 

The Slide tunnel enters slate at its portal and continues in same until 
the limestone is reached. At this point a drift runs back in a northwesterly 
direction along the foot wall contact plane, intersecting 4 parallel fissures 
in the limestone. These are small and usually tight, incipient fissures, 
which do not extend into the slate foot wall, although they carry ore in the 
limestone, and in some places quite good bunches of ore. The first fissure 
is small and tight ·on the levels, but has been followed up by a stope which 
connects wit.h the surface stope previously noted. The second fissure is 
also very tight on the drift, but as followed west, opened out, and from 20 
to 32 feet west of the drift contained good concentrating ore for a width 
of 12 feet, mostly a high class blende. The third fissure intersected in this 
sicle drift is very small and apparently unimportant, while the fourth and 
last is the strongest of all. It has been followed through limestone 60 feet 
from the foot wall, at which point the hanging wall slates are met with. 
Galena with some zinc blende occurs in this fissure for a length of 50 feet, 
and has been stoped in one place up to surface. These four fissures occur at 
intervals of 15 feet making a definite though incipient fissuring or sheeted 
zone, confined however to the limestone which here has a proven thick
ness of 50 feet. A fifth fissure occurs at the junction of this drift with 
the main Slide tunnel and the sixth and main fissure, previously traced 
through the Safety tunnel, is intersected at a distance of 110 feet from the 
portal of the Slide tunnel. 

The main ore chimney on the tunnel horizon has an elliptical shape 
measuring 50 feet along the fissure by l),bout 30 feet greatest width. The 
sicles of the stope show some galena and considerable blende disseminated 
in limestone, all of which would pay well to coucentrate. A winze con
nects with No. 2 tunnel 100 feet below, and some stoping has been con
ducted around the winze. The workings were, however, filled with con
centrating ore and inaccessible. It looks, as if the high grade lead and 
zinc ore had been stoped, in part, leaving the concentrating ore to be re
moved later. Referring to section AB (Plate XXXI) it will be seen that this 
ore chimney, as represented by the stope, commences at surface with a 
thickness of about 6 feet, swelling to 30 feet on the Slide tunnel level. The 
limestone is also thin at surface, about 20 feet, while at the Slide tunnel it 
is 50 feet and on No. 2 tunnel about 30 feet. This ore deposit is undoubt
edly a replacement of the pure semi-crystalline limestone, occurring 
near the foot wall of the limestone zone, with high grade lead ore near 
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the surface, followed by lead and zinc ore of considerable purity, and, as 
will present.ly be shown, a considerable development of pyrites in depth, 
associated with a very fair grade of zinc ore. 

This fissure I have previously referred to as the main fissure, because 
of its great length in the slate and limestone, and furthermore because a 
winze was sunk on it to the No. 4 tunnel, where it is very well defined and 
carries ore on its walls in the limestone. The rich ore has probably been 
very carefully stoped out from this big chimney, though there are no doubt, 
many thousand tons of good concentrating ore to be obtained by further 
working around the periphery. At least, very good blende and galena 
ore, mixed with limestone and a little slate, can be seen around the work
ings on and above No. 2 tunnel level, while below that point the chimney 
is filled with broken ore, which is stored there, until arrangements can be 
made for its concentration. 

There are two adits on the horizon of No. 2 tunnel. I shall first describe 
the one driven to intersect the ore chimney, last dest}ribed. 

This tunnel starts in on the southern side of the gulch and intersects 
the limestone-slate contact 200 feet from its portal, after passing through 
slate for that distance. Near the contact the slate contains quite a large 
development of scattered pyrite crystals, which may be said to extend for 
about 20 feet back from the contact. The pyrites is in form of cubes, and is 
best developed close to the contact. Passing inward along the tunnel, at a 
distance of 50 feet from the contact the first fissure occurs. A drift has been 
opened 15 feet to the east and a raise put up some distance. This fissure 
is well defined here, and would appear to correspond with the most northern 
of the Slide tunnel series, which has been there drifted on for a length of 60 
feet. Where eut on No. 4 tunnel, several good bunches of blende occur in 
the fissure and iron pyrites is somewhat plentiful in the limey rock adjacent 
to it. 

On the west side of the tunnel at this point a drift was pushcd in 10 feet 
on a tight fissure. The limestone in this neighbourhood is somewhat massive 
and dark coloured, while 18 feet further in along the tunnel a very distinct 
open fissure crosses, on the walls of which about an inch of calcite is found. 
The space between the calcite on the walls varies from one-half to two inches. 
It is quite probable that this is a post-mineralization fissure. There is no 
change from this point until the main fissure of the mine is intersected at 
380 feet from the tunnel portal, along which the tunnel turns to the east and 
connects with the raise which passes up through the big ore chimney now 
stored with broken ore, as previously referred to. This main fissure has 
been opened for about 15 feet east into the Rlate foot wall , on which the 
raise was started, and, so far as I can determine, it closely follows this slate 
foot wall until the winze is reached (Section A B, Plate XXXI). 
In the face of the east cross-eut in the slate foot wall on No. 2, the fissure 
appears small and tight, and would scarcely be recognized as the main fis
sure which passes so persistently through t.he slates on the Safety tunnel 
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horizon. In the westerly direction, however, the fissure is very strong and 
has been followed for a distance of 160 feet, for much of the way through 
calcareous slate and bands of impure limestone, ending in the typical black 
Slocan slates, where the fissure is again practically closed. Ore occurs for a 
considerable distance between the points indicated, but to be more precise, 
at the foot of the main raise on the foot wall there is 3 feet of very fair blende 
next the fissure, with 5 feet of rather light coloured pyrites, associated with 
a little blende, followed by strong developments of calcite which continue 
southerly in the limestone to the next fissure. A third parallel fissure, 
small and tight, occurs at the bend of the level, along which no particular 
mineralization can be noted. 

Passing westerly along the main fissure, the No. 2 tunnel was driven 
through the fissure and extended on its last course 40 feet beyond it, ending 
in black Slocan slates. A raise was also put up in the main fissure, at this 
place, but was in no condition for examination. The ore in the fissure, 
however, gives the same section as at the foot wall raise, 3 feet of blende 
and about 5 feet of mixed pyrites and blende. The pyrites appears rather 
massive, and some of it looks like pyrrhotite, but on the whole, it would 
make good concentrating ore. Continuing westward along the main fissure, 
toward the hanging wall of the limestone zone, the drift passes mostly through 
slate from the point of intersection of the main tunnel to the winze, though 
in this slate there are a few small beds of impure limestone. The left hand 
side of the drift is deeply marked with striae, showing movement toward 
the hanging wall at about 40 degrees dip. Limestone again occurs at the 
winze for a width of 15 feet, and in it there is a very fafr development of 
pyrites, zinc blende and galena, the blende being more abundant toward 
the hanging, and indeed extends back along the northern side of the drift 
for 14 feet from the winze, the blende being of the usual high grade charac
ter of the Lucky Jim ore. This winze bas not been unwatered since Mr. 
Hughes purchased the property, but he informed me the drift inside of the 
winze was full of good concentrating ore when he took hold of the property 
and he believes this ore was taken out of the winze, though it is just as likely 
to have been obtained from the raise. The ore (he stated) contained con
sidcrable galena and was a first class concentrating ore. Beyond the winze 
the drift is entirely in slate, and ends as preYiously noted, in dark locan 
slates, softer considerably than those passed through in other portions of 
the tunnel. Returning to the main raise on the foot wall, it will be noted 
that the level after passing through the sheeted zone, prcviously described, 
makes a southerly bend and enters the slate. Pa siug onward for consider
able distance, the level was ver~· hurriedly examined and the face found 
tu be in slate, but near the face somc impure limestone occurs. A westerly 
cross-eut passes through this band in tlw slate, and one to the ea t also 
ends in slate. One or two cross fissures occur in this drift, but no mineral
ization of moment \Yas obsen·ed. From one fissure quite a st ream of water 
\ms i suing, p:i\'ing a black dcposit, probably manganiferou .. 
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While this drift south of the main fissure was not carefully examined, 
yet the irregular occurrence of the lirnestone and the fact that No. 2 tunnel, 
after intersecting the main fissure, passed through the limestone and into 
the slate, that between this point and the winze in the main 
fissure another slate mass exists, it becomes evident that the lime
stone is of irregular occurrence and is probably best understood, in part at 
least, as an accretion or segregation of limestone in the slates, the larger 
mass following closely one part.icular stratum of slate now represented as 
the foot wall; in this limestone segregation minera! has been deposited 
in the main fissures of certain sheeted zones. The strike of the limestone 
zone at the surface can be followed for about 250 feet, when it passes under 
wash and debris and is lost from sight, but again crops on the point of the 
hill almost opposite the portal of No. 2 tunnel east. Here an open eut 
was made and considerable lead and zinc ore shipped therefrom. In the 
sicles of this open eut three well pronounced fissures are observable, each 
one well mineralized. 

Tunnel No. 2 west passed in through hard slate, which on nearing 
the ore deposit is pyritiferous and the slat~ greenish, but on the tunnel 
horizon I was not able to observe any of the fissuring, the ore having been 
completely stoped out, one stope taken out below the tunnel and the place 
fi.lied with water. I was informed, however, that a winze was sunk about 
70 feet and followed ore for the entire distance, but at the bottom the ore 
was narrowing and following a distinct fissure. I believe the principal 
shipments from the Lucky Jim, during 1905, came from this chimney, which 
roughly measures 65 feet in length by 35 feet greatest width, having the 
shape of a fiat ellipse. The ore is very clean zinc blende, containing only a. 
few stringers of iron pyrites, easily sorted out. Sorne of the crystalline 
blende has a resinous colour and occurs in very large crystals. Very little 
hand sorting is required, as the ore is singularly free from waste or impurity , 
whole car-loads running 54% zinc as broken clown in the stope. 

o. 2 tunnel west, on passing through the slate-limestone contact plane, 
broke into solid zinc ore and followed along the basset edge of a very rough 
jagged slate, forming the northern boundary of the limestone and the ore 
chimney, which are practically coterminous (see Plate XXXI, Plan and Section 
C D), white the face of the drift is in slate which terminates the limestone 
in that direction.* The slate is of dark green colour and pyritiferous. Here 
we find the curions phenomena of a pure crystalline limestone apparently 
interbedded with the slate, suddenly and abruptly terminating against a. 
jagged slate wall, being as it were eut off on its strike. This could be more 
easily explained as due to faulting, but no fault fissure could be observed 
along the northern bounclary of the ore deposit, while the limestone 2 inches 
from the slate assayed 533 CaO with no silica or magnesia present. On 
the south sicle of the chimney the ore has been stoped back into the crystal-

*The hatching indicating limestone in Plate ::C'CXI is purposely sho"'n unconforrn
able with the slate, but not necessarily at any particular angle. 
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line limestone, while a drift passing almost at right angles to the general 
strike of the formation, shows the limestone zone to be 60 feet thick at a 
point 70 feet south of the center of the ore chimney. 

The shipping ore on the tunnel horizon and above is stoped out, and 
the workings in places are filled with concentrating ore, while the stope 
below the level was full of water, hence no thorough or satisfactory exami
nation of the ore chimney could be made. However, it looks to me as if 
the limestone in which this ore chimney occurs is a sort of segregated de
posit, or possibly a cavity in the slates filled with pure crystalline limestone. 
The limestone enclosing the other large chimney in No. 2 tunnel east appears 
to conform to the strike of the slates, at least adjacent to the chimney. It 
is also crystalline and a sample taken at the foot of the main raise, south 
side, gave on analysis Caû 53.43. Si02 0.8%. Mgû nil. 

The Lucky Jim ore rleposits occur in a limestone zone in part inter
bedded with the slates. This zone consists of crystalline limestone of great 
purity, calcareous slates and dark impure limestone bands which in some 
places follow the strike of the slates and in other places are of irregular form, 
more particularly the crystalline limestone in which the two developed ore 
chimneys occur. The ore deposits occur in association with a system of vertical 
fissures crossing the zone at about right angles to its strike. The fissuring 
is best and largest near the surface and does not continue very strong in 
depth. Future prospecting should therefore take the form of developing 
the eross fissures at a shallow or moderate depth in the limestone zone. 
Moreover thè shallow deposits carry galena and very clean blende, while in 
the deepest workings a fine grained pyrites and pyrrhotite occur in quantity, 
mixed \Yith the blende, and hence the deep ores will require a concentration 
mill and magnetic separator to handle them effectively. The Lucky Jim 
mine should produce large quantities of concentrating ore as well as the high 
grade zinc for which it is famous. Further development along the strike 
of the limestone will in the fissured zones undoubtedly result in the dis
covery of other deposits of high grade blende. 

MOU TAI CHIEF GROUP. 

The l\fountain Chief group of mining claims is situated on the south 
sicle of Carpenter creek, about l! miles from rew Denver, over an ex
cellent wagon road to within t mile of the principal tunnels. A good pack
trail connects the tunnels with the wagon road. The property has not been 
worked for several years, and no data could be obtained regarding its output 
or extent. 

The first point visited was an open eut in which the vein had been 
exposed for a length of 50 feet , bearing north 25 deg. east., and dipping 
southerly, or into the mountain. The vein was 3 feet wide for this dis
tance, and contained from one to It feet of zinc blende, mixed with quartz 
on the hanging wall, and mostly quartz material on the foot. The vein 
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exhibited ribbon structure, and the short lens made a very fair showing 
for a surface outcrop. The enclosing rock, however, is an extremely hard, 
light coloured slate, not, I think, very favourable for the production of ore. 
About 60 feet below the open eut a cross-eut was driven in to intersect 
this vein, which is exposed in the cross-eut about 18 inches wide, consisting 
of a stringer of quartz on the hanging and foot walls; in the central portion 
it is hard slate, the whole highly silicified and extremely hard. A raise 
was put up at the face of the tunnel for about 20 feet, but no pay ore was 
anywhere visible. 

Proceeding eastward from this tunnel and passing into a side gulch, 
or draw, another tunnel (No. 3, on the plan) is found, which intersects the 
vein at 60 feet from its portal. This vein has been stoped west of the 
tunnel for a distance of about 80 feet, continuing to surface, or rather .to a 
short tunnel ( o. 4) about 60 feet above. No ore could be observed in the 
face of the workings, the productive vein matter having been very thoroughly 
stoped out. The mouth of this tunnel exposes a fault, showing considerable 
movement. The gulch follows the strike of this fault. East of the lens, 
which has been stoped out on the 60 foot tunnel (No. 3) above described, 
the ore lens pinches up and the vein is probably eut off by the fault, but 
as the workings at the fault were not accessible to complete examination, 
this fact could not be determined. About 80 feet below No. 3 tunnel and 
on the east side of the gulch or draw, a tunnel (No. 5) was started in massive 
quartzite and extended for 250 feet into th.e mountain to intersect the vein 
showing on the north side of the gulch and fault. This tunnel penetrated 
extremely hard rock, and a few irregular fissures were encountered, but 
notbing indicative of a mineral vein. As near as I could judge, this tunnel 
should have intersected the vein previously mentioned. About 150 feet 
above this tunnel a vein has been developed by No. 6 tunnel and drifts, 
and quite a little stoping has been done. About 30 tons of ore was sacked 
on one of the <lumps from which a sample (No. 42) was taken by Mr. Gardé .. 
which assayed : silver 26.1 ozs., lead 5.1 3 , zinc 31 3 . The vein, in these 
w01:kings, according to Mr. Gardé, appears quite regular but small. Sample 
No. 41 was taken in No. 7 tunnel. It assayed: silver 58.5 ozs., lead 10.73, 
zinc 26.63 . I believe the same condition of affairs exists here as that 
clescribed at the füst tunnel examined; at any rate, the 250-feet quartzite 
tunnel (No. 5) below it should have intersected this vein, but it has given 
negative results. The two samples taken will give sonie idea of the grade · 
of the ore. lf this vein can be traced into the darker and softer slates of 
the Slocan series, as it probably can along its strike, further up the valley, 
I would consider it a good prospect, but as the vein extends in depth into 
the extremely silicious slates and quartzite, previously describecl , it becomes 
barren and practically disappears. 

It looks to me as if tunnels 2, 3 and 4 exposed merely the roots of an 
ore vein , the upper portions of which hatl been eroded during the formation 
of the rnlley of Carpenter creek. 
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HARTNEY GROUP OF MINES. 

These mines are situated on ilver Mountain, about 4 miles by good 
wagon road from ew Denver, and at an elevation of 2,320 feet above Slocan 
Lake. 

The group consists of 8 mining claims, 242 acres, but only one vein, 
the Hartney, has been developed. It was discovered in 1897 and worked 
for silver-lead ore about 5 years. During the latter part of 1905 an effort 
was made to market zinc ores and to ship the crude zinc-lead ore of this 
property, but not with much success, as the price offered was too low. 

The Hartney vein has been developed by 6 tunnels, mostly on the 
vein, varying from 110 to 570 feet in length and aggregating 1,500 feet, 
with 510 feet of connecting raises and winzes. The vein averages about 18 
inches, the pay streak about 4 inches. The lowest working has reached a 
depth of 510 feet below the outcrop. 

The property has produced 180 tons of high grade silver-lead ore, and 
there was 160 tons of mixed zinc-lead ore, rich in silver, ready for shipment 
at the t.ime of the examination (Sept. 27, 1905), and about 300 tons of sirnilar 
ore stored in the stopes. The average grade of the ore as mined is said 
to be 40 ozs. silver per ton, 15% lead, and 30% zinc. The ore haul from 
the mine to the wharf at New Denver, costs $2.50 per ton. 

The mine is developed by tunnels. o. 1, or the lowest, has not been 
started. No. 2, started as a cross-eut, had not reached the vein. ro. 3 
tunnel intersects the vein at the end of a cross-eut 105 feet long, from which 
point the drift extends on the vein 570 feet. The enclosing rock is an ex
tremely hard slate, which becomes for the last 100 feet of the drift quite 
silicious, and the vein slight.ly changes its strike in this extremely bard 
ground, while the dip very nearly approaches the vertical; in other portions 
of the vein the dip is about 60 degrees. At 106 feet from t.he face a small 
stope shows the vein to be 10 inches wide, with very regular walls, and a 
pay streak of but 3 inches of zinc and galena, from which sample o. 43 was 
taken. This assayed: silver 77.7 ozs., lead 39.7%, zinc 17.93, . This small 
lens did not appear on the level below, and it looks as if it might open out 
still wider as the stope is advanced up,vard. Between this latter stope 
and the mouth of the tunnel, another stope has been carried up to the level 
abovc. 

The face of No. 4 tunnel is similar to o. 3, the vein being reduced to 
a simple 3 inch gouge of crushed late between very regular and extremely 
bard walls, showing evidence of movement. The vein here is also prac
tically vertical for a length of 100 feet, as in the level below. So far as I 
can see, al! the ore that would pay to mine has been stoped out above this 
level. The property has been worked for some time under lease. During 
part of the term two men produced 120 tons of lead ore in six months, equal 
to 10 tons of ore per man per month. 
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The vein looks best at its outcrop and at its shallower depth in the 
tunnels. All the levels gradually enter harder rock in which the vein becomes 
both tighter and poorer. The average thickness of the vein matter would 
not exceed 2 feet, and the pay streak, neglecting the last 100 feet in the two 
tunnels previously described, would not average over 4 inches. The ore 
now being rnined is almost an intimate mixture of zinc blende and galena, 
with a little siderite and quartz, though from the shallower workings the 
ore is said to have been almost exclusively galena. 

Owing to its high silver value, it is very probable that the Hartney 
ore will be difficult to handle, more especially as there is very little gangue 
associated with the zinc and lead in the ore, and no doubt considerable silver 
wi.11 be associated with the zinc, which, under the present conditions, is 
practically valueless. 

The best pay ore appears to follow the contour of the mountain, ex
tending in the vein only to a moderate depth from surface, or until the sili
cious slates are met with. Unless a change to a more favourable rock occurs 
at greater depths, deep development of the vein does not look encouraging 
and attention is perhaps best given to tracing up and working the vein along 
the shallow productive zone. 

BOSUN MINE. 

This property is situated on the east shore of Slocan Lake about one 
and one half miles south of New Denver. It is owned by the Bosun Mines, 
Lirnited, and consists of 8 mining claims and fractions, about 200 acres of 
mineral lands. 

The Bosun, the only developed vein, was discovered in 1896, and was 
worked for silver-lead ore from 1898 to 1903, and for zinc and lead ore 
from 1899 to 1903. The mine is developed by 6 tunnels, varying from 
300 to 1,000 feet in length, and aggregating 3,600 feet of drifts, and 1,100 
feet of connecting winzes, etc. The vein averages about 5 feet in thick
ness. The pay streak varies from 3 feet down to a mere film and would 
average about 6 inches. One-third of the area developed on the vein has 
been stoped, which, however, covers the principal ore shoots. The lower 
tunnel (No. 1) is in good ore, 250 feet vertical below the outcrop of the 
vein. 

The mine has not been \YOrked for some time and complete figures 
regarding the production could not be obtained. It appears, however, 
that the first zinc shipment from the mine went to Antwerp in April 1899. 
About 20 tons assayed: sil ver 81.9 ozs., leacl 1.83, zinc 45.63. The freight 
on this ore amounted to $21 per ton, afterward reduced to $16. The 
. everal shipments to Antwerp amounted to 620 tons. :J1r. W. H. Sanford 
givcs the total zinc shipments from the mine up to February 1904, as 1,4-lO 
tons averaging: silver 71.3 ozs., lead 1.83 , iron 6.43, zinc 41.83 , silica 
133, lime 33, and ulphur 203 . The highest return recei,·ecl on a car-

14 
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load lot was: silver 111 ozs. , lead 1.2%, iron 6%, zinc 51.7%, The lowest 
was: silver 53.3 ozs., lead 2.4%, iron 63, and zinc 43.4% . The above 
returns were taken from the books of the company, after mining operations 
were suspended. 

An excellent wagon road extends to the second and third tunnels, 
while No. 1 tunnel is on the main Denver and Silverton road. Good 
office buildings and bunk bouses exist, and the mine was apparently worked 
at one time with considerable vigour. Operations were suspended in July, 
1903, on account (it is said) of difficulty in marketing the zinc and silver 
ores produced from the property. Most of the ore shipped from Nos. 1 and 
2 tunnels was screened and band sorted; the waste culled out from the ore 
in the sorting bouses contains a high percentage of zinc, mixed of course 
"ith considerable slate, but would pay well to concentrate. There is pro
bably 1,000 tons of such mixed ore on the dumps. 

The examination of the mine dumps shows considerable zinc blende 
and some of the richer portions of them will doubtless pay to turn over 
and band sort before concentrating, when a good market is obtained for 
zinc ore carrying silver. 

The lower tunnel is opened out on the Lake Shore road about 150 feet 
above high water mark, and the ores cotùd be very conveniently delivered 
on board barges for transfer to concentration or reduction works. 

I am informed that the owners of the new concentrator near Roseberry 
have secured control of the Bosun property, and intend shipping the ore 
for treatment toits new plant at Brockman, in the near future. 

The mine.-On referring to the section (Plate XXXII) it will be seen that 
the vein over No. 3 tunnel is practically stoped out up to surface, for a distance 
of 420 feet from the tunni:l portal; at 400 feet the stull timbers had fallen 
out and the level was choked, so that my examination terminated at that 
point. The mine section, however, shows a solid block extending easterly 
to the last winze connecting with tunnel No. 4, probably a lean place in 
the Yein. I was accompanied in this examination by a man who held 
the position of forernan when the mine was in operation, and he informed 
me that the last 200 feet of No. 3 tunnel showed a good vein along the bottom 
of the level, averaging 30 inches in width, including an 8 inch streak of 
galena mixed with considerable zinc blende. The mine section shows that 
a roof stope extends for 200 feet ,,·csterly from the face of the tunnel, which 
goes to confirm the foreman's statement. This stope is evidently on an ore 
shoot separate from the main one followed from surface to No. 1 tunnel, 
and for distinction I \Yill call it the eastern ore shoot. 

Sorne fe\\· small pillars are left over the drift in the stoped out zone 
extending 400 feet from the portal. These pillars show a very irregular 
distribution of zinc throughout, the fractured slate con tituting the vein. 
The stopes average about 5 feet wide, while the pay streak as een in the 
bottom of the lenl is about 12 inches in width, mo tly blende, with one 
tn two inches of galena next the hanging wall. These minerals, however, 
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occur as small lenses in the vein, commencing with say a 1 inch streak, 
swelling out to 10 or 12 inches in thickness and gradually thinning clown 
to a mere film. The lcnses do not occur at regular intervsls, and occasion
ally there is a long stretch of barren vein between them. From the 300 to 
400 foot mark I took one large sample in 5 cuts across the pay streak. This 
is No. 45, which assayed: silver 44.9 ozs., lead 1 %, zinc 36.2%. The average 
thickness sampled was 6 inches. 

In going up through the old stopes to No. 4 tunnel, the latter was found 
to be caved at 300 feet from its portal. For about 200 feet westward from 
the cave the level is stoped in the roof. For about 100 feet a seam of zinc 
sirnilar to that shown on the level below occurs close to the hanging wall 
along the bot tom of No. 4 level. It cornes in at about 2 inches and in places 
is about 8 inches wide, showing considerable galena and would average 
about 3 inches for the entire distance. The walls are very firm and have 
not yet put any weight of moment on the stulls, which have been so badly 
placed by the timbermen that man y of them have fallen down in the lev el. 

I am informed that the vein in the bottom of the drift runs in for 140 
to 150 feet beyond the choke, and is said to average better than outside the 
choke, and to contain more lead. The lead ore appears to be coming in at 
the choke and in one place shows about 21 inches of apparently high grade 
galena. This level has been stoped close to the mouth and almost up to 
surface. There are two other tunnels, No. 5 and 6, on the Bosun vein, 
but they are short and unimportant. 

Tunnel No. 2 is stoped near its portal, where an extremely rich ore 
shoot is said to have been discovered in the early days of the property. From 
that stope eastward the vein is low grade, until at 300 feet a slight fault 
heaves it 30 feet south, and then a spur from the vein runs back westerly 
50 feet. At this fault and split in the vein the main ore shoot begins and a 
winze follows it in ore to the intermediate level between No. 1 and No. 2 
tunnels and has been stoped in the ends. Araise communicates with No. 3 
tunnel 20 feet east of the last mentioned winze. The ground around this 
raise is mostly stoped, but I sampled some pillars, obtaining sample No. 44, 
which assayed: silver 66.4 ozs., lead 10.33 , zinc 35.43. The width 
sampled was 8 inches. The stope continues for 200 feet east of the raise 
and up to the third level, being, as previously notecl, the main stope and ore 
shoot of the mine. The bottom of the level has been stoped uncler-hancl 
for 80 feet east of the fault . At 120 feet one lens cuts out and another 
occurs 6 feet nearer the foot ,-..-all, which has been stoped for a length of 80 
feet, making the stopes here 200 feet in length. They terminate easterly 
in a tight vein, showing scarcely any mineralization. Two or perhaps three 
small lenses of zinc blende can be seen on the fioor of the levcl east of the 
under-hand stope, the largest 6 feet long and 18 inches at the thickest place; 
the blende is of good quality. From the east end of the roof stope to the 
face of - o. 2, the vein is somewhat wavey and enclosecl in very hard slatc ; 
the vein itself, however, will average 4 feet in width of a crushed and softcr 
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slate than the enclosing walls. For the last 100 feet a quartz seam forms 
the principal portion of the vein and at the face is 10 inches wide, showi.ng 
a little pyrites and films of siderite. The ground is hard and wet, letting 
out considerable water. The vein on this level, as a whole, consists of a 
series of very short lenses, and by far the greater portion of it outside the 
stopes, is practically unproductive. 

Reference to the serti on (Plate XXXII) will show that No. 2 level should 
be advanced about 100 feet to reach the centre of the eastern ore shoot 
developed on o. 3. This is a very important point, for if that shoot extends 
in depth it will greatly enhance the value of the property. 

No. 1 tunnel passes through a long stretch of sand and wash, but on 
entering solid rock did not pickup the vein until a distance of 750 feet from 
the portal had been reached. The vein forks at this place (See Plate XXXII). 
The south fork so far as developed did not show up any pay ore. It pro
bably extends 150 feet further than shown on the plan, ending in a cross
cut toward the north vein. The north fork struck pay ore at once, which 
continued almost to the face and has been partially stoped in the roof, while 
the fl.oor of the drift for a length of 50 feet, shows the best run of ore I have 
seen in the mine, and this at a depth of 250 feet below the outcrop (vertical). 
Moreover the ground is moderately soft and qui te favourable for the produc
tion of mineral. The outlook here for development in depth is certainly 
very good. 

The roof of the stope and its east face is found 30 feet above the level 
and 20 feet west of the face of No. 1 tunnel, north branch. The vein here 
consists of 12 inches of zinc blende, containing galena against the hanging 
wall and 4 inches of zinc blende in the foot wall, separated by 3 feet of softish 
slate rock. I sampled this vein at a point where a roll in the hanging wall 
gave another streak of zinc 4 inches wide, making 20 inches of zinc blende. 
This was No. 46, which assayed: $ilver 62.3 ozs., lead 21 .23 , zinc 32.8%. 
This sample did not include any of the slate in the centre of the vein, but 
was simply the three minerai streaks. Six feet from the face of the stope this 
Jens terminates, but others corne in at irregular intervals. Sixty feet above 
the level and 30 feet west of the main raise the vein is 3 feet wide, mostly 
crushed slate and soft talc with a 3 inch blende-galena streak on the hanging. 

Proceeding up the raise to the intermediate level, the vein in the west 
face is reduced to a gouge varying from 6 inches to 12 inches thick, but at 100 
feet east from the raise, a stope goes up in the roof, averaging 50 feet in length. 
It continues for 140 feet n.ortherly and ends 15 feet from the north face of 
the intermediate level. The roof of the stope is said to average 3 inches to 
6 inches of zinc on the walls, but was inaccessible. Sample o. 47 taken 
from the bottom of intermediate level, in two cuts aYeraging 6 inches of 
pay streak, assayed: 53.-± ozs. silver, 5.1 3 lead and 41 % zinr. 

The nin in the face of No. 1 tunnel , north branch, consists of a 12 inch 
gouge of soft crushed slate and a little talc on the hanging wall , and is well 
defined. Water issues from various cracks and joints, depositing quite a 
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little ferric oxide. In the intermediate level lime carbonate is deposited 
in several places from drop water. The stopes over Jo. 1 level extend, 
from within 15 feet of the face, practically to the turn of the main tunnel 
where the vein forks, as previously noted. Zinc and lead can be seen on the 
bottom of the drift in several places, and I am informed that it makes out 
in places to 4 feet in thickness. In ail probability one or more lenses extend
ing for a distance of 100 feet will carry pay ore for considerable depth below 
this tunnel. For the greater part of this distance the hanging wall is ex
tremely regular and stands steeper than in the stope above. There is ver;y 
little siderite in the vein and what there is occurs mostly in fractures and 
on joint faces , and seems to be a recent addition to the vein filling. 

The Bosun zinc ores contain high silver value; the lead is also high 
in silver. The vein is small but very.regular in width, and fairly soin minerai 
contents; consequently with a reasonable market for the sil ver-zinc ore, 
as well as the silver-lead ore, this mine should make good profits, if properly 
opened up and economically managed. 

LIPTON GROUP. 

This prospect is situated on Trout Creek, which empties into Slocan 
Lake about one mile from its head. The Lipton claim is 7 miles from the 
lake and is said by one of the owners to contain a strong vein averaging 
12 feet in width. The pay streak is 16 inches wide from which about 100 
lbs. of ore was taken by the owners. Sample No. 48, from this lot was taken 
at ew Denver, which assayed: silver 18 . 2 ozs., lead 36. 73, zinc 32 . 63. 
The property was not visited by the Commission. 

STANDARD GROUP. 

This property is situated on Four Mile Creek about two miles from the 
town of Silverton, and about midway between the Emily Edith and the 
Alpha claims. The lower tunnel (No. 3) is about 2,000 feet above New 
Denver, or 3,700 feet above sea level. This tunnel is now being advanced 
under contract and has reached a distance of about 250 feet from its portal 
(October 2, 1905). The first 100 feet of this distance is in wash and where the 
rock first is found it is extremely soft and considerably faulted. The 
enclosing rock of the vein is black slate. The vein structure is of the usual 
lenticular type and quite irregular as to the length and thickness of the 
lenses. The ores present in the vein are galena, usually adjacent to the 
hanging wall, blende, calcite and quartz toward the foot wall. About 
40 feet from the face considerable quartz occurs in the vein toward the foot 
wall side and continues to the face of the tunnel, averaging about 3 feet in 
thickness. Resting on the quartz is calcite and a little galena, 4 inches to 
6 inches in thickness, adjoining a soft gouge on the hanging wall, which is 
hcre crushed and contorted slate. 
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The whole vein in No. 3 tunnel shows evidence of considerable move
ment since the deposition of the ore, blocks of which occur in the vein in an 
almost rounded condition, showing the striae of movement under pressure. 
Hence it is a mooted question if this vein is in place, or if the tunnel bas 
reached the solid mountain formation. 

South of the face 100 feet a raise connects with No. 2 tunnel, 81 feet 
vertical above, or 140 feet on the dip of the vein. Going up this raise the 
pay streak was found rather thin at the roof of the level and continued 
so until the intermediate level was reached about 35 feet above the lower 
tunnel. At this place the vein made almost a right angle fold, extending 
back fiat into the foot wall about 35 feet (Plate XXXIII, Fig. 4). The raise con
tinuing on its course and passing into the overlying black slate was finally con
nected with a winze sunk in the vein from No. 2 tunnel. The cross-eut, 
however, at the intermediate level passing into the foot, followed the vein 
and opened up a very good deposit of argentiferous galena, mixed with a 
little blende. The drift along the hanging at the commencement of the 
bend in the vein, now called the intermediate, level has advanced about 20 
feet in a very loose and open vein showing little, if any, mineral. From 
the openings and cavities in the vein it is evident that the principal move
ment occurred along the plane of the present drift, and it is interesting to 
note that descending solutions have carried down lime, depositing calcite 
in mammillary form in the cavities of the vein. From the point where the 
vein commences to straighten up above the fold, to No. 2 tunnel there is a 
very good showing of argentiferous galena averaging about 8 inches in 
width, visible in both ends of the winze. There is also considerable 
zinc lying under the galena, probably a streak averaging 12 inches in width, 
but much more regular than the galena. 

I should judge from appearances that there is a very good bunch of 
ore between the intermediate level and No. 2 tunnel, but the zinc is very 
much rnixed with quartz, calcite and porphyritic material and will require 
concentration. The lead ore can, however, be band sorted . . 

There appears to be a porphyry dike crossing between the head of the 
winze and the portal of Jo. 2 tunnel, while the drift after passing northerly 
through the dike immediately reaches pay ore. The level was adva.nced 
northerl:y on the Yein for about 300 feet, and for the la-st 100 feet there is 
a silicious Yein of zinky ore that would probably contain 203 blende and 
average one foot in width. The vein in the face is, however, pinched and 
consists of about 2 inches of porphyritic vein filling, lying on a ilicious slate, 
the hanging being the polished black slate seen in several places to form 
the hanging \Yall of this vein both on o. 2 and on the lower tunnel . 
About 80 feet from the face of the tunnel a cross-eut into the hanging shows 
up a zinc seam, opening in places to a width of 2 feet, but as it was only 
Yisible in the bottom of the level, it was very difficult to examine. On 
the <lump, however, about 60 tons of zinky lead ore had been picked out 
from the galena shipping ore. The owners had recently taken a large sample 
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from this heap, and from the rejected portion of this sample No. 50 was 
taken, which assayed: silver 19.4 ozs:, lead 6.1 3, zinc 34.83. 

The Standard vein is said to be the same as the Alpha, or a continua
tion of the Alpha, the workings of which can be seen on the mountain above. 
The Alpha is said to have been a large shipper for this district. The very 
steep mountain road from Four Mïle Creek was built by the Alpha com
pany in 1893, and it is said about 3,000 tons has been shipped over it. The 
end of the road is connected with the lower tunnel of the Alpha by a 1,700 
feet gravity tram. 

As the Alpha property has not been operated for several years, it was 
not examined. I am, however, credibly informed that the vein conti
nues good in the two main tunnels, and that work was suspended on ac
count of personal disagreement between the owners. The Emily Edith, a 
well dcveloped property, is situated immediately below the Standard group. 

The high grade lead of the Standard mine carries some grey copper. 
The zinc-lead ore rejected from the shipments now lying on the dump of 
No. 2 shows in places a little chalcopyrite. The Standard mine, while 
only in the prospect stage, gives promise of developing into a good shipping 
property, both for lead and zinc ores. 

WAKEFIELD MINES. 

These mines are located on Four Mile Creek, about 3 miles from Silver
ton by good wagon road to the mill, and then by very steep mountain trail 
to the mine, situated at an altitude of 6,000 feet above sea level. 

The property consists of 8 mining claims owned by the Wakefield Mines, 
Limited, of London, England. This company ceased operations in 1902 
and no complete record of the early history or production of the mine is, 
at this time available. I am indebted to Messrs. Cross & Co., of Silverton, 
for the followi.ng statistics: 

Prior to 1902 the owners worked the · property, and received in net 
smelter returns for ores shipped $93,031.69-no weights or assay values 
obtainable. From May l st, 1902, to November 1904, the property was 
leased to the Anglo-Slocan Syndicate, Ltd., during which time about 1,400 
tons of lead concentrates and 400 tons of zinc ore were shipped, but no 
records are available of the exact weight or assay value of the shipments. 
I quote the following from a letter of Mr. Reginald Leake, dated Feb. 20, 
1904,-" Du ring the four months we ran last summer, we made about 250 
tons of zinc concentrates, running on the average 45 3 zinc, 44 ozs. silver, 
53 lead, and 33 iron, the average feecl carrying about 143 zinc .... . .. . 
We occasionally run across (always near the surface) rich argentiferous 
galena intermixed with blende, in which the blende carries most of the 
silver value. Nearly all the calcite at the mine carries zinc in small quan
tities (which it would pay to conccntrate uncler more propitious circnm
stances). We expect this year to make at least three times the cluantity 
we clid last, as everything is rcacly for an early start." 
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At. the time of my ".isit (Sept. 30, 1905) the Wakefield mines were 
being worked under lease by Mr. William Hunter, who had shipped 23.6 
tons of ore assaying: silver 85.1 ozs. per ton, lead 523 , zinc 10.93, which 
netted about $54 per ton. 

The Mine.-The mine is developed by seven tunnels aggregating 
about 10,000 feet of drifting on the vein (see Plate XXXIV for plan of the work
ings). Nos. 6 and 7 tunnels are connected with the head house of the main 
aerial tram by a short tramway, while o. 2, the principal working tunnel, 
is connected with the head of this tramway by a short aerial tram spanning 
a dcep draw on the west side of the mountain. The facilities for getting 
ore to the mill are therefore exceptionally good. 

No. 2 tunnel is about 6,000 feet above sea level. Ali the upper work
ings are now operated through No. 2 tunnel, which appears to have opened 
up the vein just below its most productive zone. The Wakefield vein 
differs from anything I had previously seen in the Slocan region. It has 
the general appearance of a bedded deposit, the slate foot and hanging 
conforming to the dip and strike of the normal vein, at least in the mine 
workings. Very little could be seen on surface on account of a recent snow 
fall and bad weather. 

Galena where present in the vein is invariably associated with calcite, 
which occurs in very large lenses, sometimes reaching a thickness of 20 
feet. Fig. 1, Plate XXXIII, shows the vein of normal composition on Jo. 2 
tunnel consisting of four distinct bands of white calcite separated by films of 
black clay, which also in places slightly penetrates the cleavage planes of the 
crystals or coats their faces with a dark film (See Plate XXXVIII). Sorne 
galena occurs a t the hanging wall and in other places zinc blende. These 
minerals follow the bedding planes and in part replace the calcite when they 
occur in quantity . It would thus appear that the pay ores are almost ex
clusively confi ned to the calcite lenses in the vein. Between the calcite lenses 
the vein consists of crushed slate showing considerable movement and having 
calcite seams, veinlets and irregular stringers throughout the mass. On No. 2 
tunnp] for the first 200 feet the vein is probably not over 3 feet wide. It 

. is almost entirely crushed slate and gouge; then calcite cornes in and a very 
large stope occurs, in the top portions of which 700 t ons of argentiferous 
galena \Yas taken out in the early days. The vein here is ratber fiat, the 
dip rweraging about 10 degrees. The average dip of the whole vein I should 
estimate at about 15 degree., with an average thickness of 6 feet, from 
No. 3 tunnel up. · 

The face of Ko. 2 tunnel could not be examined on account of foul air, 
hut I am informeù by l\Ir. H unter that there is a good stope of zinc ore about 
800 feet from the portal. Going up through a raise to No. 1 tunnel there 
are seYeral stopcs. some of which showed considerable zinc blende a ·sociat.ed 
\\·ith a sprinkling of galena. 8eYeral of the pillars left in these stopes would 
pay to work and are now being operated in part by the lessee of the pro
perty. I took sample X o. 49, here, this being one foot of zinc ore in three 
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cuts, two on one sicle and one on the other sicle of a cross-eut going through a 
pillar toward the hanging wall. It assayed : silver 10.6 ozs., lead 7.53, 
zinc 38%, but owing to the irregularity of the pillars and the prevalence of 
stopes not shown on the map, it is impossible to make any accurate estimate 
of the amount of ore available without constructing a stope map. Passing 
up through another raise to a tunnel above No. 1, the vein was opened in 
several places for a width of about 8 feet, mostly calcite with a parting 
of galena near the hanging. A little blende could be seen in many places, 
also close to the hanging wall. 

It was distinctly noted that as the levels advanced into the mountain 
the vein became smaller, the enclosing rock and vein filling much harder, 
and the calcite more silicious than in the shallower workings. 

The main galena stope was carried clown to the level of No. 3 tunnel, 
but the shoot split a short distance below No. 2. There is, however, a 
little galena showing in the direct course of the shoot, and considerable 
calcite. Sorne work was clone here during the early part of 1905, and one 
stope, at least, can be profitably operated. 

Figure 2 shows a calcite deposit with a little zinc blende in a roll in the 
vein.* These rolls are very common, and where they occur in the shallower 
levels, the vein is usually of great width and calcite the predorninant rnine
ral. The pay ores occur almost exclusively in the calcite, filling in these 
rolls or lenses, 700 tons of lead ore being found in a calcite lens on No. 1 
level as previously noted. 

No. 4 tunnel is not over 100 feet long, and is unimportant. 
No. 5 tunnel is 250 feet long. The vein averages about 4 feet in width 

mostly calcite, which, however, is mixed with quartz and toward the face 
is extremely silicious. There are no stopes on this level and it is quite 
apparent the vein is narrowing up and becorning tighter. Near the mouth 
of the tunnel a raise connects from No. 6 tunnel. About rnidway in this 
raise a stope has been opened out in a vein about 3 feet wide, showing zinc 
blende with a slight sprinkling of galena, for a thickness of 6 inches. At 
the bottom of this raise, on No. 6 tunnel, some little stoping was also done 
without showing up anything of value. The vein near the end of No. 6 
tunnel , about 600 feet from its portal, and in direct line with the main ore 
shoot in Nos. 1 and 2 tunnels, is pinched down to 2 Jeet, and in the face 
consists almost eutirely of quartz with a tight gouge. The cross-eut into 
the vein and a raise extending up through the vein near its face have not 
shown up anything of value. At this point the enclosing rock is a dark 
blocky slate, very hard and silicious, comparing unfavourably with the soft 
carbonaceous argillites enclosing the vein in the productive parts of the 
shallow~r levels. 

No. 7 tunnel must haYe been a great disappointment as it \Yas connected 
with the head house of the \nain aerial tram to the mill by a short mine 

*The hatching indicating; calcite in Fie; 1 shows the bPdding planes correct lv. I haw 
on Fi~ 2 simply indicated calcite, as the beddinµ: structure is for the most part folde<l 
or obhtPrnted. 
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tramway, and I am informed the management had expected to stope all 
the vein above.this level and send it through the mill. The mountain near 
the mouth of No. 7 tunnel stands out in a steep ridge, at the northern fl.ank 
of which the tunnel entered. Here the vein is about 4 feet wide and con
tained on the hanging wall (judging from the pillars left) from 1 inch to 2 
inches of galena of high grade. The first raise goes through to surface, and 
the ground has been about two-thirds stoped out. Lessees are now (Sept. 
30, 1905) gophering the remainder in search of high grade silver-lead ore. 
About 300 feet from its portal a branch extending south from the main 
tunnel came through to surface, the vein fl.attening up at this place. orne 
little stoping has recently been clone, near this second portal of o. 7 tunnel, 
on the southern fl.ank of the ridge previously referred to. Reference to 
the map (Plate XXXIV) will show that this branch tunnel is directly below 
the portal of No. 1 tunnel and here wehave the very unique feature of a minera! 
vein with its outcrop above No. 1 tunnel, dipping out of the mountain about 
1,000 feet below its outcrop measured on the dip of the vein. 

This vein between this south portal of No. 7 and the first raise has 
been stoped for a height of probably 60 feet. Proceeding along the tunnel, 
easterly from the sou th portal. some lead ore of high grade occurs in places, 
and the lessees are now opening it up. This lead ore can also be traced to 
the right angle turn in the drift, also a little zinc ore, but both in small quan
tities. The enclosing rock for this distance is a rather softish black car
bonaceous slate with the vein matter in places oxidized. After the turn 
\YaS made, the drift continued in a northerly direction, and it is difficult to 
determine if the vein is present in the drift. At the face, however, a raise 
was put up 50 feet, showing a vein of calcite with slight mineralization coming 
in at that height. The face of the drift shows a 2 inch gouge and a 
few inches of mixed quartz and slate. 

It will th us be seen that at every level of the mine the vein pinches 
up or becomes silicious as it is followed toward the heart of the mountain. 
Xear the surface, or say from No. 2 tunnel up, the vein is one of the fincst 
I have scen in the 'locan. It certainly contains the greatest thickness 
and the purest deposits of calcite that I have previously observed in any 
vein. The deposits of ore in the shallow levels, although Yery irregular, 
appear to han been on the whole of good paying character; hence, the 
pinching up of this vein as it is followecl in depth, or even into the mountain, 
must, (in part at least,) be due to the fart of its being, to some extent, a bedded 
vein, po:ssibly limestone recrystallized. It contains good mineralizatiou 
only at the point of greatest movement. There is abundant evidence of 
consiclerable movement along the plane of the vein, both in clip and strike, 
the former perhaps more easily explained as the clescent of the hanging 
\Yall sicle. • "ume>rous ninlets of calcite extend up into the shattered hang
ing wall , but this moYement can scarcely be distinguished in the deeper 
lewls, which is not perhaps remarkable in a slat e country whl!rc the yield
ing and crushing walls would, at a shallow clepth, absorb ail movement. 
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Active prospecting in the shallow levels of the Wakefield shmùd open 
up a fair tonnage of concentrating lead-zinc ore, as well as an occasional 
bunch of high grade ore. 

WAKEFIELD MILL. 

This mill is situated on the bank of Four l\ilile Creek, and connected 
'IVith No. 7 tunnel (3,000 feet vertical above) by an aerial tramway 1 t miles 
long. 

The mill is well built and could be easily converted into a first class 
concentrating plant for the treatment of zinc-lead ores. It is operated 
by water power and has a capacity of 3 tons per hour. 

The machinery consists of one 9 inch x 15 inch rock breaker, 3 sets 
of rails, one Huntingdon mill, one 2 compartment jig, three 2 compartment 
jigs, and two 4 compartment jigs; also 7 Wilfley tables . At the time of 
my visit the mill had just shut clown after a trial test on the Hewitt and 
Emily Edith zinc-lead ores. Prior to this work,.it was, so far as I can learn, 
idle about a year. 

HEWITT MINES. 

This property is situated about three and one-half miles from Silverton. 
An excellent waggon road leads from Silverton to the lower terminal of an 
aerial tramway, which connects with No. 3 tunnel. The ore is delivered f.o.b. 
steamer at Silverton for $2 per ton from the tram terminal. 

The Hewitt was discovered in 1892 and was worked vigourously for 
several years. After remaining idle for some time it was leased to Mr. M. 
S. Davys of Nelson, who is now operating the property with very satis
factory results. There are two east and west veins and two cross veins, one 
of which, however, the M vein, is merely a connecting branch between the 
two principal vein systems. The east and west veins occur chiefly in the 
Slocan slates, and are most productive in and adjacent to a granitic intru
sion which has shattered the slates, opening wide and extensive fissures. 
The cross veins occur chiefly in the intrusive granite. The ores are silicious, 
though containing a small percentage of lead in the granite area, and often 
considerable galena in the shattered slates away fr~m the granite. Quartz 
is everywhere the predominant minera], carrying grey copper, ruby silver, 
galena and zinc blende. The high grades of silver ore are relatively more 
abundant in the upper workings, while on the lower levels zinc blende is 
the more abundant ore. 

From May 30, 1900 to December 31, 1902, the ore shipments from the 
property amounted to 2,752.117 tons which averaged silver 77.1 oz. , lea<l 
4-.83 , zinc 11.63. This ore realized at the smelters $69,869.70 net. The 
property was leased to l\fr. Davys in January 1904, and up to the time of 
my visit, (October 20-21, 1905) the shipments under the lease had rea('hcd 
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thirty-seven lots, which for their uniform silver tenor, low lead and high 
zinc, are, I believe of sufficient interest to be covered in detail as typical 
of the "dry ores" of the Slocan. I might almost say, the ores from the 
granite as against those from the slate, which I have hereinbefore dealt 
with exclusively. 

ORE SRIPPED FROM HEWITT MINE, SILVERTON, BY M. S. DAVYS. 

Lot No. Weight Ozs. Silver % Lead % Zinc Remarks 
lbs. per ton 

1 .. . ... .. . . . . . . . . . . . . . . . . 37,356 176 .6 8.4 13 . 1 
2. ............. . ..... . .. 40,576 127 .3 4.8 13.9 
3. ........... . ....... .. . 38,124 119 .2 5.0 14.0 
4. .. .. .. ..... . .. ... ..... 37,647 122 .2 3.5 14.8 
5 ...... .. . . . . . . . . . . . . . . . . 39,045 107 .2 3.5 14 .8 
6. .. . ............ . ...... 39,161 137 .2 3 . 1 15 .2 
7 . .. . .. . . . ......... . . . . . 40,710 162 .4 2 . G 14 .0 
8. .... . .............. . .. 40,441 131 .2 4.0 13.0 
9 . . .......... . ........... 40,449 148 . l 5 .2 15.4 

10. ... .... .. . .. .. ........ 42,727 140.2 5.4 14 .8 
11 ..... ...... ... .. ...... . 41,405 110 .3 3 .0 12.4 
12. . .. . . . .. . . . . . . . . . . . . . . 47,946 137.2 3 .5 10 .2 
13 .... .. ... .. .. . . . .. . . . . . . 45,134 107 .5 3 .0 9 .5 
14. .. ....... ..... ... . ... . 43,223 135 .0 3 .4 11 .3 
15. . .... . . . . . . . . . . . . . . . . . 40,856 143 .2 3.1 9 .8 
16 .. . ........... . ......... 43,743 182.3 3.9 13 3 
17 .. . . .......... .. ........ 41,662 169 .3 4 .3 12 .2 
18. ..... .. ... . ....... . ... 40,407 118 .2 3 .3 9.8 
19. . ... . .... ... .. .... . ... 40,199 111.2 3 .8 10. l 
20 .. .......... .. .. . .. . . . . . 41,069 187 .2 5 . 1 13 .4 
21. . . . . . . . . . . . . . . . . . . . . . 42,432 225.4 10 .9 14 .6 
22. . ... . ... .. . ...... . .. . . 30,987 133 .8 13 .6 14 .8 
23 . .. . . . ..... .. . . . . . . . . . . 41,224 78 .6 11 .9 14.8 ~o. 4 Level 
24. 42,099 70 .8 11 . 7 14. 7 " . ...... . . . . . . . . . . . . . . . 
25. 42,102 64 .2 15 .4 12.2 " .. .... ... . . . . . .. . . . . . . 
26 .. 29,031 70 .6 Il. 7 12 .9 " . .... . ..... .. .. . ...... 
27. 39,640 77 .0 14 .7 10 .3 " .. . ... . . .... . . . . . . . . . . 
28a. . .. . . . . . . . . . . . . . . . . . 26,429 320.0 10 .0 16.4 
28b ... .. .. . . . . . . . . . . . . . . . . 11,103 118 .2 11 .0 12 .3 
29. ................... ... 27,348 139 .8 7 .3 14 . 1 
30. . .. . . .. . . . . . . . . . . .. . . . 22,301 165.3 4.7 11.1 
31 .. . ... . .. . .. . . . . . .. . . . 39,462 175.3 5 .7 14 . 1 
32. ....... ... ..... .. . .... 41 ,353 183.2 6.0 13. 1 
33 .. . ........... . ....... 40,605 135.0 6. 12 .7 
3-1. . . . .. . . . . . . . . . . . . . . . . . 41,143 132 .2 3.6 13. 0 
35. ... ... .... . .. . . . . . . . . . 35,452 157.5 4.5 13.9 
36. ....... . . . . . . . . . . . . .. . 40, 107 183 .5 5.3 12.0 
37 ......... . ... . ... . . . . . 38,632 129 .2 3.6 9.3 

FROM LOR:'.\A 000:'.\E. 

--·---- =c--==-====-----o====~========= 
Lot Xo. \Veight Ozs. Sih·er 3 Lead % Zinc Remarks 

lbs. per ton 

1 .. ............ 39,859 36.2 -1..5 16.3 \Yithout Sorting . 
2 .. . .. .. .. . .... 10,962 100.2 10.3 1.5. 5 Sort cd. 
3 .. ............ 18,233 110 .2 11. 1 ].j. 0 Sorted. 
-1 .... .. .... . . -1,189 2.57 9 1-1.2 16 0 
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The mine.-Perhaps the more prominent and important feature in the 
mine is the fact that the granite area is the most productive of high grade 
ores. from which it is a fair inference that the granitic intrusion was, at least, 
one of the determining causes of the deposition of pay ore. For example 
ail the drifts from No. 1 to No. 5 extend for some distance in a poor and even 
barren vein in the slates, but where granite forms one or both walls of the 
Yein, pay ore is invariably present; in some cases, however, p.ay ore occurs 
in the vicinity of the granite ~rea, while the vein is yet in slate. 

The workings of No. 1 tunnel were not visited, as no zinc ore of mo
ment had been discovered therein. 

o: 2 tunnel follows an unproductive vein through the slates until a. 
granite foot wall is met with, and here the first stopes are found. Referriug 
to Plate XXXV, illustrating the vein plan, two approximately east and west 
veins will be observed, called the "North Vein" and the "Main Vein ", a. 
vein with southwesterly strike, called the "South Vein '', and a short cross. 
vein connect.ing the south vein with the two east and west veins. The main 
vein is stoped in the roof, from the point where the granite foot wall begins, 
up to the cross-eut east of the south vein, with the exception of a few small 
pillars. From this cross-eut to the next easterly cross-eut, the vein is small 
and irregular, but is opening out again in the drift going east, and gives. 
proinise of an early discovery of pay ore on the main vein. The cross
cut north from tbis place intersected the north vein on cutting through the 
granite, but it was poor and continued so in the drift easterly until the 
granite terininated, when the pay ore came in, and at the time _I visited 
this place the vein consisted of two feet of high grade quartzose ore showing 
some zinc bl~nde and galena on the hanging and two feet of less mineralized 
quartz on the foot, the whole face being high grade dry silver ore, said to 
average about 120 oz. per ton. 

R etur·ning to the cross-eut immediately east of the south vein, this. 
passes through granite thirty feet, then turns west forty feet before reaching 
the north vein, which is defl.ected somewhat from its regular course. The 
vein, however, where met with was quite rich and is stoped in the roof for 
a height of 40 feet. Sample No. 66 was taken across the roof of the stope 
for a width of four feet. It assayed: silvér 36.3 ozs. , lead 2.63, zinc 15.4. 3 . 

On leaving the granite wall the vein became poor; the drift conti
nuing on a cross slip, leaving the north vein behind, communicated with 
the drift on the main vein. 

The south vein is developed for two hundred feet southwesterly on 
its strike, one hundred feet being through granite where it is very produc
tive, particularly from its junction with the M vein to the point where the 
slate is füst met with. From this point to the face the granite formed 
the hanging wall, and the slate the foot wall of the vein, which dips 65° 
westerly. The vein in the face consists of fifteen inches of crushed quartz , 
iron stained and showing considerable oxidized minerais resting on a gouge 
of crushed black slate ten inches thick, and though it did not contain pay 
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value (Nov. 4, 1905) it looked to me a very promising prospect, more es
pecially as the drift was following up a regular and well defined vein towards 
the main granite mass to the southwest, in which, or along the flank of 
which, good deposits of ore should be met with. The south vein for eighty 
feet northerly from the point where the slate foot wall cornes in was stoped 
for an average height of twenty five feet above the level, the ore being almost 
four feet wide, carrying high silver value, in a quartz gangue. Sorne galena 
occurs with the quartz; also grey copper and ruby silver, with quite a little 
oxidizcd matter in the joints and fracture planes of the vein rock. 

The M vein connects the south with the main and north veins, and is 
said to have been very rich. It is now stoped out. Between the main 
and the north vein, the M vein appears to consist of a network of rich strin
gers penetrating a decomposed granite, enclosing irregular slate masses. 
Al! the granite adjacent to the veins on No. 2 horizon is partially decom
posed, the feldspars kaolinized and considerable secondary minerals formed 
in the granite mass. 

The south and M vein on the level of No. 3 tunnel were stoped out and 
the drifts caved. On referring to the plan of the vein (Plate XXXV) it will be 
seen that the dip of the sou th vein bas carried it sixty feet further west than 
on o. 2 level; that the fourth level would probably find this vein on the 
margin of the granite, and the fifth should reach it entirely in the slates, 
providing these cross veins extend to that depth, which I believe is rather 
doubtful. 

The main vein in No. 3 level terminates where intersected by the south 
vein, and the main level extends on the course of the vein sixty feet easterly 
in hard granite, showing no decomposition; the feldspars aril apparently 
unaltered and the ground mass solid. 

A cross-eut is driven northerly through this granite, intersecting the 
north YPin in a lean place, but on drifting easterly on its strike a good ore 
deposit was met with in the slates, just as in the level above; but whileon 
the second level zinc blende was not plentiful in the vein, on the third level 
it occur" in quantity mixed with quartz and siderite, making a fust class 
concentrating ore. 

In the east face of the drift on the north vein (third level) the vein 
is eighteen inches wide of brecciated material , mostly zinc blende, cemented 
by quartz enclosed in rather softish slaty rock. Forty feet west of the 
face galena and silver ores occur in connection with the brecciated vein 
material. Seventy-five feet west of the face a raise has been pushed up 
fifty feet in a Yein five feet wide, in which quartz, zinc blende, and siderite 
occur in the order given, as to their relative abundance. The vein in part 
presents a brecciatecl appearance, angular pieces of zinc blende being sur
rounded by pure white quartz, or again blende and siderite are depo ited 
in irregular wavy layers, with a subsequent., development of white quartz. 
(Plate XXX YI). One hundred feet west of the face the vein is opened out in 
the foot wall , exposing nine feet of milling ore. Sample o. 6 was taken 
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at this place in two cuts across the vein. It assayed: silver 13.3 ozs., lead 
53, zinc 11.43. Siderite is at this place more plentiful than the blende. 
This ore shoot averages about four feet in width for a length of 120 feet. 
W e have previously seen that the vein on the level above con tains rich 
silver ore, and the question arises, where does the zinc corne in, and the 
high silver value falls off. Sample No. 67, taken in the roof of a stope on 
the main vein, twenty feet below o. 2 tunnel, assayed: sil ver 190 ozs. lead 
12.53, zinc 24.73, and would probably indicate that the zinc ore would 
extend for a height of sixty feet above No. 3. 

A portion of the granite-slate area between the M and the south vein 
on No. 3 level and extending from the main to . the north vein, is, as on the 
level above, heavily mineralized. The ground is very 'heavy at this place 
and closely lagged, so the ore could only be seen in the floor of the level, 
where it is a high grade dry ore, showing but little zinc, and therefore was 
not sampled. No. 3 tunnel, like No. 2, followed the main vein through slate 
from surface, but pay ore was not discovered till the slate-granite contact 
was reached, as shown on plate XXXV. 

A cursory examination of the vein plan on No. 3 will show that what 
is called the "North Vein" is really the main fissure, while the 4th, 5th, and 
6th levels show this fact still more clearly. 

Opposite the M vein on No. 3 tunnel a winze was sunk from which 
ro. 4 level was opened up by a cross-eut direct to the north vein from the 

bottom of the winze. This cross-eut passes mostly through crushed slate 
and soft heavy ground, containing some small veinlets of blende and siderite. 
There is no apparent development on the main vein, which was not def
initely located at any place below the 4th level. Oppo<;ite the winze on the 
4th level, a raise communicates from No. 6 tunnel on the north vein, drain
ing and ventilating this portion of the mine. No. 5 level is opened from 
this raise, hereafter called the " l\Iain Raise ." 

The principal development on the fourth level is on the north vein, 
which averages about eight feet in width, six feet of which can be stopecl 
for concentrating ore. The vein structure is entirely breccia, country rock 
enclosed in and cemented by milk "·hite quartz, ramifyi.ng through which 
galena occurs as vtinlets, associated with siderite and zinc blende; galena, 
however, is plentiful. At thirty feet east of the main raise, a raise exposes 
this vein for a height of fifty feet above No. 4, showing the same vein filling 
and minerais. The total drifting on the north vein amonnts to sixty feet 
east of the main raise , and forty-fiye feet west of same. The face of the 
west drift terminates at a cross coursC', which if followed southerly should 
ronncct with the main vein, as in the levels above. I took a sample of 
the zinky portion of the vein near the west face, No. 69, which assayed: 
silver 4.3 or.s., lead 13 , zinc 133, . The vein exposed in )fo. 4 level is far 
too irregularly mineralized, and too loose to permit one to obtain more 
than a rough idC'a of its Yalue by hand sampling. I therefore took but 
one sample of the zinky portion of it. No. 5 leYel extencls thirty feet east 
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of the main raise in a vein of brecciated material ten feet wiqe, showing 
considerable zinc distributed irreglùarly through the vein, as well as siderite; 
galena, however, is less plentiful than in the level above. The minerais 
occur in the order of relative abundance, as quartz, siderite, zinc blende 
and galena, quartz being the cementing material of the vein breccia. 
Sample No. 70 was taken near the east face of the drift, two feet on the 
foot and two feet on the hanging wall, separated by five feet of poor vein 
material, not sampled. The sample assayed: silver 16.7 ozs. lead, 4.93, 
zinc 123, which represents the average value of the vein east of the main 
raise. The west drift extends twenty-seven feet from the main raise, and 
is rather poor in the face, mostly crushed slate fragments cemented byquartz, 
but it is doubtful if the full width of the vein is exposed. I believe a por
tion of it is still in the foot. Considerable soft clay gouge matter occurs 
in the vein on this level and particularly west of the main raise. 

The sixth level is the lowest worlcing in the mine. Opened as a main 
tunnel, it followed an unproductive vein through the slate until a point was 
reached sixty feet west of the main raise, when the edge of the ore shoot 
was met with, showing a good development of zinc blende. Sample No. 73 
was taken from two feet of milling ore at this point, assaying: silver 37.1 ozs., 
lead 83, zinc 13.63 . Twenty-five feet further east sample o. 72 was taken 
across four feet of milling ore, assaying silver 23.4 ozs. lead 6.1 3 , zinc 16.13. 
Sample No. 71 was taken twenty-five feet west of the main raise, the pay 
streak only, averaging 18 inches in thickness and showing considerable 
galena. It assayed : silver 102.6 ozs., lead 19.43, zinc 17.23 . The vein 
in this shoot on the 6th level consists of a breccia of slate, zinc blende, etc., 
cemented by milk white quartz; siderite, so plentiful in the third and fourth 
levels, is here in small proportions, and quartz forms three-fourths of the 
vein filling. The shoot appears to be at least sixty feet long. The drift 
east of the main raise is closely lagged, and owing to the heavy ground the 
sets are also spragged, thus it was impossible to examine the vein at any 
point east of the main raise. Cross-cuts into the foot and hanging near 
this raise show the mineralized zone to be thirty feet wide, giving the follow
ing section on the foot wall: 18 inches of soft clay gouge, next three feet of 
silicious slate with siderite in the joints and cleavages, next four feet of 
zinc blende and quartz breccia-the central vein, in which the main raise 
went up-next following this is four feet of less mineralizcd vein matter, 
beyond which extending into the hanging country is crushed slate, clay 
seams etc., making in all a mineralized and fault zone thirty feet in width. 
The granite has not been discovered in connection with the vein on the 
sixih lenl; in fact the main vein with its granite foot wall has not been 
founcl in any of the leYels below ~o. 4, and very little can be seen of it there. 

It would therefore look like good, or at least a safe, practice, to trace up 
the main vein in the granite on No. 4 level, and with the information so 
obtained locate this vein on No. 5 level. hould the granite prove to be 
rncrely an intrusion s.heet, not extending deeper than the 4th level , the 
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main vein would in ail probability not extend to a great depth, or if so, 
probably not as a pay vein, because it is dipping away from the granite 
intrusion. On the other hand, if the granite intrusion continues in depth, 
the main vein in its vicinity should carry pay ore fully as deep as the north 
vein, and possibly of better grade. 

The Hewitt mine has, practically blocked out, a large tonnage of zinc 
ore. While this ore is not high in zinc, it must· not be forgotten that the 
ganguè is mostly quartz, easily separated by concentration. The high 
silver value in the veins will probably be shown in high silver in the zinc 
blende concentrate. When equipped with a modern concentrating plant, 
this property should make a large and steady output of zinc blende carrying 
good value in silver. 

ENTERPRISE MINE. 

Ten Mile Creek empties into Slocan Lake about ten miles south of New 
Denver. The Enterprise mine is situated on Ten Mile Creek, about eight 
miles from the lake; the wagon haul from mine to steamer costs $3.50 per ton. 

The Enterprise property is owned by the Enterprise B. C. Mines Com
pany, Limited, and consists of two full claims and a fraction, about 97 acres 
of mining land. 

The Enterprise mine was discove:red in 1894, and is developed by five 
tunnels, varying from 120 to 1,050 feet in length, and aggregating 2,920 
feet of drifts. The vertical depth from the outcrop to the lowest develop
ment on the vein is 750 feet. The vein is in granite, and averages about 
ten inches in thickness; the greatest obseived width is about 36 inches. 

The property was operated by the owners for several years, and a concen
trating mill of 11 tons per hour capacity has been erected; for some years, 
however,. the Enterprise mine has been worked under lease. It was not 
visited by the Commission. 

The Enterpr'ise mine has produced 8,215 tons of shipping ore, 2,466 
tons being concentrates from the mill and 5,749 tons hand sorted ore. 

Included in the tonnage of concentrates is a middling product sold 
as silver ore, though containing 27.983 zinc, 71.6 ozs. silver and 23 to 
43 lead. The general shipments from the property average about 127 
ozs. of silver per ton, 19.23 lead, and for the last few years 23.77% zinc. 

A sample of the Enterprise .zinc concentrates were obtained and for
warded to Denver for magne tic separation, it assayed: sil ver 115 ozs ., lead 
4. %, zinc 43. 703-

E.AST KOOTEKAY. 

In the East Kootenay only the principal producing mines wcre visitcd, 
namely the Saint Eugcne, and the Su!liYan Group. These mines are chicfiy 

15 
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noted as producers of lead ore, in which respect they rank among the most 
important of British Columbia, and up to date have not made any shipments 
of zinc ore. Certain mines of this district which are in the development 
stage were visited by Dr. Barlow. 

SAI T EUGENE MI NES. 

This group of mining claims embracing an area of 520 acres is situated 
at Moyie on the Crows Nest branch of the Canadian Pacifie Railway. It 
is now, and has been for some time, the largest lead producing property 
in British Columbia. It was formerly operated as three separate mines, 
but they are now owned by the Saint Eugene Consolidated Mining Com
pany (Limited). 

There are two almost parallel veins, the main and the south vein, con
nected at irregular intervals by a series of interlacing cross fissures, extend
ing from the foot wall of the south vein to the hanging wall of the main vein; 
these cross fissures form the principal ore deposits of the mine. 

The Saint Eugene vein was discovered in 1895 and has been worked 
ever since for silver-lead ore. The group is developed by fourteen tunnels, 
practically all on the veins, varying from 250 feet to 2,000 feet in length 
and aggregating about 14,000 feet of drifts. There is a shaft on the Lake 
Shore mine 125 feet deep from which the 1,900 foot level has been opened. 
This is the only shaft on the property. 

The main veins would average about six feet in thickness, the pay 
ore about five feet. The cross fissures, however, and the points of their 
junction with the main fissures are the depositories of great ore masses, 
reaching in some cases a thickness of thirty and, I believe, in one instance, 
sixty-three feet. • 

A plan of the 1,500 and the 1,800 foot levels is reproduced on plate 
XXXVII to show this extremely interesting vein formation. The property 
was practically closed down at the time of my visit, ( ovember 8, 
1905), on account of the recent fire destroying the shaft-house, hoisting 
plant, and mouth of the 1,800 foot level. I was, however, enabled to pay 
a hasty visit to part of the 1,700 foot and 1, OO foot levels. My observa
tions during this brief trip through the workings is to the effect tbat the 
main and the south veins occupy irregularly fissured and slightly crushed 
zones wbich have been impregnated with galena, and a little zinc blende 
occasionally associated with gamets, and in which there is little sign of 
faulting and not much slickenside, or gouge. The idea conveyed on exa
rnining the vein structure is that of an irregularly fissured and broken zone, 
the fractures in which have been filled principally with galena; towards 
the ends of the galena shoots, zinc blende predorninates, but where the 
galena is at its best, there is but littlc zinc blende. 

An interesting feature is the interlacing veins the drifts on which are 
clrs' .~nated as annues. The first avenue on the 1,800 foot level appears 
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to have been fairly productive, while the second avenue is perhaps best 
described as a bonanza deposit. In one stope between the 1,700 foot and 
1,800 foot level on this cross vein, I noticed four feet of almost solid galena 
on the foot-wall and a three foot seam on the hanging wall of similar ma
terial, with streaks and veins of galena occupying the crushed zone of country 
rock between these ore seams, the whole of this cross vein or avenue being 
at this place twenty-five feet in width: a very remarkable showing. 

The country rock may be an altered slate, but it exhibits at this time 
no slaty structure. It is very silicious, and in places almost a quartzite. 
This rock cannot be said to be softened or altered in the vein. In places 
quartz occurs in the vein formation, more particularly where there is im
poverishment. 1 could see but little quartz in the second avenue stope 
previously noted. The northern vein is probably the main one and carries 
in places a little gouge on the foot-wall and irregular seams of vein quartz, 
but the rock fractures and vein structure suggested a shattering rather 
than a shearing or faulting movement indicative of deep fissuring. The 
longitudinal section on the veins show that the stoping conforms fairly 
well to the contour of the hill, and that a line drawn parallel with the latter 
at a depth of 200 feet would possibly include all the rich stopes in the veins. 
The ore deposit will thus appear to be somewhat superficial. No douht 
in places where the fissuring is more profound and the shattered zone large 
and well mineralized, pay ore will continue below the 200 foot contour and 
in other places where the fissuring is less intense it may not reach this depth. 

The country rock is thinly bedded, and the beds have a southerly dip 
of about ten degrees. Pyrites is common in the rock joints away from the 
vein and many of the bedding planes near the surface appear to have been 
water courses and are now partially filled with iron oxide. The vertical 
development from the outcrop of the vein on the mountain top to the 
bottom of the .Lake Shore shaft is about 2,000 feet. The management 
claims to have about 150,000 tons blocked out in this property and the 
records show that from April 1900 to September 5, 1905, the mill produced 
one ton of lead ore from 4.5 tons of mill feed. During this period 69,162 
tons of lead concentrates were produced from about 320,000 tons of ore. 
The average output of late has been 2,700 tons a month of concentrates 
containing 65 3 lead and 32 ozs. of silver, procluced from about 13,000 tons 
of crude ore, which is said to average about 183 lead. 

Three hundred men are employed when the mine is in full operation. 
The mill is located on the hillside near the shore of Moyie Lake and is con
nectecl with the Saint Eugene mines near the summit of the mountain by 
mean of a wire tram, and by a surface tram to the Lake Shore and Moyie 
mines. 

The mill is operated by water power about three months in the year; 
at other times by steam. The capacity of the plant is twenty tons per 
hour. It consists of two Blake breakcrs, 12 inches by 15 inchcs; thrce 
rails, 10 by 30 inches; one roll, 12 by 36 inches; one 5 ft. Huntington mill; 
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eighteen jigs of two compartments, five of three compartments, and three 
of four compartments, jigging 25 mm, 15 mm, 10 mm, 8 mm, 6 mm, and 
3 mm, and also three hydraulic sized products. The mill also contains 
five single and four double-decked Wilfley tables, Frue vanners, etc. 

A special re-concentration process is in use on the fine tailings, and with 
satisfactory results. The method was devised by the mill manager. 

The milling cost is in the neighbourhood of 70c. per ton, the repairs 
average about lOc. per ton for material used, exclusive of labor. Ten men 
are employed in the mill, each shift of twelve hours. The bosses are paid 
$4.50, jig men $3.50, table men $3.50, engineers $3.75, roustabouts $3 .. 
Coal costs $3.80 per ton; wood $3.50 per cord. 

Zinc blende was saved for some time, at the rate of twenty-five tons 
per day containing 203 zinc and 43 lead, but owing to the zinc being 
mixed with garnets, and so intimately associated with fine pyrites, no 
market could be obtained for it, nor yet any process that would raise the 
tenor of the zinc to the market requirements of 45 to 503 metal. Con
sequently the zinc is allowed to pass off with the tailings into Moyie Lake. 
A sample of this zinc concentrate was obtained for experimental treatment 
at Denver, Colorado. 

SULLIVAN GROUP. 

This property is situated near Kimberly in the Fort Steele Mining 
District. It consists of three claims about fifty-seven acres, owned by the 
Sullivan Group Mining Company. 

The Sullivan vein was discovered in 1895 and with certain intermis
sions has been worked ever since for silver-lead ore. While zinc occurs in 
considerable quantities it is not of commercial grade and none has been 
shipped. The Sullivan Group bas been developed by five shafts and one 
tunnel about 400 feet in length. The shafts are ail shallow, the deepest 
being 122 feet. The ore is an irregular occurrence and would average 
about sixteen feet in thickness in the present workings; the greatest thick
ness observed is thirty-five feet-this , however, for lead-ore, almost free 
from gangue. If the zinc ores were included the thickness would be much 
greater. 

The mine produced 7,000 tons when operated by the old company, 
and 1 ,000 by the present o"\\·ners, up to the end of October, 1905. The 
average grade of the ore mined in 1905 is: silver 11 ozs. , lead 273, zinc 12% . 
The average production is 2,500 tons per month. About forty-five men 
are employed at the mine to producc this tonnage and keep up the develop
ment work. 

A branch of the Canadian Pacifie Railway runs from Cranbrook on 
the Crow' I\ est Line to :\Iarysville, where the Sullivan Group melter is 
situated, and from there to Kimberly. From this latter place a wire tram
way extends to the principal shaft (~o. 5) of the group, connecting the mine 
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with the railway, affording cheap and rapid transportation between the mine 
and the smelter at Marysville. 

The Mine.-The development consists of a few shallow shafts and 
drifts in an extremely large and irregular deposit. None of the workings 
(November 10, 1905) had been sufficiently extended to show the length of 
the ore along the strike of the lode or deposit, and only the 100-foot level 
had with any definiteness shown the thickness of the ore deposit. Pre
paration had, however, been made to test the property and prove the extent 
-Of the ore occurrence by diamond drilling. 

Referring to Plate XXXVII, it will be seen that near the outcrop the 
<leposit is very fiat, while below the 60-foot level it assumes a vein-like form 
with a regular dip. In the flatter portion, the full width between the assumed 
walls is perhaps nowhere continuous ore; in fact one shaft was sunk clear 
through the zone, without meeting a trace of ore. However, on the line 
of the section it will be seen that the workings show up a very considerable 
thickness of solid zinc-lead ore. 

This main shaft (No. 5) is 100 feet deep. From the bottom a drift 
has been extended south 38° west to open up the vein, which is here very 
well defined, showing an oxidized hanging wall of softish slate. The main 
wall is, however, apparently a thinly bedded quartzite. Next the hanging 
wall is, as previously noted, an oxidized slaty seam two feet thick, which 
can be seen in three places on this bottom level. In the upper workings 
I saw it in three other places, the cleavage paralleling the vein wall, which 
structure, however, may have been developed by pressure. The hanging 
wall of the deposit is thus fairly well defined, at least on the 100 and 60 
foot levels, between which the dip is about 60°. Above the 60-foot level, 
however, the deposit appears to flatten , with possibly a very irregular and 
difficultly determined hanging-wall, for the reason that it has not been 
exposed with any regularity. The foot wall is not by any means so clearly 
defined either. Irregular impregnation and lenses of sulphide occur in the 
supposed foot wall even on the 100-foot level , while in the upper workings, 
certainly in those above the 60-foot level, no one can say that the true foot 
wall has been anywhere found. I suspect the deposit will on development 
prove to be a large fissure vein, that from its size and persistency will 
doubtless continue to considerable depth. On the 60-foot level two well 
marked vertical fi sures occur in the ore; containing in places considerable 
oxidized matter; but they do not seem to extend to any considerable length 
in the deposit. It will thus appear that this fissure vein has on the 100-
foot level a quartzite hanging wall and in all probability a quartzite foot 
wall , though on the upper levels, for the rea ons given, the deposit appears 
more like a bed and will probably average double the thickness of the ore 
proved on the 100-foot level; in fact good lead ore in one place cornes up 
to the wash and is now being stoped immediately below it in an open trench 
near the compressor building. In places in the upper working the ore 
deposit looks very much like a replacement , though it is difficult to con-



230 REPORT OF ZINC C0111MISSION 

ceive a replacement of quartzite by lead and zinc ores; yet, a full examina
tion will, I have no doubt, prove up a considerable portion of this flattish 
deposit above the 50-foot level as a replacement deposit of some sort. 

The ore is an exact counterpart of that known in W ales as "blue-stone" 
occurring in some quantity in the Mona mines in Anglesea, and also in the 
Connorree mines in Ireland. It is an intimate mixture of galena, zinc blende 
and iron pyrites, presenting a fine grained structure with fracture resembling 
that of the cast steel. In places the lead predominates and zinc does not 
exceed 103, while in other places zinc predominates. The present mining 
is to a large extent the selection of the leady portion of the vein. Future 
development, however, will undoubtedly prove up an extremely large 
tonnage of zinc ore, which on account of its intimate mixture with galena 
and pyrites will prove a very difficult problem in separation. I am of the 
opinion that the Sullivan mine has blocked out more zinc ore, such as it is, 
than any otber mine examined in British Columbia, yet sufficient work has 
not been done to prove the nature of the deposit or to give any line on its 
ultimate production. The diamond drilling recently started will, no doubt 
throw a flood of light on this extremely interesting and very valuable zinc
lead ore deposit. 

If the Sullivan deposit should on development prove up to be a lens
like mass, then the central portion of the lens, contains a very large tonnage 
running, say about 11 ozs. silver, 203 to 253 lead and 8% to 163 zinc, 
while the edges of the lens will probably consist of 203 to 253 leady 
zinc ore, and similar zinc ore will doubtless be found in places associated 
with the lead ore near the central (thicker) portion of the lens. 
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ROCKS AND ORES OF THE SLOOAN. 

DYKE ROCKS. 

The slates and limestones have been described elsewhere. The dykes 
have been classified as basic dykes, and porphyry dykes in the field , the 
usual miner's classification; samples of some of the principal dykes in the 
Slocan and Ainsworth Districts were, however, collected and submitted 
to Dr. A. E. Barlow, of the Canadian Geological Survey for microscopie 
examination. Dr. Barlow reported on these dyke rocks as follows :-

"The following are the numbers and localities as well as the rough 
field determinations by Mr. Argall: 

No. 1. Basic dyke, Goodenough mine, Sandon. 
No. 2. Basic dyke, Highlander mine, Ainsworth. 
No. 3. Basic dyke, Blue Bell mine, Ainsworth. 
No. 4. Porphyry dyke, Slocan Star mine, 5th level east, Sand on. 
No. 5. Basic dyke, Whitewater Deep mine, Whitewater. 
No. 6. Dyke in tunnel, Whitewater Deep mine, Whitewater. 
No. 7. Porphyry dyke, Jackson mine, (Sept. 8th, 1905). 
No. 8. Porphyry dyke, (eut by Slocan Star vein), Sandon. 

"Nos. 1, 2, 5 and 6 are all related types of rocks. They belong to the 
general group of dioritic lamprophyres, and are closely allied, if not iden
tical with the kersantites. 

No. 1.-Goodenough mine, Sandon, B. C. The hand specimen shows 
a dark, greenish grey, rather coarse-grained, porphyritic rock. The por
phyritic constituents are chiefiy biotite and olivine, the comparatively 
large and rounded individuals of the latter being now almost wholly replaced 
by an aggregate of carbonates and talc. Augite is also abundant in stout 
colnmnar, almost colourless, crystals. The pale brownish, feldspathic, 
ground-mass, with abundant inclusions, shows the rudely radiating ar
rangement so frequently noticed in these rocks. Apatite is the most 
abundant of the accessory constituents. Magnetite and pyrite are both 
disseminated through the rock. 

o. 2.-Basic dyke, Highlander mine, Ainsworth, B. C. The band 
specimen shows a dark green, almost black, brightly glistening, porphy
ritic rock. nder the microscope the rock has been identifiecl as a ker
santite, closely related to Jo . l. Augi te is the most abunclant of the por
phyritic constituents, although biotite approaches it very closely in point 
of abundance. It occurs in the usual short, stout, almost colourless crystals. 
The olivine is not so abunclant and some of the inclividuals are comparatively 
fresh, while others are decomposed to talc and serpentine. Irregular 
area of chlorite are of frequent occurrence. A thin vein of calcite tra
verses the section. :\1uch of the original plagioclase ground-mass i. d0co :n
posecl to calcite. 
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No. 3.-Basic dyke, Blue Bell mine, Ainsworth, B. O. The hand 
specimen shows a dark grey porphyritic rock with amygdaloidal cavities 
occupied chiefly by calcite. The thin section shows porphyrite. The 
groundmass is made up of small interlacing laths of plagioclase and abun
dant deep brown biotite, in which are developed phenocrysts of plagioclase 
and occasionally quartz. The amygdaloidal cavities in the thin sections 
are filled up with calcite together with some zeolite. 

No. 4.---Porphyry dyke, Slocan Star, 5th level east. The hand spe-
cimen shows a pale, greyish, fine-grained, massive rock. The thin section 
is probably that of a porphyrite, but only suggestions remain of the original 
structure. It is now made up of a confused aggregate of felspar, bleached 
and often chloritized biotite, sericite and quartz. 

I o. 5.-Basic dyke, Whitewater Deep mine. Only a small piece of 
rock was available for the thin section and no portion of it was returned. 

The exarnination of the thin section under the microscope shows the 
rock to be a kersantite, althongh the true nature of the felspathic ground
mass cannot be determined satisfactorily. The porphyritic constituents 
are biotite, olivine (decomposed to talc) and augite. The scales and plates 
of biotite show the characteristic deep brown borders, tinged with green, 
with comparatively pale coloured· bleached interiors. The olivine origin
ally present is now replaced by rounded areas made up of brilliantly 
polarizing scales of talc. The augite is in the usual short, stout and 
almost colourless tabular crystals. The groundmass is pale brownish in 
colour, showing in places comparatively fresh well developed, blade-like 
crystals of plagioclase, usually with well-defined radial arrangement. A 
very little quartz is present, occupying the irregular interspaces left by 
the other constituents. A small amount of magnetite and pyrite were also 
noticecl. 

No. 6.-Dyke in tunnel, Whitewater. The hand specimen shows a 
comparatively pale greyish porphyritic rock, with very numerous small, 
but rather faintly glistening, phenocrystals of biotite. Abundant, more 
or less roundecl, yellowish green patches are conspicuous, which on inv~s
tigation "·ith the microscope represent olivine originally present but now 
"l"l·holly repl:iced by a brilliantly polarizing aggregate of small, pale yellow 
scales of talc. The rock is a dioritic lamprophyre of the kersantite type. 
Biotite is the most abundant of the coloured constituents, the various cales 
and plates showing the usual deep brown, strongly pleochroic borders with 
bleached interiors. The plagioclase is probably labradorite and much of 
it is decomposed to calcite. The blade-like rrystals of plagioclase appear 
to have a . heaf-like grouping. "·hich gives to the groundmass characterized 
by their prPsence a rather indefinitc or wave-like extinction. The olivine 
originally present is now wholly replacer! b~' talc. ilfagnctite is disseminatecl 
through the rock, sometimes as sharp octahedra. Pyrite is al o present 
m occasional grains. Apatite is very abundant. Quartz fills up a fpw 

of the irrc!!ular interspaces. 
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No. 7.-Porphyry dyke rock, Jackson mine (September 8, 1905). 
The hand specimen shows a pale greyish massive rock with abundant small 
disseminated grains of pyrrhotite and pyrite. The thin section shows a 
a very much decompose<l porphyrite. It is composed of a confused ag
gregate of calcite, sericite, felspar, quartz, pyrrhot.ite and pyrite. Sorne 
larger individuals made up chiefly of calcite suggest original phenocrysts 
of plagioclase, while in places considerable areas of the comparatively un
altered felspathic groun<lrnass still rernain. 

No. 8.-Pophyry dyke, eut by Slocan Star vein, Sandon. The hand 
specirnen is of a pale greyish rock. Under the microscope it is seen to be 
a porphyrite which has undergone very pronounced alteration. The out
lines of the original phenocrysts are still rather sharply defined frorn the 
surrounding groundrnass, although both are largely replace<l by carbonates." 

A few notes on the occurrence of these dykes may be added. 

No. 1.-Basic dyke, Goodenough mine. Sarnple collected by Mr. 
Gardé, and said to be eut by the vein. 

No. 2.-Basic dyke, Highlander mine, Ainsworth. This dyke, de
terrnined by Dr. Barlow as kersantite, cuts through the Highlander vein 
and the crystalline schists, and appears on surface, or at least a dyke of 
similar composition can be seen on the surnmit of the cliff above the line 
of the Highlander tunnel; other dykes of this rock occur in the neighbour
hood. (See Plate No. I). 

No. 3.-Basic dyke, Blue Bell mine. Th e field examination showed 
a close resemblance to Ko. 2, excepting, however , the developrnent of cal
cite in the cracks and cavities of the rock. This dyke is intersected in the 
main tunnel of the Blue Bell mine, and is shown in section in Plate V. A 
band of limestone eut by this dyke is changed to calcite with the develop
rnent of very large crystals, while in the basic rock of the dyke some of the 
calcite amygdaloids reach i inch diameter. · 

Io. 4.-This dyke cuts into the Slocan Star vein on the 5th level, e-ast 
of the main cross-eut, and shows in places fine pyrite. It is typical of the 
porphyry dykes (porphyrite), associated with the silver-lead veins of the 
Slocan. 

N. 5.- This is from a small basic dyke in the main tunnel of the White
water Deep mine. 

No. 6.-This samplc is from a large dyke that crosses the main tunnel 
of the Whitewater Deep mine, and along the course of which considerable 
drifting 'va: clone. In the field the rock appeared about identical with the 
Gooc\enough dyke, Ko. 1, but more decomposed. 

~o. 7. - This is a typical specimcn from the porphyr~- dykes (porph~Titc) 
of the Jackson mine, Jackson Basin. 

Ko. .- I s from a some\\·hat similar dyke, eut by the Slocnn Star vein 
in the 5th level \\'est, n·hich cnrrie, pay ore through the dyke. 
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Surnming up, the typical porphyry dykes of the Slocan are represented 
by Nos. 4, 7, and 8, and are correctly designated as porphyrites. 

The basic dykes are represented by I os. 1, 2, 5 and 6 and may be 
designated as kersantites. 

The granites vary from the extremely coarse crystalline J elson type, 
in which the Molly Gibson vein occurs, to the fine grained hornblendic 
variety, occurring as intrusions in: the slates, and even down to the por
phyrites, which occur in small dykes, though no doubt derived from the 
intrusive granite magma. 

THE ORES. 

Blende.-Representative specimens collected in the field were forwarded 
to Mr. W. George Waring, of Webb City, Missouri, for special analysis of, 
so far as possible, the pure minerals. Mr. Waring enclosed the following 
note with bis analysis:-

"Note to Analyses No. 28437-40. 

The nearly complete analysis of the siderite and blende of No. 28439-40, 
sufficiently explains the composition of the others, therefore the analysis 
of the others was not carried further than appeared absolutely necessary. 

Upon the blende of 28440 the following special tests were made:-

(A.) Three grams treated with dilute (1 %) H2S04 at about 90°C. 
showed no marked fiotation. The solution was found to contain all the 
manganese and 0. 42% Fe, and these are therefore assumed to exist as 
siderite. 

(B.) The washed residue from (A.) was shaken for several minutes 
with a 1 % solution of KCy and allowed to stand over night in contact with 
the solution, which latter, after filtration, was found to contain 4. 28 mg.Ag, 
equal to 0 .143% Ag. dissolved, which must have existed as A~S. 

(C.) The washed residue from (B.) was shaken for a few minutes 
with a globule of pure Hg without addition of any chemicals. The mercury, 
after separation "·as found to con tain 1 . 62 mg Ag, equal to 0. 054%, th us 
sho\\ing that a part of silver, at least, exists as native silver. The residue 
upon scorification yielded the exact rema.inder of the silver, namely 19.60 
mg, \Yhich is equivalent to 0 . 653% . 

(D.) Three grams of the blende boiled with strong HCl gave a solution 
containing all of the zinc, nearly all of the leacl, together with a little copper 
and 8.92 mg Ag. The residue insoluble in HCI contained 1.14% Fe, which 
is assumed to be the amount existing as pyrite in combination with the 
copper sulphide." 

A. Blende, associated \Yith siderite, from 4th level east, Slocan tar 
mine. Analysis ~o. 28,439. 

B. Blende, associatecl with siclerite, from the th level, Payne mine, 
analysis X o. 2 ,43 
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ANALYSES OF ZINC BLENDE ORES. 

Zinc .... ............... · · · · · · 
Iron ................. ....... . 
Manganese ... . . ... .. . ....... . 
Lead ............... . ...... .. 
Copper .. .................... . 
Silver ....... ...... ... . .... . . . 
Sulphur ................... .. . 
Silica ....................... . 
002, As, CaO MgO by difference . . 

A. 

58.10% 
4.39 
0.00 
0.20 
0.66 
0.082 

B. 

59.70% 
3.12 
0.00 
0.00 
1.00 
0.048 

c . . 

54 .25% 
5.68 
0.00 
1.00 
1.06 
0 .355 

235 

D. 

53.47% 
4 .12 
0.22 
5.72 
1.70 
0.8505 

30 .37 
1.00 
2.55 

100.00% 

C. Blende, associated with siderite, Molly Gibson mine, analysis No . 
. 28,439. 

D. Blende, a special sample of high grade silver blende, showing 
native silver in the cleavage planes of the crystals. Analysis No. 28,440. 

These analysis show a fairly high zinc, varying from 53.6% to 59.7%. 
The silver values in the blende appear to follow the lead rather than the 
copper mineral. 

As for example:-

A. B. c. D. 
-

Copper ....................... 0.66% 1.003 1.06% 1.70% 
Sil ver . ....................... 0.082 0.048% 0.035% 0.8505% 
Lead ........................ 0.20 0 .00% 1.000% 5.75 

The highest ratio between copper and silver is 30.3 to 1 in (C); the 
lowest, 2 to 1 in (D). The highest lead ratio is 28.6 to 1 in (C); the lowest, 
2.44 to 1 in (A). The average is:-

Copper to Silver ........... 13 . 4 to 1. 
Lead to Silver ...... . ...... 12 . 6 to 1. 

The samples vary so much in silver values t.hat one cannot safely 
theorize on them. In testing the ores and concentrates, however, it is 
Yery clearly seen that the high sil ver values in the zinc is invariably associated 
with galenite. 

Mr. Waring figures the mineral composition of the almost cornplete 
analysis on the high grade blende (D), as follo11·s :-

Zinc blende ........ . 
Chalcopyrite. . ..... . 
Galenite ... . . . .. .. . 
Argentite ... ...... . 
Fe S .... . . ....... .. · 
8iderite .... . . . ... . . 
Quartz ............ . 

79.78% 
4.57% 
6.61% 
0.88 
3.20% 
l .67 
1. OO 

97.71 

Sulphur equiv ..... 
" 

26.31 
1. 73 
0 .89 
0 .13 
1.16 

30.22% 
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"I found no appreciable amount of cadmium in the blende." 

The almost entire absence of manganese in the blende is curious, more 
especially as the associated minerai siderite carries a high percentage of it. 

Siderite.-This minerai is abundant in ail the veins in the Slocan rock 
series, is invariably associated with the zinc blende and very often replaces 
that minerai in depth, and at still greater depth is itself replaced by quartz. 
The concentrate from the mills is almost invariably a mixture of zinc blende 
and siderite, the separation of which will in most cases give a 48 to 503 
zinc ore, suitable for the manufacture of spelter. Therefore, a close ex
amination of the siderites was taken in hand, to throw light on the distribu
tion of the zinc and the silver in siderite ores. 

The blende and siderite ores were in each case taken from the same 
hand specimen, and subjected to partial analysis; those of the blende have 
already been discussed, while the following analysis are, it must be remem
bered, made from adjoining seams of siderite. 

A. B. c. 

Iron ... ........ . . . ... 1 

Manganese . .. ... . .. .. . 
28.40% 30.15% 17.62% 
13 .14 12.97 26.55% 

Magnesia .... .. . .. . .. . 
Lime ................ . 

5.52 . . . . . . . . . . . . ............ 
1.26 . . . . . . . . . . . . ............ 

Zinc ... ... ..... ..... . 0.00 OO.OO 00.00% 

Corresponding to the following proximate minerai composition:-

A. B. c. 

FeC03 ................ 58.8 62.31% 36.53% 
MnC03 .... .......... . 27.48 26.12% 55.52% 
MgC03 .............. .. 11.59 } 11.57% 7. 95% by difference. 
CaC03 ....... . ....... 2.05 

100 .00 100.00 100.00% 

These . iderites, it will be ob erYed, are qui te free from zinc. The 
pure specimens are also free from silver, and an examination of the silver
bearing siderite separated from the blende in the magnetic separating 
machines, inYariably shows included zinc or leacl minerais; hence the pre
sumption is that if this magnetic siderite werc ground ufficiently fine it 
could be entirely freed from silver, or at any rate practically separated 
from its associated silvcr-bearing minerais. 

The siderite specimen from Molly Gibson mine carried quite a high 
pcrccntage of manganesc, and had a distinctly pinkish hue. The entire 
absence of zinc in the siderite analyzed i · remarkable. as n·ell as the absence 
of~sil Yer in tli is minerai. 
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A sack of the Slocan Star zinc concentrates, high in silver, was shipped 
to .Mr. W. Geo. Waring to test by a wet process of zinc extraction. The 
concentrate as received by Mr. Waring assayed: zinc 34.953, iron 133, 
lead 2.32%, copper 0.503, manganese 2.103, silver 0.19243, gold trace, 
insoluble 6.883 . To further test the siderite I had Mr. Waring pick out 
several apparently pure pieces from the general mass of the concentrate, 
and subject them to analysis. He reports as follows :-" Ten grams of care
fully selected particles of the siderite, from 2 to 3 mm. size, as free as 
possible from blende and other minerals, assayed for silver gave 2.28 oz. 
per ton. 

Six grams of the same material gave 0.123 zinc, and 2.343 silicious 
residue. Although the siderite grains were carefully selected, rnost of 
them showed under the microscope dark stains and often minute (micro
scopie) crystals of blende or tetrahedrite, probably both, imbedded in the 
siderite matrix. I infer that the zinc and silver do not exist as molecular 
constituents of the siderite, but as constituents of other minerals associated 
with the carbonate." 

This confirms the conclusion previously arrived at; and while there are 
no doubt some exceptions, yet we are safe in assuming that the Slocan 
siderites are practically free from combined zinc or silver. 

Iron pyrites. is of course a very common mineral in the Slocan veins, 
but it seldom carries precious metal values. 

Pyrrhotite is less common than pyrites, but is invariably found in the 
zinc concentrates. It is usually more abundant in the neighbourhood of the 
eruptives. 

The zinc concentrates received from the Slocan dar mine cont.ain a 
large amount of pyrrhotite. 

Cakite occurs in all the veins, very often associated with galena, and 
in some cases forming the exclusive gangue of the pay ores. 

Galena and grey copper (Freibergite).-The galena ore in the Slocan 
veins carries a slight sprinkling of grey copper, particularly when the silver 
values are high; yellow copper is also present to a less extent , and while 
often found in the shallower portion of the veins, seems to be more plentiful 
in depth. Both of these copper minerals appear to be primary minerals 
deposited in an irregular way in the galena. I procurecl some galena spe
cimens showing grey copper from Mr. O. V. White of the Slocan Star mine, 
and submitted them to Mr. Waring, witth he request that he separate the 
minerals and subject each to analysis. Mr. Waring states that "the 
galena was not qui te free of grey copper nor was it possible to pick out 
grains of the grey copper that did not show minute (microscopie) crystals 
of galena imbedded in the tetraheclrite mixture. The galena was, however , 
quite free from adherent quartz gangue, although there was perhaps 1 or 
23 of quartz, accompanied by spicules of grey copper, in the galena. The 
grey copper itself is impregnated with quartz. The sample obtainecl con
tained 10.663 insoluble quartz gangue." 



238 REPORT OF ZINC COMMISSION 

Galena and grey copper from the Slocan Star mine, Sandon, British 
Columbia. Analyses Nos. 28,303 and 28,304. 

Sil ver ..... ... ... .. . ... . .. . 
Copper ........ ........ . . . 
Lead .................... . 
Zinr . . ..... . ........... . . 
Iron ..................... . 
Sulphur . ................. . 
Antimony ................. , 
Arsenic . . ................. . 
Insoluble . ................ . 

Gal en a. 

2.4733 
1 .693 

74 .323 
1 .633 
0 .883 

2. 4723 Sil ver= 720. 98 oz. per ton. 
15 . 1423 Silver = 4416 .32 oz. perton. 

Grey Copper. 

15 .142 
11 .27 
5.40 
R. 15 
5.81 

20.13 
17.72 
None 

10 .66 

Mr. Waring computes the proportions of silver carried by the copper 
and the lead mineral, and arrives at the conclusion that the ·galena carries 
only about 60 oz. of silver per ton, the remaining 660 oz. of silver in the ga
lena being due to intermixed grey copper. 

The grey copper appears to be of the variety freibergite; rejecting the 
galena in the above analysis, which is evidently an admixture with the 
freibergite, l\Ir. Waring computes the pure mine,ral to have the following 
composition. 

Freibergite from Slocan Star llline: 
Rilver ............. . ..... . 
9?pper ... ............... . 
Zmc ........ . ........... . 
Iron ........ . . . ........ . . 
Antimony . . ........... . . . 
Sulphur ........ . ........ . 

19.573} 14 .573 
10 .533 .. 
7 _513 Computed compos1t10n. 

22.913 
24.913 

100.003 

It is abundantly evident that the high si lver value in the galena is 
due to the associated freibergite, while the high silver values in the zinc 
blende is in part due to freibergite, but more often to galena, or perhaps 
galena associated with freibergite, in which the latter is finely disseminated 
through the galena. 

Ore Lot No. 7 is a case in point. This is zinc concentrate from the 
Enterprise mine, assaying 115 ozs. of silver per ton and 4.83 lead. When 
crushed to 20-mesh and concentrated a product was obtained assaying 
453 lead and 298 ozs. silver per ton. Also with ore Lot ro. 13, zinc concen
trate assaying 80 ozs. silver and 11.53 lead, upon passing it over the Blake 
separator a product was thrown out assaying 19 ozs. silver and 353 lead. 
Other examples cou.ld be given. 

Native si/ver occurs in both the galena and the zinc blende, but more 
often in the former; it is of course secondary and does not occur in quantity 
sufficient to eut any figure in the general tenor of the ores. 
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EOO:N OMIO OObTDITIONS. 

The Slocan region is well provided with railways. Sandon, the principal 
mining center, has two lines of railway, (1) the Canadian Pacifie, running 
down to Lake Slocan, and connecting there by steamer and rail with Nelson, 
Trail and the Crow's Nest line, or by rail direct to Nakusp, thence by steamer 
and rail to the main line of the C.P.R. at Revelstoke; and (2) the Kaslo & 
Slocan, which runs from Sandon to Kaslo, where connection is made with 
the Kootenay Lake steamers. 

The wagon roads to the principal mines are mostly well built, while 
excellent "raw-hiding" trails and good pack trails are numerous in the 
mining districts. Most of the principal mines have aerial or gravity trams 
connecting the main workings with mill or railway, as described elsewhere 
in this report. Considering the sruall output from Sandon and vicinity the 
means of transportation are superlatively abundant. 

LABOR. 

I was assured that the labor supply was ample, though I must add, that 
most of the mines visited by the Commission were either idle or working 
on a very small scale. 'The average wages in the Slocan are as follows:-

General foreman, per day of 8 hours . . . . . . . . . . . . S5. OO to S6. OO 
Shift bosses " . . . . . . . . . . . . 4. OO to 5. OO 
Miners, . . . . . . . . . . . . 3 . 25 to 3 . 50 
Trammers " . . . . . . . . . . . . 3 . OO to 3 . 50 
Blacksmiths " . . . . . . . . . . . . 4 . OO 
Carpenters . . . . . . . . . . . . 3 . 50 to 4. OO 
Machinists . . . . . . . . . . . . . . 3 . 50 to 5 . OO 
Stationary engineers . . . . . . . . . . . . 3 . 50 to 4 . OO 

General mining supplies· compare favorably in price with the average 
R ocky l\Iountain mining camps; hardware, however, is from 153 to 203 
dearer than in the average American mining camps. Fuel is on t he whole 
cheap, due no doubt to the densely wooded country around the mines. 
Cordwood varies from $3 to $4. Coal at Sandon costs about $7 per ton. 
Water power is almost everywhere available and abundant for about six 
months in the year. Severa! of the mills have auxiliary steam plants, but 
so far as I could detennine these were but seldom used; the general practice 
being to close down the mills when water power is not aYailable. None of 
the steam plants was in operation during our visit to the various mining 
districts. 'Vhile in the field the members of the Commission visited 12 
concentrating mills, nine of which were idle. Various eau es were given 
for this state of affairs, the chief one being "the plants 1Yere closed down 
for the winter ; and would start up again in the spring," indicating that only 
a semi-annual campaign was contemplated. Other mills were awaiting the 
completion of magnctic separation plants to render the zinc concentrates 
marketable. 
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ORE RESERVES AND OUTPUT. 

Generally speaking the mines of the Slocan have been hard pushed. 
Development in most cases bas been neglected, the ore reserves allowed 
to dwindle (in some cases almost to the vanishing point), and mining 
generally is in an extremely precarious condition; best illustrated by the 
fact that notwithstanding the high prices of sil ver, lead and zinc, the output 
bas not been stimulated, nor the mining industry roused from the lethargy 
into which it had fallen. 

There are various reasons given for this mining torpidity in a district 
crowded with mineral veins, most of which carry very high grade argenti
ferous galena and zinc blende in paying quantities when worked in con
nection with the silver-lead ores. The principal reasons, however, are in 
my opinion: First, the operative system is in man y cases too ex pensive; 
and second, proper facilities do not exist for making a close ·saving of values 
in the concentration mills, or for preparing the zinc ores for the smelters. 

I shall pass over the boom period, with its lavish and irreparable waste 
of capital, when comparatively insignificant prospects were in some cases 
equipped with expensive mills and tramways, to offset, by surface display, 
as it were, the lack of ore in the mines. Or when small though profitable 
veins-·if worked economically-were swamped with expensive and cum
bersome mills and tramways, far and away beyond the capacity of the 
mines to supply them with ore. These things occur in the heyday of most 
mining districts, and the Slocan is no exception. While it is best to disnùss 
them from consideration, they will not be forgotten so long as these monu
ments of folly or extravagance occupy conspicuous positions in the varions 
mining districts. 

OPERAT! G EXPE ISE. 

An examination of the details of the mine reports " ·ill, I think, clearly 
show that the Slocan veins, though rich, are also small, the ore lenses short 
and uncertain, very often with long stretches of barren vein between them. 
Such conditions are not usually conducive to the succes of an expensive 
management, a paid directorate, or a large investment of capital. 

Leasing is the proper system to apply to the economic working of the 
argentiferous galena veins of the Slocan; leasing with a fair royalty and 
leases running for not less than one year. "The labourer is worthy of his 
hire," and the lessee who by hard work, sound reasoning and expenditure 
of money, is fortunate enough to discover a good lense of ore, is rightly 
entitled to enjoy for a season the fruits of hi labour. Iany mines, and 
even mining di tricts, in Colorado have again and again been brought from 
a state of torpor and decay up to a high tide of prosperity simply by the 
leasing system. Sorne rich mines at Cripple Creek are now, and have been 
for years, worke<l almost exclusively on the leasing system, for the rea on 
that it has been proved. the cheapest and the best method of operation. 
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In order to obtain additional information as to the occurrences of zinc 
ore in British Columbia, which were not exarnined by the Commission, a 
series of inquiries prepared by Mr. Ingalls was addressed to the Gold Com
missioners of the Province, through the Hon. Richard McBride, Provincial 
l\Iin.ister of Mines. The replies of the Gold Comrnissioners, who reported 
the occurrence of zinc ore, are here given. They include notes on several 
mines which have undergone more or less development in search of lead 
ore, and thereby have disclosed the existence of zinc ore, but have not yet 
been productive of that ore, the term "productive" being here used in the 
sense of furnishing ore for market. While there is reason to believe that 
the reports of the Gold Commissioners, together with that of Dr. Barlow, 
cover the principal showings of zinc in the Province upon which some work 
has been done, there is ground to suppose that the literally undeveloped 
occurrences are far more numerous. 

The Gold Commissioners at Kaslo, Greenwood, and Grand Forks re
ported having no information on the subject. 

GIANT MINE. 

J E. Griffith, Gold Comrnissioner at Golden, under date of J anuary 
25, 1906, transmitted the following letter from F. P. Armstrong, dated 
Jan. 6, 1906:-

As requested by you I beg to furnish the following information regard-
ing the Giant mine. 

1. Owner, F. P. Armstrong, Golden, B.C. 

2. Locality, Spillamachene Mountain, sou th of Golden. 

3. Forty-eight miles from main line of C. P. R. , six and a half miles 
from steamboat navigation on Columbia River and also from located line 
of Kootenay Central Ry. Elevation above Columbia River 600 feet. 

4. Present communication from river is by sleigh road. Good wagon 
road with light adverse grades can be cheaply built. Country is of park 
character, with large fu timber. Spillamachene River, one mile from claim, 
woulcl furnish large \Yater pm-rnr. 

5. The zinc ore occurs in soft black slate, which forms the hanging 
wall of a large galena-bearing ledge. This ledge has been considerably 
cleveloped, and would appear to have an average width of · 25 fect, a clepth 
of 400 feet (to lower tunnel) and is mineralized for a length of at least 600 
f Pet, the galena ore assaying 10 to 15 oz. silver and 603 lead. 
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The zinc ore does not crop out anywhere, and was found accidentally. 
It has been run on for 50 feet in an adit level, which apparently eut the 
top of a lense of ore, varying in width from 1 to 4 feet. A winze was sunk 
on this ore, showing a streak averaging 30 inches in width. 

Another adit is being run 70 feet below that referred to above. At 50 
feet from the winze, the face of this lower tunnel was in the same soft black 
slate; kidneys of zinc ore occurred through it. The hanging wall instead 
of containing lead only was full of zinc. No assays have yet been made, 
but it obviously carries too much rock to allow of shipping without con
centration. A few feet further on the streak of zinc ore was struck, 2 feet 
in width, and presumably the same as that which is exposed in the winze. 

The ore in the winze is perfectly clean and requires no dressing beyond 
knocking off pieces of slate that may stick to the side. In running the 50 
feet of tunnel about 60 tons of clean ore were taken out. The crest of the 
ore contained about 103 lead and 453 zinc. In the winze the proportions 
are 23 lead and 553 zinc. 

It is the intention of the owner to ship 500 tons this winter if sleighing 
lasts until say March 15. However, as the snow fall to date has been very 
light, the season is likely to be a short one. 

MONARCH MINE. 

H. T. Coperley, Secretary of the Vancouver Smelting and Mining Com
pany, communicated the following letter, addressed to R. F. Tolmie, Esq., 
Deputy Minister of Mines, under date of Jan. 27, 1906:-

1. Owner, Vancouver Smelting and Mining Company, Limited, Van
couver. 

2. Locality, about two and three-quarter miles east of Field, B.C. , 
and from 700 to 800 ft. above main line of C. P. Ry. 

3. The nearest railway station is Field, B.C., which is accessible by 
trail. 

4. Means of communication are a gravity tram, which was formerly in 
operation, but now requires considerable repair, as does also the trail to the 
mine. 

5. The development consists of a tunnel 250 ft. in length, with cross
cuts and a winze 70 ft . in depth. 

6. The ore is a mixture of lead and zinc sulphides, together with some 
lead and zinc carbonates. The lead sulphide carries a small percentage of 
silver . The formation is limesto 1e. The carbonate of zinc occurs in spots, 
and a considerable quantity could be hand-sorted; the remainder of the 
ore requires concentration. 

7. An excellent water power could be obtained from the Kicking
Horse river, and an abundant supply of timber for mining purposes. 
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LONE PROSPECTOR MI E. 

G. C. Tunstall, Gold Commissioner at Kamloops, reported under date 
of Feb . 2, 1906, as follows:-

I have not been able to obtain information in regard to the occurrence 
of zinc in the Lone Prospector mineral claim, which is situated on the west 
bank of the North Thompson River, over seventy miles north of Kamloops. 
The claim was abandoned many years ago. It is reported that the zinc 
averaged from 20 to 40 per cent. I believe it was associated with galena. 

DONALD MINE. 

Fred. Fraser, Gold Commissioner at Revelstoke, reported under date 
of Feb. 26, 1906, as follows:-

1. Owners, David Woolsey and John Caldwell. 

2. Locality, Revelstoke Mining Division, about 2! miles from Flat 
Creek Siding, on the Canadian Pacifie Railway, on north side of said railway, 
about 32 miles east of Revelstoke. 

3. Communication by trail, not in good condition at present, but could 
be made passable for horses at very little expense. This will be done in 
the early part of next summer, as the property is likely to be operated in 
the near future. Free from ail snow slides. 

4. Development consists of shaft and tunnel. Shaft on vein about 
80 feet. Tunnel, 800 feet. Tunnel is being run to tap vein at a depth of 
325 feet. Breast of tunnel estimated to be within 30 feet of vein. Width 
of vein at shaft 9 to 10 feet, showing solid ore full width. Character of ore 
pyrrhotite, blende and galena. Sample sent to Pellew, Harvey, Bryant & 
Gilman, assayers of Vancouver, showed 30% zinc. The gangue is quartzose. 
The association of minerals is coarse. A great deal of hand picking could 
be done. 

5. Plenty of good water power in close proximity to the property ; also 
plenty of timber (spruce a:id balsam). 

Mr. Fraser also reported that zinc ore is found at Keystone Mountain, 
Big Bend , Jordan Pass, at Revelstoke; and Beatrice and Mammoth mines 
at Camborne. 

FORT STEELE MI ING DIVISION. 

J. F. Armstrong, Gold Commissioner at Cranbrook, rcported under 
date of Feb. 16, 1906, the following occurrences of zinc ore in the Fort 
Steele Mining Division:-

V1cron. - This group of claims is owned by C. W. Freeman and \V. 
Van Arsdalen of Fort Steele and is situated near the head waters of :\Ians 
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Creek, a tributary of the Kootenay River, about eight miles in an easterly 
direction from the town of Fort Steele. Fort Steele Junction, fifteen miles 
distant, is the nearest railway station. There is a wagon road from the 
town of Fort Steele to the foot of the mountain, and from that point there 
is a trail, by the way of Horse Shoe Gulch, to the property at an altitude 
of 7,000 feet. 

On the Victor there is a tunnel giving a depth of 25 feet. The vein 
crosses a mountain ridge at right angles. Near the base of the ridge there 
is a vein, two to eight feet wide, stripped for a distance of three hundred 
feet, being well defined and highly mineralized, containing clean shipping 
ore. 

The ore is argentiferous galena and zinc blende, carrying some gold. 
It is claimed that the zinc ore occurs in places as blende of a light color. 
assaying from 553 to 633 in zinc and carrying silver. In other places it 
is associated with galena. The gangue of the vein filling is white massive 
quartz. On the edges of the vein the quartz is mixed with country rock, 
sprinkled with bunches of ore. A considerable quantity of the ore as mined 
can be sorted ready for shipping. 

On the Silver Leaf claim, in the same group, there is an ample supply 
of timber and water for mining and camp purposes. 

Krna OF KooTENAY.-This claim is situated at the head of Victoria 
Gulch, a tributàry of Wild Horse Creek, and is owned by William Voss of 
Fort Steele. There is a fairly good trail leading to this claim, which is about 
eight miles from Fort Steele in a north-easterly direction. 

BILL NYE.-This claim is situated on Trail Creek, a tributary of Wild 
Horse Creek, and is distant about 12 miles from Fort Steele, in a north
easterly direction, and is owned by C. Reynolds of Fort Steele. There is a 
fairly good trail leading to this claim. 

ESTELLA.-! am informed the Estella group on Tracey Creek, owned 
by Alexander Polson, et al, carriPs a large percentage of zinc ore, but I 
haYe been unable to get into direct communication with the owners. 

There have been many other locations made in this vicinity between 
Wild Horse and Tracey Creeks, but allm.ved to lapse, owing it is stated to the 
large percentage of zinc they contain. 

AuRORA.-This group is situated on the "·est side of Lower Jfoyie Lake, 
and is owned by Thomas Rader, :Jlorrissey :\Iines, Oie J . Johnson, :Jloyie, 
and Irwin B. Sanburn, Portland, Oregon. These claims are t mile distant 
from the station acro s the Jake. and 4 miles di tant by trail to Aldrich 
Siding on the C. P. Ry. On the Aurora there is a tunnel 450 feet long con
necting ,,·ith the surface and everal other smaller open'.ngs. The ore is 
blende associated with galena. There is an abundance of "·ood and water 
in the immediate Yicinity of these claims. 
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HESQUOIT LAKE, VANCOUVER ISLAND. 

A. L. Smith, Gold Commissioner at Alberni , reported under date of 
February 3, 1906, with respect to a group of zinc-bearing claims near Hes
quoit Lake, as follows:-

1. Owner, Arthur Norris, Clayoquot, B.C. 

2. Locality, south side of Hesquoit Lake, West Coast, V.I. The claims 
are on the shore of the lake. 

3. Distance from steamboat landing at Hesquoit, 6 miles. 

4. l\1eans of transportation are by small boat. The country is rough 
and steep. 

5. The property has been developed by open cuts and a shah. 

6. The ore is blende, associated with galena, pyrites, pyrrhotite , chal
copyrite, and barytes. The association of minerals is mostly coarse. The 
blende occurs in fairly clean streaks, and considerable could be picked by 
hand. 
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sulphides are covered by three or four feet of gossan. The rocks near by 
are also decomposed to a rusty product, in cavities of which iron stalactites 
of fantastic form are present. 

A tunnel had been started and for i ts en tire length of 20 feet was in 
solid sulphides. The width of the ledge was, at the time of my visit, im
possible to determine. It was said to be traceable througbout the length 
of 19 claims. 

The iron sulphides formed the bulk of the "ore" at the points where 
the ledge was seen, but zinc blende ranked next in abundance, and it is not 
impossible, if the ledge has the dimensions popularly attributed to it, that at 
some points the zinc blende may assume commercial proportions." 

(f). Illecillewaet Mining Division.-Two minera! claims situated in this 
mining division have been brought to the notice of the Commission by the 
Revelstoke Board of Trade as containing zinc in such quantities as to be 
commercially valuable. These claims are known as the Donald and Round 
Hill, and are situated at Flat Creek about one and one-half miles directly 
north of the Canadian Pacifie Railway at an altitude of about 2,900 feet 
above the track. They are reached by a trail about three miles in length. 
The Donald claim is owned by David Woolsey, William Elson, and John 
Lawson, al! of Revelstoke, while the Round Hill claim is owned by A. G. I-I. 
Howard-Potts, of Victoria, B.C. 

The Round Hill adjoins the Donald to the northeast. The ore occurs 
in two parallel veins which run through both properties in a northeasterly 
and southwesterly direction. The vein on which most of the mining develop
ment work on the Donald has been clone is stated to be 9 feet 8 inches in 
width with a dip, at the surface, of 71°, although in going clown this dip 
flattens out to about 40° . The second parallel vein is situated 104 feet 
lower down the mountain and has a width of about 12 feet. The develop
ment work consists of a shaft 84 feet in depth and a tunnel 800 feet in length, 
which should reach the vein at a depth of 325 feet. The buildings include 
a cabin and a blacksmith's shop. The information from which the above des
cription has been prepared was supplied by Mr. David Woolsey, of Revelstoke. 

The following are the results of analyses of ore from the Donald minerai 
claim:-1. Analysis of a very pure specimen of zinc blende by Mr. M. F. 
Connor of the Geological Survey Department. The sample was rece:vecl 
from an independent source. II. and III. are partial analyses by Mr. 
George C. Rabbins of specimens of ore sent in 1903 to Mr. A. C. Gardé, then 
manager of the Payne m~ne. 

I. II. 

Lead...... .. . .. . . .. ...... .... 0 .913 5.103 
~?pper....... ... .. . . ......... :\one 
Zrnc. . . .. . . . . . . .. . .. . 54 . 27 29. 60 

j~~~l~bÎe.: "..:.::. ·: .... : : :1 6 : b~ l 18
_·

4
_0 

Gold..... . . );° one Trace 
Silver . . ...... . . . ......... .. .. 0 .30nz. t'er ton . 4.00or..ru-ton . 

19 

46 .30 
7 .10 

Trace 

III. 

2 . 30 07 . rcr ton. 



290 REPORT OF ZINC COMMISSION 

(g). Lardeau Mining Division.-The mining recorder of this division 
writes from Camborne that two of the silver-lead properties show a con
siderable percentage of zinc. The Sirdar minera! claim on Goat Mountain 
has 4 feet of zinc blende, assaying 52 per cent., while at the Beatrice mine 
on Mohawk Creek, where considerable mining operations have been carried 
on, there are 3,000 tons of zinc ore available, which will show an average 
assay of 33 per cent. of zinc. It is stated that most of the ore from this 
mine contains from 14 to 20 per cent. of zinc, some of the ore occasionally 
running as high as 35 per cent. 

The mining recorder of Trout Lake Mining District writes that the 
Silver Cup and Nettie L. mines, owned by the Ferguson Mines Co., Limited, 
of which Mr. George Alexander of Kaslo is manager, are shipping ore which 
contains about 10 per cent. of zinc. 

The ore of the Triune mine of which Mr. John Morton of Ferguson is 
manager, is said to contain about 15 per cent. of zinc. A very small 
percentage of zinc occurs in the Lucky Boy mine. 

On the Old Gold, situated on the west fork of Duncan River and on 
which considerable development work bas been clone, a large percentage 
of zinc is said to occur. 

An undeveloped property known as the "J.C. 1
11 situated at the head 

of Lake Creek, is also said to contain considerable zinc ore. 

Mr. William Simpson writes from Howser that the Irene mine on which 
between six and seven hundred feet of tunnelling bas been clone, bas a con-
siderable body of ore made up of galena and zinc blende. This mine is the • 
property of the Irene Mining Co., of Wallace, Idaho, and is situated on the 
east sicle of Duncan River about 10 miles above Healy's. 

(h) . Steele Mining Division.-Zinc occurs as an important constituent 
of most of the silver-lead ores of the East Kootenay district, but only in a 
few cases is it present in such proportions as to be worthy of conside· ation 
from a commercial point of view. One of the most promising of this cla s 
of deposits in which the zinc constitutes such a high percentage of the total 
metallic contents of the ore as to be economically separable, if any large 
amount of ore can be mined, is that conred by the Aurora group of minerai 
claims. These are situated on the west sicle of Lower Moyie Lake, oppo ite 
the town of l\Ioyie on the Cro\Y's K est Branch of the Canadian Pacifie Rail
way. They are owned by T. Rader et al., of Morrissey l\Iines, B.C. and 
during last summer were being operated under bond by a syndicate repre
sen ted by Richard Wilson and Walter l\lackày, of Portland, Oregon. Thi 
property consists of the Horseshoe, Portland, Etna, Durango and Aurora' 
minerai claims (Ann. Rep. :Min. of 1\Iines of B.C., 1898, pp. 1010-11). 

The rocks underlying these claims and the country adjoining are certain 
greyish shales and quartzites which have been de cribed by .Jir. James 
.J1cE\'Oy as of Cambrian age. (Arm. Rep. Geol. Sun·. Can. , Vol. XII, 1 99, 
pp. 91 and 97 A.) 
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In the immediate vicinity of the deposit, these measur~s dip to the 
west at an angle of nearly 25°. Throughout the neighbouring district these 
rocks are eut through by certain basic igneous rocks occurring both as dykes 
and masses. 

Sorne of these intrusions seem to be directly connected with the segre
gation of the ore bodies, although certain dykes of basic igneous material 
eut across the lodes without apparently influencing them in any way. The 
vein on which the mining development work on the Aurora is proceeding 
has a strike of nearly east and west, with a dip to the south at a very high 
angle. This vein can be followed up the steep mountain side as far as it 
has been uncovered, but in places the walls corne together with little or no 
vein matter separating them. At other places the fissure widens out and is 
seen to be made up almost wholly of galena and zinc blende with a varying 
proportion of quartz and a trifling amount of pyrite. No large or conti
nuous ore body has yet been discovered, but a considerable amount of ore 
has been taken out and has been piled up ready for use. This ore has been 
roughly hand-picked, the pure galena being ke.pt in one pile, while that 
portion of the ore in which zinc blende is a prominent constituent is laid 
aside for future consideration. The vein is regarded by many as a conti
nuation across the lake of the St. Eugene vein, but considerably more de
velopment work would be necessary before this could be confirmed or denied. 
Sorne parts of the vein are made up of very solid and pure galena, with very 
little or no gangue material or blende, while other portions of the ore body 
are almost wholly composed of zinc blende with scarcely any traces of 
galena or quartz. Ariother type of ore, intermediate between these two, 
shows a very intimate admixture of galena and zinc blende. 

Of the specimens brought to Ottawa, two were selected for purposes 
of analysis. These were handed to Mr. M. F. Connor of the Geological Survey 
Department, who furnishes the following results: I. Analysis of zinc 
blende containing a comparatively large admixture of galena. II. Analysis 
of massive and apparently pure zinc blende. 

I. 

Lead .. .. . ... .. .. . . . ............ 41.613 
Zinc . .. . . . . . . . . . . . . . . . . . . . . 23 . 12 
Iron.. . . . . . . . . . . . . . . . . . . . . . . . . . . 4.49 

II. 

Insoluble. . . . . . . . . . . . . . . . . . . . . . . . 8 . 70 57. 283 
G.old .. . . . . . ...... . . ...... .. . .. . . 

1 

0 . 01 oz. per to11. I 7 . 30 
1lver. . . . . . . . . . . . . . . . . .. . . . . . . . . 9 . 30 " 1. 74 

1 1 

Zinc is always an important constituent of the ore met with on the 
Estella group of claims, situated about 18 miles northeast of Steele. This 
property belongs to ~Ir. Alex. Polson, president of the Polson Logging Com
pany, of Hoquiam, Wash. His Attorney, Mr. J . A. Harvey, of Cranbrook 
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B. C., reports that about 3,000 feet of work has been done on this group, and 
that one ore chute, about 300 feet long, runs about 12 per cent. zinc. The 
mine is reached by a waggon road from Steele. 

According to A. C. Nelson, Acting Gold Comrnissioner at Cranbrook, 
the Watson and Kootenay King on Wild Horse creek, owned by William 
Myers and William Voss, also carry a considerable amount of zinc. A 
good deal of development work bas been done on this property, but it is 
still in the prospect stage. 

(i). Golden Mining Division.-The presence of zinc in commercial 
quantities has been reported from the Monarch mine and the Giant minerai 
claim in this mining division. 

The Monarch mine is situated on Mount Stephen about three miles 
east of Field, at an elevation of 850 feet above the main line of the Canadian 
Pacifie Railway. It is one of the older mining propositions in the Province 
of British Columbia, having been discovered in 1884. As early as 1890 
it had undergone extensive development, as noted in the report of the 
British Columbia Department of Mines (Ann. Rep. Min. of Mines of B.C., 
1890, 372-373). The workings at that time included about 450 feet of 
tunnelling, with larger chambers opened up in places where the ore was more 
abundant. A tramway was galleried out of the face of the mountain lead
ing to the principal ore-bins and a gravity road thence to the bins on the 
railroad. It is also reported that as a result of these mining operations 
about 1,500 tons of ore were shipped. An arrangement was also made to 
supply the smelter at Revelstoke with 200 tons of ore P.er month. 

The ore is reported as occurring in somewhat irregular chambers, 
pockets and other deposits in limestones which are considered by geologists 
as of Middle Cambrian age. The ore is mainly galena varying from fine 
to coarsely crystalline, with a considerable amount of zinc blende and a. 
very little gangue matter, made up chiefly of quartz and calcite. Small 
quantities of iron and copper pyrites are also present. The galena is low 
grade in silver containing, according to analyses made in the laboratory 
of the Geological Survey; from 3.281 oz. to 11.302 oz. to the ton of 2,000 
lbs., with only traces of gold. (See Ann. Rep. Geol. Surv. Can., 1885, p. 
24 M. Assays 19-22 both inclusive). W. Pellew-Harvey, of Vancouver, in 
1891, obtained from $4 to $5 in gold from some of the samples assayed by 
him. 

l\fr. R. G. McConnell of the Geological Survey Department, who 
visited the locality in 1885, gives the following dçscription (Ann. Rep. Geol. 
Surv. Can., 1 86., p. 41 D.) "Near Field, Messrs. Coffman and Weitman 
haYe opened up the l\fonarch and Cornucopia daims on Mount Stephen 
and the former, especially, now presents a very favourable appearance, show
ing over six feet of solid galena. The ore here is deposited in what miners 
cal! a 'b lanket-lode' and appears to impregnate a zone of interbedded cal
careous rocks. It has been traced along the face of the mountain for several 



INTERIOR OF BRITISH COLUMBIA 293 

hundred yards and since I was there Mr. Pattie, of Carleton Place, by blast
ing out a trail around an almost vertical cliff has been enabled to explore 
it still further and reports the discovery of a nine-foot deposit." 

At present the Monarch mine is owned by a Vancouver syndicate, 
represented by John Hendry as president and H. T. Coperley as secretary 
Mr. George Turner, writing to the Zinc Commission at the request of Mr. 
Coperley, states that the work clone on the property consists of a tunne. 
250 feet in length in which ar~ a number of cross-cuts; an upraise started 
about 25 feet below and to one sicle of the mouth of the tunnel, taps it some 
50 feet within. From these workings between 5,000 and 6,000 tons of ore 
have been taken, as nearly as I can learn, mainly from the tunn~l. There 
is certainly a large amount of ore in sight, but its extent can only be told 
by development. The former owners of the property worked it as a smelt
ing lead and silver proposition, sorting out all the zinc possible, but failed, 
as did a smelter at Revelstoke which had a lease from the present owners. 

The following are analyses of Monarch mine ore,-I, II, and III were 
clone by W. Pellew-Harvey, of Vancouver; IV by F. Roeser, of the Koote
nay Smelting and Trading Syndicate, Ltd., of Revelstoke, in 1890; V and 
VI are analyses by F. Roeser of ore run through the Revelstoke smelter in 
July and August, 1891 :-

1 

1. 

1 

Il. III. IV. V. VI. 

Lead . . ... . .. 50.99% 50.80% 55.00% 60.00% 48.00% 47.00% 
Zinc ......... 7 .20 - 6 .98 10 .10 15 .80 15 .90 
Antimony . ... 22 .00 - - - - -
Iron . ........ . . 7 . 15 - 14 .00 1.60 3 . IO 2.30 
Sulphur ..... 8 .31 - - - - -
Silica . ...... 3.75 - - 2.40 2.00 1. 50 
Lime ....... 0 .35 - - - - -
Water & Joss. 0 .22 - - - - -
Gold .. .. . ... - a$5.00 - - - -
Silver .. ..... 0 .03 a 9.50 - a3.00 a3. 00 a3 .00 

100 .00 
1 

(a) ounces per ton. 

The Commission is indebted to Dr. H. M. Ami, of the Geological Survey 
Department, for a copy of the analyses of the Monarch mine above quoted. 

The Giant minerai claim is situated on Spillimacheen Mountain, west 
of the Columbia River, and 45 miles from Golden. It is readily accessible, 
the landing place being only about 6 miles from the worl~ings, which are 
at an altitude of 500 feet above the river. The property belongs to Captain 
F. P . Armstrong, of Golden. Captain Armstrong states that the develop
ment work consists of a tunnel about 50 feet in zinc ore which averages 
2! feet in thickness. The assays show it to contain about 55.2 per cent. 
of zinc. 
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INTROD CTOTION. 

For many years it has been known that zinc was present in appreciable 
quantities in many of the silver-lead deposits of British Columbia, especially 
those of the West Kootenay district. In addition, as mining development 
proceeded, it was shown that in many of these mines the silver-lead con
tents were gradually replaced in depth by zinc until, finally, in some cases 
this latter metal became the chief constituent. As, however, its presence 
in excess of the smelter's limit of 103 subjected such ores to a penalty of 
50 cents per unit, it can scarcely be a matter of wonder that in cases where 
at all possible nq mention was made of this metal as a constituent, especially 
in those ·deposits which had, at best, only reached the preliminary develop
ment stage and were waiting for more capital before doing further mining 
work. This reticence on the part of prospectors, and even mine owners, 
has resulted in the fact that zinc has received very scant notice or attention 
on the part of Government and other reports which have treated authorita
tively of the mineral resources of the Province. 

In the earlier years of the silver-lead mining in the Kootenays, the zinc 
product obtained in the concentrating of these ores was allowed to escape 
down the creeks but latterly more attention has been given to the saving of 
this zinc, and, at many of the mine;:>, such as the Slocan Star, the Ruth, the 
Jackson, and the Monitor, the mills were so constructed and remodelled 
as to produce both a zinc and a lead concentrate. In most instances, how
ever, this concentrate assayed only about 373 of zinc, with comparatively 
low silver value, but even with this enrichment the product was too low in 
grade to permit of transportation to the far distant smelting establishments. 

In Yiew of the widespread occurrence of zinc in British Columbia, re
ported by various authorities, it was considered well within the scope of 
the work of the Zinc Commission to give descriptions and estimates, not 
only of the principal working mines which were believed to contain econo
mically valuable supplies of zinc ore, but also to inquire as to those deposits 
which had undergone preliminary development work only, or were even 
of the nature of "prospects,'' and to secure such information as would enable 
an intelligent judgment to be formed of the general extent of t he zinc re
sources of the Province. This portion of the work of the Commission was 
entrusted to the writer, but owing to the lateness of the season most of 
these "prospects" were inaccessible and their examination had to be post
poned. The opportunity was taken, however, to travel over most of the 
field , in order to gather the information in regard to localities, facilities 
for transport, ownership of properties, etc., "·hich is of prime importance 
in making an inquiry of this sort. 
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The so-called "prospects," as applied to the zinc deposits of Briti h 
Columbia, may, from the standpoint of their geographical distribution, be 
considered as follows :-

1 . VANCOUVER I SLAND. 

(a) Quatsino Mining Division. 
Peerless, Elk and I.X.L. mineral claims near Quatsino Sound. 

(b) Clayoquot Mining Division. 
Brown Jug mine on Hesquoit Lake, near H esquoit Harbour. 

2. T EXADA I SLAKD. 

(a) Nanairno Mining Di'Vision. 
Commodore group of mineral claims near Van Anda. 

3 . MAIN COAST, BRITISH COLUMBIA. 

(a) New W estrninster Mining Division. 
Mineral claims at Lynn Creek camp, near Vancouver, B.C. 

(b) Nanaimo Mining Division. 
Broken Hill group of mineral claims, near Theodosia Arro, near 
LundP.O. 

4. INTERIOR, BRITISH COLUMBIA . 

(a) Similkameen Mining Division. 
Summit City camp, on Tulameen river. 

(b) kamloops Mining Division. 
Lone Prospector and Iron Clad mineral claims, near North 
Thompson river. 

(c) K ettle Ri'IJer Mining Division. 
Silver Reef mineral claim, near Greenwood. 

The Providence and E lkhorn mines both contain a small 
proportion of zinc, probably not more than 5-63. The Last 
Chance, Crescent, and Don Pedro also contain about 43 of 
zinc, while the E.P.U. contains about 23. Such small pro
portions of zinc however, could not, be economically saved. 

Many of the mining claims on the west fork of Kettle river 
contain a considerable proportion of zinc and some of the 
shipments from Sally Group to the Trail smelter contained as 
high as 163 of zinc. 

(d) Re'IJelstoke l\lining Division. 
Sorne of the claims in the" Big Bend" (Columbia River) minera] 
district contain considerable zinc. The Silver Belle, one of 
the Silver Shielcl group on Keystone mountain, near FiYe ~iile 
Creek, may be mentioned a one of these. Zinc also occurs 
on Downie Creek, but no claims have been staked. The J . & L. 
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group on Carnes Creek, and the Jordan group in the Jordan 
Pass, about twelve miles northwest of Revelstoke, are also 
stated to show considerable zinc. 

(e) Arrow Lake Mining Division. 
"Big Ledge," Bald Mountain, Pingston Creek, (opposite 
Halcyon Hot Springs) . 

According to R. W. Brock nearly ail of the wet and dry ores 
of the Fire Valley region, as well as th ose of the area between 
Burton city and Slocan Lake, contain considerable amount- of 
zinc blende, but no depoRitR of commercial importance have 
been discovered. 

On the Trio claim on Goat Canyon Creek, east of Burton, 
a vein two feet wide, containing zinc blende, arsenopyrite, 
together with some chalcopyrite, pyrite and galena was ex
posed for a short distance, but unless it develops unexpected 
strength along the strike it would have little value as a source 
of zinc. 

(f) Illecillewaet Mining Division. 
Donald and Round Hill mineral claims, near Flat Creek station. 

(g) Lardeau Mining Division. 
Zinc blende is a frequent accompaniment of the silver-lead 
ores of this division, and a limited amount might be obtained 
as a by-product, but no large deposit has yet been opened up. 

The Beatrice mine, near Camborne, and the Sirdar on Goat 
Mountain may be specially mentioned in this particular. 

The Ferguson mines, in the Trout Lake mining division, 
and the Mother Lode at Poplar, in the Ainsworth mining divi
sion, also contain a comparatively large zinc percentage. 

(h) Fort Steele Mining Division. 
Aurora group of minerai claims on the west side of Moyie Lake, 
oppo ite the St. Eugene mine. 

Estella Group on Tracey Creek, eighteen miles north of 
Steele. The Watson and Kootenay King on Wild Horse Creek, 
twelve miles northeast of Steele. 

(i) Golden Mining Division. 
J\Ionarch mine, near Field. 
Giant mine on Spillimacheen mountain. 

1. Y 1. ~~00GYER I~L~\_~]) . 

Reports of the occurrence of appreciable quantities of zinc blende on 
the western. o!· outer, coast of Vancouver Island have, of late years, attracted 
considerable atte11tion, but nry little was kno\\·n in regard either to the 
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exact location or probable economic importance of any of these ore bodies 
until after the visit of Mr. Herbert Carmichael, of the British Columbia 
Department of Mines, in July, 1903 (see Ann. Rep. Minister of Mines, 1903, 
pp. 196-203). Two of these deposits, the Peerless mine near Quatsino 
Sound in the Quatsino mining division, and the Brown Jug mine, on Hes
quoit lake, near Hesquoit Harbour, in the Clayoquot mining division, are 
regarded as distinct economic possibilities, although the amount of devel
opment work so far accomplished would not justify any very definite or 
positive statement in this regard. 

As the Peerless mine has been visited and described by Mr. Carmichael 
in the publication above referred to, and as no further work has been done 
on the claim since his visit, it was not thought necessary to make a further 
examination, especially in view of the fact that the steamer makes only one 
trip to Quatsino each month. 

Quatsino Sound, which is the most northerly of the deep inlets by which 
the outer coast of Vancouver Island is dissected, is also one of the longest 
and most complicated in outline. It penetrates the island in an easterly 
direction for nearly thirty miles, its ea.stern extremity being only about 
six miles in a straight line from the northeastern coa.st of the island. The 
entrance from the sea is about thirty miles southeast of Cape Scott, the 
northwestern extrernity of Vancouver Island. The breadth at the mouth 
is about five miles, narrowing to less than a mile at five miles within; the 
Sound then runs in a northeasterly direction (magnetic) nearly straight 
for thirteen miles, when it branches off in two arms, one extending to the 
southeast. (Southeast Arm) for twelve miles; the other lies to the northward 
of, and is connected with, the Sound by a straight narrow pa.ss (Quatsino 
Narrows) about two miles long; the length of the part within the narrows 
is twenty-five miles in an east and west direction. The western end of this 
inner part of the sound is known as the West Arm, while that to the east is 
called Rupert Arm. 

A short distance to the east of the outheast Arm, and parallel with it, 
are two large and important sheets of water known as Victoria and Alice 
lakes. 

Means of Communication.-Quatsino is most easily reached by means 
of the C.P.R. steamer "Queen City" from Victoria, which makes one trip 
each month to this northern portion of Vancouver Island. 

A more difficult route, especially if the traveller is impeded by baggage, 
is by way of Hardy Bay, where connection is made with the steamers which 
ply along the eastern side of the island, some of which call at this port. A 
trail, through a practically level country and about twelve miles in length, 
connects Hardy Bay wi th Coal Harbour on the West Arm of Quatsino sound. 
The zinc deposits are situated on the di,ide between Victoria and Alice 
lakes. They are reached by trail by way of the June Group, this trail start
ing from "Patterson's" on the east side of the Southeast Arm about three 
miles sou th of Y reka. 
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The deposits are thus but· a short distance removed from tide water, 
with which they could be readily connected by tramway. 

Geology.-By far the greater portion of the northern part of Vancouver 
island is occupied by rocks of volcanic origin, to which the title of Vancou
Yer Series was originally applied by Selwyn and Dawson. They may, in 
general, be referred to as "traps" or "greenstones ", which have undergone 
rather extensive alteration and decomposition. The greater part of the 
series is built up of extensive lava fl.o\vs, chiefl.y of porphyrite and diabase, 
much of which is amygdaloidal, alternating with volcanic breccills and tuffs 
largely composed of fragments derived from these. Interbedded with these 
volcanic rocks are certain limestones, argillites and quartzites, some of 
which contain fossils of Triassic Age. These are unconformably overlaid 
in certain places by conglomerates, sandstones and fine-grained calcareous 
beds, which are Cretaceous in age. A few small beds of coal, some of which 
is of good quality occur, but no coal seam of satisfactory workable dimen
sions has yet been located. (See Ann. Rep. Geol. Surv. Can. , 1886, pp. 
81-99B.). The strata of the Vancouver Series are tilted at high angles, 
the clips usually varying from 30° to 45° and occasionally 60°, while those 
of the Cretaceous lie comparatively fiat , varying from 10° to 20°. 

The basic igneous rocks of the Vancouver Series are penetrated by 
certain grey granites, the observed relations being very closely analogous 
to those which obtain between the so-called Laurentian granites and gneisses 
and the Keewatin greenstones of Eastern Canada. This granite is, in general, 
very uniformly fine-grained with, in places, a well marked foliation. Under 
the microscope it is seen to be porphyritic, the groundmass consisting of 
feldspar, quartz and chlorite, the last resulting from the alteration of horn
blende, some portions of which mineral, however, still remain unaltered. 
A subordinate amount of pyroxene is usually present. Embedded in this 
groundmass, which in places becomes almost microcrystalline, are numerous 
large individuals of feldspar, chiefl.y orthoclase. 

Economie Mïnerals.-Most of the mining locations are in the area oc
cupied by the igneous rocks belonging to the Vancouver Series, and gene
rally at or near the contact between these and the limestones of the same 
series. The prevailing minerais are chalcopyrite, pyrite, pyrrhotite, zinc 
blende, magnetite. bornite and arsenopyrite, carrying small gold and silver 
values. On the June Group of mineral claims the ore, which is made up of 
a mixture of chalcopyrite, bornite, pyrite, galena and magnetite, is in the 
porphyritic hornblende granite at its contact with the limestone of the 
Vancouver Series. 

Occurrence of Zinc Blende.-Zinc blende occurs on the Peerless, Elk 
and I. X. L. minerai claims, which lie immediately southeast of the June 
Group. The largest amount of this mineral seems to be on the Peerless 
claim, on the western end of the range separating Alice and Victoria lakes. 
It is thus described by }fr. Carmichael (see Ann. Rep. Min. of :\lines for 
B.C., 1903, p. 202). 
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"After crossing Link creek (which joins Victoria and Alice lakes) from 
the June Group, and at the eastern end of a slight ridge, open quarry work 
has exposed an ore body 30 feet wide of nearly solid zinc blende, mixed 
with a little quartz vein matter. The Iode runs northwest and southeast 
dipping 60° to the northeast; the hanging wall is a diabase and the foot wall 
limestone. The quarry shows a face of ore from 9 to 10 feet high. Sorne pros
pect holes have been sunk in the ridge 200 feet to the west of the Quarry, 
the mineral at this point being principally arsenical iron in a quartz, with 
some blende. " 

The claim is owned by Julian Sutro, of Quatsino. Adjoining the Peer
less to the east is the "Elk" minera! claim, owned by J. L. Leeson, of Quat
sino, and located in the spring of 1903. A small prospect hole shows some 
blende and galena occurring between lime and diorite. 

The "I.X.L. " mineral claim adjoins the "Elk" claim and is owned 
by Samuel Bryce of Quatsino. This Iode is an extension of the Elk Iode 
and shows the same mineralisation. 

Under I. is an analysis by Mr. H . Harris of the ore collected by Mr. Car
michael, a sample of which was kindly furnished to the Commission. Under 
II. is a partial analysis of the same ore by the British Columbia Department 
of Mines. Under III. is an analysis by Mr. M. F. Connor, of the Geological 
Survey Department, of a sample of zinc blende sent to the Commission 
by J. L. Leeson, of Winter Harbour on Quatsino Sound. It is probably 
from the Elk minerai claim, al though no mention is made of the locality. 
It shows an association of zinc blende with a small proportion of arseno
pyrite and: a t rifling amount of pyrite. 

Lead .. . ....... .. ........ . .. . . 
Copper . ... .. .. .. ......... .... . 
Zinc .. · . .. .. ........ . . ... . . . . 
Iron ... ... ... ....... . .. .... · · 
Silica .... . .. . ........ .. . . .... . 
Lime .. .......... . .... . ...... . 
Gold .. . ... .. ..... '. . .... . .... . . 
Sih-er . .. ... ............ ..... . 

(a) Ou nces per ton. 

I. 

nil. 

35. 00% 
12. 00 
34 .00 

ni!. 
(a)0 .01 
(a) 0 .60 

II. 

49 .9 % 

(a) 0 .015 
(a) 1. 20 

CLAYOQl'OT l\IINI NG DIVI ION. 

III. 

45 .45% 
14. 50 
0.34 

Reports of the occurrence of zinc in this division have corne only in
directly to the Commission and lack confirmation from any authoritatiYe 
source. They are said to occur on the north side of Hesquoit Lake. Hes
quoit Lake drains into Boat Ba in (Hesquoit H arbour) through a narrow 
gorge a few hundred feet long, ,..,-hich at low tide is not more than 10 feet 
,,,-ide and through "·hich, at such times, there is a rapid outfl.owing current 
of nearly fresh " ·ater, while at high water there is a light inward flo\\· from 
the basin into the lake. At lo"· tide there is a depth of 5 to 6 feet in the 
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passage, while at high tide a boat drawing 12 feet can pass through the 
gorge, but at the outlet of the lake there is only about 3 to 4 feet depth. 
Hesquoit Lake is about 3! miles long by 1 ! wide, with rocky shores rising 
precipitously on all sicles. Hesquoit Harbour, which lies between Nootka 
and Clayoquot sounds, is a small inlet where excellent anchorage for small
sized boats may be found. To the north . of Hesquoit Lake and emptying 
into it by a fall and short connecting stream (a few hundred yards long) , 
is Ike Lake which is approximately circular in shape and about half a mile 
in diameter. Ike Lake has about 50 feet higher elevation than Hesquoit 
Lake and discharges over the falls mentioned about 240 cubic feet of water 
per minute at the lowest flow, providing a small water power which could 
be cheaply utilized should it be required for the working of any property on 
the lake. A plentiful supply of timber is also to be had for all mining pur
poses or for fuel. 

Geology.-The rocks exposed in the vicinity of Hesquoit Lake are lime
stone and diabase, representing a portion of the Vancouver Series. About 
2! miles up the lake from the outlet these two rocks corne in contact with one 
another. (See Ann. Rep. Min. of Mines for British Columbia, 1902, pp. 
208-209). Along this line of weakness certain minerals of economic im
portance have been deposited, chiefly magnetite, but also certain sulphides. 
The deposits of zinc known as the Brown Jug mine are believed to occur in 
this vicinity on the east sicle of the lake. 

This deposit is desclibed by an interested party as occurring in a vein 
4 to 17 feet in width, composed largely of talcose matter in which "shoots" 
of zinc blende, together with a little iron sulphide, are sporadically devel
oped. The ore is also stated to contain from 20 to 30% of zinc, with from 
$4 to $10 in gold per ton. The minera! claims covering this deposit are 
known as the Brown Jug Group and are owned by Messrs. Norris and Smith, 
of Alberni, with lVlr. A. F. Guinn as their representative at Victoria. 

OTHER OCCURRE CES OF ZI C ON VANCOUVER ISLAND. 

Specimens of zinc blende were also noticed in the Museum of the Bureau 
of Mines at Victoria, which were stated to have come from the Red Rock 
mine at Quatsino. Another specimen of zinc blende in association with 
galena and iron pyrites was labelled "3 W's" mine on Granite creek in the 
Alberni mining district, but there is no considerable deposit at this place, 
according to Mr. Carmichael. Zinc blende was also met with at the Golden 
Eagle mine on China creek, about 20 miles from Alberni, in association with 
quartz and pyrite, but this claim has also been abandoned. 

2. TEXADA ISLAND. 

Texada Island lies in the strait of Georgia, between Vancouver Island 
and the mainland of British Columbia, being separated from the latter by 



282 REPORT OF ZINC COMMISSION 

Malaspina Strait. It has a length of nearly 30 miles and averages probably 
five miles in width. The southern end of the island is about 50 miles from 
the city of Vancouver. The shore of the island is, in general, bold and 
precipitous, and the interior rocky and mountainous, leaving few available 
spots for agriculture. The only considerable settlement is at Van Anda 
(l\farble Bay) on the north east coast of the island, near its northern ex
tremity. This port, which is practically the only reasonably safe harbour 
on the whole island, may be conveniently reached at frequent intervals 
from Vancouver by the steamers of the Union Steamship Company. 

For many years it has attracted the attention of mining men on account 
of the occurrence of numerous and considerable deposits of minerals which 
were considered of great economic importance. As a necessary consequence 
the northern part of the island was rather thoroughly prospected, with the 
result that the whole area was covered by numerous claims forming an 
intricate network of rectangular blocks disposed at ail possible angles to one 
another. Most of these were ultimately abandoned, although rather ex
tensive and continuons copper mining is still carried on near Van Anda. 

This island, however, is chiefl.y famçms to mining men from the occur
rence of immense deposits of magnetic iron ore situated near the southwest 
shore of the island almos~ opposite Van Anda. These were long ago des
cribed by Mr. James Richardson (see Ann. Rep. Geol. Surv. Can., 1873-74 
pp. 99-100) and by Dr. G. M. Dawson (see Ann. Rep. Geol. Surv. Can., 
1886, pp. 36-39 B.) and also, much later, by lVIr. W. F. Robertson (Ann. 
Rep. Minister of Mines of B. C., 1902, pp. 225-227). 

Geology.-With the exception of a small outlier of Cretaceous on the 
southwest coast at Gillies bay, the whole of the island, so far as known, is 
underlaid by rocks of the Vancouver Series, chiefly limestones and breccias 
with certain intercalated basic igneous rocks, mai1ùy porphyrites and dia
bases. The limestones are eut through by dykes of porphyrite and both 
the limestones and basic igneous rocks by dykes and masses of granite. 

The hand specimen of this rock, secured as fairly representative of it, 
showed a light coloured and highly feldspathic type. Under the microscope 
it is seen to consist principally of feldspar with subordinate amounts of 
quartz and angite. Both plagioclase and orthoclase are present, the former 
with good crystallographic outline. The augite is of a pale yellow colour 
and is considerably altered to actinolite and epidote. The quartz is hardly 
in sufficient amount to be considered an essential constituent and the rock 
has, therefore, to be classified as a syenite rather than a granite. 

Economie Minerals.-Besides the deposits of iron there are numerous 
occurrences of sulphides, chiefiy chalcopyrite, bornite, galena, pyrite and 
zinc blende, most of these occurring at or near the contact of the limestones 
with the diabases, which is often a line of fault. In certain cases su ch de
posits are developed at or near the junction with dykes of highly decomposed 
porphyrite, which eut the limestone at frequent intervals. Sorne of the 
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deposits of the copper sulphides are so important that they have been mined 
to considerable depths, these mines being at present in active operation in 
the vicinity of Van Anda. 

Occurrence of Zinc Blende.-The deposit of zinc blende examined by 
the writer is situated on the Commodore group, which embraces the Van
guard, Commodore, Leadbank and Escort mineral claims. These ·claims 
are controlled by W. Thomas Newman, of Vancouver, whose foreman, 
Robert A. Swan, resides in a cabin built almost on the line between the Com
modore and Leadbank claims, about three and a half miles from Van Anda. 
A good wagon road, which crosses the island from Van Anda to the Texada 
Iron Mine, passes through these claims, thus rendering them easily accessible. 
With the exception of a comparatively short distance in the vicinity of 
Van Anda where the road is rather steep, there is a gradual ascent to these 
claims, the cabin, being situated on a small hill about 650 feet above the sea. 

Geology of the Commodore Group.-The rocks which are exposed in the 
vicinity of these deposits are the limestone and diabase-porphyrite belonging 
to the Vancouver Series. The limestone has undergone rather extensive 
recrystallization, but certain streaks and patches still retain much of the 
original bluish-grey color. Superimposed upon this limestone is a diabase
porphyrite which in turn is overlaid by a breccia. The porphyrite shows 
a dark grey, almost black, groundmass in which are developed abundant 
pale greyish crystals of feldspar. Under the microscope the thin section 
shows the usual network of plagioclase laths with intervening areas of chlorite 
and partially devitrified glassy matter. The larger porphyritic individuals 
are plagioclase, which have been generally altered to calcite and sericite. 

Occasional small dykes of porphyrite were also noticed cutting the 
limestone in various directions. The rock composing these dykes is evidently 
much decomposed. It is usually of a yellowish green color with abundant 
small pale greenish yellow porphyritic crystals. The thin section examined 
under the microscope shows the rocks to be a highly altered porphyrite, 
the porphyritic crystals of original plagioclase being almost wholly replaced 
by a granular aggregate of zoisite and epidote. 

The contact between the limestone and overlying porphyrite crosses 
the Leaclbank, Commodore and Vanguard claims in a South-Southwcst 
direction, and is evidently a line of fracture and weakness, thus afforcling a 
channel for the mineral-bearing solutions. 

The ore is chiefly galena with a smaller proportion of zinc bleRcle, chal
copyrite and pyrite. No very extensive mining development has yet been 
accomplished, many of the test pits and t renches having failed to reach 
the underlying solid rock. On the sicle of the hill near the cabin a short 
tunnel has been run along the junction between the limestone and porphy
rite, but although a certain amount of ore-chiefly galena-was secured 
no ore body or well-definecl vein was encounterecl. At another spot, blasting 
has revealed the occurrence of ore, macle up largely of zinc blencl0, but in 



284 REPORT OF ZINC COMMISSION 

this case also there were no indications of the existence of this mineral in 
such quantities as to be economically valuable. A sample of ore represen
tative of the better quality of the ore raised was submitted to Mr. H . Harris 
for analysis, with the following results :-

Le ad .... .. .... .... .. .......... . .......... . 
z· me . . .. . .. . .. . ........................... . 
Iron ...... ................. ............. . . . 
Silica ... ..................... . . . .. . . .. . .. . 
Lime ... . ........... . .... .... ... ........ .. . 
Gold ... ...... . ............................ . 
Silver ............... . ..................... . 

8.80% 
29 .20 
3.20 

20.00 
8.90 
0 . 03 oz. per ton. 

15 . OO oz. per ton. 

3. MAIN COAST OF BRITISH OOLUNIBIA. 

(a). New Westminster Mining District.-The occurrence of zinc blende 
on Lynn Creek-a small stream which fl.ows into Burrard inlet almost opposite 
the City of Vancouver-was reported some years ago; and a .representative 
specimen from this locality, contributed by Dr. G. M. Dawson, is contained 
in the "Systematic Collection" in the Museum of the Geological Survey at 
Ottawa. 

The deposits are situated on several of the mineral claims, which together 
comprise what is known as the "Lynn Creek Camp." These claims, about 
40 in number, only three of which, however, are Crown-granted, are situated 
at the headwaters of Lynn Creek, about 8 miles in a straight line, or 12 miles 
by trail, from North Vancouver. The area in the immediate vicinity of 
these claims is exceedingly steep and rugged, with abrupt valleys and gulches 
occupied by the small tributaries that serve as feeders to the main stream. 
The elevations vary from about 1,200 feet, in the valleys, to from 3,000 to 
4,000 feet above the sea. As far as could be ascertained, the claims are 
controlled by W. Thomas Newman, Gideon Bower and T. J. Vaughan-Rhys, 
ail of Vancouver. 

Most of the mineral present in these claims is chalcopyrite, with some 
pyrrhotite, containing certain values of the precious metals. 

It is stated that two bodies of zinc ore are exposed on the minerai claims 
known as the Kemptville and its extensions belonging to Gideon Bowers. 
One of these is about two feet wide; the other consists of about three feet 
of almost solid "black jack." Both appear to occur in a vein which follows 

' a line of fault between a "greenstone dyke" and quartzite. The course of 
this vein is nearly north and south with a dip to the we t at an angle of 60 
degreeE:. The only mining work undertaken so far consists of two small 
open cuts about six feet in depth . 

Mr. A. C. Gardé, who made a thorough examination of these claims 
in 1902, states that the amount of development done wa not sufficient 
to deinonstrate the existence, or otherwise, of any considerable deposit of 
zinc blende. The composition of the ore is indicated by the following analyses: 
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I. II. 
1 

III. IV. V. 
1 

VI. 

% % % % % % 
Lead ................ - nil - nil 3.00 -
Copper .. .... ..... . . . nil. - - - - -
Zinc ... .... . .... .. ... 40 .00 42.80 45.20 34.20 30.60 44.00 
Iron ................. 5.50 5 .70 3.90 4.30 2.60 6.40 
Silica ............... 33.00 - - - - -
Lime ... ... . ........ - - - - - -
Gold .. . ... . . .. . . . . . . nil. (a)O. 30 traces nil. (a)0.02 nil 
Silver ... ............ trace (a)O .41 nil. nil. (a)3.00 (a)l. 50 

(a) Ounces per ton. 

I. Analysis of zinc blende from Kemptville mineral claim supplied 
to the Commission from an independent source. (H. Harris, Analyst) . 
II. Partial analysis of "black jack" from Kemptville elaim. III. Partial 
analysis of "resin jack" from same location. IV. Partial analysis of ore from 
Kemptville No. 2 claim. V. Partial analysis of ore from Evening Star 
claim. VI. Analysis of zinc ore from Kemptville claim. Analyses II. to 
VI., inclusive, were made by George C. Rabbins from specimens collected 
by Mr. A. C. Gardé in 1902. 

No development work has been done on these claims since Mr. Gardé's 
visit, but Mr. Newman informed the writer that arrangements had been 
completed to carry on extensive mining operations very early in the ap
proaching season, with a view to demorn:;trating the extent and value of 
the deposits. 

(b). Nanaimo Mining Division.-In addition to the occurrences of zinc 
blende in Texada Island a report from a reliable source reached the writer 
of the presence of considerable deposits of this mineral near Theodosia Arm 
on the mainland of British Columbia. The mineral claims covering this 
deposit are known as the "Broken Hill Group" and are owned by J. M. 
Mackinnon of Vancouver. They are situated about 5 miles inland from the 
head of Theodosia Arm, or 18 miles by water from Lund P.O. The ::;teamers of 
the Union Steamship Company cal! at this port several times each week 

. and the rest of the water journey can be made in a yacht which may be 
chartered at Lund. The claims themselves are reached by a very rough 
trail requiring about 5 hours steady walking. The ore occurs in a vein at 
the contact between limestone and granite showing, in a small test pit , 
from 12 to 18 inches of ore chiefly zinc blende, with a mu ch smaller amount 
of chalcopyrite, pyrrhotite and pyrite. The Yein runs about north 40 degrees 
we ·t magnetic and is almost vertical. The development work consists of 
two tunnels, earh about 50 feet in length and about 800 feet apart. One 
tunnel cuts the vein shO\Ying a mixed ore, chiefly zinc blende, scattered 
through the lime tone. The other tunnel has not reached the Ycin. 

The following is an analysis by }Ir. H. Harris of the ore obtn,ined from 
the person who supplied the above information. 
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Copper ......... . ........ . ................. . 
Zinc ................. . .................... . 
Iron . ..................•................... 
Silica ........................... . ......... . 
Gold .......................... . ........... . 
Silver ..................................... . 

2.503 
29.00 
7.60 

16.00 
trace. 

2. 30 oz. per ton. 

4. I::NTERIOR OF BRITI H OOLUMBI 

(a). Similkameen Mining District.-A considerable quantity of zinc 
is an almost constant constituent of the silver-lead deposits occurring at 
the headquarters of the Tulameen River in the Summit City Camp. At 
present this camp is reached either by way of Hope or Granite Creek near 
Princeton, but the building of the Great orthern Railway through this 
district will bring it into more direct communication with the rest of the 
Province. ' 

The ore is stated to consist mainly of galena and zinc blende with a 
much smaller amount of chalcopyrite. It is also said to be high grade ore, 
some of which is reported to have assayed 150 ounces of silver to the ton. 

(b). Kamloops Mining Division.-The only information relative to 
the presence of zinc in this mining division is contained in two letters addres
sed to the Commission by Wentworth F. Wood, of Kamloops, B.C. He 
reports as follows :-

"Zinc occurs in many of the mining properties in this district and, 
I believe, in paying quantities in the northern part. The silver mines 
of Adams Lake ail carry more or less zinc, but not in large quantities. 

There are two claims especially mentioned as worthy of examination 
for their zinc contents. These are the Lone Prospector and Iron Clad, 
situated about 70 miles up the I orth Thompson River at Mosquito Flat. 
These claims are situated from 850 to 1,000 feet above the river and two 
miles inland. These properties are easily reached during the season of 
navigation, about three months in the year. Only one shipment was 
made to the smelter, where a charge was made for something over 16 per 
cent. for hand picked ore. The average ore would run nearer 30 per cent. 
of zinc. The vein of the Lone Prospector is 3 feet wide, a narrow stringer 
of galena running the length of the tunnel , 46 feet. The remainder of the 
"vein is quartz and zinc blende, with about 30 per cent. of zinc. A shaft 
has been sunk at the junction of a spur 30 feet or more, some very fine 
galena being thus secured. This ore was also high in zinc. A second 
shaft is clown (on the spur) a little over 20 feet , but here the ore does not 
contain as much zinc. From these openings, in addition to a few open 
cuts, about 100 tons of ore have been taken out, which will assay about 
20 per cent. of zinc. 

"On the Iron Clad the tunnel is about 40 feet running with the vein 
which is about 4 feet wide, with ore which would average OYer 20 per cent. 
of zinc." 
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(c) Kettle River Mining District.-The presence of a very small pro
portion of zinc in certain of the high grade ore bodies in the vicinity of Green
wood has already been mentioned in the introduction, but the occurrence 
of this metal in such small quantity and with such associations may, from 
an economic standpoint, be altogether disregarded. In addition, however, 
the attention of the writer was directed to a deposit of zinc blende on the 
Silver Reef Mineral Claim about 6 miles north of Greenwood. This location 
is situated on the si de of a hill about 500 feet above W a_llace Creek, and is 
reached by. a trail about three quarters of a mile in length, starting from 
the Wallace ranch. It is owned jointly by J . W. elson, Thomas Edwards 
and William George of Greenwood. 

The ore occurs in a rather ill-defined brecciated vein, at the contact 
between a basic igneous rock and a quartzite, dipping to the southwest at 
an angle of 80 degrees . Zinc blende is the most abundant mineral present, 
but a little chalcopyrite and pyrite also occur, with quartz as the cementing 
material. Besicles a small test pit which shows no ore, a shaft has been sunk 
on the incline of the vein to a depth of about 35 feet. The development 
work so far accomplished has not shown the existence of any ore body which 
could be regarded as of commercial importance. 

The following is an analysis by Mr. M.F. Connor, of the Geological Survey 
Department, of a specimen of what may be considered the best quality of 
ore that was secured. The specimen showed zinc blende with a little chal
copyrite and a considerable quantity of quartz and rocky matter:-

Lead · .................................... . 
Copper ....... ..... . .......... . ......... .. . . 
Zinc .............................. · ·· ······· 
Iron ... ....... . .. .. .. .. ... ....... ... ..... . . 
Insoluble ................ .. ....... ...... . .. . 
Gold ........ .... ... ... . . .................. . 
Sil ver . ............... ............ ......... . 

trace. 
1.203 

38.75 
5.62 

27 . 10 
traces. 

0 . 25 oz. per ton. 

(d) Revelstokc Mining Division.-Zinc is reported to occur in consider
able quantities in some of the claims already located in ' the "Big Bend" 
(Columbia River) mineral district. This district is easily reached during 
the season of navigation, a steamer making frequent trips up the Columbia 
River as far as Death Rapids, about 45 miles above Revelstoke. A trail 
also runs from Revelstoke along the east bank of the river and from this 
main trail branch trails have been made following up the valleys of most of 
the principal creeks which enter the Columbia River from the east. 

One of these deposits of zinc blende has been located on Downie Creek 
(40 miles above ReYelstoke) about 9 miles from the mouth. No claim 
has yet been staked and no details in regard toits size or mode of occurrence 
are available. Under I. is a partial analysis by George C. Robbins, chemist 
of the Payne mine, of a specimen from this deposit sent to l\Ir. A. C. Gardé 
in September, 1903. Another specimen handed to the writer by James T. 
Woodrow, of Revelstoke, has been analysed by Mr. M. F. Connor of the GeQ
logical Survey Department, with the results as given under Il. 
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Lead .................... . 

~ri;rr: : : : : : : : : : : : : : : : : : : : 
Iron .. · .................. . 
Insol.. ................... . 
Gold . . ... .. .............. . 
Silver . ....... .. .... .. .... . 

I. II. 

14 .84% 

43.60% 31.15 
9 .70 11 .30 

12 .40 
none. 

5 . 6 oz. per ton. 4. 55 oz. per ton. 

Zinc is also said to be an important constituent of the silver-lead ore 
of the Silver Belle mineral claim, one of the Shield Group on Keystone 
Mountain. These claims are situated to the north of Five Mile Creek, about 
40 miles from Revelstoke. An analysis of a specimen sent to Mr. A. C. 
Gardé of the Payne mine in September, 1903, by the chemist, George C. 
Robbins gave the following results:-

Lead ... ......... . ........ .. ....... . .... .. . 
Zinc ..................... . ................ · 
Iron .. .... .......... ... .. .. ....... . ....... . 
Sil ver . ........................... . ...... .. . 

20 .50% 
36.00 
16.30 
14. 4 oz. per ton. 

(e). Arrow Lake Mining District.-The "Big Ledge" situated on the 
west side of the Upper Arrow Lake has been reported as probably the 
largest zinc deposit in the Province of British Columbia. According to the 
mining recorder-Walter Scott of Nakusp-this deposit extends the length 
of 23 claims. These are situated on Bald Mountain on the west side of 
Pingston Creek, almost opposite Halcyon Hot Springs, about 3,000 feet 
above the upper Arrow Lake. They are reached by a wagon road about 
8 miles in length, starting from the mouth of Pingston Creek. 

The claims mentioned by Mr. Scott, on which the deposit is well ex
posed, are the White Heather, Empress, Delanger, Anna S., Maple Leaf, 
Ontario, Forest Chief and Monarch, which belong to Messrs. Savage, Symons 
and others. 

Mr. R. W. Brock, of the Geological Survey Department, visited these 
claims in 1898, spending, however, only a few hours in the examination 
of the Excelsior and Iron Cap claims. His description is as follo"·s:-

" The rocks are crystalline schists and limestones, eut by gneissic 
granite. The "Big Ledge," where seen, occurred in a quartzose schist. 
Near the deposit the rocks are highly decomposed. On the east side of the 
Jedge a massive-looking rock, which might be a decomposed granite, appears 
to eut the schists. The ledge consists of a considerable width of solid sul
phides, pyrite, pyrrhotite, sphalerite, galena and chalcopyrite, with blebs 
of quartz and grain. of a green minera! , apparently hornblende. The con
tact " ·ith the schists is indefinite, the sulphides gradually becoming Jess 
abundant and occurring as almond-like patches, then finely disseminated 
in a highly silicious matrix and finally giving out. Where massive the 
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Sm:-

I beg to submit herewith my report on certain mines and prospects, 
in the Slocan and Ainsworth Camp, examined by me independently at the 
request of Mr. Philip Argall, chief engineer of field work in connection with 
the investigation of the Zinc resources of British Columbia. 

R espectfully yours, 

ALFRED C. GARDE, 

Ass't. Engineer in the Field. 

WALTER RENTON lNGALLS, EsQ., 

Chief Commissioner, 
New York. 

THE SLOCAN. 

The group of mines on Reco Mountains includes several well-known 
silver-lead mines, situated at elevations ranging from 5,000 to 7,000 feet 
above sea level, on the southern slope of the steep mountains directly north 
of Sandon and Cody. Of these properties I visited the American Boy, the 
Noble Five, the Reco, and the Goodenough-Grey Copper. My examina
tion was limited to the properties wherein the production of zinc blende 
promises to become of economic value. 

Broadly speaking the veins of this district parallel each other at dis
tances generally not over 500 feet. The formation consists of the usual 
Slocan slate series, rather thinly bedded and frequently i nterrupted by 
intru ive dikes older than the veins and varying in thickness from a few 
feet to several hundred feet. The general strike of nearly ail the veins is 
ve1y much the same throughout the Slocan, viz., from 30 to 60 degrees east 
of north, dippinO' at angles rarely Jess than 50 degrees toward east , and more 
frequently approaching the vC'rtical. Bearings stated in the following 
refer to astronomical north. The deviation varies in the Slocan from 24 to 
25 degrees to the cast. 

A.:\IERICA\T BOY MIKE. 

There are seven le,·els on the property, but only four of these are being 
'IYOrked at the prcsent time. I \\'Cnt through \T os. 3 and 4 ; also a raisc 
connecting thorn. The vein ean rradily be follo'\\·cd , having strong walls 
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and being generally well defined. In places it widens out to a thickness 
of several feet, but in the two levels visited it averaged about two feet. 
All levels are driven along the vein, which clips at an angle of about 50 de
gree.'3 to the southeast, and has a strike of about 40 degrees east of north. 
In common with the other mines of the same vicinity the principal mineral 
production has been a high grade silver-lead ore, containing some blende. 
Occasionally lenses of rather clean blende are met with. During 1905, 
170 tons of zinc ore was mined and hand-sorted from the galena and shipped 
to the Prime Western Spelter Company of Iola, Kansas. Mr. Thomas 
McGuigan, manager of the mine, stated that the average grade of the zinc 
ore shipments had been from 45 to 473 zinc, with about 15 ounces in silver 
to the ton. The first 130 tons was fairly low in lead, and fetched $11 net 
per ton, while the last 40 tons contained 8 per cent. lead, on which a penalty 
was levied by the smelter. 

In the floor of No. 3 level I took a sample (No. 34) in two outs, showing 
18 inches of blende in the floor and 21 inches above this place in a raise. 
This was pointed out as one of the best showings in the mine. The sample 
assayed 39.83 zinc and 3 ozs. silver per ton. The extent of the lens of ore 
disclosed at this point could not be determined with any degree of accuracy 
from the present developments. I was informed by the manager that in 
addition to the ore body referred to there were others showing in the lower 
levels. All shipments are brought clown to Cody over the Noble Five rerial 
tramway, which is leased for the purpose and is only a short distance off. 

While the American Boy has never been a heavy producer, its output 
of high grade silver-lead ore has for several years been a steady one. It is 
only within the last year or so that the management has taken up the zinc 
question, in which considerable interest is displayed. 

NOBLE FIVE GROUP. 

This group is owned by the Hon. James Dunsmuir of Vict.oria and 
adjoins the American Boy on the east. On account of litigation the pro
perty has not been operated for several years, but at one time it produced 
a considerable tonnage of high grade silver-lead ore, which in some cases 
changed into zinc blende. On one of the claims, called the Dead Man, 
three levels have been driven on a 2 to 3 ft. vein. The strike of the vein 
is 55 degrees east of north, dipping at an angle of 70 degrees to the southeast 
and fiattening somewhat in a winze sunk from the second level. This level, 
being the only one of interest from the zinc point of view, was examined. As 
will be seen from the sketch (Plate I) accompanying this report, it was first 
driven 85 feet along a slip in the slate formation. At this point a cross-eut 
was made into the hanging wall toward the east for a distance of 20 feet, 
'vhere the main vein was encountered, and explored in a north-easterly 
direction for a distance of 120 feet. Next to the hanging wall and along 
the fioor of this drift a lens of zinc blende averaging 12 inches in thickness 
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has been cxposed for nearly the whole distance. About 20 feet from where 
the vein was first encountered a winze has been sunk to a depth of 100 feet, 
proving the existence of the ore body ail the way down, but decreasing 
some in size at depth. About half-way clown the vein fiattens out to an 
angle of 55 degrees and here the winze fails to make connection with the 
lower level, No. 3. 

In this winze I took a three-cut sample (No. 35) averaging 12 inches in 
width. It assayed 55.6% in zinc and 15. l ozs. in silver and represented 
the best part of the lens. The vein itself is from 2 to 3. feet wide, and a little 
galena is occasionally mixed with the vein matter. The zinc, occurs, how
ever, essentiaily as a clean blende. From present developments no con
siderable tonnage of ore can be estimated, but I believe that the showings 
warrant the owner in developing the property and blocking out the ground 
between Nos. 2 and 3. The first step should be to effect a connection be
tween these levels, and then explore further by raising on the vein from 
below. Present work on the property was done some time ago by lessees 
who extracted ail the galena in sight. They discontinued working as soon 
as the ore changed into zinc and left the mine in anything but a workmanlike 
condition. I noticed a few inches galena in one or two of the short drifts 
running off from the winze in a southerly direction. Such places could 
conveniently be developed in connection with prospecting for zinc. 

The Noble Five properties are opened through the third tunnel of the 
Last Chance mine. This tunnel is of considerable length, and enters the 
portion of the Noble Five ground, which is known as the W orld's Fair claim. 
A dispute in regard to this ground has existed between the two companies, 
but is now being worked by them jointly. In this ground there is a stope 
from which the Last Chance mine recently shipped two carloads of ore assay
ing 52% zinc. This stope, which is immediately above the tunnel, is ap
proximately 9 feet high and 50 feet long. It appears to have been an isolated 
lens of blende. Its presence was known ever since the tunnel was driven, 
several years ago, but the ore was not removed until zinc became of value 
as a shipping product. It is po sible that similar lenses will be met with 
in depth in the ground referred to, and there are indications of such at a 
point further on and nearer to the face of the tunnel, where a winze is being 
sunk on the vein at an angle of 65 degrees. The ore uncovered here appears 
to be more of a concentrating nature, and is a mixture of galena, blende 
and slate. The discoYery is of such recent date that no trustworthy opinion 
as to its value can yet be expressed. 

Exposures of zinc ore were reported on other claims belonging to the 
Noble Five group, in which, however, the workings are now unsafe on account 
of caving in, and consequently these were not examined. 

Besicles having good accommodations for the men working at the mine, 
the property is equipped with a 100-ton concentrator at Cocly, whieh is 
connectcd ,,-ith the mine by an œrial tranrn·ay. The tramway i,; at the 
present tirne under lease to the operators of the American Boy mine. The 

17 



258 REPORT OF Z INC COMMISSION 

concentrator, which is now idle, is not arranged for saving zinc ore, and 
would require remodeling, but it is conveniently situated for handling con
centrating ores from various adjacent properties, and the machinery is being 
kept in good repair. 

RECO MINE. 

This property, which adjoins the Noble Five on the east, is one of the 
oldest and best known of the local mines. It consists of five Crown granted 
mineral claims, or a total of 150 acres. I was informed that the company 
at the present time was not attempting to hand-sort any of the zinc ore 
associated with the high grade galena. On account of the blende contain
ing high silver value, it is found more profitable to leave it with the galena, 
even if it be at times necessary to incur a penalty on the excess of zinc. 
Past experience with zinc ore shipments to Swansea, W ales, was very dis
couraging. For a 67 ton lot of blende containing 503 zinc and 99.5 ozs. 
of silver to the ton the Hafod smelter refused to pay anything for the silver 
content. This was in 1898, but even at the present time the prices offered 
for high-grade silver-zinc ores in the Slocan are by no means satisfactory. 

One of the Reco veins (No. 3) which is narrow but of very high grade, 
was worked in connection with the adjoining property (the Goodenough) 
for some time, on account of the vein running into the latter. The des
cription of this vein further on will therefore pertain to both properties. 
The Reco has produced a considerably larger quantity of ore from it than 
the Goodenough, and is being operated extensively at the present time. 
The.re are three veins in the Reco property, which strike parallel to each 
other. About twenty-five men fin<l steady employment. The property 
is one of the constant dividend payers of the Slocan and so far has distri
buted approximately $300,000. 

Ore . hipments are handlecl over the Reco trail to the railway siding 
-a distance of four miles-in a unique and cheap manner, during the >Yinter 
season. this being "sliding" or "rawhiding" on the snow. A one-ton parcel 
of ore, consisting of about one clozen sacks, is ·wrapped and laced into a raw 
cow-hide, which is <lragged by one horse down the mountain trail, which 
has a down-grade of about 17 per cent. Besicles the raw-hides the same 
horses, on their return trip, pack provisions and supplies to the mine. Two 
men are able ordinarily to attend to twelYe horses; occasionally a few more. 
Rough-locking is done with common log-chains. A hide commonly lasts 
one eason, but if well taken care of and proYidecl with wooclen runners, 
it will last longer than that. This method of transporting ore is also em
ployed by other mines arouncl Sandon, locatecl imilar to the Reco. In 
a ruggedly mountainous country, such as this, where the snow-fall attains 
a, depth of several feet each season, a more economical way of handling 
galena ores in small quantity could not be introduced. Tramming, by 
rneans of gravitation, is certainly cheaper, but it involves a considerable 
inn'stment, \Vhich is seldom warranted where the tonnage is small. 
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GOODENOUGH MINE. 

(Grey Copper Claim). This property owned by the Goodenough 
Mines, Limited, is situated to the east of the Noble Five group and adjoins 
the Reco mine to the South. It consists of the Grey Copper claim, which 
is of full size (600 x 1,500 feet) and two fractions, the Goodenough and the 
Pu·rcell, all Crown-granted, having a total of 50 acres. It has two parallel 
veins, of which the upper one on the Goodenough is known as the continua
tion of the Reco vein No. 3, in conjunction with which it was worked from 
1894 to 1902. During this period 450 tons of hand-sorted galena was shipped, 
averaging 453 lead, 23 zinc and 300 ounces in silver to the ton. The 
average thickness of this vein is only 8 inches and its greatest thick
ness 30 inches. Four levels, respectively, 66, 225, 600 and 775 feet long, 
have exposed the vein to a vertical depth of 450 feet, with a total stoping 
area of 3,300 square feet. Since 1902 the property has been shut down, 
but during the last year the company has resumed development work on 
its second vein, which is known as the Grey Copper. This vein, while so 
far not productive of the same high grade of ore as the upper vein, has the 
advantage of being considerably wider and more regular. It promises to 
become of importance as a zinc producer. 

From the sketch showing the Grey Copper workings (see Plate II) it 
will be observed that there are two levels, of which the upper one is 50 and 
the lower one 120 feet long. Those levels have been driven on the vein 
which is from 5 to 6 feet wicle, and crops plainly on the surface. The strike 
of the vein is north 55 degrees east. The dip is to the southeast at about 
70 degrees. The vein cuts through a large porphyry dike at nearly right 
angles, and has in every respect the appearance of a well defined and true 
fissure. The porphyry dike can be followed across the Grey Copper, Texas 
and Deadman claims and has a width of nearly 1,000 feet. Above the dike 
the usual slates and shales make their appearances. They have a bedding
strike of about northwest and southeast, and can be seen on the surface 
as well as in the workings of the upper Reco-Goodenough vein. It is ex
pected that an additional 50 feet of tunneling will take the Grey Copper 
vein into these slates, and it will be of much interest to observe what in
fluence this change will have on it. The same grade and character of ore 
is found in both levels, but the pay-streak in the lower one is twice the size 
of that in the upper one. In the upper level the pay-streak averages 12 · 
and in the lower level 24 inches in width. Approximately 1,000 tons of ore 
has been blocked out on three sides between the two levels , which are 85 
feet apart, measured on the dip of the vein. A five-cut sample (No. 36) 
was taken in the lower tunnel. It represented an average of 24 inches 
in width and assayed 42.63 zinc, 18.83 lead and 33.2 ozs. in silver to the 
ton. As will be seen from the above analysis the ore is of a heavily miner
alized character, and requires to be separated more than to be concen
trated . Hand-sorting would be of little use, unless it were followed by 
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concentration of the "sortings ". A lot of 40 tons of the ore, which wa 
extractecl while developing the levels, was recently tested at the Payne 
concentrator, near Sandon. The following data on the resuJts of the test 
were kindly furnished me by the managing director of the company, "Jir. 
J. A. Whittier:-

Sil ver. Lead. Zinc. 

Assay of original ore. . . . ...... 17 ozs. 4.6% 413 
Assay of lead product .... .. .. . 100 ozs. 61.0o/o 13% 
Assay of zinc product . .. .. . ... 12 ozs. 1.5% 50.4% 

Mr. Whittier was unable to furnish me the exact weights of the different. 
products, wherefore the efficiency of the process can not be calculated. 

The ûnc product of this mine bas been contracted to the Canadian 
Metal Company, of Frank, Alberta. 

A sample of the average ore was secured for testing at Denver, Col. 

By trail, the Grey Copper camp is four miles from the nearest railway 
shipping point (Reco Biding). The present cost of transporting ore by 
means of pack horses is $3 per ton, but with a larger output the rawhiding 
system will no doubt be introduced during the winter season, thereby low
ering the cost of transportation materially. The mine crew consists of five, 
men, engaged in driving the two levels ahead. 

From its upper vein, the Goodenough Mines, Ltd., extracted at one 
time $80,000 worth of galena and paid in dividends $45,000. while the 
second vein on the Grey Copper claim is still only in a prospecting stage, 
it is very promising, and is the most interesting prospect in thf\ locality 
refered to. 

AINSWORTH DISTRICT. 

UNION MINE. 

A prospect in Ainsworth, known as the Union, is located slightly to the 
northwest of the United and Glengarry properties. The vein on this claim 
appears to strike north and south, bedded between quartzite and slate, 
and dipping at an angle of about 45 degrees. On the foot-wall there are 
several inches of crystalJine calcite next to the quartzite. A prospecting 
shaft has been sunk on the vein, which is stated to be 35 feet deep. This 
shaft was partly filled with water and could not be examined. The nin 
at the collar of the shaft shows a width of five to six feet. A fair amount of zinc 
blende and galena is mixed through the vein matter, and a quantity of the 
material excanited from the shaft can be seen on the dump. On each 
sicle of the shaft two or three open cuts have been made on the vein, howing 
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it to be continuous for a distance of about 200 feet. From all appearances 
it must have been a good many years ago since the first assessment work 
on this claim was recorded. 

The claim is owned by FREDERICK McLEoD of Ainsworth, B.C. 

BUCKEYE MINE. 

This is situated at an elevation of about 2,500 feet above Kootenay 
Lake in the northern mineral belt, and like many of the properties in Ains
worth has not been worked for several years. It is approximately two and 
a half miles from the town. For the füst one and one-half miles an excellent 
wagon road, passing by the Highland mine is followed. The remainder 
of the distance is by way of a fair mountain trail. 

Development work on the Buckeye consists of two inclined shafts one 
hundred feet apart, each about 40 feet deep, and one tunnel 200 feet long 
driven in under the shafts. The surface showing of zinc ore is considerable, 
but the work done does not seem to have been carried sufficiently far to 
expose the ore at depth. The two shafts are located on a northeast and 
southwest line, while the trend of the vein appears to be more north and 
south. There was too much water in both shafts to permit examination 
of the bottom. To the south of the first one a distinct mineralization is 
visible on the surface. The second shaft was started outside of the vein, 
with a view of intersecting it at a depth of about 70 feet, but it was never 
sunk to that depth. 

The tunnel, which is about 75 feet below the surface showings, was 
driven as a cross-eut for 70 feet. At that point a body of zinkiferous ore 
has been intersected and followed for forty-five feet. The ore body only 
shows in the roof and has not been raised upon. Drifting in the tunnel 
was continued for an additional 150 feet through country rock, when a 
second shoot of zinky ore was encountered at the breast, where it can be seen. 
This exposure appears to correspond with the principal surface showings 
and seerns worthy of attention. In order to learn its extensions the tunnel 
should be continued. The work was evidently left immediately after ore 
was broken into, as it was considered of no value by the owners, who at that 
time were looking for clean silver-lead ore, and not for a matrix of zinc and 
iron ore with more or less galena mixed through it. A sample of the face 
(top and bottom), taken on the vein for width of 18 inches assayed 23 per 
cent. zinc, but carried less than 1 oz. silver to the ton. 

The property is owned by W. C. DALGLISH of Slocan City. 

GALLAGHER MIKE. 

This is a Crown-granted claim, also situated in the northern mineral 
belt, one-half a mile beyond the Buckeye and approximately 3,000 feet above 
Kootenay Lake. The distance from Ains,,·orth is about three miles. It 



262 REPORT OF ZINC COMMISSION 

was atone time a producer, and according to the owner, Mr. A. D. Wheeler, 
300 tons of lead carbonate ore, carrying silver, were shipped during the early 
days of the camp. These shipments were obtained immediately from a 
surface deposit, and a good deal of the same class of material is still scattered 
around the workings. 

Close to these and apparently following the mineralized zone a vertical 
shaft has been sunk to a depth of 60 feet. At 30 feet below the collar of 
this shaft a level has been driven 60 feet toward the west. At the breast of 
this drift a fair amount of zinc-lead-iron ore can be seen. At the bottom 
of the shaft another drift has been run for about the same distance, and 
the same ore body broken into. A. sample ( o. 60) was taken here for a 
width of two feet, representing the best portion of the mineralization. This 
sample assayed 22.73 zinc, 3.23 lead and 24.6 ozs. silver. On the surface 
the vein shows a width of 5 feet, but it is difficult from present developments 
to connect this surface showing with the ore sampled in the lower level. 
The strike of surface deposit is approximately north and south and it occurs 
in a limestone country rock. 

NELSON DISTRICT. 

MOLLY GIBSON MINE. 

Thls property, owned by the La Plata Mines Company, is located near 
the <livide between Nelson and Slocan mining divisions, immediately at the 
head water of Kokanee Creek. By wagon road the main camp is ten miles 
from the nearest shipping point, whlch is on Kootenay River, and is 
known as Molly Gibson Landing. The mine is tributary to elson; the 
landing is approximately 12 miles from that town by water. 

The group consists of four full size mining claims and two fractions, 
ail Crown-granted, representing a total of about 240 acres. The lower 
or main camp, where the office and principal buildings are, is at an elevation 
of 4,600 feet, while the No. 5 level of the mine is 2,400 feet higher, or approx
imately 7,000 feet above sea-level. These terminais are connected by an 
aerial tramway, 8,000 feet long, over which ail shipments are handled to 
and from the mine. Ample accommodations for the men are found at both 
terminais. The wagon road from the steamer landing to the lower mining 
camp is well built and of uniform grade. 

The mine is located entirely in a massive, crystalline grey granite, known 
as the "Nelson granite." which contains large cry tais of feldspar. This 
rock is readily traced to the shores of Kootenay Lake. The veins have 
a general strike of 30 to 40 degrees west of north and dip to the southwest 
at an angle of about 75 degrees. The vertical depth from the outcrops 
to the lowest point of developrnent is approximately 800 feet. There are 
5 main and 3 intermediate levels, of which levels o. 4 and No. 5, and two 
intermediate ones are by far the most important workings and represent 
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a vertical depth of over 300 feet. My examination therefore covered these 
in particular. 

A total of about 3,500 feet of tunneling bas been done along the veins, 
and in addition thereto 750 feet of raises and winzes. Two veins have 
been developed, viz., the Florence and the Aspen of which the former is 
the larger and more important. It averages from 4 to 5 feet in thickness, 
while the Aspen is less than one-half of that width. The policy of the manage
ment has been to develop the property in preference to making shipments, 
and the tonnage shipped so far bas therefore not been very large. During 
1905 the monthly production bas been 110 tons. At the present time all 
the ore is hand-sorted, and averages, according to smelter return , about 
12 per cent. zinc, 8 per cent. lead and 47 ozs. silver. As it cornes from the 
mine, before sorting, the average, according to the manager, is about 7 per 
cent. zinc, 4 percent. lead, and 20 to 35 ozs. silver. It is classed as a" dry" 
ore. The cost of hauling the ore by wagons to the landing is $4 per ton, 
by contract. The cost of tramming the ore from the mine is figured at 75c. 
per ton, and the cost of stoping at $2. All the ore is .shipped to the Hall 
Mining and Smelting Co., Ltd., at Nelson, B.C. by way of steamer from the 
Landing. 

By referring to Plate III, it will be ob~erved that the first 270 feet of 
level No. 4 was driven on the Aspen vein as an adit, and exposed a shoot 
of ore for a distance of 110 feet from the portal. This lens bas been stoped 
to the surface above the level, but can be seen here and there for about 
175 feet in the floor . At this place it is narrow and does not represent a 
very large tonnage. The vein itself which is correspondingly narrow was 
left at a point 220 feet from the portal. Here a cross-eut at nearly right 
angles was started and driven into the foot-wall for a distance of 60 ·feet. At 
this point the Florence vein was intersected and followed at a course of N. 
35° W. There is a strong and well defined ledge from 5 to 6 feet wide, 
with a seam of talc on the foot-wall, but nothing of particular interest until 
a distance of 380 feet is reached. At that point an ore shoot was struck 
and followed for 330 feet. The width of this pay streak in this shoot, known 
as the "big stope ", averages 24 inches. It has been stoped for a distance 
of more than 100 feet above the level, and at the present time there is a 
very good showing of 2! feet of ore in the upper stope. The general assay 
of the ore after hand-sorting is about as stated previously, according to the 
smelter returns. A long raise connects this level with No. 3 level and re
presents a vertical distance of 250 feet. 

Following the Florence vein beyond the big stope for an additional 100 
feet, it appears to be Jean. Here a small fault occurs and a heavy flow of 
water was struck, the water pouring from a talc gouge on the hanging wall. 
About 25 feet further on a new ore shoot is met with and pay ore begins 
to make its appearance again. This can readily be followed in the tunnel, 
and considerable zinc ore can be seen in the roof; also in the present face . 
This ore-shoot is from 250 to 300 feet long. Its average wiclth is about 
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2! feet. In places the vein narrows down to 18 inches, while in others it 
widens out to 6 feet. Coming back 30 feet from the fore-breast a raise 
has been put up above the leYel to a height of about 100 feet, and has proved 
the existence of the ore very well all the way. The intention is to connect 
this raise (No. 14) with an intermediate level, which is now being driven 
toward the same at a height of 100 feet above the level. It will be ob
served from the accompanying map (Plate III) that this intermediate was 
started from raise No. 11, which is 375 feet back from the main face. 

The intermediate level follows the same general direction as the main 
level, and for the first 150 feet is correspondingly lean, but a change took 
place when it reached a point directly above the place where ore had rc
appeared in the main level. From here onward the ore is continuous for 
60 feet, or as far as the north face had been driven up to the date of my 
visit (Oct. 12, 1905) . It is undoubtedly the same shoot, and the 
vein shows a very strong and distinctly banded structure for a 
width of five feet, dipping slightly to the southwest. A two-cut sample 
(No. 63) was taken here (top and bottom) on four parallel stringers repre
senting a total width of 30 inches of ore. It assayed 19.63 zinc; 17.43 
lead and 74.4 ozs. silver to the ton. 

The intermediate level will have to be continued for about 120 feet 
before connection is effected with raise No. 14. This work is now being 
done as rapidly as possible. At the same time the main level is also being 
driven ahead. 

From the intermediate level to the next level, o. 3, the vertical dis
tance is 150 feet, but as this level bas not yet been extended beyond a point 
corresponding with raise o. 11, any ground here will have to be regarded 
as unexplored , except as to that portion which is situated immediately 
above the big "stope ", from where it is reasonable to expect a considerable 
tonnage of both shipping and concentrating ore. The total length of No. 
4 adit is 1,400 feet, of which 800 feet bas exposed ore in paying quantity. 

Level No. 5, which is the lowest working on the property, was started 
at a distance of 225 feet, vertically, below level No. 4, and driven as a cross
cut tunnel for about 420 feet. The object in going so far away from the vein 
was to bring the portal outside of the danger limits of a snow-slide that 
scours the mountain each spring, and has left its marks distinctly in a draw 
following the sicle hill not far from the entrance. At the end of this cross
cut the Aspen vein was struck, and here the ore-shoot, which corresponds 
with the first one in o. 3 level, was intersected. This shoot, following 
the general strike of the vein for 200 feet is not much wider than the one 
corresponding with it above, and cannot therefore be considered of the 
same importance as the ore-bodies of larger dimensions further ahead. 
For a distance of thirty feet above the level the ore has been stoped. The 
levels at the end of this shoot have been turned off at nearly right angles 
for 50 feet v.·here the Florence vein was encountered. Evidently the pros
pect here' did not corne up to expectations, for immediately afterward 
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the level was again turned off, and within a distance of 100 feet the Aspen 
vein wa struck for the second time. A body of ore was disclosed and was 
followed for 195 feet. The pay streak is of the average size and grade. 
A ample (No. 62) was taken along the roof in several places where short 
stopes have been started for a distance of 20 feet or so above the level. The 
sample represented a width of 2! feet. It assayed 183 zinc, 63 lead, and 
34 ozs. silver to the ton. The general average of the ore body, as stated 
by the manager, is 73 zinc; 43 lead and 20 to 353 ozs. silver. 

The stopes sampled and described in the foregoing appeared to be 
quite characteristic of the vein. Their content in zinc is higher and in 
composition they would be better suited for concentration than any other 
ore shoot exposed in the mine at the present time. 

Following No. 5 level through the last mentioned ore-shoot, there is a 
short break or fault, from which onward the Florence vein appears to corne 
in, indicating that the two veins may unite. Fifty feet further ahead a 
fourth ore shoot makes its appearance and can be measured for a distance . 
of 90 feet along the level. This ore-body is perhaps one of the most valuable 
in the mine, although not from a zinc point of view. A very good grade 
of silver ore, fairly high in lead, but less so in zinc is being extracted for a 
width of two feet immediately above the level. From the end of this ore 
body to the face of No. 5 level there is about 100 feet of lean ground, but 
the forebreast looked favorable, and I have since my visit to the mine, been 
advised by one of the owners, Mr. Bruce White, that a new shoot of ore 
was uncovered after driving a short distance ahead. The only up-raise 
of any consequence in No. 5 level is the one which has been put up into the 
first ore-shoot on the Aspen vein to a height of 125 feet. As will be observed 
from plate III , an intermediate level has been started 100 feet above the 
main level by running two short drifts off in a northerly and southerly di
rection. A fair quantity of ore has been uncovered in doing this work, 
and it is expected to continue to the fl.oor- of No. 4 level , where it shows in 
places. The management therefore intends to carry the raise up higher 
and extend the intermediate level toward the north as indicated in dotted 
lines. By that time several other raises will be necessary both for ventila
tion and bandling of ore from the large block of ground between the levels, 
whicb are 225 feet apart. 

The property is being developed at the present time by a crew of about 
20 men. Ali the workings of importance are being carried forward, and it 
will readily be seen from the longitudinal section of the mine that by con
tinuing the lower level a large section of ground will be opened up; also that 
the proving in depth of such ore bodies as have been exposecl ahead of No. 
5 (in No. 4) are of great importance to the future of the property. The 
manager estimates that about 50,000 tons of concentrating ore are no\\· 
blocked out, besicles about 25 ,000 tons partly blocked out. 

The company has now under construction at the lower terminal a con
centrator of 75 tons daily capacity. The intention is to do away with the 
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hand-sorting at the mine, which will be specially arranged for at the mill. 
The mill wiil be driven by water power, which is now being developed. 
The company bas erected an efficient saw mill and all the lumber required. 
for construction work is being eut from standing timber, of which there is 
no lack on the premises. 

The problem of concentrating the Molly Gibson ore and effecting a 
high saving of the silver is by no means a small task, and will require a very 
careful study. However, the company experimented a good deal with the 
ore before it was decided to erect a concentrator. A small lot of the average 
grade of concentrating ore was obtained for testing at Denver, Colo. 

This property is managed by Capt. T. H. TRETHEWEY. 

BISMARK MINE. 

This mine is situated on Briggs Creek, which is one of the tributaries 
emptying into the south Fork of the Kaslo River from the east. It is about 
twelve miles from Kaslo and seven miles from the Kaslo & Slocan railway 
station at South Fork. With the exception of the last mile or so of mountain 
trail there is a good wagon road leading to the property, following the fork. 

Three adit tunnels have been driven on the vein, which is well defined, 
averaging about 2~ feet in width. The two upper levels, which are respec
tively at 6,700 and 6,588 feet elevations, are of interest only in reference to 
silver-lead ore. The ore from them is principally lead and zinc carbonates, 
with considerable iron oxide and quartz, thus furnishing a very desirable 
smelting product. The lead carbonate averages from 6 to 10 per cent., 
in lead with 135 ozs. silver per ton, while the zinc carbonate ore has run up as 
high as 15 per cent. in zinc, but is usually considerably lower. The production 
from the mine has never been large but the property has paid its way very 
nicely. During 1904, about 110 tons of ore were extracted with a crew of 
three or four men. 

The general strike of the vein is 55 degrees to 65 degrees east of north, 
and it dips at an angle of 70 degrees toward the north. Level No. 1 is 
290 feet long and No. 2 is 200 feet long, exclusive of 50 feet of cross-cutting 
into the hanging wall in each level. In the upper one there is an ore shoot 
of lead carbonate 30 feet long, near the portal, while the second one has two 
ore shoots, viz ., 40 and 20 feet in a direction leading toward the upper tunnel. 
By keeping up the present development work there are fair prospects for 
continuing shipments at the same rate. The two above mentioned levels 
are connected by means of a raise. 

The lowest leYel, which is really the only one of interest from a zinc 
point of view, is 440 feet long and 238 feet vertically below o. 2. As will 
be observed from Plate IV the vein was not struck until a distance of 135 
feet from the portal had been reached. A cross-eut of about 20 feet 
Mas made here into the foot wall. The ledge at Hus point shows plainly 
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for a width of 36 inches. A narrow but well defined and high grade streak 
of blende and galena can be seen in the face of the drift. Apparently this 
ore is just coming in as a new shoot different in character from anything 
found in the upper levels of the mine. It is a heavy mixture of sulphides, 
assaying, according to sample No. 85, taken at its full width of 6 inches in 
two cuts (top and bottom) 38.4% zinc, 26.8% lead and 196.3 ozs. silver to 
the ton. Of this class of ore there is at the present moment practically no 
tonnage developed in the mine, but work on the discovery is being kept up, 
and the company is justified in continuing exploration work by rlrifting as 
well as raising on it. Jo connection between this level and the upper one 
exists. 

By referring to Plate IV it will be observed that beyond the cross-eut 
the level was continued along a slip in the formation, and that the ledge refer
red to in the foregoing was not exposed again until it reached a distance of 
245 feet from the first place. At · this point another short cross-eut was 
made intersecting the vein and showing it from 2 to 3 feet wide. From 
here onward the ledge was followed to the present face, for a distance of 60 
feet, without any furthe difficulties. The ledge here shows that the same com
position and bunches of galena and blende are met with, although not to the 
same extent nor as regular in occurrence as in the first place. At the fore
breast I measured the ledge for a width of 24 inches, leading off at a course 
of N. 55° degrees E. It is of interest to notice the proximity of a large dike, 
which can be seen at the face of a third cross-eut, run into the foot wall, 
35 feet back of the face. This dike, I was informed, can be traced plainly 
on the surface. 

BLACK FOX MINE. 

This property is owned by the Black Fox Mining Company. It is situated 
below the Bismark, slightly to the northeast of the latter, and adjoins the 
Cork mine to the south. 

The principal vein of the Cork and Province mines, which bas been 
extensively developed and is the most important in the South Fork district, 
is generally supposed to traverse the Black Fox claim, and also the Daisy, 
belonging to the same company. From a bri~f examination of the workings, 
which consists of a cross-eut tunnel 150 feet long, I obtained the impression 
that while there has been a vein eut in the Black Fox tunnel, 100 feet from 
its portal, it is not the principal vein of the Cork, but a parallel one of second
ary importance, which can be seen in the Cork at 700 feet from the portal of 
the main tunnel. There are several parallel Yeins in this district , and the 
identification of a particular on'e, in the ab ence of absolute connection, 
is chiefly a matter of surmise and is always doubtful. 

In the vein exposed in the Black Fox tunnel only a few inches of zinc 
blende can be seen. The vein is about 4 feet \Yide and crosses the tunnel. 
A sample (No. 6) consisting of a few selected pieces of blende taken from 
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here gave the following assay: 36.6% zinc, 2.3 ozs. silver. The quantity 
-0f ore exposed is so small that the sample cannot be regarded as of much 
importance. The surface showing on the property, (approximately 100 
feet further up the hill), is on the other band quite strong and can be followed 
for over 200 feet, disclosing a width of several feet. The vein clips at an 
angle of about 50 degrees to the southeast. Several pits have been d-l:lg, 
exposing the vein and the same character of ore as in the Cork and Province 
mines, that is to say, a mixture of blende, galena and spathic iron. 

In order to intersect this surface vein the tunnel would, in my opinion, 
have to be driven for some distance yet, as the vein is dipping away from the 
cross-eut into the hill. 

B. & A. MI E. 

This property is situated approximately three miles south of the Bis
mark, at an elevation of about 5,000 feet. It is reached from the Kaslo & 
Slocan railway station by the excellent South Fork wagon road for the first 8! 
miles; thence by following the mountain trail for -an additional mile and 
a half along the tributary to the South Fork, known as Lake Oreek. 

When this property was operated, several years ago, it was entirely 
for silver-lead ore. The lower tunnel being the only one of interest to the 
Zinc Commission, was alone examined. The development is shown in 
Plate V. The vein has a strike of N. 45° E., and a dip of 85° to the south
west. It is of considerable width and appears to be a crushed zone in which 
lenses of both zinc blende and galena are found. The first 35 feet of the 
tunnel, which bas a total length of 158 feet, was driven through "wash'' 
until the true hanging wall was found in place. At this point the tunnel 
was turned off slightly to the east, and within 18 feet the true foot wall 
was encountered, and followed to the present face, representing a distance 
of 110 feet. The foot wall, which is perpendictùar, is remarkably well 
defined as far as it has been developed. The hanging wall, which can only 
be seen in places, appears to be equally well defined. It bas a slight dip 
to the southwest. The vein matter is soft and considerably cru hed. It 
contains a good deal of slate and calcite. Two short cross-cuts have been 
run across the vein. The first one which cuts through to the hanging wall 
at a point 98 feet from portal , shows the vein to be 16 feet wide. From 
three to four inches of zinc blende can be seen here close to the wall. In 
the next cross-eut, 55 feet further ahead the vein i 20 feet wide, and ap
parently the same streak of blende continues through and can be seen 6 feet 
from the hanging wall. The pay-streak here has widened out to 15 inches, 
and a samplc (~o . 90) which was taken in two cuts (top and bottom) ·gave 
the following restùt: 45 % zinc and 16 . 2 ozs. si!Yer to the ton. 

I think there is but little doubt that the zinc showing in the two cross
cuts are of the same shoot of ore. At the prcscnt iime there is not suf
ficient ore develo1wcl to warrant any estimate of tonnage. So far as can be 
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seen, the exposure of zinc in the second cross-eut is of more importance 
than in the first. By driving further ahead, and by keeping closer to the 
hanging wall than has so far been done, the present showing of ore might 
possibly improve in width and importance. The vein is well de.fined and 
wide; the vein matter is soft and readily mined. Timber and water is 
plentiful in the im.mediate vicinity. 

BLACK PRINCE MI E . 

This is a prospect, located near the wagon road on the bill sicle, a mile 
or so from the Mollie Gibson landing. The vein, which is from 3 to 5 feet 
wide, is in the Nelson granite, but is not very clearly defined. Its strike 
is N. 20 W. Development work consists.of an open eut, exposing the vein 
for a vertical distance of 10 or 12 feet. In the vein a few stringers of zinc
blende can be seen, but an average sample across the face would not have 
given any satisfactory results. I selected a few pieces of the blende found 
in the excavated material on the dump in order to obtain an idea of its 
purity. The result of this sample (No. 64) was 50.43 zinc and ! oz. silver 
to the ton. 

Apparently on the same vein, but 200 feet below the wagon road, · I 
noticed that some work had been clone on the extension of the Black Prince 
claim. Sample No. 65 taken in a similar way gave 16.83 zinc, 5.53 lead 
and 2.7 ozs. silver to the ton. 

EMIL Y EDITH MINE. 

The Emily Edith mine is situated from 800 to 1,100 feet above Slocan 
Lake, and is three or four miles north of Silverton. It is reached over a 
good wagon road. The country rock in the immediate vicinity consists of 
shales and slates, and the Emily Edith Iode impressed me as being a con
siderably crushed and widely mineralized ore zone in that formation. It 
shows much irregularity in its width, course and dip. Its general strike 
is about N. 65 degrees E. It ranges in width from a few feet up to 30 feet. 
Its dip in the upper levels is about 45 degrees, while in the lower ones it 
is from 60 degrees to 75 degrees to the southwest. There are altogether 
six adit tunnels on the property from which many drifts and cross-cuts 
extend in the direction of either walls. The total lineal feet of work is 
probably at least 8,000. I visited four of the tunnels and located the prin
cipal zinc ore shoot of the mine in each of them, these representing a vertical 
depth of 173 feet, or about 250 feet measured on the dip of the vein. The 
ore body is no doubt continuous for this distance, and of importance as a 
concentrating ore. Recently a mil! test was made on a hundred ton lot 
at the Wakefield concentrator, and a representative sample of the zinc 
concentrate, producecl from the ore, was securecl for expcrimental purposes. 
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In the upper tunnel No. 02, the ore body referred to above shows for 
a distance of 60 feet, averaging about 2 feet in width. In the next tunnel 
No. 01, which is 57 feet below No. 02, the ore can be seen to better advantage 
and measures in one place 6 feet in width. Sample No. 74 was taken here 
across the face in a short upraise, and in three other cuts, repre enting an 
average width of four feet for 30 feet along the level. It assayed 34.23 
zi.Ilc, 7.73 lead and 7.2 ozs. silver to the ton. This was apparently the 
best grade of ore showing in the mine. Beyond the 30 feet sampled the 
same character of ore can be seen and foilowed for 100 feet or more, but 
the pay ore for this distance would hardly average over 2 feet in width. 
The vein itself is of considerable width, and the pay ore appears to lie on both 
walls, which are from 10 to 30 feet apart. This feature holds good through
out the mine, and during develop111ent work in many cases there has been 
a drift run on the foot as well as on the hanging wall. l\1oreover, many 
intermediate cross-cuts have been made in the ore zone in all of the tunnels. 

In tunnel No. 1, which is 53 feet vertically lower than No. 01, the same 
ore body can be observed immediately below its exposure in o. 01 , and 
a sample (No. 75) in a 30 foot raise along the foot wall in three cuts (top 
and bottom) was taken for an average width of 3 feet. This assayed 29. 23 
zinc, 12. 43 lead, and 13 . 2 ozs. sil ver to the ton. The ore shoot has been 
exposed intermittently along the supposed foot wall for 250 feet; also in a 
drift back of the supposedfoot wall for about 75 feet. Thepay-orein bothdrifts 
is from 2 to ~ feet wide, and fairly continuons. At one place along the level, 
about 150 feet from where the last mentioned sample was taken, the ore 
body widens out to 6! feet. Araise has been put up here, proving its exten
sion for a certain distance. Complete examination could not be made here 
\Vith safety. The blende is of fine grain, and lies on the foot wall. A sample 
(No. 76) was taken here for a width of 6! feet in three cuts, 10 feet apart. 
It assayed 26. 23 zinc, 8 . 73 lead and 10. 4 ozs. sil ver to the ton. 

The next level, No. 2, is 63 feet vertically below No. 1, and exposes 
the ore shoot for about 75 feet along the level: also in a drift 10 feet above 
the leYel , where a sample (No. 77) wa taken in three cuts" covering a dis
tance of 25 feet , representing a width of 3 feet. It a ayed 24 .63 zinc, 
10% lead , and 10. 3 ozs. sil ver to the ton. In a cro s-cut about 40 feet from 
where this sample was taken the ore body shows a. di tinct width of 10 feet. 
This showing has however, not been followed up, eYidently because the original 
company wa not developing the property for zinc. The galena a sociated 
with the ore could evidently not be mined and orted at a profit and ~muid 
require concentration. Conditions at the present time are somewhat different, 
and the property has been for the last year or so under lease to lllr. i\I. S. 
Davys of Nelson, " ·ho is planning to work it for its combined zinc and silver
lea<l Yal ues. 

While there is no tonnage of ore actually blocked out in this property 
there is undoubtedly a considerable quantity of concentrating ore to be 
rclied on. I should estimate this roughly at 10,000 tons of ore, carrying 
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22% zinc, 6% lead, and 6 ozs. silver to the ton. Systematic development 
work is likely to increase this tonnage materially. 

In tunnels No. 3 and 4 there has been considerable drifting and cross
cutting done, but so far it has not proved successful in locating the above 
mentioned ore body or any others. Tunnel No. 3 is entirely off the course 
and must have been driven for other purposes than the one of showing up 
existing ore bodies. Ali work on the property, including cross-cutting and 
drifting is distributed in the levels about as follows: 

No. of Level. 

02 ............... . .. ... .......... . . 
01. ......... ... ...... . ... ......... . 

1. ...............•............... . 
2 .... .. ......... ...... .. ...... . . . . 
3 .... ............ . ............... . 
~ ........................... . . .. . 

1 
Elevation above sea

level. 

2879 feet 
2822 feet . 
2769 feet. 
2706 feet. 
Not observed. 
2561 feet. 

Approx. Amount of 
Development W ork. 

700 to 800 feet. 
1200 to 1300 feet. 
1500 to 1600 feet. 
1800 to 1900 feet. 
400 to 500 feet. 

1500 to 1600 feet. 

The elevation of Slocan Lake above sea-level is 1,761 feet. 

The Emily Edith property is equipped with an aerial tramway for 
'handling shipping ore; also a number of good buildings, such as office, 
bunk-houses, stables, ore sheds, etc., ail of which are located below the 
main workings and go to make up a complete and well arranged camp. 
So far the shipments from the property have not been extensive. The group 
consists of six Crown-granted claims and comprises 150 acres. It is owned 
by the Emily Edith l\'lines, Limited, of London, England. 

GALENA FARM MINE. 

This property, formerly known as the Currie group, comprises several 
Crown-granted clairns in the Silverton district, which are owned by an 
English Company. It contains 193 acres of minerai land, situated about 
1,000 feet above Slocan Lake, lt miles southeast of Silverton, with which 
it is connected by a good wagon road. Th-e vein has a strike of about S. 
60 degrees E. and a dip of 50 degrees -. It is in granite formation and out
crops strongly on the surface for several hundred feet. It can be seen in 
places with a width of 9 to 10 feet. It shovvs quartz, spathic iron, galena 
tind blende mixed with fragments of granite and slate. 

Ali workings except two or three surface pits are at the present time 
under water, which prevented examination at depth. A sample (No. 78) 
was taken 15 feet under ground in the original prospect shaft. This assayed 
3 .4% zinc, 13.4% lead, and 32 ozs. silver. Another sample (No. 79) 
taken in two or three places on the surface croppings assayed 42% zinc, 
6. 8% lead, and 14. 6 ozs. si lYer to the ton. These results should not be 
considerecl an average of the ore, but will convey an idea of its composition. 

About 175 feet west of the shaft mentioned abo,·e, a perpendicular 
two-compartmentworking shaft has been here sunk to a depth of 220 feet, and 
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levels 100 feet apart have been run off from here for the purpose of inter
secting the vein. Considerable work has been done under ground. I had no 
means of ascertaining tl:ie result of this work. 

The machinery plant is well arranged and has, during the long shut down, 
been taken good care of. It consists of a first-class geared hoist driven by 
a 4-foot Pelton water wheel, one standard cage and hoisting equipment, 
and one 4 drill air compressor driven by a 6-foot Pelton water wheel. Be
sicles the above machinery there is a steam hoist and boiler plant, which 
was used before water power was installed, still in position; also several 
pumps apparently in good order. The water power is obtained from Gold 
Creek, where a dam has been constructed. A 3,500-foot pipe line conveys 
100 miners' inches of water to the water wheels under a head sufficient to 
furnish a pressure of 110 pounds. 
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The lessees, however, cannot be left entirely to their own devices. 
They should be bound to do a certain amount of drifting, raising, etc., each 
month; to employ steadily a certain number of men and to keep the work
ings in their leased ground securely timbered and free from loose rock, etc. 
Lastly, the owner or his agent should see to it that the lessees live fully 
up to the covenants of their leases, for it must be admitted that many mines 
are ruined, by incompetent miners and irresponsible lessees, over whom 
proper supervision has not been exercised. 

FORMS OF LEASES. 

The following copy of lease (with right to purchase) recently in force 
m Cripple Creek, Colorado, shows the usual covenants and terrns:-

" Tms lNDENTURE OF LEASE, made this 25th day of November, A.D. 

1901 , by and between .................................................... of Denver, Colorado, 

(hereinafter termed the lessor) , party of the first part, and ............................... . 

................ .................... of····-····--··········- ...................................... (hereinafter termed 

the lessee) party of the second part; 

WHEREAS, the lessor is the owner of the Ada Bell lode rmrung claim, 
United States Patent Survey No. 8700, situate in the Cripple Creek Mining 
District, Teller County, Colorado, saving and excepting those portions of 
said claim which were in conflict with the Stella Girl and Mountain Goat 
lode mining claims, Patent Survey No. 10308, which said lessor has hereto
fore conveyed to the Comanche Plume Gold Mining Company under a decree 
of the District Court of Teller County, Colorado, in a suit wherein the 
Comanche Plume Gold Mining Company was plaintiff, and Jamrs McClurg, 
et al, were defendants, which the lessee desires to lease for mining purposPs ; 

Now, this agreement, WITNESSETH, that the said !essor for and in con
sideration of the covenants, agniements, payments and royalties herein 
reserved and by the said lessee to be kept, paid and performed, has granted, 
demised and let, and by these presents does grant, demise and let unto the 
said lessee, ail of the right, title and interest of the said lessor in and to the 
saie! Ada Bell lode mining claim, United States Patent Survey No. 8700, 
with the machinery and shaft houses, ore houses and ail buildings apper
taining to the operation and working of the mine, if any; 

To HA VE AND TO HoLD the same from the dat~ hereof until the first 
day of December, A.D. 1903, at 12 o'clock noon, unless sooner forfeited 
or terminated by election of the lessee herein provided, or through violation 
of any covenant Ol' condition herein required to be kept and performecl, 
or through default in any payment herein agreed to be made by the said 
lessee. 

In consideration thereof, the said lessee covenants and agrees with the 
said !essor as follo\YS: 

16 
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1. To enter upon said premises on or before December, 15th, 1901 , 
and work the same in mine-fashion and in manner necessary and appro
priate to good and economical mining so as to develope the property and to 
extract ore with due regard to the development of the same as a workable 
and developing mine. 

2. To perform labor upon said premises in the working and development 
thereof not less than 200 shifts of eight hours each during each period of 
ninety days during the term hereof after commencement of work. It is 
understood and agreed that the term "shift" as here used so far as relates 
to sinking, drifting, cross-cutting and stoping and ail similar work refers to 
and is intended to mean hand work and that each machine drill at work 
shall be deemed equivalent to six shifts of hand work. 

3. To well and sufficiently timber with strong, well fitted and durable 
timber all the workings on the premises hereby leased where said lessee 
shall be or shall have been working at all points where proper in accordance 
with good mining and to promptly repair and replace all timbering rendered 
insufficient by shock of blasting, caving in, pressure of water, wear and tear 
or other cause. To keep the timbering and shafts at all times in good repair 
and serviceable condition. 

4. To allow the lessor, its officers, agents and representatives at any 
and all times to enter upon and visit all parts of said prernises and workings 
therein for the purpose of inspecting the workings and machinery and taking 
assay samples and to allow said lessor, his manager or agent to ta.ke average 
samples at any and all timei; from any ores awaiting shipment as he or they 
may see fit and to allow the lessor's surveyors and assistants to make survey 
of the workings whether under or above the ground or both at least once 
in each calendar month, if the lessor or manager or agent shall so order. 

5. To cause or permit no building or structure of any kind to be erected 
or remain on said premises, except such as are necessary for the actual 
workings of the mine or for the storing, hoisting, sorting or shipping of ores 
extracted therefrom, except and in SQ far as authorized in writing by said 
lessor. 

6. To ship all ores extracted from said premises to such smelter, mill, 
sampler or reduction works as shall be mutually agreed upon by the !essor 
and lessee. The !essor shall have a lien upon al! ore which has been extracted 
at the plant, mine or in transit to or in possession of smelter, mill, sampler 
or reduction works, for royalties at the rate herein specified. 

7. To pay or to deliver to the lessor as renta! of the demised premises, 
royalties at the rate of 20 per cent. upon ail ores extracted, shipped and 
sold from said prernises during the preceding calendar month, to be com
puted on the net sampler, nùll, smelter or reduction works returns of said 
ores remaining after deducting the cost of hauling, frcight and treatment 
thereof only. AU such royalties to be paid by the sampler, mill, smelter 
or reduction works to the !essor at the time of each settlement on duplicate 
rcturns. 
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8: The said lessee further covenants and agrees to settle, pay and dis
charge on or before the 15th of each month, all indebtedness and liabilities 
incurred by him during the preceding month for work performed, services 
rendered or materials furnished in respect to said leased premises and to 
furnish evidence of such payment to said !essor whenever requested by him 
within thirty days after such request. 

9. To make all working shafts at !east 4 x 8 feet in the clear and all 
cross-cuts at least 3! x 6! feet in the clear. 

10. To keep at all times all shafts, tunnels and other workings thorough
ly drained and clear of loose rock and rubbish, unless prevented by extra
ordinary mining casualty and not to obstruct the main openings in any man
ner whatever. To store no waste in drifts, except with the consent of the 
said lessor, or his agents, privilege being given to fill all stopes with waste. 

11. To do no underhand stoping and to refrain from stoping. in said 
premises within ten feet of any working shaft, without stulling and filling 
so as to insure the full and complete safety of the shaft. 

12. To mine, sort and select all ore taken from said premjses in such 
a manner as will secure the best results therefrom. That all ores mined 
that are too low grade for profitable shipment during the life of this leaseare to 
remain the property of and subject to the control and disposition of said lessor. 

13. The lessee hereby assumes all responsibility in case of accident 
to himself or his assigns or any employee in or upon the demised premises. 

14. It is mutually agreed and understood that all <lumps, shaft houses, 
buildings and other improvements, except machinery erected or placed upon 
said premises by the lessee shall be and remain the property of said lessor 
at the expiration or other termination of this lease, the said les

4
see, however, 

having sixty days after the expirat ion or termination of this lease, to remove 
said machinery. 

15. The lessee agrees not to assign this lease and not to sub-let said 
premises or any part thereof without the written consent of said lessor. 

16. It is also agreed that any fai lure of said lessee to work said premises 
caused by water , gas or extraordinary mining casualty or by strike or labour 
troubles or by any li tigation or injunction which arises out of or which 
restrains the exercise of any of the rights or the enjoyment of any of the 
privileges expressly demised herein, shall not cause a forfeiture of this lease; 
provided, however, reasonable means shall be exercised by the lessee to expel 
such gas and to properly ventilate said mines, and to keep the workings 
drained and free from accumulations of gas or water; provided further, 
that li tigation involving other property or other rights than those expressly 
demised hereby, shall not be included in the foregoing exception. 

17. It is further agreed that said lessee may operate leases on other 
properties through the shafts and levels of the said Ada Bell claim, including 
the right to dump on the said Ada Bell claim, after first obtaining the written 
consent of !essor, and shall have the right to work the said Ada Bell claim 
through the shaft s and levels of the l\Ioose mining claim. 
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18. If the said lessee shall desire to surrender this lease before the 
expiration thereof, he shall have the right to do so without liability for a 
failure to carry on the same for the full term, provicled that be shall give 
twenty days written notice to the lessor declaring his intention to surrender, 
and during this twenty days he shall continue work, as above stated, unless 
prevented by some of the causes heretofore mentioned. 

19. That upon the violation of a'.ny covenant or covenants hereinabove 
reserved, and notice in writing thereof clelivered to the agent, manager or 
foreman, or any person in charge of the property for said lessee, such violation 
shall cease forthwith; and unless the covenant or covenants so violated 
shall be made good, and the effects of such violation repaired, and the cove
nants of the lessee be fully complied with, within thirty (30) days after a 
written notice is sent by registered mail to the aforesaid lessee, at his address 
in ...... : .... . .. .... .. . ......... , it shall, at the option of the lessor, 
work a forfeiture of this lease and bond, and all rights that may accrue there
under. 

20. The. said lessor further ··agrees to sell and convey the demised prem
ises to the said lessee, his heirs, assigns or nominees by good and sufficient 
mining deed at any time prior to 12 o'clock noon on the first day of Decem
ber, A.D. 1903, for the sum of One Hundred Thousand Dollars ($100,000) 
cash in hand paid to said lessor, or deposited to the credit of said lessor in 
the First National Bank of Denver, Colorado; and said lessor further agrees 
that within thirty days after the said lessee, bis heirs or assigns shall leave 
with the cashier of said Bank, a request in writing addressed to the said 
!essor that the said deed be executed and deposited with said Bank, the said 
lessor shall eJœcute said deed and deposit the same together with abstract 
of title to said premises in said Bank subject to inspection and with directions 
to deliver said deed to the said lessee, bis heirs, assigns or nomirrees upon 
the deposit of said sum of money to the credit of the said lessor within the 
time herein limited; provided, however, that if at any time after the date 
hereof the said lease shall be forfeited under the provisions of paragraph 
19 hereof, or by virtue of a failure to comply with any of the provisions 
aforesaid, or if it shall be otherwise terminated, then and in that event 
the said option whereby said lessee, his nominees or assigns are given the 
right to purchase said property within said time for said sum of money, 
shall absolutely cease and deterrnine at the same time with said lease. 

And time is expressly made of the essence of this agreement. 
This agreement and every covenant therein containecl, shall be binding 

upon and enure to the benefit of the heirs, assigns and legal representatives 
or the respective parties hereto. 

IN WITNESS WHEREOF, said parties have hereunto set their bands 
and seals on the day and vear first hereinbefore written. 

· · · · · · · · · · · .. · ...... . . .......... (SEAL) . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (SEAL). 
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The following form may be said to represent the average Leadville 
lease:-

" Tms AGREEMENT OF LEASE, made this third day of July, in the 

year of our Lord one thousand nine hundred and one, between ......... ; 

.... ..... .... .... ... , of the city of . Denver, State of Colorado, lessor, 

and ....... . ................ . ........... . ....... of Leadville, Colorado, 

Lessee or tenant, 

W1TNESSETH, That the said lessor, for and in consideration of the 
royalties, covenants and agreements hereinafter reserved and by the said 
lessee to be paid, kept and performed, has granted, demised and let, and 
by these presents does grant,demise and let unto the said lessee, all his right, 
title and interest in and to the Montgomery Iode mining claim, Mineral 
Entry 222, California Mining District, County of Lake and State of Colo
rado. 

To have and to hold unto the said lessee' for the term of five (5) years 
from and after the first of April, 1901, expiring at noon on the first day of 
April, A. D. 1906, unless sooner forfeited or determined through the viola
tion of any covenant hereinafter against the said tenant reserved. 

And in consideration of such demise, the said lessee does covenant 
and agree to and with the said lessor as follows, to-wit :-

To enter upon said mine and premises and work the same inminefashion, 
in manner necessary to good and economical mining, so as to take out the 
greatest amount of ore possible, with due regard to the development and 
preservation of the same as a workable mine, and to the special covenants 
hereinafter reserved. 

To work and mine said premises as aforesaid, steadily and continuously 
from April l st, 1901; and any failure to work said premises to the extent of 
opening by drifts or shafts three hundred (300) feet during any one year, 
may be considered a violation of this covenant, and at the option of the 
lessor work a forfeiture of this lease. 

To well and sufficiently timber said mine at all points " ·here proper 
in accordance with good mining, and to repair all old timbering in the acces
sible parts of the mine whenever it may become necessary. 

To allow said !essor and his agents from time to time to enter upon 
and into all parts of said mine for the purpose of inspection. 

To keep the drifts, shafts, levels and other workings which are no\\ 
open and clear of water, rock and rubbish, in the same order and condition 
at all times during the term hereby demised. 

To cleliver the aicl lessor as royalty for the u. e of the saicl demisecl 
premises, the following percentages of the net returns from ail ores minecl 
and olcl from said prcmises: On all ores netting Ten Dollars (!510) and 
under per ton, ten (10) percent. of the net smelter rcturn therefrom; and 
on all ore. netting OYer Ten Dollars ($10) and under Fifteen Dollars ($15) 
per ton, fiftcen ( 15) per cent. of the net smelter returns therefrom; and on 
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all ores netting over Fifteen Dollars ($15) and under Twenty Dollars ($20) 
per ton, twenty per cent. (20 3) of the net smelter returns therefrom; and 
on all ores netting over Twenty Dollars ($20) per ton, twenty-five (25) 
per cent. of the net smelter returns therefrom. It is agreed, however, by 
and between the parties hereto , that in case silver shotùd reach a market 
price of eighty cents (80c.) per ounce, the royalty to be paid by the said 
lessee to the lessor upon all ores netting Twenty-five Dollars ($25) and over 
per ton, shall be thirty (30) per cent. of the net smelter returns therefrom. 

To sink the Montgomery shaft through the white limestone, to develop 
the lower horizon, with all reasonable dispatch. 

To deliver to said lessor said premises, with the appurtenances and 
all improvements, with all drifts, shafts, tunnels and other passages drained 
and clear of loose rock and rubbish , a_nd the mine ready for irnmediate con
tinued working, and in as good order and condition as when received by 
him, (accidents not arising from negligence alone excusing) without demand 
or further notice, on the said.first day of April, A.D. 1906, at noon, or upon 
the sooner determination of this lease for the violation of any of the cove
nants hereinafter set forth. 

AND FINALLY, That upon the violation of the covenant or covenants 
hereinbefore reserved, the term of this lease shall at the option of the said 
lessor, expire, and the same and said premises shall be and become forfeited 
to said !essor ; and the said !essor and his agents may thereupon, after demand 
of possession in writing, enter upon said premises and dispossess all persons 
occupying the same, with or without process of law; or, at the option of the 
said lessor, the said tenant and all persons found in possession may be 
proceeded against as guilty of unlawful detainer. 

The said lessor expressly reserves to himself the property and right of 
property in all minerals to be extracted from said premises during the term 
of this lease, and all shipments and settlements shall be made in his name. 

Each and every clause and covenant of this agreement of lease shall 
extend to and bind the executors and assigns of the said lessor, and the exe
cutors, administrators and assigns of said lessee. 

IN WITNESS WHEREOF, The parties hereto have hereunto set their 
hands and !'eals, this third day of July, 1901. 

.•.... .. . ...... . ............ . . (SEAL) . 

• • . . • . . . . . . . . . . . . . . . . . . . . . . . . . (SEAL). 
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ORE RESERVES. 

Coming now to the ore reserves and Olltput of zinc ore from the Slocan, 
the largest amount, partially blocked out, "being developed ", in any one 
mine is 60,000 tons of zinc blende, concentrating ore, probably equivalent 
to 25,000 tons of shipping ore of 48 to 50% in zinc. Owing to the lack of 
development in the majority of the mines examined any general estimate 
of "ore developed" or "ore being developed" would be very misleading, 
while the "ore expectant" under these conditions it is impossible even to 
isuess at. 

In the mines I examined, a careful comparison shows that the zinc 
blende will average 2! times the weight of the galena present in the veins; 
figming on the higher saving of galena in the concentrating mills, one might 
reasonably expect, when arrangements are completed to save the zinc blende 
in all the ores milled, that the output of zinc blende will be double that of 
the galena; this I believe will be a safe figure and as the mills are improved 
and better saving effected, the zinc blende output should approach 2t times 
that of the silver-lead in any given year. 

The lead output depends on several matters: the permanency of the 
veins; whether the mines are worked throughout the year or only in the 
summer months; or if the present half-hearted mining methods are to give 
way to a vigourous leasing system. 

As regards the veins, we have seen that they carry pay ore to great 
depths and have been but partially worked, for silver-lead ore only; that 
with lead and zinc as profitable minerals, the value of the veins is greatly 
enhanced. 

Lastly, in such a densely wooded country, it is very doubtful if one
half of the pay veins have yet been discovered; consequently it is not too 
much to expect that the Slocan veins can be worked at a profit for at least 
twenty years to corne, more especially if cheaper methods of mining are 
adopted and mills erected that will effect a better saving of values. 

The second reason I have given for the present mining torpidity in 
the Slocan; lack of proper facilities for making a close saving of values, I 
shall enlarge upon in the following chapter on milling. 
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ORE MILLING IN THE SLOO_,_lli. 

The fiow sheets accompanying this report clearly show the general 
concentration methods in use in the Slocan mills, and also that with perhaps 
one exception, the mills are of the same general type, viz.: simple lead ore 
concentrators, wherein efficiency in the saving of mineral gives way to the 
efforts to attain large capacity, cheapness of operation and small labour bill. 
These efforts would all be admirable in principle and also in practice, pro
viding a higher percentage of saving would not warrant the increased cost 
necessary to secure the higher recovery of mineral. 

I am satisfied that considerable improvement can be made in the exist
ing mills and a much higher mineral recovery obtained in the process, leading 
to greater profit in milling. Of twelve mills visited, but three were in opera
tion. Two of these were running on mine dumps; the other on very low 
grade mine rock. Consequently I had no opportunity of studying the mills 
operating on the average silver-lead ore of the Slocan. My conclusions are 
therefore reached by deductive reasoning, coupled with previous experience 
in the handling and treatment of high grade silver-lead ores. I may point 
out, however, that none of the mills is equipped with either sampling or 
weighing machines, to determine the amount and assay value of the ores 
entering the plant, hence any close discussion of the actual saving made is 
entirely out of the question; because reliable data, on which one can alone 
base such a d.iscussion, cannot be obtained. 

I discussed in a general way the matter of saving the valuable mineral 
with several persons interested, and found the general belief to be that 
753 to 853 of the lead is recovered in the present practice; from 553 to 653 
of the zinc and 653 to 753 of the silver in the mill feed. The lead saving 
includes the assay value of the lead in the zinc concentrates. The zinc 
saving includes the zinc retained in the lead ore concentrate and sold as lead 
ore. The silver recovery includes necessarily the silver contained in both 
the lead and the zinc concentrates. These figures are for the lead and zinc, 
I believe, approximately correct, but owing to the impossibility of pro
curing complete shipping returns, even for statistical purposes, I am unable 
to determine the ratio of zinc and lead production in order to compute the 
net zinc and the net lead saving pe:r se. I have, however, grave doubts 
of the silver saving reaching 703 on the average. 

To my mind the almost entire absence of picking belts, or tables, is one 
of the worst features in the Slocan mills. I strongly advise that the ore 
from the breakers should be \Yashed in a drum, or for that matter in a screen, 
and divided into say three products, two sizes for the picking belts and the 
finer for direct milling in the ordinary manner. For effective ore sorting 
or picking, sizing is necessary; hence two picking belts hould be provided, 
one for the coarser product, the other for the finer, but washing is of still 
greater importance. The ore should be freed from clay and spread on the 
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belt in a perfectly clean condition; then the minerals are easily recognized 
and the proper selections can be made. 

Ore sorting is usually assumed to be expensive, and where ore is turned 
over by hand, it is undoubtedly an expensive operation; but, as part of a 
milling process in which the ore is automatically conveyed slowly on wide 
belts from one machine to another, washed free of mud and dust, and 
brought directly under the ore sorter's eye, it is by no means expensive. In 
fact there are many places where it pays to pick out the rock and gangue 
from the ore, and thus increase the capacity of the concentrator, as well as 
raise the quality of its output. To some it may appear foolish to attempt 
to sort out lead ore when there is a mill at band where it can be concentrated 
for a few cents per ton (seldom less than 50c. per ton, however.) This 
alleged foolishness is perhaps worth illustrating, to the end that a proper 
comparison can be made in any given case. 

Taking the silver-lead ore only, with an assumed saving by concentration 
of 75 % of the lead and silver in the ore, it is manifest that for each ton of 
silver-lead ore that goes through the mill, at best but three-quarters of a ton 
is recovered as concentrate, whereas every ton of silver-lead ore picked out 
before milling represents 100% of its value, less of course the increased cost 
of the picking, or sorting, if any. 

For the purpose of an illustration, let us take what I assume to be a 
very low grade mill ore for the Slocan. 

(A) It is assumed that the net value of one ton of silver-lead ore is $80. 

(B) That only 2t% of this silver-lead ore can be picked out by band 
from 100 tons of mill feed. 

(C) That the capacity of the mill is 10 tons per hour, of which only 
six tons passes over the picking belts; these latter would require the services 
of two ore sorters. 

Neglecting the silver-lead mineral in the fine ore, we. need confine our 
attention only to the 2t tons that can be picked out by hand, i.e., 2t tons 
at $80 = $200. If crushed and jigged, 75% of this can be recovered in 
concentrates, or $150; while by employing two men, together with a washing 
trommel and picking belts, we can recover 2t tons, worth $80 per ton or 
a total of $200, at a cost of $6 for labour and $1.50 for power, repairs, etc., 
(a total expense of $7.50), showing $42.50 in favour of hand picking, 
which figured back on the crude ore amounts to $0.425 per ton. 

The same process and remarks would apply to zinc blende ores, though 
of course to a less degree on account of the difference in value between 
silver-lead ores and zinc ores. I will go further and state, that in my opinion 
waste rock and worthless gangue, when over 1 in. in diameter, can in Slocan 
ores be s~·ted out of the mill feed cheaper than it can be milled, that is , 
crushecl to î inch or less, jiggecl or passed over the tables and slime plant 
in the mil!. Then, by picking out waste rock the milling ore is partly con
centratecl, which results in a richer feed to the jigs, etc., and a higher all-
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around mineral recovery is obtained. Furthermore waste rock can be pick
ed out for 20 to 30 cents per ton, according to conditions, whereas if left 
in the mill feed it will cost 40 to 70c per ton to mill it. 

The colour contrast between the black slate and the vein rock, and between 
siderite and blende or galena, renders sorting, after the rock and ores are 
washed clean from mud and clay, a very easy, simple operation. 

For band sorting, the mill feed should not be broken too fine, e.g., if 
it be passed through a breaker, reducing it to about 2 inch cube, the crushed 
ore should next pass to a washing drum or a screen, in which it could be 
washed clean with a spray of water; next divided by screening into three 
parts, (A) that between 2 inches and lt inch, which should pass at once 
to a picking belt; (B) the portion between lt inch and t inch, which should 
be delivered to a second picking belt; (C) the portion finer than finch, which 
together with the wash water, should pass on to the rolls and jigs for the 
complete milling process. 

On the picking belts, galena, zinc blende and waste ror.k would be 
severally picked out by two or more sorters at each belt, as the nature of 
the feed or necessities of the case indicated. The coarse mixed ores (A) 
discharged from the end of the conveyor belt might be returned to a rough
ing roll, and when crushed, again, join the ores in the washing drums, and 
in part pass over the second belt with the portion (B) and in part pass on 
to the mill with (C). 

In the chapter on "Rocks and Ores" it is shown that the high sil ver 
content of the galena is due to the soft and brittle freibergite disseminated 
through the lead sulphide. So long as the freibergite remains associated 
with the galena in the dressing process, it can be saved, but once separated 
its low specific gravity (4.5 to 5.0) almost certainly points to its loss, or at 
best to its only partial recovery with the zinc concentrate, providing it remains 
granulated, but if it be slimed (as it must be to a large extent, when crushed) 
it necessarily means an almost total loss of this very high grade silver mine
rai , containing over 4,000 oz. of silver per ton, and no doubt in some cases 
8,000 oz. of silver per ton. 

For these reasons I am led to believe that the loss of silver in milling 
in the Slocan is much greater than is generally supposed. The remedy, 
however, is simple, and will be found in close hand sorting after coarse 
breaking in the manner indicated above. 

The rnills in the Slocan are, as previously stated, simple lead-ore concen
tra tors, designed to run through a large tonnage with a small force of men. 
In one instance the superintendent of a mine evidently considered bis 
practice superb, inasmuch as he pointed out with great satisfaction that 
two men ran the whole mill. This caused me to reflect and endeavour to 
discover the efficiency of his work. 

It will be noticed from the flow sheets that two compartment jigs are 
very common, four compartment jig scarce, white there are no five com
partment jigs in the district. Fine crushing machinery is, with the excep-



ORE :MILLING IN THE SLOCAN 251 

tion of the Slocan Star mill, invariably lacking. Ev-en the new mill at 
Brockman has only two sets of rolls for an assumed capaeity -0f five tons 
per hour. 

The problem to solve is the separation of galena from zinc blende, 
siderite, etc. Thi~ with a five compartment jig, might work out as follows: 

First compartment: Best galena concentrate. 
Second compartment : Mixed galena-blende, for retreatment, regrinding 

m part. 
Third compartment : Zinc-siderite product (finished). 
FoÙrth compartment: Zinc-siderite middling, for regrinding and re

treatment, in part. 
Fifth compartment: A lighter zinc-siderite middling for regrinding. 

With the present three-compartment jigs, the best that can be done 
is to save along with the galena the purer (heavier) blende, together with 
the heavier siderite, allowing most of the blende-siderite middling to escape 
in the mill tailings. 

It is manifest that if close saving of middling products is attempted, 
fine grinding machinery must be added and also more tables and vanners, 
or other slime machinery, to take care of the increased proportion of fine 
ore. This matter must be worked up gradually to the point where the cost 
of dressing and fine grinding approaches the value of the product derived 
from the combined operation. Fine grinding machinery is, however, the 
first requisite to increase minerai extraction along this line of procedure. 
With the introduction of modern tables of the Wilfley type, a water classified 
product is no longer necessary for good concentration. In fact a screened 
(sized) product usually gives better results on such tables. Pointed boxes 
and other forms of hydraulic classifiers have one great drawback: they 
dilute the ore pulp enormously, necessitating immense settling tanks to 
thicken the fine pulp before sending it to the tables or vanners; and even 
then the effluent water invariably carries off considerable valuable minerai , 
more particularly in the treatment of silver ores. 

Screens can now be obtained that will work efficiently to at least 0.005 
inches aperture. Consequently screen-sized products can be had for both 
jigs and tables, and the wasteful hydraulic classifier eliminated. 

Going almost directly from Old and Iew Mexico to British Columbia, 
from places where water is scarce and difficult to obtain for dressing opera
tions, to a moist and well watered land, I was positively a tounded at the 
amount of water used in ore dressing in British Columbia and at the great 
dilution of the ore pulp. The indiscriminate crushing of slate, porphyry, 
galena and 4,000 to 8,000 ozs. silver ore (freibergite), literally in a veritable 
torrent of water, gave me a distinct shock. On reflection I decided that 
while the iexicans were und ou btedly struggling with the irreducible mi
nimum, the British Columbia mill men had exceedcd a reasonable maximum 
of water supply, or ore dilution, and that probably the better practicc Jay 
near the minimum. 
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To summarize: I believe the milling practice in the Slocan can be ma
terially improved, the saving of silver and lead very much increased, and 
the zinc blende saving vastly increased by putting into successful operation 
the foregoing suggestions, which I tabulate as follows: 

• 
First: The proper sorting (picking) of the ore.s before milling. 

Second: Increase the number of jig compartments to save one, or 
more products of zinc-siderite middlings. 

Third: Install fine crushing machinery to treat the middling.product. 

Fourth: Abolish hydraulic classifiers and use screens for all products, 
down to 100-mesh. 

Fifth : By abolishing the classifiers and economizing on water, the 
pulp dilution should be less than one half the present practice. 

Lastly: Should the leasing of small mines, or portions of the principal 
mines, become general, as I hope it may, one or more custom mills to pur
chase small lots of ore from the lessees, or to treat such ore at a fixed price 
per ton, would be desirable. Such a mill centrally located on the railway 
could even be operated by the mine owners, or on a co-operative basis, 
with or without a magnetic separation plant, to put the finishing touches 
on the zinc concentrates. 

A custom mill should have a complete sampling plant so that the crude 
ore could be paid for on its metal contents, when weighed and sampled, 
less, of course, the proper treatment charge to cover the loss in dressing 
and the milling cost, plus a reasonable profit on the transaction. Or the 
custom mill could be hired by the day, the lessee in that case, attending to 
the concentration of his ore and receiving concentrated products for ship
ment. 











PLATE Ilf. 

ILLUSTRATION OF CRCSTIFICATION AND THE ÜRDER OF ~ l INER AL ÜEPl'SITION 

IN THE HIGl-ILANDER \ .E I N. 

(P) Porphyry fragment cubica l in shape, covered wilh a lilm of siderite ; next an <'11\'e
lope of zinc blende 1-( inch in thi c krwss su rrounds th e cube like piecL' ofporphyry, following 
which is a coating of sid erit e Ys in ch t hick, and whi ch is in turn surrounded by a t hin film 
of zinc blende forming- the o uter- layer, coincident with the fragment aÎJl'\'l' il. 
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DEAR Sm:-

The following ore tests are classed as "Preliminary" and "Official." It 
is next to impossible to tell by the most thorough inspection of a given ore 
just what treatment it requires, hence several experiments are often necessary 
in order to obtain the data from which to formulate the correct method of 
treatment. Such experiments are in this report classed as "Preliminary 
Tests." 

The "Preliminary Tests" were conducted by Mr. Henry E. Wood in 
consultation with me and at the ore testing works of Henry E. Wood 
& Co.; the preliminary tests were submitted to you, and in collaboration 
with you, I drew up the schemes for the official tests,· and personally 
directed the work set forth in detail in this report under the heading " Official 
Tests." 

The Wetherill magnetic separator, the Dings separator and the Blake 
Separator were installed in the works of Henry E. Wood & Co.; the Interna
tional separator at the Denver Ore Testing Works. 

Ali the assaying and chemical determinations embodied in this report, 
are the work of Mr. Henry E . Wood, who had direct charge of all the :ore 
testing. 

For convenience in comparison the results have been uniformly reduced 
totons, 100 tons corresponding to 100 units. 

Yours respectfully, 

WALTER R ENTON lNGA LLS EsQ., PHILIP ARGALL. 
Chief Commissioner 

20 
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REPORT ON ORE TESTS. 

LOT NO. 1- JACKSON MINE. 

Concentrates from the ores of the Jackson mine, Jackson Basin. Con
taining zinc blende, siderite, pyrites and some porphyry gangue. The con
centrates ail passed a 6-mesh screen, 0.10 in. aperture, and gave the following 
screen analysis: 

+ 8-mesh 26% by weight. 0. 077 inch aperture. 
+ 12-mesh 32% by weight. 0. 050 inch a per ture. 
+ 20-mesh 6% by weight. 0 . 030 inch aperture. 

20-mesh 36% by weight. 0 . 030 inch aperture. 

It assayed gold 0. 02 ozs., sil ver 5 . OO ozs., lead 1.4% and zinc 35%. 
T est A. in the prelirninary examination of this ore was conducted 

on the unsized concentrate, as received from the rnill, by passing it through 
the Wetherill magnetic separator, to remove the siderite and thus increase 
the percentage of zinc contained in the ore; the result with a current of 120 
volts and 2 . 10 amperes to excite t he magnets being 

69.1 tons blende @ 47.1 % zinc=65,092.2 lbs. zinc, saYing 93. 19% 
30.9 tons siderite @ 7 . 7% zinc= 4,758.ô lbs. zin<', Joss 6.81% 

100 .0 tons @ 34.923 zinc=69,850.8 lbs . zinc. 

The efficiency of the process, or the percentage of t he total zinc recovered 
as marketable ore, is thus seen to be 93 . 19% , and the zinc lost in t he siderite 
6. 81 % . The recovery is therefore high, but the percentage of zinc in the 
blende is not quite satisfactory. The best results are perhaps obtained from 
an ore carrying not less than 50% of metallic zinc. An examination of the 
blende showed numerous pieces of attached siderite, indicating that finer 
crushing was desirable. 

T est B.- The ore was next crushed to pass a 20-mesh sieve, 0.03 in. 
aperture, and passed through a W etherill magnetic separator, using a current 
of 120 volts and 2. 30 amperes, giving the following separation :-

68 . 7 tons blende @ 49.10% 7.inc=67,4ô3.4 lbs. zinc, saving 93 .50% 
:n .3 tons siderite @ 7 .!i03 zinc= 4,695.0 lbs. zinc, Joss 6 .50% 

100 .0 tons @ 36.08% = 72,158.4 lbs. zinc. 

which appears to be quite satisfactory, both as to the saving effected and the 
tenor of the zinc product. 

. iderite, or iron carbonate, becomes magnetic when exposed for a short 
time to a dull red heat (from 15 to 25 minutes in a hot muffie). Advantage 
can be taken of this fact to effect scparation of the blende and the iron by a 
low intensity machine, cheaper both in first. cost and in operation, than the 
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high intensity machines. The siderite in the Slocan zinc concentrates. 
averages about 603 FeC03, 273 MnC03, and 133 MgC03 and CaC03 
combined. 

The specific gravity of the siderite varies from 3. 7 to 3 . 9, and that of 
the zinc blende from 3. 9 to 4 . 1; these minerals are therefore not separable 
by any process of gravity concentration. Consequently the mixed concen
trates must be treated in magnetic separating machines of either high or low 
power. For the low intensity machines the ore must füst be subjected to a 
light roast, which changes the siderite wholly or in part to magnetic oxide,, 
which, for experimental purposes can be picked out from the zinc by an 
ordinary horse shoe magnet. We have previously seen that it required a current 
of 120 volts and 2. 30 amperes to lift the raw siderite out of the blende in the 
Wetherill tests on this lot, but with the roasted ore 0. 40 amperes suffi.ced. 
The roasting also concentrates the ore somewhat by driving off part of the 
carbon dioxide and sulphur in the siderite and pyrites. The latter mineral is. 
also in part changed into magnetic sulphide, removable by the magnetsr 
hence a higher grade of zinc can be obtained by roasting, than by treating it. 
raw on the high intensity machinPs. 

T est C.-Ore crushed to pass a screen apertwe of 0 . 03 in. and 
roasted. The loss in weight during roasting was 16. 663 . The roasted ore 
was then passed through a Wetherill machine at 120 volts, 0 .40 amperesr 
giving:-

63. 75 tons blende @ 52. 7% zinc = 67,192. 5 lbs. zinc, saving 86. 87% 
36. 25 tons siderite @ 14 . 0% zinc = 10,150 . 0 lbs. zinc, loss 13 .13% 

100.00 tons @ 38 .67% =77,342.5 lbs. zinc. 

The ab ove figuring is of course on the zinc in 1 OO parts of roasted ore. 
There is some loss in all these operations; hence I prefer taking the com

puted assay value in each case. The dust loss also tends to concentrate the 
ore and th us the computed values increase slightly with each test; for ex
ample the assay value of Lot No. 1was353 zinc: 

The first cornputed value was 34. 92% zinc. 
The second compuied value was 36. 08% zinc. 

The computed value, however, being basec} on the weights and assay 
values of the magnetic and non-magnetic ores secured from the machines, 
must necessarily be more accurate, inasmuch as two assays are used instead 
of one; while the dust loss is usually a fraction of one per cent. The assay 
value of the crude ore or concentrates is, however, given in each instance, 
but the percentage of recovery and loss are, for the reasons given, and for 
clearness and simplicity, figured on the computed assay. 

T est D.-A portion of this ore was next reduced to passa screen with 
0 . 042 in. aperture, for the purpose of competitive test on the Wetherill and 
on the International machines. The results on the former were satisfactory,, 
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but the representative of the International machine objected to the dust 
produced by crushing the concentrates, claiming that he could do better work 
on the sized concentrates without crushing. His objection was allowed, 
but the test was conducted as the previous ones on this lot as an experiment 
or preliminary test. 

International machine. Armature 90 r.p.m. Current 110 volts, 4 
amperes. Ore passed twice through the machine: 

66. 34 tons of blende @ 47 .13 zinc= 62,492. 3 lbs. zinc, saving 86. 653 
33. 66 tons of siderite @ 14. 33 zinc= 9,627 . 7 lbs. zinc, Joss 13. 353 

100.00 tons @ 36.063 =72,120.0 lbs. zinc. 

Test E.-Offi.cial test on Wetherill magnetic separator. Lot 1, Jackson 
mine concentrates, screened to pass 0. 042 in. screen aperture and the over
size crushed to pass the same opening (12-mesh). Current 120 volts, 2. 20 
amperes. Two pole machine, each pole taking off a magnetic product. The 
feed was unsized, all the dust remaining in the ore. Result: 

66. 62 tons of blende @ 49 .103 zinc = 65,420. 8 lbs. zinc, saving 91. 593 
33.38 tons of siderite @ 9.003 zinc= 6,008.4 lbs. zinc, Joss 8.413 

100.00 tons @ 35 .713 = 71,429. 2 lbs. zinc. 

Test F.-Official. The same ore was sized, giving the following screen 
analysis and passed over the International machine. 

+ 0 . 03 in. screen aperture. . . . . . . . . . . . . . . . . . . . . 453 
-0.03 in. to dust .... . ........ .. . . . . . . . . . . . . . 403 

Dust... ... . . .. . .... ... .. ................ 153 

1003 

The dust assayed 33. 93 zinc and was not treated on the International 
machine. The result on the material treated separately in the above two 
sizes, and mixing the two magnetic portions together to form one product, 
and the non-magnetic portions for the other product, thus combining the 
separate tests on different sized products, to form one competitive test re
sul ted as follows: 

Revolutions of armature . . ...... 90 to 95 per minute. 
Current ........... ... .. ........ 110 volts and 2. 4 amperes. 

The non-magnetic zinc from the first pass through the machine was 
given two further passes to free it from the siderite, making three passes in 
al!. Result: 

69. 4 tons of blende @ 49. 73 = G8,983. 6 lbs. zinc, saving 93. 063 
30 .6 tons of siderite@ 8.43 = 5,140.8 lbs. zinc, loss 6.923 

100.0 tons @37.063 = 74,124.4 lbs. zinc. 

Test G.-Official. The zinc value as computecl in the feed is raisecl, on 
account of the removal of the clust, to 373 zinc; hence another test on the 
sized but uncrushecl conccntrates was decided upon. A screen anal)·sis of 
the crude concentrates gave: 
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+ 0. 042 in. screen aperture. . . ......... . 
+ 0. 013 in. screen aperture ............ . 

0. 013 in. screen aperture . . . ... ...... . 

54 .8% 
34.1% 
1.1% 

Current 110 volts, 2. 5 amperes, 95 revolutions of armature per minute 
for the two first sizes and 90 revolutions of the armature at 4. 5 amperes for 
the -40 product. 

Each size of product was passed three times through the machine, and the 
products combined for one general average. Result: 

71. 4 tons blende @ 47 . 90%-68.401. 2 lbs. zinc, saving 91. 56% 
28. 6 tons siderite @ 11. 00%= 6,292 . 0 lbs. zinc, loss 8. 44% 

100.00 tons @ 37. 35%=7 4,693. 2 lbs. ûnc. 

Test H.-Official test on roasted ore. The ore was first charged 
into a muffie and roasted at a dark red heat until there was a strong smell of 
sulphur. The heat was then continued five minutes and the charge drawn; 
the whole operation occupying 20 minutes; for 10 minutes the ore was kept 
at a dark red. The loss in weight amounted to 13. 8%, or 116 tons of raw 
ore gave 100 tons of roasted ore. The roasted ore was then passed through 
a Dings magnetic separating machine with a current of 120 volts and 0. 35 
amperes exciting the magnets. The zinc product was given a second pass 
at 0. 40 amperes. The magnetic product was also re-passed to separate the 
zinc entangled in and carried off by the cloud of magnetic material and the 
zinc so obtained added to the first zinc product. Result: 

66 .09 tons blende@ 50.8% =67,147.44 lbs. zinc, saving 84.83% 
33. 91 tons siderite@ 17. 7% =12,004.14 lbs. zinc, Joss 15.17% 

100.00 tons @ 39. 57%=79,151 . 58 lbs. zinc. 

The 33. 91 % of magnetic material was next crushed to pass 0. 02 in . 
screen aperture, to free the particles of zinc blende included in or attached 
to the roasted siderite. Result: 

23% of zinc blende assaying .. ...... 50. 4% zinc. 
77% of sidcrite assaying . . . .. . .. ... 8. 6% zinc. 

Combining these results we have for total products and recovery the 
following: 

73.89 tons of blende@ 50 .75%=74,998 .35 lbs. zinc, saving 94 .37% 
26.11 tons of siderite @ 8 .60%= 4,490 .92 lbs. zinc, Joss 5.63% 

100 .00 tons @ 39. 7.5%=79,489. 27 lbs. zinc. 

This is a very high recovery of zinc from medium grade ore, and is ob
tained by the simple method of crushing the coar e magnetic product recoYered 
in the first pass through the machine, which amounts in this case to one-third 
of the weight of the ore. The process consists of roasting the ore asit cornes from 
the concentrator, passing it through a low intensity machine, producing 
marketable zinc ore and highly magnetic iron, which is crushed to pass a 
screen of 0. 02 in. aperture, and re-treated by the low intensity magnetic 
separator, by giving a further quantity of marketable zinc blende and an iron 
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product which will be valuable as a smelting ore, when rich enough in silver 
and lead. Both the silver and the lead are low in the original concentrates 
and also in the various products; the following assays, show the distribution 
of these metals :-

Sil ver Lead Zinc 

1. Original concentrates ........................ . . 5 . OO ozs. 1.403 35 .03 
2 . First zinc (roasted ore) ....... . ........... . .... 7 . 20 ozs. 2 .403 50 .83 
3. Second zinc (roasted ore) ............ .. ... .. ... 5.80 ozs. 1 .903 50.43 
4. First magnetic (roasted ore) ................. . .. 4 .80 ozs 1 .903 17 .73 
5. Second magnetic (roasted ore) . . .. . .. ... ..... . .. 4.40 ozs. 1.803 

1 
8.63 

These various products are, as we have previously seen, reduced to 73 . 89 
tons of 50 . 75% zinc ore and 26 . 11 tons of magnetic material assaying as per 
No. 5 in the table above. 

These tests show two feasible methods of treating the Jackson ores, 
viz., in the raw state by high intensity machines or in the roasted state by 
low intensity machines. Further comparisons between these machines will 
be made in sumrning up the conclusions of the ore tests; here it is neces
sary, only to point out that if zinc ore exceeding 50% metal is required, the 
roasting process must prevail. 

LOT NO. 2- RUTH MINE. 

Concentrates from the ores of the Ruth mine, made in the Ruth mil!, 
Sandon, B.C. 

T est A. - The concentrate consisted of zinc blende, siderite, 
pyrites and quartz. It assayed: gold 0 .02 ozs., silver 9.4 ozs. , lead 1 .4%, 
zinc 37% . It was crushed to 20-mesh, 0. 03 in. aperture, and passed in the 
raw state over the Wetherill separator. Current 120 volts, 1 . 85 amperes. 

73 . 69 tons blende @ 47. 83=70,447. 64 lhs. zinc, saving 93. 503 
26. :n tons sideri te @ 10 . 03= 5,262 lbs. zinc, Joss 6. 953 

100.00 tons @ 38 . 353=75,709. 64 lbs. zinc. 

The zinc recovery is quite high, but the tenor of the zinc blende is not 
perhaps high enough to give the best commercial results, and furthermore it 
carries 10 ozs. of sil ver pcr ton . 

The next test was made on a Blake electrostatic separator to throw out 
the lead and i t was hoped a large portion of the sil ver; then treating the zinc 
product from the Blake machine in a Wetherill to remove the siderite as in 
Test (A). 

T est B.-The lead product repelled by the Blake separator assayed 14 . 6 
ozs. silvE>r and 4. 40% lead. The siclerite 5 ozs. sil ver and 1 . 20% lead . The 
zinc 10. 20 ozs. sil ver anrl 1 .103 leacl. The last two products are of course 
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from the re-treatment of the zinc product of the Blake machine on the W ether
ill separator. Figuring the zinc in the usual manner, we find the following:-

68. 25 tons blende 
25 .40 tons siderite 
6. 35 tons lead 

100.00 tons 

@ 49.6 3=67,704.0 lbs. zinc, saving 87.653 
@ 11. 6 3= 5,892. 8 lbs. zinc, Joss 7. 633 
@ 28. 7 3= 3,644. 9 lbs. zinc, Joss 4. 723 

@ 38. 623=77,241. 7 lbs. zinc. 

The lead product from the Blake separator contains only 4. 40% lead, with 
28. 7% zinc, and is practically an unsalable product. Consequently this 
test is unsatisfactory. 

Test C.-A portion of the ore was next roasted in the muffie for a few 
minutes; the roasted product assaying 40. 4% zinc was treated on the 
Wetherill machine at 120 volts, 0 . 30 amperes, to remove the highly magnetic 
material. 

Result: 
64.50 tons of blende @ 53.30 3=68,757 lbs. zinc, saving 85.073 
35. 50 tons of siderite @ 17. OO 3=12,070 lbs. zinc, loss 14. 933 

100.00 tons @ 40. 413=80,827 lbs. zinc. 

The ore lost 12. 28% of its weight in roasting, or 1.14 tons of raw gave 
one ton of roasted ore. It will be noted that the zinc recovered is but 85 . 07% 
o( that present, but that it assays 53. 3% metal. The complete assays on ... 
the two separated products are as follows:-

Zinc blende, silver 10 ozs. 
Siderite , silver 10 ozs. 

Lead 0.103 
Lead 2.203 

Zinc 53 .303 
Zinc 17. 003 

The silver it will be seen is equally divided as to value between the zinc 
blende and the siderite, while the lead favours the siderite. 

Test D.-The raw concentrate was next crushed to pass 0 .04 in. screen 
aperture and passed through the International machine with the dust made 
in crushing. The representative in charge of the machine objected to the 
dust, just as in the test on Lot o. 1; objection allowed and test not classed 
official. The feed to the machine assayed 37. 59% zinc. Current 110 volts 
3. 0 ampercs, 93 revolutions of armature per minute. Result :-

68. 50 tons blende 
22. 58 tons siderite (Ist) 

. 92 tons siderite (2nd) 

@ 47 .803=65,486 lbs. zinc, saving 87.093 
@ 13. 203= .5,961 . 1 lbs. zinc, Joss 7. 923 
@ 21.003= 3,746.4 lbs. zinc 4.993 

100.00 tons @ 37. 593=75,193. 5 lb.s zinc. 

The zinc product obtained in the first pass through the machine was 
given a second pass, to free it from siderite, producing a 47 .8% zinc and a 
m.iddling product, assaying 21 % zinc that should be ground finer and re
passed . 

T est E.-Official. vYetherill machine. Ore reduced to pass 0 .04 in. 
sc rPen aperture. The same ore in faGt was used in test (D) on the Interna-
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tional machine. Current 120 volts and 2. 3 amperes. One double-pole, 
W etherill machine. One pass with the dust in the ore. 

71 . 04 tons blende 
28. 96 tons siderite 

100.00 tons 

@ 48.403=68,766. 7 lbs. zinc, saving 94. 963 
@ 6 . 303= 3,648 . 9 lbs. zinc, Joss 5. 043 

@ 36. 203 72,415. 6 ll:>s. zinc. 

T est F.-Official. International machine. Made on the concentrates as 
received from the mill, divided however by screening into the following 
sizes. 

+ 0 . 07 in. screen aperture . . . . .. .. •. . . . . . . 28 . 1 3 
+ 0. 03 in. screen aperture . . . . . . . . . . . . . . . 40. 73 

0. 03 in. screen aperture . . . . . . . . . . . . . . . 31. 23 

1003 

Each size was treated separately on the machine and each zinc product 
was given two additional passes, making three passes in all for each finished 
product. 

+ 0. 07 in. product treated at 75 revolutions, 6 amperes. 
+ 0. 03 in. product t reated at 7 5 revolutions, 4 amperes. 

0 . 03 in. product treated at 90 revolutions, 4 amperes. 

The voltage in each instance was 110. The combined products gave the 
• following computed results :-

65. 8 tons of blende 
34. 2 tons of siderite 

100 .0 tons 

@ 49.73 zinc=65,405 . 2 lbs. zinc, saving 90.443 
@ 10. 13 zinc= 6,908. 4 lbs. zinc, Joss 9. 563 

@ 36 .153 zinc= 72,313 . 6 lbs. zinc. 

One test was made on this Lot No. 2 roasted, and passed through the 
International machine, but owing to the Joss of the magnetic product through 
an accident, it cannot be reported ftùly. The zinc product, however, assayed 
53. 73 zinc, showing 933 recovery. 

This Ruth ore having almost the same minerai composition as the Jackson 
ore, further tests were not considered necessary, more especially as one 
general roasting test will later be reported on a mixture of lots l , 2 and 3, 
which are typical of the Slocan blende-siderite ores of medium sil ver value. 

LOT NO. 3- PAYNE MINE. 

Concentrates from the Payne mill , Sandon, produced from the Payne 
mine dumps. The concentrates assayed gold 0. 02 oz., sil ver 18 oz., lead 
4. 93, zinc 42% . 

This ore containccl nearly 53 lead; hence an effort was made to thro"· 
out the leacl on the Blake electrostatic machine, after. removing the siderite 
by treatment in the Wetherill machine. The concentrates were first crushed 
to pass 0. 03 in. screen aperture. The siclerite removed by the Wetherill at 
2 . 10 ampcres, amountecl to 12 . 703, assaying, sil ver 5 . 20 ozs., lead, 1 . 603, 
zinc 5 .40% . The non-magnetic product at 2 .10 amperes, was thcn passed 
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over the Blake machine, with unsatisfactory results; the portion of the ore 
that should have contained the bulk of the lead amounted to 7. 04%, assaying, 
lead 4 .103, while the zinc product amounting to 0. 263 of the ore assayed 
4. 203 lead. The assays on the two products were as follows :-

First: Silver, 25.4 ozs. Lead, 4 . 103 Zinc, 46.203 Gold, 0.06 ozs. 
Second: Silver, 19.0 ozs. Lead, 4.203 Zinc, 49.103 

From which it will be observed that there is a slight concentration of the 
silver in the first product and of the zinc in the second, but neither on a com
mercial basis. I therefore combine the products to obtain the result of the 
blende-siderite separation in the first instance. 

Test A.-Wetherill separation at 120 volts, 2. 10 amperes. 

80. 26 tons blende @ 49. 103 zinc= 78,815. 32 lbs. zinc l . 
7.04 tons blende @ 46.203 zinc= 6,504.9ô lbs. zinc J savmg 98 ·423 

12 . 70 tons siderite @ 5 .403 zinc= l ,371. 60 lbs. zinc, Joss 1. 583 

100.00 tons @ 43. 353 zinc= 86,691. 88 lbs. zinc. 

The zinc saving is, of course, high on account of the small quantity of 
siderite in the ore. The combined zinc product, however, assays only 4 . 83 
zinc, and contains 963 of the silver in the ore. 

Test B.-A portion of the ore was then roasted at a dull red heat and 
subjected to the Wetherill separator with a current of 120 volts and the 
following amperes :-

Sil ver 

At 0 . 30 amperes, 13 . 453 assaying . . . . . . . .. . . . . . . . 21. 40 ozs. 
At 0 .90 amperes, 7 .243 assaying . .... . .... . ... . . 32.20 ozs. 
At 4. OO amperes, 67. 473 assaying. . . . . . . . . . . . . . . . 17 . OO ozs. 
• on-magnetic l 0. 843 assg,ying. . . . . . . . . . . . . . . . . 22. OO ozs. 

Lead 

5.003 
10 .903 
3.103 

10 .803 

Zinc 

8.303 
30 .803 
53.003 
48.503 

The 13. 45% by weight removed at 0. 30 amperes would make a satis
factory lead smelting product, containing 21 oz. sil ver and 53 lead; the 
product at 0. 90 amperes carries too much zinc for smelting and not enough 
for a zinc ore. By crnshing this product to pass a 0. 02 in. screen aperture 
the zinc can be liberated as shown in Lot No. 1, Test H, and a high zinc 
recovery attainecl. A good treatment for this ore is, however, a proper 
roast, then take off one product at not exceeding, 0. 9 amperes, crush this 
magnetic product and separate the released zinc blende. A stronger roast 
woulcl doubtless leave the leacl in such condition that most of it wotùd pass 
off with the highly magnetic procluct, leaving the zinc blende with less 
than 53 lead. 

Test C.-Official. \Vetherill machine. The ore was reducecl to passa screen 
with0.04in. aperture and passed over a Wetherill bi-polar magnetic separa
tor, with a current of 2. 50 amperes, 120 volts. 

88. 06 tons blende 
11 . 94 tons sideri te 

100 . OO tons 

@ 47 .103- 2,9i52. 5 lbs. zinc, suving 98. 93 
@ 3.303= 911.2lbs.zinc,loss 1.13 

@ 41. 933- 3,863. 7 lbs. zinc. 
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Test D.- Official. The above products were next thoroughly mixed 
together once more, and passed over the International machine; speed of 
armature 100 r.p.m., current 2.5 amperes on first pass an_d 3.0 amperes 
on second pass, 110 volts; the dust restùting from the crushing remained 
in the ore, which gave the following results:-

90. 1 tons blende 
6 . 6 tons siderite 
3. 3 tons midcllings 

100.0 tons 

@ 47. 50%=85,695 lbs. zinc, saving 
@ 14 .00%= 1,848 lbs. zinc, Joss 
@ 28. 20%= 1,861 lbs. zinc, 

@ 44. 70%=89,404 lbs. zinc. 

95.85% 
2.07% 
2 .07% 

T est E.-·Üfficial. International machine. 
thoroughly together and the dust taken out. 
analysis :--..-

The same ore was again mixed 
It gave the following screen 

+ 0. 03 in.aperture . . . . . . . . . . . . . . . . . . . . 56 . 40% 
-0. 03 in. aperture. . . . . . . . . . . . . . . . . . . . 33. 06% 

Dust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 . 54% 

100.00% 

The dust assayed 32. 43 zinc and was not passed through the machine. 
The zinc product obtained on the first pass through the machine was 

given two other passes, ma.king three in all , the first two at 2. 5 amperes, the 
third at 3. 0 amperes, 110 volts. Armature 95 r. p.m. The results were as 
follows. 

95 . 5 tons blende 
4. 5 tons sideri te 

100.0 tons 

@ 50 . 3% zinc = 96,073 lbs. zinc, saving 99 . 14% 
@ 14 .2% zinc= 828 lbs. zinc, Joss 0 .86% 

@ 48.45% zinc=96,901 lbs. zinc. 

The removal of the dust raised the assay value of the crudc ore nearly 
43 . The ore was fed to the separator in the two sizes indicated by the 
screening tests, the results combined for the 99 .143 saving as above. 

LOTS 1, 2 AND 3, MIXED. 

It being assumed that Lots 1, 2, and 3 represented the average medium 
grade blende-siderite ores, equal proportions of each lot were taken and well 
mixed; the mixture assayed 38. 23 zinc, and was charged, just as it came 
from the mills into a red hot muffle. A strong smell of sulphur \\·as given off 
and t he ore reached a good red heat at 20 minutes. It was kept at this tem
perature for five minutes more and was dra,Yn after 25 minutes total treat
ment in the muffle. The loss of weight in roasting was 5% . The roasted 
ore was next passed through a Dings magnetic separating machine, 120 volts, 
0 . 35 amperes. The zinc product was re-passed at 0 . 40 amperes; lastly the 
magnetic product, was re-passcd at 0 . 30 amperes to separate entrainecl zinc 
and the product so obtained was added to the first zinc, and gave the follow
ing resul t :-
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T est F.-Oflicial. 

77. 25 tons blende 
22 . 75 tons siderite 

100.00 tons 
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@ 52. 23 zinc= 80,649. 0 lbs. zinc, saving 95 . 13 
@ 9.33 zinc= 4,231.5 lbs. zinc, los5 4.93 

@ 42.443 zin= 84,880.5 lbs. zinc. 

The 22. 75 tons of magnetic material ;:i,ssaying 9. 33 zinc was next 
ground to pass a screen of 0. 02 in. aperture and re-treated on the Dings 
machine in the same manner as the first ore products. Result:-

7 . 623 of blende assaying ......... .. .. 40 . 7% zinc 
92 . 343 of siderite assaying ............ 7. 43 zinc 

This second concentrates, combined with the first gives :-

78.98 tons of zinc blende @ 52 .03 zinc=82,060 .2 lbs. zinc, saving 96 .33 
21.02tonsofsiderite @ 7.43 zinc= 3,110.9lbs.zinc,loss 3.73 

100 . 00 tons @ 42 . 583 zine=85, 171 .1 lbs. zinc. 

The crude mixed ores, Lots 1, 2 and 3, assayed 9. 60 ozs. silver per ton, 
2. 63 lead and 38. 23 zinc before roasting. The 22 . 75 tons of roasted sider
i te first separated assayed: silver 5. 0 ozs. per ton, lead 1 . 703 , zinc 9 . 303 . 

The 77 . 25 tons of zinc separated from the roasted ore assayed: sil ver 
15 . 2 ozs. per ton, lead 3. 603 . 

T est G.-Official. A second lot of this mixed product was roasted for 15 
minutes only, in a red hot muffie. It gave the following screen analysis:-

Before roasting After roasting 

+ 0 .05 in . 53 .83 46.73 + 
0 .05 in. 46.23 24.63 + 

28.73 

1003 1003 

0 .05 in. 
0 .02 in. 
0 .02 in. 

The siderite decrepitates in roasting, hence the roasted ore is much finer 
than the raw ore as indicated in the foregoing analysis. The loss in roasting 
amounted to 83. 

The roasted ore was next,passed through a Dings separator at 120 volts 
and 0. 35 amperes, for the following result :-

81. 50 tons of blende @ 50 .003=81,500 lhs. zinc, saving 95. 23 
18.50 tons of siderite @ 9.603= 3,552 lbs. zinc, Joss 4.183 

100. OO tons @ 42 . 523- 5,052 lbs. zinc. 

This test indicates that the siderite can be rendered magnetic at a much 
lighter roast than that used in test (F), but ina~much as the pyrites is not 
changed to the magnetic state, it remains with the blende which in test (F) 
assayed 52. 2% zinc with a 25 minute roast against 503 zinc with a 15 minute 
roa~t in test ( G). Eithcr roaf't \YÎJI, however, give a good marketable pro-
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duct. A higher zinc recovery could be made in test (G) by recrushing the 
18 . 50 ton product assaying 9 . 6% zinc and re-treating it on the Dings separa
tor as was done in the (F) test, but inasmuch as the mixed blende product 
would th us be lowered to a point below 50% zinc; it was not done. On the 
whole, therefore, the stronger roast appears preferable. 

These three lots consisting of concentrates from the Jackson, Ruth and 
Payne mines, being fairly representative of the low silver-blende-siderite mill 
products, received it will be noticed considerable attention, and the results of 
the various tests show clearly three methods by which the ore can be success
fully beneficiated. 

(A) Treatment in the raw state, over high intensity machines, of the 
sized, but un-crushed, concentrates for a 47 to 48% zinc product, with a 93% 
zinc saving. 

(B) Treating the lightly roasted, but un-crushed, concentrates in a low 
intensity machine for a 50% zinc product and 95% saving. . 

(C) Roasting the ore to obtain a magnetic pyrites and treating in a low 
intensity separator, re-crushing the highly magnetic product and re-treating 
it for a 52% zinc product and 96% recovery. 

LOT NO 4- HARTNEY GROUP. 

This was crude ore from the Hartney Group, which averaged: sil ver 22. 7 
ozs., lead 8.10%, zinc 27%. 

. T est A.-Preliminary. Crushed to pass a screen of 0 . 03 in. aperture 
and then treated on Wetherill magnetic separator to remove the siderite . 
With 1. 85 amperes, 18 . 21 % was removed, assaying sil ver 3. 20 ozs., lead 
0 . 30% , zinc 5. 90%, leaving a non-magnetic product amounting to 81 . 79%, 
which was passed over a concentrating table to separate the lead and zinc. 
Result, figured from the original ore:-

8. 103 lead ore, assaying, sil ver 67. 5 ozs., lead 49. 83, zinc 16 . 23 
73 . 693 zinc ore, assaying, sil ver 13 . 4 ozs., lead 3. 43, zinc 34. 23 

From which it will be noticed that while the galena is fairly well separated, 
with a tendency of the silver to follow the lead in part, the zinc separation is 
bad, and the zinc product carries only 34. 2% metal. A second concentration 
test was decided on, looking toward a higher lead product, and it was hoped 
higher zinc also. 

T est B.-All of the ore was passed through 0 . 03 in. screen aperture: 58% 
by weight remained on a screen of 0. 008 in. aperture, and 42% passed 
through. The ore was treated on a concentration table with following results :-

Weight Gold 

Lead concentrate, 7. 303 assaying ... . .. 1 

Residue 90. 60% assaying . . ... . 
0 .05 ozs. 

Loss 2 .103 ..... · \ 

Sil ver 

82 .6 ozs. 
17 . 3 ozs. 

Lead 

64.23 
1.43 

Zinc 

7.23 
27.83 

1--
~~~~~~1_0_0_.0_0~3·~~~~~~~~~~~~~~~~~~~~~~ 
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The residue amounting to 90. 603 of the ore was then pas ed over the 
Wetherill separator, at 2 .10 amperes, 120 volts, to remove the siderite, which 
in Test A. was taken out before concentration. Result:-

Weight Sil ver Lead 

11 . 603 magnetic assaying . . . . . . . . . . . . . . . . . . . . 4. 0 ozs. 0 . 403 
79. 003 non-magnetic assaying . . . . . . . . . . . . . . . . . . . . 20. 0 ozs. 4. 103 

90 .603 

Zinc 

5.703 
31 .603 

The non-magnetic material at 2 .10 amperes, contained only 31. 63 
zinc, which is again unsatisfactory. 

Test C.-A portion of the residue (90. 63) from the concentration test 
was next subjected to a slight roast. The roasted product was then passed 
over the Wetherill separator, with the following result:-

Weight 
1 

Sil ver Lead Zinc 

0. 30 amperes 18 . 483 assaying. . . . .. . . . .. . . . . . . 7 .0 ozs . 2.73 8 .23 
0. 70 amperes 8 . 623 assaying . . . .... ........ . 16.5ozs. 4 .83 19 . 3% 
4 . OO amperes 46. 023 assaying ... ..... . . ..... .. 23.b ozs. 3 .33 41.03 
Non-magnetic 17 . 48% assaying .. ........... .. .. 16. 7 ozs. 4 .73 35.33 

The highest zinc product is scarcely suitable as zinc ore, while it also 
contains the bulk of the silver. The highly magnetic (iron) products are low 
in both silver and lead . Consequently the restùts of this test are quite un
sa tisfactory. 

Test D.-A portion of the raw ore reduced to pass a screen of 0 . 03 in. 
aperture was next roasted at low temperature, resulting in an 18. 73 loss of 
weight. The following results were then obtained from the Wetherill ma
chine:-

At 0 .45 amperes 
At 4.00 amperes 
Non-magnetic 

Weight Silv1>r 

31 . 173assaying . ..... ..... .... 8.5ozs. 
54 . 523 assaying. . . . . . . . . . . . . . . 20 .4 ozs. 
14 .313 assaying .... . .......... 35.R ozs. 

Lead 

2.43 
4.53 

21.83 

Zinc 

12.83 
41.63 
31 .8% 

From which it is evident that if roasting is of benefit it must be a high 
roast to render the pyrites magnetic. 

T est E.-Official. The ore was ground to pass a screen of 0. 02 in. 
aperture, then sized and passed over a concentrating table to separate the 
galena from the blende. It wa noticed that considerable silica passed over 
the table with the blende and that on a large scale operation this ilica could 
be separated, making three products from one table. 

A. Silvcr-lead-headings. 
B. Zinc-blende- middling . 
C. 'ilicious-tailings (valuele~ ) . 
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The ore assayed: gold, 0.02 ozs.; silver, 23.00 ozs.; lead, 8.43; zinc, 
26 .103 and gave the following screen analysis :-

+ 0. 008 in. . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 . 71 3 
+ 0. OO.'i5 in. . . . . . . . . . . . . . . . . . . . . . . . . . . 15 . 723 

0.0055 in.. . . . . . . . . . . . . . . . . . . . . . . . . 38.573 

100 .003 

The ore was then tr~ated at each size on a concentrating table and the 
various-products mixed for a genera.l result of the operation. 

Lead concentrates 
Tailings 
Loss 

Weight. Sil ver 

11 . 133 assaying. . . . . . . . . . . . . . . 70. 50 ozs. 
82. 863 assaying. . . . . . . . . . . . 16. 40 ozs. 

6 .01 3 ... . .................. . 
100 .003 

Lead 

53.203 
2 .303 

Zinc 

12.203 
28.203 

The recovery and distribution of the metals after this concentration are as 
follows:-

Weight Sil ver Lead Zinc 

Lead concentrates 11.133 . . . . . . . . . . . . . . . . . . . . . . . 34 . 173 70.493 5.203 
Tail(ngs 82 .863. . . . . . . . . . . . .. ... ... . . 59.433 22.683 89.143 
Loss 6.013 . .. .... . .... .. . . . . ..... 6.503 6.833 5.663 

. The lead recovery it will be noticed is quite high, 70. 493 of the 8. 43 
lead in the original ore. The saving of silver in the lead concentrate is not 
good. However, as both the lead and the zinc are low in the crude ore, the 
results obtained by concentration are on the whole satisfactory. 

The 82. 863 tailing product was next sized, then roasted at red heat for 
35 minutes, a!lowed to cool and passed through the Wetherill magnetic ma
chine. The screen analysis was as follows: 

Before roasting 

+ 0.008 = 453 
+ 0 . 0055= 183 
~ 0 .0055=373 

After roasting 

563 
223 
223 

showing a considerable increase in the size of the roasted particles on account 
of the amount of sulphides and lead product. The loss in roasting was 63 . 
The Wetherill results, at 120 volts, were as follows :-

Weight Sil ver Lead Zinc 

0 . 15 amperes 25. 00% assaying. . . . . . . . . . . . . . 19 . OO ozs. 3.60% 9 .603 
0 . 30 amperes 7 . 603 assaying .. . . . . . . . . . . . 16 . 20 ozs . 2.903 18 .303 
0. 45 amperes 14 .503 assaying . . . . . . . . . . . . . . 21. 40 OZ$. 2.503 30.103 
4 . OO amperes 40 . 40% assaying . . . . . . . . . . .. 18. 60 ozs. 0.-103 44.903 
~ on-magnetic 12 . 50% assaying. . . . . . . . . . . . . . 12 . 50 ozs . 0 .603 41.103 
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These results figured in percentages show the following distribution of 
metals in the separated products in 100 tons of roasted ore:-

Tons 
1 

Sil ver Lead Zinc 

25.00 26.153 52.343 7.633 
7.60 6.783 12. 03 4.423 

14.50 17.093 21.073 13. 83 
40.40 41.333 9.393 57.713 
12.50 8.653 4.403 16.363 

100.00 100.003 100 .00% 100.003 

The computed value of the roasted ore being: silver, 18 .16 ozs.; lead, 
1. 7193; zinc, 31.433. · 

The product 7. 603 by weight àssaying 18 . 33 zinc was next crushed 
to passa screen of 0.008 in. aperture and treated on the Wetherill machine at 
0 . 15 amperes. Rcsult :-

503 assaying. . .. . ........... ... .. 15 . 503 zinc. 
503 assaying ....... . ..... . ....... 23. 903 zinc. 

The product 14 .503 by weight was also ground to pass an 0 .008 in. 
screen aperture and treated on the Wetherill at 0 . 45 ampere with the result :-

693 assaying .... . ...... .. ........ :103 zinc 
313 assaying ................... .. 343 zinc 

It is therefore quite apparent that the zinc tenor of the two foregoing 
products cannot be further reduced on a commercial basis, at least not by mag
netic separation, the zinc being evidently intimately associated with the 
iron. 

By referring to the magnetic separation tests it will be seen that there 
is no abject in making any separation above 0. 45 amperes; that by mixing 
the two products obtained at 4. 0 amperes, we obtain 863 of the zinc con
tained in the roasted ore in a product assaying about 443 zinc. This it will 
be observed is the product non-magnetic at 0. 45 amperes. Hence by running 
the roasted ore through the separator at 0. 45 amperes we obtain a magnetic 
product amounting to 47 tons containing 503 of the silver and 63 of the 
lead; and 53 tons non-magnetic product assaying 443 zinc. This is the best 
that can be done with this ore. 

LOT NO. 5--SLOCAN STAR MINE. 

This is a concentrate, con isting of zinc blende, siderite, pyrites and 
pyrrhotite, assaying, sil ver 38. 6 oz.; lead 1. 803; zinc 33 . 803. 

'Test A.-Prelirninary. The first plan suggested consisted in passing 
the ore over a Wetherill separator to remove the siderite, then concentrating 
the remainder of the ore on a table to see what amount of silver could be re
moYed from the blende, iR a lead or smelting product. A current of 120 volts 
1. 5 amperes gave the following result on the Wetherill machine:-
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Weight Sil ver Lead Zinc __________ , _____ , ____ _ 
Siderite 30. 003 assaying . . . . . . . . . . . . . 10 . 80 ozs. 0.203 

35.40% 
1 .203 

6.603 
17 .403 
45.603 

Lead conce.ntrate 
Blende 

2.053 assay~ng ......... . ... 86 .50 ozs. 
66. 703 assaymg. . . . . . . . . . . . . 49. 40 ozs. 

Loss 1. 253 ...... .. . . .. .. ... . .. . 

Showing a metal distribution as follows :-

Tons Contents Sil ver Lead Zinc 

66.7 blende ... ...... ... . .. . . .. . .. . ......... 85.353 44.4 % 90.003 
30.0 siderite ... . ......................... . . 8 .403 3 .333 5 .863 

2 .05 lead .... .. . . . ... .... ........ .......... 4 .603 40 .303 1 .053 
1.25 loss . . . . . . .. . .. ... ... . . .. .... .... .. ... 1 .653 11.973 3 .093 

100.00% 100.00% 100 .003 

Mixing the siderite and lead product would give a good smelting ore: 32 
tons, containing 133 of the sil ver, 43. 63 of" the lead in the original ore. The 
bulle of the silver, however, 85. 33, remains with the blende, the zinc tenor of 
which is low, so the method cannot be pronounced satisfactory. 

T est B.-Official. The ore was sifted through a 12-mesh screen, 0. 05 
in. aperture, and the oversize crushed to pass the same screen aperture. It 
was next passed through a Wetherill separator at 120 volts and 2 . 15 amperes, 
but owing to the amount of pyrrhotite in the ore the amperes were reduced 
to 1 .85. Result:-

70 .90 tons zinc blende @ 44 .803 zinc = 63,526 .0 lbs. zinc, saving 94.93 
29. 10 tons siderite @ 6 . 003 zinc= 3,492. 0 lbs. zinc, loss 5. 13 

100.00 tons @ 33. 5 3 zinc= 67,018. 5 lbs. zinc 

T est C.-Official. These products were then thoroughly mixed and 
passed through the International machine under the following conditions:-

Speed of armature, 90 revolutions, voltàge, 110, amperes, 3 .1. Three 
passes : The result was as follows :-

64.66 tons blende 
9. 67 tons middlings 

25. 67 tons siderite 

100 . OO tons 

@ 44.3 3 
@ 24.3 3 
@ 14 .4 3 

@ 34.693 

= 57,288. 7 lbs. zinc, saving 82. 573 
= 4,699. 6 lbs. zinc, saving 6. 793 
= 7,392 .9 lbs. zinc, Joss 10 .643 

=69,381 . 2 lbs. zinc. 

The tests (B) and (C) show conclusively that high intensity macnmes 
cannot raise the ore crushed to pass an 0 . 05 in. screen aperture above 45 % 
zinc; hence roasting is indicated. 

The middling product in test (C) should have been crushed finer and 
re-passed in the machine, but as the product so obtained would in al! pro
bability be no higher in zinc than the first headings, 443, it was deemed 
unnecessary to carry the test further. 

21 
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Test D.-Offi.cial. A portion of the concentrates was charged into a 
red hot muffie and kept at a dull red heat for 30 minutes. ulphur was 
given off freely antj. the ore gave a very strong sulphur fume when being 
drawn from the muffie. 

Ali passed 8-mesh. 

SIZING TEST. 

Before roasting 

+ 0 .05 in. 46.00% 
+ 0 .01 in. 20 .00% 

0. 01 in. 34 . 00% 

After roasting 

40.00% 
20.00% 
40.00% 

Roasting Joss 103. The roasted ore was next passed through the Dings 
machine, 120 volts and 0. 30 amperes, >vith the following result:-

60.00 tons blende @ 50.6%=60,720. lbs. zinc, saving 84.14% 
40.00 tons iron product @ 14.3%=11,440 . lbs. zinc, Joss 15 .86% 

100 .00 tons 36.0o/o-72,160. lbs. zinc. 

The blende product assayed, silver 46.8 ozs.; lead 2.40% 
The iron product assayed, sil ver 35. 5 ozs.; lead 2. 70% 

The separated products therefore show the following distribution of 
metals . 

Sil ver Lead Zinc 

60 tons containing ....... . ..... . ..... . ..... 66.4% 57.2% 84.14% 
40 tons containing ................... ... ... 33.6% 42.8% 15 .86% 

By roasting, a 50.63 ûnc product can be obtained carrying 46.8 ozs. 
sil ver per ton, or 66. 4% of the sil ver in the roasted ore, and an iron product 
carrying 35. 5 ozs. of sil ver per ton and accounting for 33. 63 of the total 
silver in the roasted ore. This latter is a fust-class smelting ore, carrying a 
large excess of iron over silica, but the zinc is too high, viz., 14. 3% . This, 
however, can be reduced to about 73 by re-crushing and treating the crushed 
ore on a low intensity machine, just as in the cases of blende-siderite ore pre
viously treated in these testing operations. The result being so obvious, 
further demonstration was considered superfiuous. 

It would be Yery desirable to separate the silver from the zinc ore so that 
the miner would be paid for the full value of the si!Yer; tests were therefore 
made along the line of cyaniding and amalgamation. 

T est E.-Official. A portion of the ore was cru hed to pass an 0 . 005 in. 
screen aperture and agitated for 8 hours in a 0. 303 cyanide solution 
with 10 lbs. of lime per ton of ore. The ore before treating assayed 40. 9 oz. 
silver per ton; after treatment, 32.0 ozs. iher per ton ; showing an extrac
tion of 20 .053 of the silver. 
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Test F.-Official. A second agitation test was made with ore ground 
to the same size as test E., but using a 0 .15% KCN solution and mercury. 
Agitation was continued for four hours. The ore was then washed. It 
assayed 32. 8 ozs. of sil ver per ton, which was practically the same result as in 
test E. ,showing that there is no sil ver present to remove byplain amalgamation. 

LOT NO. 6- MONITOR AND AJAX MINE. 

This is a lot of zinc concentrates obtained from running the dumps of 
the Monitor and Ajax Fraction Inine in the new Inill at Roseberry. It con
tains a large amount of pyTites, and some pyrrhotite and siderite, together 
with a magnetic and a non-magnetic zinc blende, that is to say non-magnetic 
at 4 amperes. This concentrate also contains some galena and gold, the 
former in very fine grain and closely associated with the zinc blende. The 
concentrates as received assayed: sil ver, 14 ozs.; lead, 3. 60%; zinc, 34. 0%. 

T est A.-Preliininary. Crushed to pass a screen aperture of 0 . 03 in. 
and passed over a WetheTill magnetic separator, with a current of 120 volts 
and amperage as indicated :-

Weight 
1 

Sil ver Lead Zinc 

l . 90 amperes 5 . 44% assaying ... 

·1 
5. 50 ozs. 0 .30% 2.10% 

4. OO amperes 49. 00% assaying. . . . 11. 50 ozs 0 .90% 45.00% 
Non-magnetic 45. 56% assaying ..... . ... 18 .40 ozs. 5.20% 25.50% 

This test is unfavourable; although 69. 8% of the contained zinc is ob
tained in the 4-ampere magnetic product, it runs only 45% metal, and the 
non-magnetic, on account of the resin blende present, runs 25. 5% zinc, thus 
shutting it out as a smelting product. 

T est B.-The crushed ore was next given a light roast, the loss in weight 
being equivalent to a concentration of 1 . 03 tons into one ton,-about 3%. 

The roasted ore was passed over the Wetherill machine, current 120 
volts and amperage as indicated. 

Weight Sil ver Lead Zinc 

0. 55 amperes 10.64%. 25. 50 ozs. 3.20% 8.10% 
1 . 35 amperes 14.45%. 19 . 50 ozs. 3.50% 16.20% 
4 . OO am peres .53.713 ... .. .. . . . . . 10.60 ozs. 1 . 103 46.803 
Non-magnetic 21.203 . .. ......... 13 .50 ozs. 7 .603 28 .703 

The zinc product assaying 46. 80% zinc accounts for 73. 24% of the 
zinc in the roasted ore, but the test is on t he whole unsatisfactory. It is 
evident, however, that a strong roast is necessary to the successful treatment 
i this ore, so as to render the pyrites magnetic and removable as a salable 

product for leacl smelting, thus materially raising the tenor of the zinc blende. 
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Test C.-A portion of the raw ore was next treated on a Blake electro
static machine, v»ith the following results :-

Weight Sil ver 

Lead and iron product 203. . . . . . . . . . . . . . . . 22. 80 ozs. 
Zinc product 803. . . . . . . . . . . . . . . . 11. 40 ozs. 

Lead 

5.403 
2.903 

Zinc 

19.203 
37.203 

This test is also unfavourable, due largely to the fact that the lead is so fine 
grained and intimately associated with the blende and other minerals. To
reduce the ore fine enough to liberate the zinc would mean a bigh dressing 
loss, and without very fine crusbing no separations can be made. 

Test D .-Official. A portion of the ore was sifted through a screen of 
0. 05 in. aperture, and the coarse product crushed to pass the same mesh, tbis 
in order to have a granular product with little dust. It was then passed over 
a Wetherill separator with a current of 120 volts and 2 . 15 amperes. Result :-

95 tons blende 
5 tons siderite 

@ 35.33 zinc=67,070 lbs. zinc, saving 99 .63 
@ 2. 43 zinc= 240 lbs. zinc, loss 0. 43 

100 tons @ 33. 653 zinc= 67,310 lbs. zinc. 

The above confirms preliminary test (A) and proves conclusively that 
the ore cannot .be successfully treated in the raw state. 

Test E.-Official. It was thcrefore decided to give a strong roast and 
produce a magnetic pyrites if possible. The ore reduced to pass a screen 
of 0. 05 in. aperture was placed in a red hot muffi.e and kept at a dull red 
heat for 35 minutes; the ore when drawn was giving off sulphur gases freely 
and just beginning to soften and ball. The loss weight in roasting was 7%. 

The cooled ore was next passed over the Dings machine at full power of 
the magnets, 0. 50 ampcres, but only 2% was removed; this was returned. 
and mixed in with the roasted ore and passed through the Wetherill separator,. 
with' current of 120 volts and varying amperes as indicated. 

At 0 . 45 amperes 33 . 703 , assaying, zinc 10 .103 
At 0. 90 amperes 7. 24% , assaying, zinc 37 .103 
At 4.10 arnperes 40.84o/r , assaying, zinc 49.303 
N on-magnetic 18. ~23, assaying, zinc 56. 603 

100 .003 

In test (B) with a roa t that gave good results on the blende-siderite 
ores, only 10. 64% of the net weight of the roasted ore was taken up at 0. 55 
amperes, while with the higher roa t , in test (E) now under discussion 33. 7% 
was picke<l u p by the magnets with 0. 45 amperes. This great change is due 
to roasting the pyrites up to the magnetic stage a indicated and it proved 
a complcte solution for the treatment of t.his rather complex ore (concen
trate). 
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Taking first the zinc only, we find it distributed in the various products 
as follows :-

18 .22 tons blende 
40. 84 tons blende 

7 . 24 tons blende 
33. 70 tons iron 

@ 55 .6 % 20,260.64lbs.zinc,saving27.84% 
@ 49 . 3 %=40,268. 24 lbs. zinc, saving 55. 38% 
@ 37 . 1 %= 5,372. 80 lbs. zinc, sa ving 7 .42% 
@ 10 . 10%= 6,807 . 40 lbs. zinc, loss 9 . 36% 

100 .00 tons 36.35%=72,709.08 lbs. zinc. 

Taking the first three products for zinc ore we have 66 . 3 tons assaying 
49 . 7% zinc, equal to a saving of 90 . 643 of the zinc present in the ore. The 
third product, however, should be ground finer and re-treated so as to liberate 
and remove more of the lead and iron from the zinc ore as demonstrated in 
other tests. Taking, however, the first two products only, they amount to a 
saving of 83. 223 of the zinc present in a product that assays 51. 23 zinc, 
which is a very satisfactory saving in a complex ore like this one. 

The complete assays of the product are as follows :-

Gold Sil ver Lead Zinc 

IR . 22 tons blende .. ...... . .... o. 05 ozs. 6.4 ozs. 2.8% 55.6% 
40. 84 tons blende ...... .. ... . . 0 . 16 ozs. 10 .2 ozs. 3 .4% 49.3% 

7. 24 tons blende ....... . ..... O. 28 ozs. 15 . 7 ozs. 8.8% 37.1% 
33. 70 tons iron ...... . ........ 0.34 ozs. 24.9 ozs. 5.1% 10.1% 

Gold Total Sil ver Total 

18 . 22 tons blende. . . . . ... . 0.5 ozs. O. 911 ozs. 6.4 ozs. 116.608 ozs. 
40. 84 tons blende .. ....... 0 .16 ozs. 6. 534 ozs. 10.2 ozs. 416. 568 ozs. 

7 . 24 tons blende. . . . . ... . 0 .28 ozs. 2.027 ozs. 15 . 7 ozs. 113 . 663 ozs. 
33. 70 tons iron . . . . . . . . . . . 0 .34 ozs. 11.458 ozs. 24. 9 ozs. 839.13 ozs. 

100 .00 tons .. ... .. ....... 0. 209 ozs. \ 20 .930 ozs. 14 .86 ozs. 1485. 969 ozs. sil ver. 

Figured on a percentage basis the distribution of the metals in the varions 
products is as follows :-

·-

1 Gold Sil ver 
1 

Lead Zinc 

18 . 22 tons blende ............ 4.25% 7 .85% 12 .00% 27 .84% 
40 . 84 tons blende .... ... . .... 31.12% 28.00% 32.63% 55.38% 
7. 24 tons blende ............ 10.00% 7.70% 15 .00% 7 .42% 

33 . 70 tons iron ... ..... . . . . . . 54.63% 56 .45% 40 .. 37% 9.36% 

100.00 tons 1 100 .00% 100.00% 1 100 .00% 100 .00% 

Taking the first two products for zinc ore, the latter two for lead smelting 
ore we have,-59. 06 tons assaying 51. 23 zinc and containing 35. 73 of the 
gold, 35. 853 of the sil ver, 44. 63% of the lead and 83. 223 of the zinc; and 
40. 94 tons of smelting ore containing, 64. 633 of the gold, 64. 153 of the 
sil ver, 55. 373 of the lead and 16 . 7 3 of the zinc. 

It will be seen that the bulk of the gold, silver and leacl is contained in 
the smelting ore where it is of most value to the seller , while the zinc blende 
is fairly low in lead and silver. 
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This test (E) is instructive from two view points. First, studied in 
connection with test (B) it shows that the nature and extent of the roast is 
the difference between an unsatisfactory result and a brilliant success; hence 
great care is necessary in roasting these ores in order to obtain the best results . 
Secondly, that low intensity machines are useless on roasted ore of this 
type. 

The proper treatment of this ore would work out as follows :-
A. Roast the concentrates, as they corne from the mill, for the production 

of the magnetic sulphide. 
B. Treat the roàsted ore at about 0 . 40 amperes to remove the strongly 

magnetic material. 
C. Draw off the next weaker magnetic product (pyrites) at about 1 

ampere; the residual ore is first class blende exceeding 50% zinc. 
D.-Crush the product, magnetic at 1 ampere, (C) to pass a screen 

aperture of 0. 02 in. and re-treat on the separators; the zinc product to be 
added to the residual ore (blende) from (C) and the magnetic product added 
to and mixed with the 0 . 40 ampere magnetic product from (B), to form the 
smelting ore. There is thus only two classes of ore produced from the com
bined operation, viz., a smelting ore, containing the bulk of the gold, silver 
and lead, and a zinc ore of about 50% content of zinc. 

LOT NO. 7- ENTERPRISE MINE. 

A zinc blende concentrate produced from the ores of the Enterprise mine, 
Slocan Lake. The concentrates run high in silver and contain along with the 
zinc blende, galena, siderite, quartz and pyrites. The assay of the ore as 
received was: silver 115 ozs.,lead 4. 8%, zinc 43. 70%, and it should be .classed 
as a silver ore, high in zinc. Sorne attempts were, bowever, made to separate 
the silver ores from the zinc blende, but not with unqualified success. 

T est A.-Based on removing the siderite on a high intensity machine, 
and then separating the lead from the zinc by wet concentration. Ore re
duced to pass a screen of 0 . 03 in. aperture. The ore was first passed over the 
Wetherill machine at 120 volts and 1. 85 amperes. Result, 15. 5% of the 
weight treated was removed. The remainder was passed over a concentrat
ing table. The combined results were as follows:-

At 1. 85 amperes 
Lead concentrates 
Zinc concentrates 
Loss 

Weîght 

15 . 503, assaying . .... . 
3 . 703, assaying ..... . 

77 . 103 , assaying .. . 
3.703 

~~~~~~~-l_00_._0_,03 1 

Sil ver 

67 . 0 ozs. 
293. 0 oz . 
106 .0 ozs. 

Lead 

2.83 
45.23 
3.03 

Zinc 

7.503 
14 203 
51.003 

The ,5ilver to a large extent followed the lead, but the zinc product still 
contained a higher silver than zinc value, the distribution of the metals in 
the various products being as follows:-
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Sil ver Lead Zinc 

15 . 503 siderite contained .. .. . ............ 9 .033 9 .003 2.663 
3 . 703 galena containecl ............... . . . 9 ."593 34 .833 1 .203 

77 . 103 zinc blende contained ........ . ..... 71 .063 48 . 143 90 .003 
3 . 703 loss contained .. ..... . ............ 10.323 8 .033 6.143 

100.003 100 .003 100 .003 100 .003 

From which it is apparent that the zinc blende, carrying 903 of the 
total zinc present in the ore, carries also 71 3 of the silver, and the galena con
centrated out, though of high silver tenor, accounts for only 9. 593 of the 
total silver in. the ore; this is because there is less than 3. 753 by weight of 
galena removed from the ore. By combin.ing the first two products,--siderite 
and galena,-a mixture is obtained contain.ing 18 . 603 of the sil ver; 43. 803 
of the lead; 3. 803 of the zinc; and assaying, sil ver 111 . 5 ozs. , lead 10 . 903 
and zinc, 12. 83. This is a good smelting ore, but in.asmuch as the object 
of the test was to separate if possible the silver from the zinc, it did not result 
successfully. However, looking at it as a zinc ore, we see the percentage of 
zinc has been raised from 43 . 73 in the crude concentrates to 51 3 in the 
fin.ished results, thus giving a first class zinc ore contain.ing only 3% of lead. 
On this basis the test is quite satisfactory. 

Test B.-This test was designed to (1) remove the lead by means of the 
Blake electrostatic separator; (2) remove the siderite from the tailings by 
means of the W etherill machine; (3) the tailings from the W etherill machine 
to be concentrated on a table to make an additional lead concentrate to re
move silica and make a cleaner zinc middling. The Blake products, however, 

• were so unsatisfactory that the remainder of the tests were abandoned. The 
result of the Blake test was as follows :-

Weight 1 Sil ver 

Lead product 143 assaying ... . . ... . . .. .. . · I 27. 3 ozs. 
Zinc product 863 assaying . . . . . . . . . . . . . . . . 82. 0 ozs. 

Lead 

4 .313 
3 .73 

Zinc 

44 .003 
37 .203 

Better results could no doubt be obtained by crushing the ore finer, but 
then the dust question would prove too serious for a commercial under taking. 

T est C.-A second portion of the ore was given a very light roast, the 
loss in weight being 8. 253 . The roasted ore was next passed over the 
Wetherill machine at 120 volts and the following amperes :-

Weight Sil ver 

0 . 45 amperes 26. 30% a saying. . . . . . . . . 221 . 0 ozs. 
0. 90 amperes 13 . 50 3 assaying . . . . . . . . . . . . . 187 . 5 ozs. 
4 .00 amperes 40 .803 assaying . . . .. . . .. . . . . 62 .6 ozs. 
Non-ma!!:netic 19 . 40% a ·aying. . . . . . . . . . . . 17 . 6 ozs. 

Showing the following distribution of values. 

Lead Zinc 

6.403 21 .03 
5 .803 47 23 
3 .203 56 .83 
4 .80% 57 .2% 
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Weight Sil ver Lead Zinc 

26.30% contained ...................... . 51. 7% 35.8% 12 .2% 
13 . 50% con tained . . . . . . . .............. . 22 . 5% 16 .6% 14 . 1% 
40 . 80% contained .... ... ... ... ...... ... . 22 .7% 27 .8% 51 .3% 
19 . 40% contained ...... ..... ... ........ . 3 . 1% 19 .8% 22 .4% 

100.00% 100. 0 .. 3'-'o'--,__1_0_0_. 0~3-=-o__,__1_00_._0_3_,_,o'--

The iron product removed at 0. 45 amperes contained nearly 52% of the 
total silver in the roasted ore against only 9% of the silver removed in the 
raw siderite, test (A), showing a very rnaterial change in the silver combina
tion due to the roasting and pointing clearly to the solution of this ore treat
ment. It will be noticed that the resin blende, non-magnetic at 4. 0 amperes 
con tains only a little sil ver (17. 6 ozs.), that the blende magnetic at 4. 0 amperes 
contained 62 ozs. of silver, and so on up the line; the more highly magnetic 
the material the higher the silver value it contained. In other words the 
more iron present, the higher the silver values and conversely, the higher the 
zinc values in the various products, the less silver they contained. 

The lead content of the zinc products can be reduced by separating the 
galena of the ore by concentrating previous to roasting, the treatment work
ing out as follows:-

ore. 

(A) Crush to about 25-mesh and concentrate out the galena. 
(B) Roast the tailings from the galena concentration. 
(C) Magnetic separation of the iron from the zinc at about 0 . 50 amperes. 
(D) l\'1ixing the galena concentrate with the iron product for a smelting 

T est D.-A portion of tltis ore was crushed to pass a screen aperture of 
0. 005 in. and agitated in 0. 3% KC solution for eight hours. 

Assay of ore before treatment ....... silver 102 0 ozs. 
Assay of ore after treatment ....... sil ver 85. 5 ozs. 

Sil ver extraction . . . . . . . . . . . . . . . . . . . . . . . . 16 . 1 % 

Test E.-Ore ground as in last test and agitated in 0 . 15% KC r solution 
for four hours in the presence of mercury. 

Assay of ore before treatment .. ..... ilver 102 .0 ozs. 
Assay of ore after treatment ....... sil ver 83. 9 ozs. 

Sil ver extraction . . . . . . . . . . . . . . . . . . . . . . 17 . 7 % 

These tests show that there is but very little native silver in the ore, and 
from other lines of investigation, it is fair to assume that the bulk of the silver 
is held in combination with copper minerais, e.g. freibergite. 

LOT NO. 8- MOLLY GIBSON MINE. 

This is crude ore from the Molly Gibson mine, near Nelson, sent in by the 
om1ers as average vein ro~k. rt contains considerable siderite, galena, 
,.i]ica, pyrites and zinc blende, and assayed : gold 0. 02 ozs .. ,.i]ver 71. 5 ozs., 
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lead 43%, zinc 11. 30% . This is in no sense a zinc ore, though the first test 
was based on that assumption and carried out before the lead value was 
determined. 

Test A.-The ore was given.a light roast which resulted in a reduction 
of weight amounting to 20% . The roasted ore was passed through a W ether
ill magnetic separator, for the following result:-

Weight Sil ver Lead Zinc 

At 0 . 30 amperes 36 . 303 assaying ......... 60 . 50 ozs. 22.73 21.003 
At 0 . 65 amperes 7 . 963 assaying ..... .... 93 .60 ozs. 33.73 12.103 
At 3 . OO amperes 20. 723 assaying . ........ 90 .00 ozs. 42.13 21.23 
Non-magnetic 35. 02% assaying . . ....... 69 .50 ozs. 67.63 5.903 

• 
The magnetic separation on the crude roasted ore, as above, makes prac

tically no separation of the silver or of the zinc and is consequently unfavour
able. 

T est B.-Treating the raw ore crushed t"o pass 0 .03 in. screen aperture 
on the Wetherill magnetic separator, current 120 volts. Result:-

Weight Silver _l __ r_,e_a_d _____ zi_·n_c __ 

At 1. 90 amperes 23. 703 . . . . . . . . . . . . . . . . 27. 6 ozs. 1 2 . 703 11. 03 
At4 .00amperes 17 .103 .. . . ... ... ....... 102 .4ozs. 6.003 32 .6% 
Non-magnetic 59.203 ..... ... . . . . .. ... 69.23 __ 62 .003 5 . 13 _ 

By this method a 32% zinc product is obtained carrying 102ozs. of silver, 
which is not satisfactory. 

Test C.-Ore reduced to pass 0 .03 in. screen aperture and sized, giving 
+ . 008 in. screen aperture 57% and -0 . 008 in. 43% . Each product was 
treated separately on concentrating tables and like products were mixed for 
the general result, the aim being to produce (A.) a silver-lead concentrate, (B.) 
a zinc concentrate, and (C.) tailings carrying the silica, etc. 

The results were as follows:-

Lead concentrate 
Zinc concentrate 
Tailings 
Loss 

Weight 

55 .403 assaying .... . .. . . 
19 . 403 assaying ... . . ... . 
23. 103 assaying ... . 
2.103 ... . .... . 

Sil ver 

81.0 ozs. 
63 .6 ozs. 
56. 6 ozs. 

Lead 

74.2% 
12 .03 
5.03 

Zinc 

4.8% 
17 .63 
13 .63 

The lead concentrate is a first class produpt. The zinc concentrate runs 
too high in lcad, owing to the lead middlings going with the zinc. In working 
on a large scale, however, this lead-zinc middling would be ground finer and 
re-trcated. Lastly the silicious tailings run 56. 6 ozs. in sil ver. I am doubtful 
if 11 % zinc can be separated profitably from a straight silver-lead ore, such 
as this Molly Gibson oTe turns out to be. It being evident that smelting is 
the proper treatment for ore of this composition and grade, no further tests 
"·ere made. 
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LOT NO. 9- BIG LEDGE. 

This ore is from the "Big Ledge" on Arrow Lake, near the Hot Springs. 
Three lots of this ore were shipped to the Zinc Commission by persons inter
ested in the property. Lot 9 under consideration is said to have been 
taken from the portal to the face of a 30- foot tunnel in the ledge, ail in 
solià ore, "Empress Claim." The ore consisted of massive pyrites and 
pyrrhotite, scattered through which occurs resin blende and ferruginous 
blende, the latter occurring in small quantities. There is but little gangue in 
this ore. It assayed: gold, trace, sil ver 0 . 70 ozs., lead, trace, zinc 19 . 43. 

T est A.-The ore reduced to pass a screen of 0.03 in. aperture and 
passed through the Wetherill separator, with a current of 120 volts exciting 
the magnets. The magnetic materi&J removed was as follows :-

Weight • 1 Silver Lead Zinc 

At 0 .90 amperes 16.953 assaying......... trace t race 4 .103 

The product non-magnetic at 0. 90 amperes was next passed through a 
Blake electrostatic machine for the following separation :-

Weight SilvE'r Lead Zinc 

lô. 40% assaying . . . . . . . . . . . . . . . . . .. . . . . . . . 1.40 ozs. trace 18.203 
66 . 65 assaying ........... . ... ........... trace trace 24.603 

There is no commercial product obtained by this method of treatment. 

Test B.-A roast before magnetic separation was tried. Loss in roasting, 
12 . 5 3 . The roasted ore was passed through a W etherill separator at 120 
volts and amperes as indicated. Result:-

WE>ight Sil ver Lead Zinc 

At 0.45 arnperes 37. 03 assaying .......... 0 .40 ozs trace 8.43 
At 3 . OO amperes 54. 83 assaying .. ... . .... trace trace 32.73 
Non-magnetic 8. 23 assaying ....... . .. 1. 20 ozs. 0 .203 6.03 

The 54 . 83 zinc product accounts for 3. 33 of the zinc in the ore, but 
inasmuch as it assays only 32. 73 zinc, the product is too low in grade to pay 
under the conditions that now obtain in British Columbia. 

LOT NO. 10- BIG LEDGE. 

This ore is from the "Big Ledge" and said to be taken from an "open 
eut showing 10 feet of solid ore." The ore is practically identical with that 
of Lot No. 9, and assayed: gold, trace, sil ver 0. 70 ozs., lead, trace, zinc 20 . 6% . 
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Test A.-The ore was crushed to passa screen of 0.03 in. aperture and 
treated in the raw state on a Wetherill magnetic separator, current 120 volts. 
The magnetic matcrial retnoved was as follows :-

At 0 . 90 amperes 5. 76% of weight assaying, zinc 5. 60% 
At 1.80 amperes 8.89% of weight assayinp:, zinc 5. 90% 
Non-magnetic 85.35% of weight assaying, zinc 22.40% 

The non-magnetic product at 1 . 80 amperes was next passed over a 
Blake electrostatic machine, yielding ~he following products :-

Sil ver Lea<l Zinc 

A. 7 . 353 by weight assaying .............. 1.40 ozs. 0.303 14 .53 
B. 78 . 003 by weight assaying ... ..... . .. . .. . . . . . . . . . . . . . . . . 23.2% 

These results are practically identical with those obtained with Lot No. 
9 and are quite unsatisfactory. 

Test B.-The same ore passing 0 .03 in. screen aperture was given a 
light roast, the loss of weight in roasting being 16. 63 . The roasted ore was 
next treated on a Wetherill separator at 120 volts and amperes as stated 
below, t.he result being:-

At 0 . 45 amperes 26. 833 of weight assaying 8. 103 zinc 
At 4.00 amperes58.513 of weight assaying 31.6 3 zinc 
Non-magnetic 14 . 66% of weight assaying 5 .1 3 zinc 

The results again confirm those of Lot No. 9. 

Test C.-The same ore treated on a concentrating table to separate the 
• gangue from the mixed sulphides gave the following result:-

A. Zinc concentrates 84.403 of weight assaying 22.43 zinc 
B. tailings 13 . 803 of weigh t assaying 7. 3% zinc 
Loss 1.80% 

A portion of the concentrate (A) was next passed t!U"ough the Wetherill 
separator, current 120 volts. 

At 0.90 amperes } 15 2007 f . ht . 10 .,,., . 
At 1 . 95 amperes . 10 o we1g · assaymg . v :io zmc 
Non-magnetic 69. 203 of weight assaying 25. 7% zinc 

Another portion of the concentrate (A) was given a slight roast and 
then treated on the Wetherill magnetic separator, current 120 volts. 

At 0 . 30 amperes 23 . 20% of weight assaying 7. 903 zinc 
At 4. OO amperes 57. 003 of weight assaying 31 . 60% zinc 
Non-magnetic 4 .20% of weight assaying O. 70% zinc 

Tt "'ill be noticed that the highest zinc product obtainecl is 31. 63 zinc, 
i<lep.tical "ith the similar product obtained from the roasted ore, without 
previous concentration. It is evident therefore that 31 3 zinc is thè hest 
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that can be obtained from these low grade, heavy sulphide ores without a 
higher roast, looking toward the formation of magnetic pyrites in the roasting 
process. 

LOT NO. 11- BIG LEDGE. 

This is from the "Big Ledge" deposit, said to be taken from a eut 60 
feet long by six feet in width on the " fonarch Claim ", and to be a general 
sample for the width given. 

T est A.-The ore was crushed to pass a screen aperture of 0 . 03 in. 
sampled and n.ssayed as follows: gold, trace,silver 0.80 ozs. , lead, trace, zinc 
22 . 7% . This lot con tains a higher grade of zinc sulphide than the others 
as it assays higher, though containing almost double the amount of gangue 
occurring in Lot No. 10; otherwise the composition of the ores and gangue 
are similar. · The raw ore was treated on the Wetherill separator, current 
120 volts. Result:-

At 1. 85 amperes 17 . 103 of weight assaying 9 . 203 zinc 
At 4. OO iimperes 56 . 103 of weight assaying 35 . 303 zinc 
N on-magnetic 26 . 803 of weight assaying 6 . 103 zinc 

T est B.-The same ore was lightly roasted. The loss of weight was 15% . 
The roasted ore assayed 24 . 1 % zinc. It was t reated on the W etherill 
machine, current 120 volts. R estùt :-

At 0 . 45 amperes 30. 43 of weight assaying 10. 103 zinc 
At 4.00 amperes 62. 23 of weight assaying 33 .603 zinc 

on-magnetic 7 . 43 of weight assaying 2. 603 zinc 

The zinc product obtained in both A. and B. tests is of too low grade 
to be of commercial value, under the conditions that now obtain in British 
Columbia. 

T est C.-A port ion of the ore was concentrated on a table giving the 
following products:-

A. Zinc concentrates 65. 43 of weight assaying 29 . 43 zinc 
B. Tailings 29. 3% of weight assaying 12. 63 zinc 

The product A. was next treated on the W etherill machine with a current 
of 120 volts . Result :-

At 1. OO amperes 5 . 2-±% of weight a aying 6. % zinc 
At 4 .00 amperes47.06% of weight assaying 38. 63 zinc 
X on-magnetic 13 . 10% of wcight n-saying 3 . 6% zinc 

65 .403 

The above product. were th1m thorouglùy mixed and subjected to a 
light roast, follo,,·ed by Wetherill treatment. 
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At 0. 15 amperes 13. 4 % of weight assaying 6. 30% zinc 
At 0. 55 amperes 6. 75 % of weight assaying 18. 70% zinc 
At 4. OO amperes 40. 80% of weight assaying 42. 50% zinc 
Non-magnetic 4.45% of weight assaying 2.60% zinc 

65.4 % 
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The above would indicate that the bcst method to pursue is first to 
concentrate the ore to eliminate the gangue. Second, to roast the zinc 
concentrate for magnetic pyrites. Third, to treat on high intensity machine. 

The three lots of "Big Ledge" ore (Nos. 9, 10 and 11) being of almost 
identical composition and acting alike in the magnetic separators, it was 
decided to mix them together and treat as one lot in the official tests. 

Test D.-Offi.cial-On Lots No. 9, 10 and 
ground to pass a screen of 0. 02 in. aperture. 
was then eut out. It assayed 20 . 403 zinc. 

11 the ore was mixed and 
A sample of the mixed lots 

The ore was next sized, giving the following result:-

+ 
+ 

0. 008 in. aperture . ......... .... .... . 
0. 0055 in. aperture. . . . ... . .. . ...... . 
0. 0055 in. aperture . .. . . . .. ... ...... . 

65.0% 
13.8% 
21.23 

Each size was treated separately on a concentrating table, but the cor
responding products were combined to form one general result. 

A. Zinc concentrates 67. 24% of weight assaying 26. 40% zinc 
B. Tailings 28. 50% of weight assaying 7. 40% zinc 
Loss 4 .26% 

The zinc concentra te, product (A), was then sized, roasted and again 
sized. Result:-

After roasting 
1 

Before roasting 
----------

0. 008 in. aperture .... .. .. . ... ....... . . · 1 + 
+ 0. 0055 in. aperture .. ... . . .. ... . ... . ... . 

0. 0055 in. aperture .. . .. . ...... ... . . .. . . 

39.5% 
21.03 
39 .5% 

49.70% 
19 .50% 
30 .8 % 

The ore was charged into a red hot muffie and gradually brought up 
to a dLùl red heat and kept at that temperature for about 20 minutes. The 
loss of weight in roasting amounted to 5. 73 . 

The roasted ore was next treated on a W etherill magnetic separator 
with a current of 120 volts. Result :-

At 0. 30 amperes 25 . 56% of weight assaying 11 . 30% zinc 
At 0 .90 amperes 9 .90% of weight assaying 26.60% zinc 
At 4. OO amperes 57. 90% of weight assaying 40. 70% zinc 
~ on-magnetic 6 . 64% of weight assaying 3 . 7 % zinc 

There is but one procluct in the above that is of possible value in British 
Columbia to-clay, viz. the 40. 73 zinc, though it may be possible by grinding 
finer to obtain part of the zinc in the 29. 63 procluct as a 403 zinc ore. 
However, we can only figure on the 57. 9 tons of 40. 73 zinc. 

. ' 
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Going back to the original ore before concentration, we find that 

100.00 tons @ 20.43=40,800 lb. of zinc 
67. 24 tons concentra te @ 26. 43=35,502. 7 lb. of zinc, saving 873 
32. 76 tailings and loss 5,297. 3 loss 133 

40,800 

The 57. 9 tons of roasted product assaying 40 . 73 zmc accounts for 
79. 5% of the zinc in the roasted ore. 

An attempt was next made to reach the highest possible zinc tenor 
from the 4-ampere product assaying 40. 73 zinc. It was, therefore re
treated on the Wetherill separator with the following results:-

At 1 . 35 amperes 5 .183 of weight assaying 27. 53 zinc 
At 1 . 80 amperes 6 .123 of weight assaying 31. 43 zinc 
At 4.00 amperes46.603 of weight assaying 42.13 zinc 

57.903 

It is therefore evident that by this method of treatment a higher grade • 
of zinc than 423 cannot be made; and very likely when working on a com
mercial basis, a 403 zinc blende with a recovery of 703 to 753 of the zinc 
in the raw ore. will be about the best result that can be hoped for. 

LOT NO. 12- GOODENOUGH MINE. 

This lot is high grade zinc ore from the Goodenough mine, almost good 
enough for direct marketing without further treatment. The ore is a fine 
grained blende, containing galena sprinkled through it, siderite and a little 
pyrites, but scarcely any gangue. 

The ore was crushed to pass a screen of 0. 03 in. apertures, sampled and 
assayed with the following result : 

Gold 0. 02 ozs.; sil ver 22 ozs.; lead 10. 83; zinc 453. 
This is in fact a very fair zinc ore just as it is, except for the amount of 

lead it contains. 

Test A.-The raw ore was passed through the Wetherill separator, cur
rent 120 volts, 40 amperes. Result: 

Weight 

29 . 8o/c magnetic assaying ... .... . .. . . . 
70 . 23 non-magnetic assaying .. .. . .... ... . 

8ilver 

11. 0 ozs. 
25 .6 ozs. 

r.ead 

0.50% 
14 .403 

29 .8 tons blende @ 56 .73 zin=33,793 lbs. zinc, aving 36 .73 
70 . 2 tons siderite@ 41 . 53 zine=58,266 lbs. zinc, loss 63 . 33 

100. 0 tons @ 45.03 =92,059 lbs. zinc 

Zinc 

56.73 
41.53 

It would appear from the above that about two-thirds of t.he zinc is 
non-magnetic (rcsin blende) and that the ferruginous zinc is not associated 
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with the resin blende and only slightly with the silverj furthermore, as the 
29. 8 tons of 56 . 7% zinc is a first-class zinc product in every way the above 
treatment might very well form one step in a combination process for the 
beneficiation of these ores. The 70. 2 ton product, however, is a rather diffi
cult problem, on account of the high lead and medium grade zinc in the non
magnetic product. This indicates the removal of the lead prior to the mag
netic treatment. 

Test B.-The ore was first roasted, which resulted in 12 .3% loss of 
\Yeight. The roasted ore assayed 46. 7% zinc. It was next treated on the 
W etherill separator with a current of 120 volts. Result: 

Weight 

Amperes 0 .45; 11 . 763 assaying ..... .. ..... . 
Amperes 4 . OO; 79. 77% assaying . ........... . 
Non magnetic; 8 .473 assaying .... ..... . .. . 

100.003 

Sil ver 

13 .8 ozs. 
17 .4 ozs. 
72.4 ozs. 

Lead 

7.53 
5.83 

64.83 

Zinc 

32.73 
52.83 
9.43 

The distribution of the zinc in the above products, figured in percentages 
of the wholc is as follows: 

11. 76 tons, 32 . 73 zinc= 8. 23 of total zinc 
79. 77 tons 52 . 83 zinc= 89. 83 of total zinc 
8.47 tons, 9 .43 zinc= 2.03 of total zinc 

This test gives a very fair zinc recovery, but the lead in the zinc f.)roduct, 
5. 8%, is still high, as is also the zinc in the first and last products, of which 
only the last is a good smelting ore. 

T est C.-The raw ore passing 0.03 in. screen aperture was treated on 
concentration tables to remove the galena. Result: 

Weight Sil ver Lead Zinc 

Lead concentrate 10 . 703 assaying . . . . . . . . . 81. 6 ozs . 62.43 11.103 
Tailings (zinc) 89. 303 assaying. . . . . . . . . . . 15. 0 ozs . 4.l o/o 48.7 3 

This test demonstrates the best solution for the treatment of this ore. 
The 10 . 7% concentrate is a first-class smelting ore containing 40% of the 
silver and 62% of the lead in the raw ore. The zinc saving works out as 
follows:-

89 . 3 ton~ zinc blende @48. 70% zinc= 86,978. 2 lbs. zinc, saving 97. 4% 
JO . 7 tons lead concentrate @11 .10% zinc= 2,375 .4 lb . zinc, Joss 2. 6% 

100 .0 tons @-14.67% = 89,3.53. 6 lbs. zinc 

By passing the zinc product through a high intensity machine in the raw 
state it could easily be rai ed to 503 zinc content, or by a previous roast to 
to about 55% zinc. 
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Test D.-OfficiaL The ore reduced to pass a screen with 0 .03 m. 
aperture gave the following :-

+ 0. 008 in., raw 69. 8% , roasted 67 . 103 
+ 0 .0055 in., raw 8 .33, roasted 10.703 
- 0 .0055 in., raw 21.9% , roasted 22.203 

Thismixtureassayed: gold 0.02 ozs.,silver 22 .0 ozs., leadl0.80%, zinc 45% . 
It was charged into a red hot muffie and roasted at a dull red heat for 30 
minutes. Loss in weight, 3. 4% . 

The roasted ore was then passed over a Wetherill separator, with a cur
rent of 120 volts. Result: 

Weight Sil ver Lead Zinc 

Arnperes 0 . 15 5 .453 assaying .. . . .. ... . .. 15 . 2 ozs. 7.63 25.93 
Amperes 0. 30 6. 003 assaying .. .. .. ...... 17 .2 ozs. 8.23 35 .73 
Amperes 4. OO 82.673 assaying . . .. . ..... .. 16 .0 ozs. 5.13 .52 . 13 
Non-magnetic 5.883 assaying . . .. ...... .. 66 .6 ozs. 53 .83 13.83_ 

This test confirms (B) and proves conclusively that the galena should be 
removed before roasting; in fact that the proper treatment of the ore is, 

A. Conc~ntrate out the galena, saving ail the tails . 

B. Sell the tailings for zinc ore direct; or raise their value above 50% 

zinc by running them through a high intensity machine for a 50% zinc pro
duct; cr roast and treat on a low intensity machine for a 55% zinc product; 
in either case the product removed by the separators can be added to the 
lead concentrates for smelting ore. 

LOT NO. 13- HEWITT 'MINE. 

This ore is from a lot of zinc concentrates made during a trial nm of 
Hewitt ore in the Wakefield mill last fall. It assayed: gold 0 .03 ozs., silver 
80 . 2 ozs., lead 11 . 5% , zinc 32 . 8% , and contained zinc blende, siderite, pyrites 
and gangue. 

T est A . -The scheme followed in this test is- to rcmove the sideri te on the 
Wctherill separator, then separate the lead from the zinc product on the 
Blake electrostatic machine, it having b: en previously determined that onl~' 

a small amount of the zinc blende was magneti c. 

Wetherill separator, current 120 Yolts . Result: 

Weight / Silver Lead 

Amperf's '.! . 20 26 . 10% a saying . . .... . . . .. . ,--1-3-. 2-oz_s_. -i---1-.1-0_o/c_o_ 
::\ on-maguetic 73. 9 % assayi ng . . . . . . . . . . . . 97. 5 oz . 14. 903 

7.inc 

.5 .6% 
42 . 2% 



HEWITT MINE 337 

The non-magnetic product, 73. 93 by weight, containing 953 of the 
zinc in the crude ore, was next passed over the Blake electrostatic machine 
with the following results:-

W eight Sihrer Le ad Zinc 
------------~ --··-----1~-----1----~ 

A. Lead product, 10.193 assaying ........... 1 198 .4 ozs. 
B. Zi11c product 63 . 713 assaying. . . . . . . . . . . 81. 0 ozs. 

T est B.-A repetition of A. for confirmation. 

Weight 

Eliderite at 2 . 2 amperes 26. 2% assaying .... . 
A. Lead product (Blake)15.03 assaying ... . 
n. Zin" product (Blake) 58. 8% assaying .... . 

Sil ver 

11 . 0 ozs. 
207 .2 ozs. 

77 .2 ozs. 

3.5.63 
11.63 

Lead 

0.803 
35.403 
11 .603 

24 .83 
45 03 

Zinc 

6.53 
24.7% 
45 .63 

Ali the zinc products are~low in zinc and high in lead, and further, the 
lead is too finely divided. or toQ intimately mixed with the zinc to be cleanly 
separable on the Blake machine. 

Test C.-The ore was given ·a light roast resulting in a loss-of ·weight 
amounting to 153; the roasted ore was then passed over the.'. W etherill 
separator at 120 volts. Result: ... 

Weight Sil ver Le ad Zinc 

Amperes 0.30; 36 . 003 assaying . ...... .. ... 116 . 6 ozs. 9.93 16.23 
Amperes 0.60; 9 .333 assaying . . ..... .. . .. 158 .8 ozs. 16 .23 40.03 
Amperes 4 .00; 49.34~ a;,saJ'!ng .. .......... 51.0 ozs. 10.93 49.7% 
N on-magnetic; 5. 33 0 assaymg . . .... .. .... 49. 0 ozs. 53.23 16.13 

The zinc product contains 633 of the zinc in the original ore, magnetic 
at 4 amperes, but the lead is too high for a zinc ore. 

Test D.-Official. The large ~amount of galena included in the par
ticles of zinc blende clearly indicates that t he ore should be crushed finer anrl 
the galena concentrated from the blende as a condition precedent to good 
magnetic work The ore was thP-refore reduced to pass a screen aperture 
of 0. 03 in. and after sizing was passecl over a concentrating table. Each size 
was concentrated separately, but the varions like products were combined 
for one general result. The ore con tains consiclerable clear quartz and it was 
noticed while ma.king this test that an apparently worthless quartz gangue 
coulcl be eut out in the concentration on a commercial sen.le; but for obvions 
reason the test was carriecl t.hrough as clesigned, producing· (A) High grade 
gal en a; (B) high grade zinc concentra tes;'"' (C) a zinc-silica tailing, ail of 
which was saved for further treatment. .~ 

22 
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Screen analysis of crushed ore, ail passed 0. 03 in. 

+ 0. 008 in. aperture, 17. 88% 
+ O.OO!iin.aperture, 27.06% 

0. 005 in. aperturt>, 55. 06% 

The ore assayed, silver 77 ·6 ozs. lead 11 ·1 %, zinc 32% 

The products of concentration are as follows :-

Weight Gold Sil ver 
-

14. 48% lead concentrate, assaying ..... O. 04 ozs. 192 . 50 ozs. 
61 . 62% zinc concentrate assaying . .. ... ...... . . . . . . 
21 . 52% tailings assaying .............. . . . . . . . . . . . . 

2.38% Joss ... . . . . . . . . . . .. . . . . . . . . . . . ..... . . . . . . 

100.00% 1 
1 
' 

Lead Zinc 

67.40% 7 .20% 
. . . ... 40.60% 
... ... 23.20% 
. ..... . ..... 

The lead concentrate contains only 7. 2% zinc and has a high sil ver and 
lead tenor, as well as accounting for a large proportion of these metals con
tained in the original ore, namely 883 of the lead and 35. 9% of the silver. 
The zinc concentrate contains 77 . 93% of the zinc in the original ore. 

The concentration process is consequently the means nece sary for the 
separation of the bulk of the lead and over one-third of the silver from the 
crude concentrates, herein called the original ore. 

The zinc concentra te, 61 . 62% of the original ore, was then si:rnd, and 
charged into a red hot muffie, drawn in 30 minutes, a!lowed to cool gradually, 
and again sized . The Joss in weight during the roast was 4%. 

Screen analysis Before roasting After roa ting 

+ 0 .008 in .. . .. . .... . . ... . 
+ 0 .005 in ...... .... . .. .. . 
- 0 .005 in . ...... . . . .. . .. . 

15.20% 
13 .00% 
71. 0% 

21.80% 
19.20% 
59.00% 

The roasted zinc concentra tes were then treated on the W etherill separa
tor at 120 volts and 0. 30 amperes, which was subsequently found to be 
too strong; consequently the 0. 30 ampere product was re-pa ed at 0 .15 
amperes The following results are, however, giYcn, in the order in which 
the y were made: 

\Yeight 

At 0 .30 ampcres 40.50% assaying . . 
:\ on-magnetic 59 . 50% assaying . ... .. . 

Sil ver 

132. 60 oz ·. 
26 . 50 ozs. 

Lead 

4 .90% 
0 .60% 

The 0 . 30 ampere product was next re-passed at 0 .15 amperes. 

Weight Sih-er 

0 . 15 amperes 34 . 2% assayi ng . . 139 . 0 ozs. 
:\ on-magnetic 6 . 3% a s:iying. . . . . . . . . . . . . 63 . ozs. 

Le ad 

5 .7% 
2 . 1% 

Zinc 

25.2% 
57.3% 

Zinc 

22 5% 
4 .63 
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It is evident, however, that the 40 . 5 tons of 0 .15 ampere product should 
haYe been ground finer before passing it through the separator in order to 
liberate the zinc from the iron; however, by mixing the non-magnctic pro
ducts at 0. 15 and 0. 30 amperes, a product is obtained amounting to 633 by 
weight of the zinc concentrates from the tables and assaying: sil ver 30. oz.;, 
lead 0. 743, zinc 56. 463, or a saving of 863 of the zinc in the roastcd con
centrates or 673 of the zinc in the original ore. 

The tailings from the concentrating table, 21 . 523 by weight, assaying 
23. 23 zinc were roasted under the same conditions as the zinc concentra tes, 
the loss of weight in roasting being 23. The roasted product was then 
passed over a Wetherill separator at 120 volts current, givin!! the following 
products :-

Weight 1 Sil ver 

0.15 amperes 45.8% ........ ..... . . ... ... · I 
0.60 amperes 10 .4% .. . ....... . . . .... . .. . . 
4. OO amperes 18 . 7% ......... . ..... ..... . . 
N on-magnetic 25. 1 % ..... ........ .. ....... 1 

23.20 ozs. 

Combinin~ now ..... ... . 59.50% at 57.3% 
.. ... .... 6.30% at 48.6% 

. 18 .70% at 45.4% 
... 25 10% at 49.9% 

Le ad 

2.10% 

zinc 
zinc 
zinc 
zinc 

Zinc 

6.80% 
23.20% 
45.40% 
49.90% 

a zinc blende product is obtained amounting to 48. 17% of weight of the crude 
ore and assaying 54. 8% zinc, a saving of 83. 3% of the zinc in the raw con
centrates. 

It is also seen by that by combining 

Leitd concentra tes. . . .. ... 
Iron product .. . 
Iron product .... . 

14.48% 
34.20% 
45.80% 

a mixture is obtained, containing 44. 36% by weight of the initial ore, assaying 
sil ver 131. 27 oz., lead 25. 043, zinc 14 . 083, iron 23%, silica 3. 6%, a re
covery of 75. 03 of the sil ver and 100% of the lead in the initial ore. 

On a large working scale, hov;evc·r, the proper treatment of this Lot No. 
13 would work out something like this: 

A. Crush to pass 0. 02 in. screen aperture. 

B. Concentrate out the lead, making a middling product of zinc and 
saving ail the tailings. 

C. Roast the zinc micldlings and treat on magnetic separator. 

D. The tai lings from the concentrating tables would probably not pay 
for further rnagnetic treatmcnt, particularly if re-concentratecl before i m
poundin~ , but might be mixed with the leacl concentrates for a smelting ore, 
or with. orne of the iron products from the magnetic separators. 
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LOT NO. 14-EMILY-EDITH MINE. 

This is a lot of concentra tes made in the Wakefield mill from Emily
Edith ore. 

The concentrates were reducr.d to pass a screen of 0. 03 in. apertures, 
sampled and assayed, giving the following results:-Gold 0 .02 ozs.; silver, 
24.0 ozs. ; lead, 8. 03; zinc, 383. 

Test A.-Preliminary. Wetherill treatment to remove the siderite, 
followed by Blake electrostatic treatment to separate the lead from the 
zmc. Wetherill separator at 120 volts and 1 . 85 amperes. Results: 

Weight Sil ver Lead Zinc 

At 1 . 85 amperes 2 . 52% assaying ........... 32.6 ozs. 3.03 6 .83 
Blakelead 9. 683 assaying ........... 49. 2 ozs. 17 .13 27.3% 
Blake zinc 87. 803 assaying ..... . .... 20 . 5 ozs. 6.53 39 .63 

This line of treatment not indicating any favourable result, roasting was 
next tested. 

Tei;t B.-The ore reduced to pass a'n 0 .03 in. screen aperture was roasted 
and sampled. It assayed 39. 83 zinc after roasting and was passed over 
a Wetherill separator with a current of 120 volts. Result: 

Weight Sil ver Lead Zinc 

At O. 30 amperes 16 . 403 assaying. . . . . . . . . . 49.6 ozs . 10 .7% 24.13 
At 0 . 45 ampercs 15 .603 assaying . .... . .... 32.4 ozs. 7.63 26.63 
At 4 . OO amperes 62. 503 assaying ..... . .... 16 .2 ozs. 4.83 45 .63 
Non-magnetic 5. 503 ass1tying .......... 18.4 ozs. 28.83 22 23 

The results are entirely unfavourable. The Emily-Edith concentrates 
a.s represented by this Lot To. 14 are very base, containing both resin blende 
and ferruginous blende in more or less intimate mixture with galena, pyrites, 
siderite and quartz. It is evident that the lead must be removed, so far as 
possible, by concentration, inasmuch as the Blake electrostatic machine 
does not effect sufficient separation of the lead from the zinc. 

T est C.-Official. Based on removing the lead by concentration, roasting 
the zinc middlings and treating the roasted product on magnetic separators. 
The ore crushed to pass 0. 03 in. screen aperture assayed as follows: Sil ver, 
23. 50 ozs.; lead, 8. 33; zinc, 37 . 13 . It gaYe the following sizes: 

+ 0 .008 in... . .. . ......... . .. . .. ..... 3-!.013 
+ 0 005 in . .. ............ .... .... . .... 29.703 
- 0 .005 in ........ .. .. .. .......... .. 36 .293 

Each size was treated separately on a concentration table, and like 
products combined for the general result. 
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Weight Sil ver 

Lead concentrate 7.813 assaying. · · · · · · · · · ·j 
Zinc concentra te 80. 553 assaying ...... ... . 
Tailings 9.813 assaying .. .... .. . . ·1 
Loss 1.833 .... . .... . .. . .... . . 

58.50 ozs. 

Zinc 

12 .53 
42.03 
18 .63 
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The 7 . 813 of lead concentrates obtained from this wet concentration 
contain 19. 433 of the silver and 51. 38% of the lead in the original ore. 

The zinc concentrate, 80. 553 of the original ore, was charged into a 
red hot muffie, raised to dull red heat and drawn while smoking freely at 
35 minutes from time of charging. 

Sizing test: Zinc concentrates: 

Before roasting After roasting 

+ 0 .008 in . . : . . .. 26 .63 38 .73 
+ 0 .005 in ....... 18 . 53 25 . 1% 
- 0 .005 in .... . .. 54 .9% 36 .2% 

100 .0% 100.0% 

The roasted ore was then passed over a Wetherill separator at 120 volts 
and 0. 30 amperes. Result :-

Weight Sil ver Lead Zinc 

31. 73% magnetic, assaying . . ...... . ..... . . . 32.4 ozs. 5 .3% 36.4% 
68 . 27% non-magnetic, assaying .. . .. .. .... . . 16. 2 ozs. 2.8% 47.9% 

The rnagnetic product was then re-treated at 0 .12 arnperes , on the as
sumption that it was sufficiently fine to liberate the blende, which, however, 
proved incorrect; the grade of the blende removed shows clearly that a mu ch 
higher recovery of marketable blende could be effected frorn this magnetic 
rnaterial, if crushed fine enough to liberate the minerals: 

Weight Sil ver Lead Zinc 

0 .15 amperes 19 . 42% assaying ... . . . . . . 36.4 ozs . 7 .6% 23 .9% 
Non-magnetic 12 .31% assaying .... . . . . . . 30 .0 ozs . 4.5% 44.3% 

By mix.ing the above two non-magnetic products, 68. 273 and 12 . 31 3, 
a zinc ore is obtained am.ounting to 623 of the weight of the original ore 
and assaying; si l ver 18. 30 ozs., lead 3. 063, zinc 47 . 293, showing a rccovery 
of 8. 93 of the zinc in the roasted ore. or 813 of the zinc in the original 
ore. 

The 9. 813 tailings from the concentration test \Yere roasted under 
the same condition as the zinc concentrates and treated on the Wetherill 
eparator at 120 rnlts . Loss of weight in roasting, 1 . 53. Result : 
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At 0. 15 amperes 
At 0. 60 amperes 
At 4. OO amperes 
Non-magnetic 

REPORT OF ZINC COMMISSION 

Weight Sil ver 

8. 003 assaying ...... ... . 
32. 00% assaying ... . ..... . 
36.003 assaying ....... .. . 
24. 003 assaying ........ . . 

Lead Zinc 

12.00% 
17 .00% 
24.003 
16.403_ 

All these products are possibly too low grade to work up for marketaLle 
zinc, except perhaps that product magnetic at 4 amperes, assaying 243 
zinc. This work on the tailings is very instructive, showing as it does an 
almost uniform zinc value in three of the four products, demonstratinl! 
clearly the intimate mixture of the zinc blende with the other minerals. 

Test D.-Official. A portion of the roasted zinc concentrate was given 
two passes through a Dings magnetic separator at 120 volts and 0. 30 amperes. 
Result: 

Weight 

Magnetic product 22.23 assaying ....... . 
N on-magnetic product 77 . 83 assaying . . ... .. . 

Sil ver 

25.53 
20.23 

Lead 

4.6% 
3.23 

Zinc 

39.23 
46.83 

The non-magnetic product con tains 80. 83 of the zinc in the roasted 
ore, or 73. 723 of the zinc in the original ore. Owing to the construction 
of the Dings machine used in these tests the rotating magnet cannot ba 
brought as close to the ore as th ose in the W etherill machine; consequently 
the latter will give a little better results at similar amperes. The Dings 
machine, however, has greater capacity, and for roasted ore requiring no 
higher power than 0. 40 amperes is an excellent machine. 

The proper treatment of these mill concentrates should begin " ·ith 
finer crushing, say to 0. 02 in. screen aperture. In this way a higher recovery 
of zinc and lead would be made and a tailing of lower zinc tenor. The 
scheme would be about as follows:-
A. Crush to pass screen of 0. 02 in. aperture. 
B. Concentrate on table for (1) lead concentrate, (2) zinc concentrate, (3) 

tailings to be filtered and saved for mixing with the magnetic pro
duct for a smelting ore, or sold as they are . 

C. Roast the zinc middlings and treat on low intensity magnetic separator. 
(2) Re-grind the magnetic product and re-treat it on the magnetic 
separators. (3) M:ix the final magnetic product (a) with the lead 
concentrate, (b) with the tailings or (c) mix together the lead concen
trate, tailings and magnetic product for a lead smelting ore, ju. t a 
founcl preferable. 

LOT NO. 15-LUCKY JIM MINE. 

This is crude concentrating ore from the " Lu cky Jim " mine, consisting 
of zinc blende, galena, pyrites and quartz gangue. 
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The ore was crushed to pass a screen of o_ 05 in. apertures, sampled 
and assayed, giving silver 11 . 50 ozs.; lead, 9 . 80%; zinc, 33. 20% . 

Sizing test- + 0.02 in.. . . . . . . . . . . . . 58.42% 
+ 0 .006 in.. ...... . ..... 23.59% 

0.006 in. . .... . ....... 17.99% 

100 .00% 

Test A.-Preliminary. These various sizes were fed separately to a 
concentration table and similar products combined for the general result: 

. 
Weight Sil ver Lead Zinc 

Lead concentrate 17 .46% assaying .... .... . 49.4 ozs. 49.4% 15 .6% 
Zinc concentrate 60 . 56% assaying . . ....... 6 .5 ozs. 4.4% 42 .3% 
Tailings 16 .43% assaying . .. ...... 2.8 ozs. 0.1% 19.6% 
Loss 5 .55 ............ . ..... . . . . . . . . . . . . . . . . . . . . . . . . 

The concentration of the lead is quite satisfactory, with a saving of 
88%, containing 75% of the silver present in the crude ore. The zinc, 
however, is too high for a smelting ore, but it could be reduced by making 
a lead-zinc middling on the concentration table, to be ground finer and 
re-concentrated to separate the lead frÔm the zinc. In testing on a small 
scale, however, it is preferable to grind the ore finer before concentration. 
The zinc product is also of fair grade, and accounts for 77. 2% of the zinc 
in the crude ore, a very fair saving. 

The zinc product was next passed over a Wetherill separator, to re
move the siderite; the non-magnetic product from the Wetherill was then 
passed over the Blake electrostatic machine. 

Wetherill treatment at 120 volts and 2 . 15 amperes, gave: 

Blake A. 
Blake B. 

Weight 

10% assaying .... . ............. . 
65% assaying ...... .. . . . . .... . 
25% assaying . . · . ....... . 

Sil ver Lead Zinc 

5.70% 
44 .60% 
20.00% 

The test as a whole is not quite satisfactory, but as a preliminary test 
it furnished needful data, painting toward the correct method of treatment. 

T est B.-To remove the siderite on the Wetherill machine, without 
previous roasting. Second, pass the concentrates freed from the siderite, 
OYer Blake electrostatic separator to repel the galena from the non-conducting 
blende and silica. Third, separate the silica from the blende on a wet conccntra
ti ng table. 
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Ore ta ken at 0. 03 in. screen aperture unsized; W etherill treatment at 
120 volts gave the foilowing result: 

Weight Silver Lead 
1 

Zinc 
1 

Iron Silica 

1. 60 amperes 7.253. 2 .30 ozs. 2.103 6.103 20 .53 3.43 
Blake A 9.753 . 17 .OO ozs. 16 .703 25.103 ...... . ..... 
Zinc concentrate 62 .003 . 4.00 oz~. 1.903 42 .6 3 . .. . . . ...... 
Lead concentrate 10.123 . 54.50 ozs. 54 .803 10 .7 3 ...... . .. . .. 
Loss 11.88 ... . . . . . . . ..... . ..... . . . . . . . ..... 

This combination method recovers 79. 73 of the zinc· in the original 
ore in a product assaying 42. 63 zinc, fairly free from lead. 'Dhe lead con
centrate shows a saving of 56. 63 of the lead in the original ore and 483 
of the silver. The method is, however, not good; the product A. is too 
high in zinc, and the loss tbrough dust, etc. is heavy. Better results could 
be made on sized products except for the fact that the very fine material 
and dust cannot be fed independently to either the W etherill or the Blake 
marbines. 

Test G.-Another wet and dry combination method, based on, first, recovery, 
of the siderite on magnetic separator in the raw state; second, concentrating 
out the lead by the wettable process, saving ail the tailings, including slimes, 
as a zinc product. Wetherill treatment at 120 volts. Result: 

Weight Sil ver Lead Zinc 

1 . 85 amperes 9 .43 assaying .... . .... . 3 .80 ozs. 1 .603 7 .103 
Learl concentrate 11 . 83 assaying . . . ...... . 65.00 ozs. 67.403 4.703 
Tailinp;s (blende) 14 . 53 assayinp; .......... 6 .00 ozs. 3.803 - 40 .8 % 

The recovery of the zinc is 91 . 53 of that in the original ore, in a pro
duct assaying 40. 83. The smelting mixture contains 81. 23 of the lead 
and 66. 53 of the silver. Apart from the low tenor of the zinc ore the 
scheme is not quite practicable. 

Test D.-Official. Ore reduced to passa 0 . 03 in. screen aperture, assay
ing silver 11 .5 ozs.; lead , 9.83; zinc, 33.23. 

The screen analysis was: 
+ 0.01 in.= 44 .443 
+ 0. 006 in. = 25. 923 
+ 0. 006 in. = 29. 643 

100.003 

Each size was fed separately to a concentration table and ail corres
ponding products combined for the general r<:>suJt :-

Weight 

Lead concentra te 14. 9S% assaying. 
Zinc concentra te 55 . 553 assaying .. . ....... . 
Tailings 17 . 01 % a~saying . .. ....... . 
Lo~< 12 . 463 ............... .. . . 

SilYer 

49.5 ozs. 
4 .2 oz. 
4.5 ozs. 

Lead 

50 .2 3 
1.73 
2.173 

Zinc 

11.9% 
44 . 1% 
20 .2% 
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These results figured in percentage of the whole giYe the following 
distributiou of metals :-

Sil ver 
1 

Lead 
1 

Zinc 

14 .98 tons saving ......................... 64.53 76.73 5.33 
55. 55 tons saving . ... ..... ... . . .... .. . .... 20.33 9 .63 73.83 
17 .01 tonssaving ......... ..... . ....... · ... 6.63 3.73 10 .33 
l 2 .46 tons Joss ...... ... . .... . .......... .. 8.63 10.03 10 .03 

-
100.00 t.ons 100.03 100 .03 100.03 

A portion of the zinc product, 55 . 55% of the ore, assaying 44 .1 % zinc, 
was next passed over the W etherill separator to remove the siderite; current 
120 volts and 1. 90 amperes. Result: 

Weight 

MagMtic 
N on-rnagnetic 

9 .403 assaying .......... . 
90. 603 assaying .......... . 

Sil ver 

1.60 ozs. 
3.20 ozs. 

Lead 

0.903 
1.203 

Zinc 

6.703 
48.503 

A second portion of the zinc concentrate, 55. 55%, assaying 44 . 1 % 
zinc, was roasted. The roasted ore, assaying 4 7 . 5% zinc, was next passe.cl 
through the Wetherill separator, at 120 volts and amperes as indieated, 
with the following results : 

Weight Sil ver 
1 

Lead Zinc 

At 0.30 amperes 18.03 assaying .. . . . . . . . . . . 4.6 ozs . 2.33 14 .93 
At 0 . 70 amperes 7. 63 assaying .. . .... . . . . . 3.0 ozs . 2.83 42.73 
At 3 . OO amperes 72 . 43 assaying .. . . ... . . . . . 3 .5 ozs . 0.93 55.23 
Non-magnetic 2.03 a11Saying ... . . . . . . . . . 23 . 0 ozs . 24.23 16.13 

100 .03 . . . . . . . . 1 . ..... .. ....... . 

By mix.ing the 0. 70 and the 3. 0 ampere product a zinc product is ob
tained, amounting to 80% of the roasted ore, assaying 54% zinc. Com
paring concentration test A. with test D. the result of the fine grinding is seen 
to reduce the zinc in the lead concentrate from 15 .6% in A. to 11. 9% in D., 
thus producing a better smelting ore. The tenor of the zinc concentrate 
is raised from 42 3% in A. to 44 .13 in D., the zinc value in the tailings 
remaining about the same in each test. The metal loss, however, is greater 
in B. than in A., as a result of the finer grinding, this notwithstanding that 
all the tailings were settled and filtered ; the presumption is that some of 
the water escapecl without being properly filtered in D. However the 
demonstration was made that by finer grinding the galena could be separated 
from both the zinc and the iron minerals, and when we consider that in 
practical operations, it is only the middling products that require fine grind
ing, the test furnishes all the required data, and a repetition of it is unne
cessary. 
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Referring now to the magnetic treatment it will be seen to confirm clearly 
the general conclusions already reached, viz .: That in the treatment of the 
blende-siderite ores a 483 to 493 zinc product can be obtained by treating 
the concentrates in the raw state and 55. 03 zinc by roasting the concen
trates previous to the magnetic treatment. 

"The Lucky Jim" concentrating ore is easily treated. It is in fact what 
I would designate as one of the average Slocan ores, which require ordinary 
milling methods; preferably, however, on the more modern principles out
lined in the chapter on milling. The zinc concentrates should be treated 
magnetically a<i indicated, and the lead concentrates sold to the smelters, 
mixed with the magnetically separated iron products when they are of suffi
cient value. 

LOT N0. 16- HEWITT MINE. 

This is a sample of the concentrating ore from the Hewitt mine, said to 
be a sample of the feed from the trial run of this ore in the Wakefield mill, 
the zinc concentrates from which were treated as Lot No. 13. The ore is 
mostly quartz with a sprinkling of zinc blende and galena in fine grains, 
together with some siderite and pyrites. It was crushed to pass 0 . 03 in. 
sèreen aperture and assayed, sil ver 18 oz.; lead 5. 43 ; zinc, 5. 3 . 

Screen analysis + 0 . 008 in. . . . . . . . . . . . . 633 
- 0 .008 in..... .. .. ... . 373 

T est A.-Preliminary. The blende and galena were in such small 
quantity, it was deemed best to save them as one rnixed concentrate, for 
subsequent separation by the Blake electrostatic machine. Result from 
wet concentration on tables was as follows :-

l\Iixect concentra.tes 
Tailings 
Loss 

Weigbt 

9.03 as aying .. .... .. ·1 
82. 83 a saying . .. ... .. . 
8.23 

Sil ver 

94.5 ozs. 
.8 ozs. 

Leact 

34.43 
0 .73 

Zinc 

21. 3 
4 .63 

The concentra tes were next passed over the W etherill separator to 
remove the siderite and zinc. Current 120 volts. R esult: 

Weight 
1 

SilYer 
1 

Le ad Zinc 

At 2 .20 amperes 1. 73 assaying .... .... .. 31 .2 ozs. 9 .83 63 
At 4.00 amperes 2. 253 assaying .. ....... 148. 5 ozs. 6.13 45 .43 
Blake product A 4. 403 assaying ......... 92 !l ozs. 58 .6% 12.33 
Blake product B 0 . 65% a aying . . . .. . . . . 44 . ozs . 19 .43 36.33 

9 .00% 1 . . . . . . . . . . . . . . . . ....... . 

Combining the first and third proclucts, we have 6 .1 % of the weight of 
concentratcs, assaying sil ver 75. 7 ozs., lead 43 .10%, zinc 11. 23, showing a 
si l ver recoYery of 2-±. 43 and lead reconry of 50. 93 . 
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Test B.-Official.-The ore was ground to pass 0 . 03 in. screen aperture 
and sized. 

+ 0.008 in . ... . ..................... 61.78% 
0.008 in ....... " ... . . " . . ". " ... 38.22% 

Each size was fed separately to a wet concentration table and like pro
ducts combined for the general result. The crude ore used in this test assayed 
sil ver, 16. 4 ozs. ; lead, 4. 23; zinc, 5. 93 . Result of wet concentration: 

Weight 
1 

Sil ver Le ad Zinc 

Lead ooncentrate 4. 34% assaying . .. . .. . . 131.0 ozs. 68.4% 6.873 
Zinc concentrate 3. 70% assaying .. ...... 67 .5 ozs. 3.9% 39.4% 
Tailings 77 . 29% assaying ... ..... 7 . 2 ozs. 0.3% 4.5% 
Loss 14.473 . ........ . ..... ~ . . . . . . . . . . . . . . . . . . ... ... 

The distribution of the metals figured in percentages of the whole being: 

Weight Sil ver 
1 

Lead Zinc 

Lead concentrate 4.34% ... ................ 34.6% 68.3% 5.3% 
Zinc concentra.te 3.70% ................. .. 15 .2% 3.4% 24.7% 
Tailings 77 .79% . ...... . . . .. ....... 33.3% 5.5% 59.0% 
Loss 14.47% .... ... . . ...... . ... 16 .9% 22.8% Jl.0% 

The metal loss appears high, partly accounted for by the very low grade 
of the raw ore; the tailings for example are quite low in lead and fairly low in 
sil ver, if we refer to the assays; figured in percentage, however, 59% of the 
zinc, 5. 53 of the lead and one-third of the total sil ver in the ore are found 
in the tailings. 

The zinc concentrates were next sized, giving :-

Before roasting A fter roasting 

+ 0.00~ in...................... 16.3% 1 10 0% 
+ 0.005 in ... . . ". . . . . . . . . . . . . n.7% 39.4% 

0 .005 in . . . . . . . ....... .. .......... . 60 0% 50 .6% 
----------------1-------------------

100 .03 1 100.0% 

They were then roasted at a dull red heat for 30 minutes: Loss in weight 63 . 
The roasted ore \Yas then passed over a \Vetherill separator at a current of 
120 volts, giving the following result:-

Weight 
1 

Sil ver LPacl Zinc 
-----

1 
At 0 . 1.'i amperes 43 . 7% assaying . . lll< .8 oz;:. n.9% 2.'1 .9% 
Xon-magnetic 56. 3% assaying . . 

1 

29 . 2 ozs. ] . 7o/c .54 .8% 
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This showed a recovery of the zinc in the roasted ore amounting to 
73. 173, or 183 ot the zinc in the original ore. 

The magnetic product assaying 25. 93 zinc can be improved as a smelt
ing ore by grinding finer and retreating it on a magnetic separator. 

A portion of the above roasted ore was next treated on the Dings separa
tor, at 120 volts, with the following result:-

At. 0. 30 ampt>res 
Non-magnetic 

Weight Sil ver 

53 . 0% ............ .. . .. · 1 111. 0 ozs. 
47.03 .. ................ 33.0ozs. 

Lea::I 

5.8% 
1 .9% 

Zinc 

32 .3% 
54.1% 

The 53% product assaying 32. 33 zinc was next ground to pass a screcn 
of 0. 01 in. aperture and again passed fürough the Dings separator. Result :-

Weight Sil ver Lead 

At 0.30 amperes 40 . 96% assaying . . ...... . 
N on-maguetic l 2. 04% as'laying . .. .. ... . 

Adding this zinc to that obtained in the first pass we have 

47. OO t-0ns. . . . . . . . . . . . . . . . . . @ 54 . l % zinc 
12.04 tons .. ........... . ... @ 54.2% zinc 

Total 59 . 04 tons . . . . . . . . . . . . . . . . . @ 54 . 1 % znic 

Zinc 

24.fi0% 
54 .20% 

To obtain a zinc blende assaying 543 metal from an ore assaying only 
5. 83 zinc is a satisfactory achievement, largely due no doubt to the 
docile nature of the ore, the proper treatment of which is clearly indicated in 
the official tests. 

LOT NO. 17- AURORA MINE. 

This ore appeared to be a heavy zinc-lead sulphide, practically free from 
gangue. It was crushed to pass an 0. 03 in. screen aperture and assayed: 
Gold, 0. 02 ozs. ; silver, 7. 3 ozs.; lead, 21 . 53; zinc, 333. 

T est A.-Preliminary. Table concentration to remove the galena. 

Weight Sil\·er Lead 
1 

Zinc 

Lead concentrate 12 . 90% assaying. . . . . . . . . 23.0 ozs. 71 6% 1 8.0% 
Zinc concentrate 80. 40% assaying .. . . . . . . 2.4 ozs. 7 . % 39.7% 
Loss 6.70% .. ...... . .. . . . . . ....... ........ . . . . . . . . 

100.00% . ....... . . . . . . . . . ....... 

The zinc product was treated on a Wetherill separator at 120 volts and-! 
amperes and given hvo passes through the machine. Result:-



Magne tic 
N on-magnetic 

AURORA MINE 

Weight 

55 . 00% assay!ng ......... , 
25.40% assaymg,. ....... . 

80.40% .. ............... 1 

Sil ver 

1. 20 ozs. 
6.10 ozs. 

-----

Lead 

2.80% 
18.80% 
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Zinc 

48.80% 
16.80% 

The magnetic portion assaying 48. 83 contains 81. 33 of the zinc pre
sent in the original ore. 

Test B.-The crude ore was roasted at 0.03 in. size, giving a loss in 
weight of 183 and then was treated on the Wetherill separator with 120 volts 
current. Result:-

Weight Sil ver Lead Zinc 

At 1.0 ampere 8 . 64~ assaying ... .. .... 4.50% 12.4% 40.00% 
At 3. 0 ampere 56. 79 0 assaying .. . ... ... 2.50% 6.4% 49.40% 
N on-magnetic 34 .57% assaying ...... ... 13.40% 47 .8% 8.60% 

100 .00% . . . . . . . . . . . . . . . . .. . . .... 
- --

The 1 . 0 ampere current was evidently too strong and removed consider
able zinc. The product magnetic at 3 . 0 amperes assaying 49 . 4% zinc con-

· tains 81.33 of the zinc in the roasted ore. The product non-magnetic at 
3 amperes, if mixed with the 1 ampere product would give a smelting ore 
assaying 12 .3% silver, 24.83 lead and 14 .83 zinc, a saving of 78 .83 of 
the silver and 56. 63 of the lead. 

T est C.-In this test the raw ore was passed over the Wetherill separator 
and the ferruginous blende picked out at 4 amperes. The non-magnetic product 
at the bigher amperage was next passed over the Blake electrostatic machine 
to separate the lead. Result:-

Weight Sil ver Le ad Zinc 
-----------------1·-----1·-----~----
At 2 . 20 amperes 1 . 60% assaying. 
At 4. OO amperes 5'} . 90% assaying. .00% 3.0% 51.4% 

Tue non-magnetic product, 45. 503 , was next passed over the Blake 
electrost.atic machine with the following result :-

Product A 
Product B 

Weight Silver ·\ Lead Zinc 
----~1----~ 

27. 3% assaying. . . . . . . . . . 16 . OO ozs. 
1 

1 4.5. 80% 
18. 2% assaying . . . . . . . . . . 11 . 20 ozs. 36. 40% 

14 60% 
8. 40% 

The product assaying 51. 4% zinc shows a recovery of 2. 43 of the zinc 
in the original ore. The Blake treatment does not help the non-mugnctic 
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portion of the product. This in fact simplifies the process, which works out 
as follows :-

A. Dry the ore and crush to pa s an 0. 03 in. screen aperture. 
B. Pass tluough high intensity machine at 4 amperes, which gives an 

823 zinc recovery in a blende assaying 51 3 zinc and a non-magnetic tailing, 
containing 823 of the silver and 963 of the lead in the crude ore, which is an 
excellent smelting ore. 

Test D.-Official. The ore reduced to pass 0. 03 in. screen aperture, 
assayed: sil ver 7 ozs.; lead, 20. 53; zinc, 33. 73. It sized as follows :-

+ 0.008 in......... . .. . .. . ....... ... 62.06% 
+ 0.005 in. . . . . . . . . . . . . . . . . . . . . . . . . . 8. 17% 

0.005 in.. . . . . . . . . . . . . . . . . . . . . . . . . 29.77% 

100 .00% 

The method of treatment to include wet concentration to separate a lead 
concentrate, a zinc concentrate and a silicious, valueless tailing. The zinc 
concentrate to be roasted and treated on high intensity machine . 

The above sizes were fed separately to the concentrating table, and like 
products combined for the general result. 

Weight Sil ver Lead Zinc 

Lead concentrate 25 . 36% assaying. . . . . . . . . 20 .6 ozs. 6-! .6% 11.9% 
Zinc concentrate .')6. 08% assaying ......... 1. 5 ozs. 4.7% 

1 

4 .23 
Tailings 14 .63% assaying . . ....... 3 .0 ozs. 7.0% 19.2% 
Loss 3.93o/0 .......... . .. . . . . ........ . . . . . . . . . . . . . . . . 

100.003 1 . .. . . . . . . ... .. .. 1 ........ 

The galena concentrates very nicely and can easily be kept below the 
smelter lirnit of 103 zinc. The lead saving is practically 03, carrying 
74. 633 of the sil ver in the crude ore. The zinc saYing, however, i only 03, 
due to a heaYy tailing loss that in working on a large scale can be avoided by 
cutting out a zinc rniddling for i:e-treatment. 

The 56. 0 3 of zinc concentrates were then sized and roasted. 

+ 0.008 in ... . ..... . ...... ... ....... 

1 

+ 0 . 005 in . ..... ........ .. .... .. ... . 
0 .005 in .. .. ............. . ....... . 

Before roasting 

59% 
15% 
26% 

After roasting 

60.00% 
14 .00% 
26.00% 

The ore was next chargecl into a red hot muffle, the heat su tained and 
the charge drawn at 35 minute . The cooled ore was then pa sed OYer the 
\Vetherill separator. The Joss in roasting amounted to only 1 .50% . 

At 
.\t 
:\o 

0 .30 amperes 
:3 . OO amperes 
n-magnetic 

\Veight 

7 . . 50% a -aying . 
8-!. 80% assaying . 

7 . 703 as..•aying 

.. .. . . . .. 

. .. . . . .. . 

.. . . . . . . . . 

- -

~ih-er Le ad Zinc 

5. 20 oz 9 .00°0 36.1% 
1.60 ozs. 3.20C;Q 51.3% 
1. 60 ozs. 3 .200:0 30 . 7% 
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The 84. 83 zinc product removes 89. 573 of the zinc in the roasted ore 
or 71. 273 of the zinc in the original ore. The mu ch simpler and cheaper 
process in Test C., gives a zinc recovery of 82. 43·, assaying 51. 43 zinc, 
while Test D. gives only 71.273, assaying 51.33 zinc. The former is there
fore the correct method of treatment. 

The ore represented by Lot No. 17 is about the simplest ore to treat of 
any so far examined in this series. 

LOT NO. 18- BLUE BELL MINE. 

This ore is from th~ Blue Bell mine, near Ainsworth, and consists of 
massive pyIThotite, zinc blende, galena, pyrites and quartz in a limestone 
gangue. For the purpose of preliminary tests the ore was crushed to pass 
a 0. 03 in. screen aperture. It assayed: Gold 0. 02 ozs.; sil ver, 3. 80 ozs.; 
lead, 12 .803; and zinc, 14 .603. 

Test A.-Preliminary. Wet concentration on tables, giving the follow
ing products. 

Weight 1 

Lead concentra te 12. 403 assaying. . . . · I 
TIZ~o~ssifii~;centrate iÎ. ~g~ ~~~~:~~ : : ... :. _: :. :. :. :.1 
. 3 . 803 assaying .. . 

100.003 1 

Sil ver 
-----

13.6 ozs. 
2.5 ozs. 
2.0 ozs. 

_____ , 

Le ad 

70.63 
4.53 
5 .43 

Zinc 

1.90% 
18 .33 

5 .23 

This shows a recovery by \Yet concentration of 68. 43 of the !ead and 
44 33 of the silver in a lead concentrate and 91 3 of the zinc combined 
with pyrrhotite and pyrites, in a middling product called zinc concentrate. 
The zinc saving appears high on account of the ratio of concentration being 
so low, the zinc tenor of the concentrates being only 3. 73 higher than that 
of the crude ore. The lead concentration is good, but could be improved 
by fmer crushing. 

The zinc concentra te was next roasted and passed over a W etherill 
separator, with a current of 120 volts. Results were as follows: 

W eight 8ilver 

At 0 .30 amperes 39 .473 assaying .. . . . .. . .. . 3.00ozs. 
4. 60 ozs . 
3.50 oz- . 
8.20 ozs. 

At 0 .60 amperes 9 .203 assaying . 
At 2 .20 amperes 31.603 assaying . 
~ on-magnetic 19 . 733 assaying . 

100 .003 

. . . . . : : :i 
. . ·I 1----1 

Lead 

.5 .003 
12.4 3 
13 .4 3 
38.8 3 

Zinc 

5.83 
26.93 
31.43 

2.13 

This test cannot be considered satisfactory, inasmuch as the highest 
zinc product obtained carries Jess than 323 metal. 

• 
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T est B.-A portion of the raw ore, passing 0. 03 in. •creen aperture 
was next passed over the Wetherill machine at 120 volts, giving the following 
results: 

Weight Sil ver Lead Zinc 

At 0.45 amperes 15 . 153 assaying . . . .. . ..... 2.0 ozs. 0 . 20~ 1.93 
At 2.10 amperes 15.153 assaying .. . . ... .. .. 1. 0 ozs. 

1 

0 .40 0 8.23 
At 4.00 amperes 30.303 assaying ........... 1.2 ozs. 0.203 37 . 53 
N on-magnetic 39 .403 assaying .... .. ... .. 6.2 ozs. 30 .603 4 .03 

100 .003 . . . . . . . . 1 ........ . .. ..... 

This is quite a remarkable separation of p~rhotite and galena from 
zinc blende, without either preliminary concentration or roasting. The 
raw ore used in this test assayed: silver, 3 .8 ozs., lead 12.83, zinc 14.63 . 
The products produced up to 2 .10 amperes amounting to 30. 303 of the 
weight of the crude ore can be rejected as worthless. The product mag
netic at 4. 0 amperes amounting to 30. 33 of the total weight contains 
77. 83 of the zinc present in the ore, while the non-magnetic product at 
4. 0 amperes carries 943 of the lead and 64 . 23 of the silver. 

Comparing these results with wet concentration we have for the lead, 

Tons Sil ver Lead 
Saving 
Sil ver 

Saving 
Lead 

W et, lead concentrate . .... .. 12.4 13 .6 ozs. 70.63 44.33 68 .43 
Dry, lead concentrate .... .. . 39.4 6.2 ozs. 30.63 64 .23 94 .03 

And for the zinc concentration, 

Tons Sil ver Lead Zinc 
Saving 

Zinc 

Wet, zinc concentrate ... .. .. 72.6 2. 5 ozs. 4.53 18 .33 91 .0% 
Dry, zinc concentrate . ... .. . 30 .3 1. 2 ozs. 0 .23 37 .53 77 8% 

The simple process of crushing dry and magnetic separation on high 
intensity machines appears best for the zinc, yet the tenor of the product 
is perhaps too low (37. 53 ). Consequently this zinc product would require 
roasting and further treatment on low intensity magnet.ic separators, but 
as it will be observed it only means roasting 303 of the original or crude 
ore, which is not a very serious matter. 

The ferruginous blende in the Blue Bell ore carries a large percentagc 
of iron; pure cr~·stals of the minerai as ayed 12. 8% metallic iron. 

Test C.-Official. The ore was ground to pass a screen of 0.02 in. 
apertures and gave the following analysis; Gold , 0. 02 ozs.; i!Yer, 4 .40 ozs.; 
l<>nd, 12 .97c ; zinc 14 .4% . 

• 
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It was next sized, giving the following result:

+ 0 .008 in . .. .. . ....... ... .... •.... 
+ 0 .005 in ....................•..... 

0.005 in ................... . . . . . . . 

51.35% 
16.22% 
32.43% 

100 .00% 

353 

• 

Each size was treated separately on a concentration table and like pro
ducts combined for the general result given below: 

Weight Sil ver Lead Zinc 

Lead concentra te 20 . 00% assaying ........... 11 .0 ozs. 55 .2% 5.1% 
Zinc concentra te 53 . 15% assaying ........... 1. 7 ozs. 2 .03 21.0% 
Tailings 25 . 23% assaying ......... . . I . 1 ozs. 2 .0% 7.8% 
Loss I .62% ....... ... .. .. ... . . .. . . . . . . . . . . . . . . . ..... 

100 .00% . . . . . . . . . . . . . . . . .. ...... 

Giving the following distribution of metals in percentage of the whole : 

Sil ver Tons 1 

20. OO, lead concentra te . ...... .. .. .. ... . . . · l·--50-.-0-o/é-o - i 

25.23, tails. . . ... . . .. . . . . . . . . . . . . . . . . . . . . . 6.3% 
_ 1 .62, loss.. ........ . ................... . 23.2% 

Lead Zinc 

85.6 % 7.08% 
8.24% 77.51% 
3.90% 13 .66% 
2 .26% 1.75% 

53 .15, zinc concentrate .. .. . ..... . ........ · 1 20 · 5% 

·-----11-----1-----
100 . 00 1 100 .0% 100 .00% 100.00% 

The fine grinding shows an increase in both the lead and silver saving 
in the lead concentrates when compared with test A., as well as a lower 
zinc saving, but the concentrate is of higher zinc tenor. The results all 
around are therefore 3in improvement on test A. On account of the pyrrho
tite and pyrites, how~ver, it is impossible to make even a fair grade of zinc 
concentrate by the wet process alone. 

The following sizing tests were then made on the zinc concentrates: 

+ 0.008 in .. ... . . .... ... .. . . 
+ 0.005 in .... ... ....... . . . 

0 .005 in . .... . 

Before roasting 

46 .0% 
17 .0% 
37 .0% 

100 0% 

After roasting 

54.0% 
23.0% 
23.0% 

100 0% 

The zinc concentrates were roasted for 40 minutes at a dull red heat, 
the loss in weight being 5 . 53 . 

23 

• 
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The roasted ore was then treated on a Wetherill separator, with a current 
of 120 volts . The results were as follows: 

Weight 

At 0. 15 amperes 55. 603 assaying ....... . .. . 
At 0. 30 amperes 9. 403 assaying .......... . 
At 0. 45 amperes 8 . 003 assaying ....... . .. . 
At 2 .10 amperes 23 .403 assaying ... . ...... . 
Non-magnetic 3 .603 assaying ........ .. . 

100.003 

Sil ver 

3.80 ozs. 
2.20 ozs. 
1. 60 ozs. 
1. 20 ozs. 
1.40 ozs. 

Lead 

2.103 
1.403 
0.903 
0.303 
0.503 

Zinc 

12.80% 
34.8 3 
39.1 3 

1 41.3 3 
14.6 % 

This test resembles a mixing of the various minerals rather than a se
paration, due no doubt, to the amount of highly magnetic material associated 
with the zinc blende, itself so highly magnetic that 34. 83 zinc came off 
with the iron at 0. 30 amperes; showing clearly that the pyrrhotite, and 
other highly magnetic ores, should first be removed from the concentrates, 
and the resulting blende if not then of suffi.ciently high zinc tenor, could 
be roasted and passed over low intensity machines. To make sure that 
the roasting was suffi.cient, a portion of the product magnetic at 2 . 10 am
peres and assaying 41. 33 zinc was ground to pass an 0. 008 in. screen aper
ture, subjected to a further roast, and then passed over a magnetic separator. 
Result: 

At 0.030 amperes 10 .003 ofweight assaying, zinc 27.503 
N on-magnetic at 3 . amperes 90 . 00% of weight assaying, zinc 44 . 503 

This raises the value only about 33, proving the first roast was prac
tically correct. The products assaying 34. 83 zinc and 39 .1 % zinc were 
mixed, and ground to passa screen of 0 .008 in. apertures and given another 
magnetic treatment to see if the zinc could be separated from the iron. 
Result: 

At 0. 15 amperes 33. 60% of weight assaying, zinc 26. 60% 
N on-magnetic At 0. 15 amperes 66. 50% of weight assaying, zinc 38 . 40% 

This shows that the zinc blende is so highly magnetic that it cannot be 
effectively separated from the iron after roasting. 

Test D.-Official. A portion of the zinc concentrates from Test C., 
assaying 213 zinc and forming 53 .153 of the ore concentrates, was, after 
drying, passed through a Wetherill separator, at 120 volts, giving the follow
ing results: 

At 0 .15 amperes 9 . 16% of weight assaying, zinc 0 . 60% 
At 0. 30 amperes 9 . 543 of weight assaying, zinc 1. 30% 
At 1 . 05 amperei.< 16 . 03~ of weight assaying, zinc 2. 40% 

34 .73% 

Thus 34 . 733 of the weight of the concentrate is removed as worthless 
material before roasting, eliminating the highly magnetic rninerals and re
ducing the amount of minerai to be roasted by 34 . 733. The concentrate 
thus freed from highly magnetic rnineral was given a strong roast which 
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caused a loss of ·weight of 6. 36% of the whole. When cooled the roasted 
ore was passed over a Wetherill separator, with 120 volts current, and gave 
the following results: 

At 0. 15 amperes 15 . 653 of weight assaying, zinc 8. 03 
At 0.30 amperes 0 .613 of weight assaying, zinc 24.33 
At 3 . OO amperes 45 . 653 of weight assaying, zinc 44 . 03 
N on-magnetic 3 . 363 of weight assaying, zinc 3 . 63 

65 .273 

By this method of procedure the zinc value of the product magnetic 
at 0 . 15 amperes is reduced from 12 . 8% zinc in test O. to 8% zinc. That 
product magnetic at 0.30 amperes from 34 .8% zinc in test O. to 24.3% 
the non-magnetic product from 14.6% zinc to 3 .6%, while the tenor of 
the zinc product is raised from 41 . 3% to 44. 0%, which represents the 
highest zinc product that can be commercially obtained from Blue Bell 
ore by any of the methods of treatment herein outlined, 

For greater clearness I tabulate the steps in this treatment and the 
result.s obtained. 

Taking of the' original ore .. . .. .. ... . . ........... . .. . .... . 
First. We obtain as lead concentrate ... . .. . . .... . ... . . . 
Second. Zinc concentrate .... ... .. .......... .... , .. , .. 
Third. Tailings and loss , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

20 .00 tons 
53. 15 tons 
26 .85 tons 

100 tons. 

100 tons. 

The lead concentrate is ready for sale to the lead smelters, while the 
zinc concentrate must be brough~ up to a higher tenor. 

Taking the zinc concentrate amounting to 53 .153 of the original ore or 53 . 15 tons 
Fourth. Removed by magnetic treatment of the raw con-

centrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18. 46 tons 
Fi/th. W eight lost in roasting .. . ...... . '. . . . . . . . . . . . . . . 2.21 tons 
Sixth. Removed by magnetic treatment of roasted ore . . . 9. 77 tons 
Seventh. Final zinc product. . . . . . . . . . . . . . . . . . . . . . . . . . . 22. 71 tons 

100 .00 tons of ore@ 14.43 zinc=28,800 lbs. zinc. 
22. 71 tons of ore@ 44 .03 zinc=l9,984 lbs. zinc. 

53.15 tons 

A saving of 69 . 4% of the zinc in the crude ore, which I consider very 
satisfactory, and consequently the method of treatment tabulated above, 
appears to me as the best. 

In my report on the Ainsworth mines, written before any of these tests 
were made, it was necessary for the purpose of estimating the possible zinc 
production of the district, to forecast the treatment of the Blue Bell ore, 
and the losses incident thereto. I assumed a saving of zinc in concentrates 
by wet treatment of 77% against 77 . 51 % actually recovered in test O. 
I estimated the ultimate zinc recovery as a 50% zinc ore, at 65% of the 
zinc contained in the crude ore. The saving shown in test C. is 69 . 4% 
of 44% ore, which appears to be the highest commercial product obtainable 
from the samples sent to Denver for treatment. 
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LOT NO. 19-ST. EUGENE MINE. 

This is a low grade zinc concentrate, produced from the Saint Eugene ore. 
It consists of zinc blende, gamets, pyrites, galena and silica, and assayed sil ver, 
5 . 70 ozs., lead, 9. 70%, zinc, 20. 20%. 

Test A.-Preliminary. The concentrates were passed over a Wetherill 
separator to remove the gamets and the other highly magnetic products 
and lastly to remove the zinc blende at a high amperage. The current used 
was 120 volts. The results were as follows:-

Weight Sil ver Lead Zinc 

At 0 . 30 amperes 11 . 30% as.saying. . . . . . . . . . . 4. 50 ozs. 6 . 80% 5. 20% 
At 1.95 amperes 31.40% assaying...... . .... 4 .20 ozs. 6.40% 6 .60% 
At 4 . OO amperes 43 . 60% assaying. . . . . . . . . . . 5 . OO ozs. 7 . 20% 34 . 90% 
_N_o_n_-m_a~g~n_e_ti_c~_l_3_._70_o/c~0_a_~_a~ym_._g~·-·_·_·_··_·_· _· _··~-1_4_. 0_0_o_z_s_.~_3_1._6_0~o/c~o~~-ll_._8_0~%~ 

The zinc product magnetic at 4 amperes contains 75% of the zinc in the 
ore, but the grade is too low and it also contains too much lead for good 
marketable zinc ore. 

T est B.-The ore was roasted before submitting it to treatment on the 
Wetherill separator ; current, 120 volts. The results were as follows :-

. -Weight Sil ver Lead Zinc 

At 0 . 30 amperes 37. 44% assaying. . . . . . . . . . . 7 . 80 ozs. 12. 8% 10. 7% 
At 0 . 45 amperes 7 . 02% assaying. . . . . . . . . . . 8. 50 ozs. 14 . 3% 30 . 3% 
At 3.50 amperes 50 . 72% ilssaying........... 4 .50 ozs . 8 .1% 29. 1% 
Non-magnetic 4 .82%assaying ........... 16 .30ozs. 37 .2% 7 .7% 

This test shows that roasting in the presence of so much lead and highly 
magnetic minerals, simply mixes the zinc ore with the strongly magnetic 
ores. It is therefore evident that the galena shoul.d be removed, preferably 
by concentration,_ as a condition precedent to magnetic work. 

T est C.-OfficiaL In an attempt to liberate the minerals the mixed ore
was red uced to pass a screen of 0 . 02 in. apertures and sized: 

+ 0.008 in ... . ................. ...... 29.00% 
+ 0 .0055 in . . . . . ........... ... .. ..... 12.50% 

. - 0 .0055 in . .......................... 58.50% 

100.00% 

Each size was passed separately over a concentrating table and similar 
products combined for a general result:-

Weigbt Sil ver Le ad Zinc 

19 .8 ozs. 41.4% 8.8% 
4.4 ozs. 6 .2% 23.0% 
3.2 ozs. 4.2% 13.2% 

Lead concen trate 10. 52% assaying ....... ... . 
Zinc concentrate 66. 46% assaying .......... . 
Tailings 19. 37% assayinl! .......... . 
Loss 3. 65% as aying. 

100 .003 
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This concentration test is not satisfactory, inasmuch as the zinc con
centrate still con tains 6. 23 lead, while the tailings carry 13 . 23 zinc. This 
ore should evidently have been crushed finer prior to concentration. 

The lead concentra te shows a saving of 36. 503 of the sil ver and 44. 93 
of the lead in the original ore. 

The zinc concentrate accounts for 75. 63 of the zinc in the original ore 
(concentra te). 

The zinc concentrate was then divided into two parts, one of which was 
passed over the Wetherill separator in the raw state, just as it came from the 
concentrator. The other was given a preliminary roast, which reduced the 
weight of the concentrates 93 . Wetherill results on.roasted ore at 120 volts, 
were:-

Weight 

At O. 15 amperes 32. 093 assaying ..... .. . .. · I 
At 1. 50 amperes 44. 303 assaying .. . ..... .. . 
At 4.00 amperes 21.403 assaying ....... ... . 
N on-magnetic tails 1. 403 assaying .......... . 

100.003 

Sil ver 

5.6 ozs. 
4.2 ozs. 
2.6 ozs. 
6.8 ozs. 

Le ad 

9.23 
7 .63 
3.03 

11.23 

Zinc 

11.13 
23.13 
47.83 
8.33 

These results are practically the same as those in Test B., the unfavour
able result being due to the lead present with the zinc. It is true that a zinc 
ore is obtained assayi.ng 47 .83 zinc and 33 lead, but this product only 
accounts for 263 of the zinc in the original ore. 

The second portion of the zinc concentra te was passed over the W etherill 
separator, without roasting. Current 120 volts. The results were as follows: 

Weight 

At 0 . 15 amperes 8. 83 assaying. . . ...... . . 
At 2. 10 amperes 36 . 23 assaying ..... . . . . . . . 
At4 .00amperes 47.23assaying .. 
Non-magne t ic 7 . 83 assaying ... 

Sil ver 

3.80ozs. 
2.8 ozs. 
3 .4 ozs. 
9.2 ozs. 

Le ad 

593 
5 .03 
5.63 

18.03 

Zinc 

3.203 
7 . 103 

40.803 
12 .803 

TJlis test is fairl .v satisfactory, inasmuch as 563 of the zinc in the original 
ore is recovered in a product assaying 40. 83 zinc, which product can be 
raised to 503 zinc by roasting and treating it on a low in tensity magnetic 
separator. It ,,·ill be noticed that the non-magnetic tailings assay 9 . 2 oz. 
silver and 183 lead. This product can be added to the lead concentrate 
produced from the tables, the nlixture fornling a very desirable lead smelting 
ore. 

The Saint Eugene concentrate is by no means difficult to treat. The 
proper treatment for this ore, as indicated by the foregoing tests is :-

A. Crush to about 40 mesh, size and concentrate; 

B. Dry the zinc concentrates and treat them raw on high intensity 
separator for 40o/c zi nc blende. and 553 saving. 
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C. Roast the 40% zinc blende and treat on low intensity magnetic separa
tor for 50% zinc blende and 45 to 50% saving of the zinc in the original ore. 

LOT NO. 20. 

This ore was shipped from Marysville in response to a request for an 
average sample of the mixed lead-zinc ores of the Sullivan mine. The ore 
received, however, was a mixture of zinc blende, siderite and quartz, the 
minerals very finely blended, and bore no resemblance to the ores observed 
by the Commission in the Sullivan mine, which are of peculiar and unmis
takeable character. Consequently, the tests made on the ore received are 
not reported. 
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METHODS OF ASSAYING. 

The assaying and analysis of the samples of ore taken in the field was 
done by Mr. Henry Harris, assistant superintendent of the Hall smelter, 
Nelson, B.C. The ana'ytical work in connection with the samples obtained 
in the ore tests at Denver was done by Mr. Henry E. Wood. Sorne special 
analytical work, which is referred to in the reports, was performed by Mr. 
W. George Waring, of Webb City, Mo. 

In ail cases, the determinations of lead in· the ores were made by a 
volumetric method, the common fire assay being rejected because of its 
well recognized inaccuracy. The detenninations for zinc by Mr. Harris 
and Mr. Wood were made by the Low method, which is a scientific, commer-

. cial method, and is sufficiently accurate for general technical purposes 
when intelligently executed. The assays made by Mr. Waring were per
formed by his own excellent method. 

The methods employed by Messrs. Harris and Wood are. described in, 
the following reports: 

REPORT OF HENRY HARRIS. 

W. R. lNGALLS, Esq. , 
New York. 

Dear Sir:-

The methods followed in assaying samples delivered to me by Mr. 
Philip Argall, in connection with the work of the Zinc Commission, are 
described below: 

Silver Assay.-This of necessity varied much with the nature of the 
sample. In every case the a say was made ib. triplicate. For the majority 
of the samples 3 assay tons of the flux specified below was used with 0. 2 
assay tons of the ore, nitre or ftour being added to obtain a lead button of 
about 25 grammes. The fusion was made at a moderate heat and poured 
very hot, occupying in all probably about 40 minutes. 

Flux-Litharge ........... 9 parts 
Sod. Bicarb ......... 3 pa rts 
Borax glass ... . .. .. 1 part 
Salt COYer 

Lead Assay.-One half to one gram of the sample "·as decomposcd 
with concentrated nitric acid and heated until action ccased. Add 8 c.c. 
sulphuric acid and boil until heavy 0 3 fumes are eYOlved, and continue 
heating until drop under cover glass is of an oily consistency. Cool. Add 
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water and boil. Cool and allow to settle for 45 minutes. Filter. Wash 
residue well with cold distilled water. Wash contents of filter paper into 
original beaker, add 5 grams ammonium chloride and a few crystals of 
sodium acetate. Keep bulk of solution low and digef't until all lead sulphate 
is dissolved. Dilute with hot water to about 250 c.c. and titrate with am
monium molybdate, using as an indicator a freshly prepared solution of 
tannin. 

Zinc Assay.-All determinations were made in duplicate. Sorne of 
the first samples were checked by means of a method involving the elimina
tion of manganese through the agency of bromine and the use of sodium 
sulphate. As the results obtained by this method checked those obtained 
by the shorter Colorado method when carefully handled, the bulk of the 
samples were determined by that method as follows :-

Treat one half to one gram in a casserole with 10 c.c. of water, which • 
must be well mixed with the ore, and afterwards add 25 c.c. of a saturated. 
solution of potassium chlorate in nitric acid. Evaporate to dryness at a 
low témperature and dehydrate. Before dehydration is complete the assay 
should be examined for sulphur globules, and if such are present the assay 
should be rejected. (If much lead is present the addition of 5 grams of 
NH4 Cl before evaporation is of advantage in preventing caking and if the 
evaporation is carried on carefully, there need be no fear of loss of zinc by 
volatilization as chloride.) 

To the solid mass add 5 gra~s of NH4Cl, 15 c.< H4HO and 25 c.c. 
water. Boil for a few minutes. Filter off insoluble oxides, etc. (which 
should include all the manganese). Wash with hot water. Dilute. Neu
tralize with HCl and add 10 c.c. in excess. Titrate hot with standard 
solution of potassium ferrocyanide, using uranium acetate as an indicator. 
I titrate hot, but this is immaterial as long as the standardization is per
formed under the same conditions. Of course, the reaction in the cold 
being very much more slow, a longer time must necessarily be taken over 
the titration. In using this method I find it very necessary for close work 
to standardize under exactly the same conditions as exist in the actual assay, 
even to the quantity of zinc as f~r as possible. The only interfering impurities 
I found in these ores were copper and manganese. The elimination of the 
former was effected by agitation with pure granulated lead, and the latter 
of course was filtered off together with the iron and insoluble matter. 

Insoluble Matter.-Determined in the case of sulphides by decomposing 
slowly one half gram in a casserole with potassium chlorate and nitric acid. 
Oxidized ores were treated with aqua regia. After baking for a few minutes, 
digested with HCl. The filtered residue was well washed with hot water 
and a solution of ammonium acetate, ignited and weighed as insoluble 
mat ter. 

lron.-The solution from the above "\\a heated to boiling and the iron 
precipitated hot with NH4HO. The precipitate was redissolved in HCl 
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and the solution whilst hot was reduced with stannous chloride. After 
cooling, the excess of stannous cbloride was taken up by the addition of a 
considerable quantity of a solution of HgC1 2 and the iron estimated by 
titration \\rith bichromate of potassium. 

Y ours respectfully, 
Nelson, B.C. 

Nov. 31 , 1906. HENRY HARRIS. 

The following are the results of the assays of samples reported by Mr. 
Harris: 

SAMPLES PER P •• IBGALL. 

No. 
Sil ver 

Oz. 
Lead 
% 

1. ............. 2.0 1.9 
2.. . . . . . . . . . . . . 71 .0 73 .5 
3...... ..... ... 49.2 45 .0 
4 ........ . ..... 0 .8 ..... . ... . 
5.. . . . . . . . . . . . . . . . . . . . . . . . . . . 2 .0 
6 .. .. .... . ..... . ...................... . 
7 ............. . 
8 ............. . 
!l ............. . 

10 ..... . ...... . . 
11 ..... .. .. . ... . 
12 ............ . . 
13 ... ... . ...... . 
14 ......... ... . . 
15 ............. . 
16 ............. . 
17 ... ..... . .... . 
18 .... ....... .. . 
19 .. . .... .. .... . 
20 ........... . . . 
21 .. ...... .. ... . 
22 . ............ . 
23 ............. . 
24 ............. . 
25 ......... . ... . 
26 ... .. . . .. ... .. 
27 ........... .. . 
28 ............. . 
29 .... . ........ . 
30 .... ... .... . . . 
31 .. ........... . 
32 .... . ..... . .. . 
33 ... . ........ . . 
34 .. ... ...... . . . 
35 . .... . ....... . 
36 ............. . 
37 ... .... ... . ". 
38 ..... . . . .. . .. . 
39 ...... . ...... . 
40 ............. . 
41 . ... . . . . ..... . 
42 ......... ... .. ! 
48 ............ . . 
44 . . . .. ....... . . 

41.3 
1.0 
2.2 
2 .2 
2 .1 

14.6 
13 .0 
20 .9 
2 .2 
1.5 
2 .9 
1.5 
1. 7 
1.4 
1.6 
2.3 
1.1 
1.4 
1.6 

28 .5 
50.8 
12 .0 
11.5 

111.9 
3 .1 
1. 9 
2.6 
3 .0 

15.1 
33.2 
12 .6 

113 .6 
57.4 
28.4 
58 .5 
26. l 
77.7 
66.4 

ni! 
trace 

1.0 
2.6 
5 .5 

13.1 
1.0 
1. 2 
0 .8 
2.2 
1.0 
1.3 
0 .8 
1. 3 
ni! 

0.7 
0 .7 
0.6 
4.4 

22.9 

.. '.~:~ .. . ·I 
ni! 
nil 
nil 1 

ni! ' 
18 .8 
5.2 

67.9 
26.2 
6.7 

10. 7 
5.1 

39.7 
10.3 

Zinc 
% 

32 .5 

7.0 
21.9 
14.9 

4 .6 

31.6 
48 .5 
40 .0 
46 .1 
46 .3 
30.4 
31. 7 
29.0 
25.7 
26.7 
15.7 
17.4 
20 .2 
31.0 
38.5 
29 .2 
20.5 
19 .2 
23.9 
19 .0 
18.9 
12.0 

3 .0 
27.0 
28 .2 
24.6 
39.8 
55 .6 
42.6 
42.2 
12 . l 
29 .6 
27.8 
26.6 
31.0 
17.9 
35.4 

Iron Insoluble 
% % 

21.8 

i: : : : : : : : : ~ : : : : : : : : : : : : : : 
13.8 
13 .2 
13 .2 

5.3 49.0 
6 .8 53.0 
6.1 50.4 
7.4 36.1 
0 .8 4.6 

1:::::: :: : : : : : :: : : : : : : : : : 

1::.:: 
1::::::: ::: ::::::::::: 
!:::::::::::: :::::::: :: :: 
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Sil ver 
Oz. 

Le ad 
3 

Zinc 
3 

45. .. ...... ... .. 44.9 1.0 36 . 2 
46 . . . . . . . . . . . . . . 62. 3 21. 2 32 . 8 
47 . . ..... .. . .. .. 53.4 5 . 1 41.0 
48 ...... .. ...... 18 .2 36 .7 32 .6 
49.. . . . . . . . . . . . . 10 .6 7.5 38 .0 
50 .. .. ... . ... .. 19.4 6 . 1 34.8 
51.... ... ... . ... 4 .0 21.8 7 .2 
.52 . . . . . . . . . . . . . . 1 . 9 ni! 13 . 9 
53... .. . ... .. ... 0 .8 2.4 5 .9 
54.. .. ........ .. 1.3 4.9 27 .5 
55. . . . . . . . . . . . . . 4.8 23.4 19 .5 
56.. . . ... . ...... 0 .5 0.4 31.9 
57 . . . . . . . . . . . . . . 2 . 1 11 . 3 10 . 9 
58 . . . . . . . . . . . . . . 1 . 3 2. 0 34. 5 
59 . ... . .. . .. . ... 2 .6 15 .7 21.1 
60 ............ .. 24.6 3 . 2 22 .7 
61.. . . .......... 0.7 ni! 23 .0 
6~ . . . . . . . . . . . . . . 34. 1 6. 0 18 . 0 
63 ..... . .... .. " 74 .4 17.4 19 .6 
64 ...... . . . . . " . . 64. 0.5 nil. 
65.. ... .... . . ... 2.7 5.5 16 .8 
66.. .. .. . . ..... . 36.3 2 .6 15.4 
67. ............. 190 .8 12 .5 24.7 
68.. . . . . . . . . . . . . 18 .3 5.0 11 .4 
69.. .... . . . . . . . . 4.3 1.0 13 .0 
70. ... . . . . . . . •. 16.7 4 .9 12 .0 
71... .. . ... ... .. 102 .6 19.4 19 .2 
72.. ...... .. .... 23.4 6 . 1 16 . 1 
73.. .... . ... ... . 37.1 8 .0 13 .6 
74 ......... .. ... 7.2 7.7 34 .2 
75.. . .... ...... . 13.2 12 .4 29.2 
76 . . . . . . . . . . . . . . 10 . 4 8 . 7 26 . 2 
77 .... .. ........ 10 .3 10 .0 24 .6 
78...... . . .. . ... 32 .3 13.4 38.4 
79 .. " .. .. ... ". 14 .6 6 .8 42.9 
0. . . . . . . . . . . . . . 122 .6 80 .8 trace 

81 ............. . - 1 .0 ni! 54 .6 
82 ............ . . 2 .5 2.1 46 .6 
83 ...... ..... . . . 2.1 1.4 46.6 
84... . .. . . ...... 74 .7 81.2 5 .7 
85 . ....... . ... " 196 .5 26.8 38 .4 
86 . . . . . . . . . . . . . . 2 . 3 trace 46 . 7 
87. . .... . .. . . ... G.7 13.7 28 .5 
88 .. ............ 3.6 1.7 27.8 
89 . . . . . . . . . . . . . . 15 . 0 20. 7 23 . 6 
90.... . . . . . . . . . 16.2 ni! 41.0 
:K 1 . . . . . . . . . . . . . .5. 2 3 . 9 49 . 2 
K 2 . ... .. ... .. .. 3.8 3.4 17.5 
K 3 ............. 5.0 4.2 50.8 
TC 4..... .... ... . 6.0 4.5 28. 

Iron Insoluble 
3 3 

........ . ...... .. .. . .... 
• 

. . .. . . .. . .... " . . .... .. l 

i~L :::::::::::J : : ~ ~ : ~ 1 i~ : ~ :::: 1:~:~::::1·.-::::::::::: 
BB 1. ...... . . . ..... . .......... . . . . . . . . . . . . . . . . . . . . . . .o 

SAMPLES PER DR. RARLOW . 

Xo. AU AG PB z~ FE Si02 CU 
1 

Cao 
Oz. Oz. 3 % 3 3 3 % 

1. .. . ... trace 2 .3 

':: :~~:: :\ 
29. 1 7 .6 1 16 .0 

1 2.5 1 2 ... . ...... 0.01 0 .6 35.0 12.0 34.0 . . . . . . . . nil 
3 .. nil trace 40.0 .5.5 33.0 nil . . ...... 
4 . . 0 .03 1.5 . 1 8.8 29.2 3.2 20 .0 ... "... 8 . 9 
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SPECIAL SAMPLES OF LIMESTONE, PER P. ARGAl.L. 

No. 
% - ·3 

MgO 
% 

365 

Si02 1 CaO 

,-----11-----
... · ëi :s· .. Î ~~:~ 1 .............. ......... : . .. .. ....... . .. . 

2 ........ . .............................. . ni! 

.... "3:6" .. ·1 ~~:~ 3 . . ..... .. ..... . .................... . ... . 
4 ..... ... ... ............... .. ....... .... . ni! 

REPORT OF HENRY E. WOOD. 

W. R. lNGALLs, EsQ., 
New York. 

DEAR Srn,-
The methods of analysis employed for the determination of saruples 

obtained in the ore tests of the Zinc Commission were as follows :-

Lead.-The ordinary ammonium molybdate method was used. The 
ore was dissolved in aqua regia, evaporated almost to dryness, sulphuric acid 
added, and heated until all nitric and hydrochloric acids were driven off and 
fumes of sulphuric anhydride were coming off freely. It was then allowed to 
cool, taken up with cold water, boiled, filtered and washed with dilute sul
phuric acid. The paper containing the lead sulphate, etc. was placed in a 
beaker, a hot dilute solution of ammonium acetate added, heated to boiling 
and titrated with standard ammonium molybdate, using a dilute solution of 
tannic acid on a spot plate as an indicator. 

Zinc.-A modification of Low's method was used. The ore was dis
solved in nitric acid, a little potassium chlorate was added and the solution 
evaporated to dryness. It was taken up with a strongly ammoniacal solution 
of ammonium chloride, (and in case much manganese was present bromine 
water was added); this was boiled a few moments , filtered and washed with 
a hot dilute solution of ammonium chloride rendered slightly alkaline by 
ammonia. The filtrate was acidified with hydroch!oric acid and boiled with 
a little granulated lead, to precipitate the i::mall amount o~ copper present. 
The boiling was continued until all bromine was removed. It was then 
titrated hot with >=tandard potassium ferrocyanide, using a saturated solution 
of uranium acetate on a spot plate as an indicator. 

Iron.-The filtrate from the lead sulphate (see lead determination) was 
boiled with metallic aluminum until all the iron \YaS reduced. It was then 
diluted, cooled, filtered, washed and titrated with a standard solution of 
potassium permanganate. 

Insoluble .i\latter.-The ore was digested with aqua regia and evaporated 
slowly to dryness. It was th en taken up wi h di lute hydrochloric acid and a 
di ute solution of ammonium chloride added. It was then boiled, filtered, 
washed, ignited and weighed. 
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Sulphur.-The ore was fused with a mixture of sodium carbonate and 
potassium nitrate. The fused mass was dissolved in hot water, filtered and 
washed. The filtrate was slightly acidified with hydrochloric acid, heated 
to boiling and an excess of barium chloride added. After settling, the barium 
sulphate was filtered , wa:hed, ignited and weighed, and the sulphur contents 
calculated. 

Gold and Silver.-Gold assays were made by the crucible method and the 
sil ver assays were all made by the ordinary scorification method. 

Y ours respectfully, 

HENRY E. WOOD. 
DENVER, ÜOLO., 

March 29, 1906. 
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SYNOPSIS OF MlNING L .l-1-WS OF 
BRITI H COL :NIB IA. 

The following Î8 from a publication of the Department of Mines of 
British Columbia. 

The mining laws of British Columbia are very liberal in their nature 
and compare favourably with those of any otp.er part of the world. The 
terms under which both lode and placer claims are held are such that a pros
pector is greatly encouraged in his work, and the titles, especially for mineral 
claims and hydraulic leases , are absolutely perfect. The fees required to 
be paid are as small as possible. consistent with a proper administration of 
the mining industry, and are much lower than those of the other Provinces 
of Canada or the mineral lands under Dominion control. Provision is also 
made for the formation of mining partnerships practically without expense, 
and a party of miners is enabled to take advantage of these sections of the 
Acts and work their claims together, without the trouble or expense of 
forming a joint stock company. 

Considering the success that has characterised alluvial mining on a 
'arge scale in British Columbia, the ren(a]s for hydraulic leases are particu
larly low. It will be found on reference to most of the Australian colonies 
and Natal, that the rentais are, in most instances, eight times as much as 
in this Province, while the areas permitted are generally much smaller. The 
period for which leases are granted is practically the _same. On a Iode mine 
of 51 acres the expenditure of $500, which may be spread over 5 years, is 
required to obtain a Crown grant, and surface rights are obtainable at a 
small figure, in no case exceeding $.S per acre. 

The following synopsis of the mining laws will be found sufficient to 
enable the miner or intending investor to obtain a general knowledge of 
their scope and requirements; for particulars, however, the reader is referred 
to the complcte Acts, which may be obtaincd from the King's Printer, Vie
toria, B.C. 

FREE MINERS' CERTIFICATES. 

Any pcrson over the age of 18, and any joint stock eompany, may 
obtain a Free i\liner's Certificate on payment of t he required fee. 

The fee to an individual for a Free \iiner',; Certificate is $.S for one year . 
To a joint stock company having a capital of $100,000, or les-;, the fee for 
a year is $50 ; if capitalised beyond this, $100. 

24 
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Ali these certificates expire at midnight on the 31st of May in each year. 
Certificates may be obtained for any part of a year, terminating on the 31st 
May, for a proportionally less fee. 

The possession of tbis certificate entitles the holder to-enter on ail lands 
of the C:rown, or othe:r lands on which the right to so enter is rese:rved, and 
prospect for minerais, locate claims and mine. 

A free miner can only hold, by location, one mine:ral claim on the same 
vein or Iode, but may acquire othe:rs by pu:rchase. In the case of placer 
clairns only one can be held by location on each creek, ravine, or bill, and 
not more than two in the same locality, only one of which shall be a" creek" 
claim. 

In the event of a free miner allowing bis certificate to lapse, bis mining 
property (if not Crown-granted) reverts to the Crown, but where other free 
miners are interested as partners or co-owners the interest of the defaulter 
becomes vested in the company continuing co-owners or partners, pro rata, 
accorcling to their interests. 

It is not necessary for a shareholder, as such, in an incorporated mining 
company, to be the holder of a certificate. 

MINERAL CLAIMS. 

Minerai claims are located and held under the provisions of the "Minera} 
Act." 

A minerai claim is a rectangular piece of ground not exceeding 1,500 
feet square. The angles must be ail right angles unless the boundaries, or 
one of them, are the same as those of a previously recorded claim. 

No special privileges are allowed for the discovery of new minera} claims 
or districts. 

A mine:ral claim is located by erecting three legal posts, wbich are stakes 
having a height of not Jess than four feet above ground and squared for four 
inches at least on each face for not less than a foot from the top. A tree 
stump so eut and squared also constitutes a legal post. 

The "Discovery post" is placed at the point where minera! in place 
is discovered. 

Nos. 1 and 2 posts are placed as near as possible on the line of the ledge 
or Yein, shown by the discovery post, and mark the boundaries of the claim. 
Upon each of these three posts must be written the name of the claim, the 
name of the locator and the date of location. On o. 1 post, in addition, 
the following must be written :-"Initial post. Direction of post Io. 2, 
[giving approximate compass bearingJ ;--feet of this claim lie on the right, 
and--feet on the left of the line from 1o. 1 to No. 2 posts." 

The location line, between Jos . 1 and 2 posts, must be distinctly marked 
-in a timbered locality by blazing trees and cutting underbrush , and in 
bare country by monuments of earth or rock not less than t"·o feet in dia
metc>r at the base, and at least two fcet high-so that the line can be dis
tinctly seen. 
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Minera! claims must be recorded in the Mining Recorder's Office for 
the Inining division in which they are situated within 15 days from the date 
of location, one day extra being allowed for each 10 miles of distance from 
the recording office after the first. 10 miles. If a claim is not recorded in 
time it is deemed abandoned and open for re-location, but if the original 
locator wishes to re-locate he can only do so by perinission of the Gold Com
Inissioner of the District and upon the payment of a fee of $10. This applies 
also to a claim abandoned for any reason whatever. 

Minerai claims are, until the Crown grant is issued, held practically 
on a yearly lease. the conditidn of which is that assessment work be per
formed on the same during such year to the value of at least $100, or pay
ment of such sum be made to the Mining ,Recorder Such assessments 
must be recorded before the expiration of the year or the claim is deemed 
abandoned. If, however, the required assessment work has been per
formed within the year, but not recorded within that time, a free Ininer 
may within 30 days thereafter record such assessment work upon payment 
of an additional fee of $10. The actual cost of the survey of a Inineral 
claim, to an amount not exceeding $100, may also be recorded as assessment 
work. If, during any year, work is done to a greater extent th.an the re
quired $100, any further sum of $100-but not less-may be recorded and 
counted as further assessments. As soon as assessment work to the extent 
of $500 is recorded, the owner of a Inineral claim is entitled to a Crown grant 
on payment of a fee of $25, and giving the necessary notices required by 
the Act. Liberal provisions are also made in the Act for obtaining miil-sites 
and other facilities in the way of tunnels and drains for the better working 
of claims. 

PLACER CLAIMS. 

Placer m1mng is governed by the " Placer Mining Act," and by the 
interpretation clause its scope is defined as "the mining of any natural 
stratum or bed of earth, grave! or cernent Inined for gold or other precious 
minerais or stones." Placer claims are of four classes, as follows :-

" 'Creek diggings': any Inine in the bed of any stream or ravine: 

" 'Bar diggings': any Inine between high and low water marks on a 
river, Jake or other large body of water: 

" 'Dry diggings': a.ny mine over which water never extends: 
" 'Precious stonc diggings': any dcposit of precious stones, whether in 

vcins, beds or grave! deposits." 

The following provisions as to cxtcnt of ihc various classes of claims 
are made by the Act:-

" In 'creek diggings' a claim sha\l be 250 fect square: Provided always, 
that the side lines of each claim shall be measured in the general direction 
of the water-course or stream: 



372 REPORT OF ZINC COMMISSION 

"In 'bar diggings' a claim shall be:-

"(a) A piece of land not exceeding 250 feet square on any bar 
which is covered at high water, or 

"(b) A strip of land 250 feet long at high water mark and in 
width extending from high water mark to extreme low 
water mark: 

"In 'dry diggings' a claim shall be 250 feet square." 
The following provision is made for new discoveries of p~acer mining 

ground:-

" If any free miner, or party of free Ininers, discover a new locality for 
the prosecution of placer Inining and such discovery be established to the 
satisfaction of the Gold Commissioner, placer claims of the fo lowing sizes 
shall be allowed to such discoverers, viz. :-

"To one discoverer, one claim . . . . . . . . . . . . . . . . . 600 feet in Jength; 
"To a party of two discoverers, two claims, amount-

ing together to ............................ 1,000 " 
"And to each member of a party beyond two in number, a claim of the 

ordinary size only. 

"The width of such claims shall be the same as ordinary placer claims of 
the same class: Provided that where a discovery claim has been established 
in any locality no further discovery shall be allowed within five miles there
from, measured along the water-courses." 

Every placer claim shall be as nea.rly as possible rectangular in form, and 
marked by four legal posts at the corners thereof, firmly fixed in the ground. 
On each of such posts shall be written the name of the locator, the number and 
date of issue of his free miner's certificate, the date of the location and the 
name given to the claim. In timbered localities ail boundary lines of a placer 
claim shall be blazed so that the posts can be distinctly seen, underbrush eut, 
and the locator shall also erect legal posts not more than 125 feet apart on all 
boundary lines. In localities where there is no timber or underbrush, monu
ments of earth or rock, not Jess than two feet high and two feet in diameter at 
base, may be erected in lieu of the last-mentioned legal posts, but not in the 
case of the four legal posts marking the corners of the claim. 

A placer claim must be recorded in the office of the Mining Recorder for 
the Mining Division within which the same is situate, within fifteen days after 
the location thereof, if located within ten miles of the office of the Mining 
Recorder by the mo t direct means of travel. One additional day shall be 
allowed for every ten miles additional or fraction thereof. The number of 
days shall be counted inclu iYe of the day upon which such location was made, 
but exclusive of the day of application for record. The application for such 
record shall be under oath and in the form set. out in the chcdule to the Act. 
A rlaim whi ch shall -not have been-;recorded within the prescribed period . . 
shall be deemed to have been abandoned. 
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To hold a placer claim for more than one year it must be re-recorde<l 
before the expiration of the record or re-record. 

A placer claim must be worked by the owner, or someone on his behalf, 
continuously, as far as practicable, during working hours. If work is dis
continued for a period of 72 hours, except during the close season, lay-over, 
leave of absence, sickness, or for some other reason to the satisfaction of the 
Gold Commissioner, the claim is deemed abandoned. 

Lay-overs are declared by the Gold Commissioner upon proof being given 
to him that the supply of water is insufficient to work the claim. Under 
similar circumstances he has also the power tp declare a close season, by a 
notice in writing and published in the Gazette, for all or any claims in his dis
trict. Tunnel and drain licenses are also granted by him on the person apply
ing giving security for any damage that may arise. Grants of right of way 
for the construction of tunnels or drains across other claims are also granted 
on payment of a fee of $25, the owner of the claim crossed having the right 
for tolls, etc., on the tunnel or drain which may be constructed. These tolls, 
however, are, so far as the amount goes, under the discretion of the Gold Com
missioner. 

CO-OWNERS AND PARTNERSHIPS. 

In both the cc Mineral" and cc Placer Mining" Acts provision is made for 
the formation of mining partnerships, both of a general and limited liability 
character. These are extensively taken advantage of and have proved very 
satisfactory in their working. Shotùd a co-owner fail or refuse to contribute 
his proportion of the expenditure required as assessment work on a claim he 
may be "advertised out" and his interest in the claim shall become vested in 
his co-owners who have made the required expenditure, pro-rata according 
to their former interests. It should not be forgotten that if any co-owner 
permits his free miner's certificate to lapse, the title of his associates is not 
prejudiced, but his interest reverts to the remaining co-owners. 

HYDRAULIC AND DREDGING LEASES. 

Leases of unoccupied Crown lands may be grantecl by the Lieutenant
Governor in Council, upon recommendation of the Gold Comm.issioner of the 
District, after location by placing a legal post at each corner of the ground 
applied for. On the post nearest the placer ground then being worked the 
locator must post a notice stating the name of the applicant, the location of 
the ground to be acquired, the quantity of ground and the term for which 
the lease is to be applied for. Within thirty days application must be made 
in writing to the Gold Commissioner. in <luplicate, with the plan of the ground 
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on the back, and the application must contain the name of each applicant, 
the number of each applicant's free miner's certificate, the locality of the 
ground, the quantity of ground, the terms of the lease desired and the rent 
proposed to be paid. A sum of $20 must accompany the application, which 
is returned if the application is not granted The term of leases must not 
exceed 20 years. The extent of ground covered by leases are not in excess 
of the following:-Creek-half a mile; hydraulic diggings-80 acres; for 
dredging leases-5 miles; precious stone diggings-10 acres. U nder Ortler 
in Council the minimum rental for a creek lease is $75 per annum, and for a 
hydraulic lease, 50 per annum, with a condition that at least $1,000 per 
annum shall be spent in development. For dredging leases the usual rental 
is $50 per mile per annum; development work worth $1,000 per mile per 
annum must be clone. 

TAXATION OF MINES. 

Mineral or placer claims, when Crown-granted, are subject to a yearly 
tax of 25 cents per acre, but if $200 is spent in work in a year this taxis not 
levied. A tax of 2% is levied quarterly on ail ores and other mineral sub
stances rnined in the Province, based upon the net value of such ore at the 
mouth of the shaft or tunnel, but where ore-producing mines produce under 
$5,000 in a year half the tax is re-funded, while placer or dredging mines 
that do not produce a gross value of $2,000 in a year are entitled to a refund 
of the whole tax. These taxes are in substitution for ail taxes on the land 
and for the personal property tax in respect of sums so produced, so long as 
the land is only used for mining purposes. By the "Land Act," a royalty 
of 50 cents per M, board measure, is levied on timber sui table for mining props, 
a cord of props being considered as 1,000 feet board measure. 

COAL A D PETROLEUM PROSPECTING LICENSES. 

Any person desiring to prospect for coal or petroleum upon any lands 
held by the Crown may acquire a license to do so over a rectangular block of 
land not exceeding 640 acres, of which the boundaries shall run due north 
and south and east and west, and no side shall exceed 0 chains (1- mile) in 
length . Before entering into possession of the said land be shall place at the 
corner of su ch block a legal stake, or initial post, and shall inscribe thereon his 
name and the angle represented by such post, thus:-" A. B.'s .E. corner," 
or as the case may be, and shall keep posted for 30 days in a conspicuous 
place upon the aid land , and also on the Government Office of the District, 
as well as publishing it in the B. C. Gazette and in a local newspaper for a like 
period,.a notice of his intention to apply for such prospecting licence. 
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The application for said licence shall be in writing, in duplicate, and shall 
contain the best written description possible, with a diagram of the land 
sought to be acquired, and shall be accompanied with a fee of $100. The 
application shall be made to the Assistant Commissioner of Lands and W orks 
for the District, and by him forwarded to the Chief Commissioner of Lands 
and Works, who shall grant such licence-provided no valid protest is sub
stantiated-for a period not to exceed one year, and at the expiration of the 
first year an extension of such licence may be granted for a second or third 
year. 

Should the licensee discover coal or petroleum upon such land during the 
period of his licence, and produce satisfactory evidence under oath of the fact, 
he may obtain from the Lieutenant-Governor in Council, after having had 
the land properly surveyed, a lease of the said block for a ,term of five years 
at an annual rental of 15 cents an acre, and if during the term of such lease, or 
within three months thereafter, he can show conclusively that he has con
tinuously and vigourously prosecuted the work of coal or petroleum rnining, 
and has fully carried out the terms of such lease, he shall be entitled to pur
chase the said lands, including the coal or petroleum thereunder, at the rate 
of $10 per acre, or in the event of the surface rights having been alienated 
from the Government, he can purchase the coal and petroleum underly!ng 
su ch lands at the rate of $5 an acre: Provided also, that in addition to the 
rental or purchase price there shall be paid to the Government as a royalty 5c. 
per ton (2,240 lbs.) of merchantable coal, or 2! cents per barrel (35 Imp. 
gallons) of crude petroleum raised or gotten from such land. (See chap. 137 
Revised Statutes, 1897, and chap. 37, 1903-4.) 

MINING RECORDERS IN OUTLYING DISTRICTS. 

Where rnineral is discovered in a part of the Province remote from 
Mining Recorders' offices, o that the provisions of the Act cannot be justly 
enforced, the miners themselves may, by a two-thirds vote at a meeting 
for that purpose, appoint a Mining Recorder from among themselves. 
Such Recorder' can issue free rniners' certificates, records of mining pro
perty, etc., and such entries will be valid notwithstanding any informality. 
Under the Act such Mining Recorder shall, as soon as possible, forward a 
list of the free miners' certificates issued by him, and of records made, to 
the nearest Gold Comrni sioner or Mining Recorder, together with the fees 
required by law therefor. 

TABLE OF FEES. 

Individual Free Miner's CertificatP. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 
Company Free Miner's Certificate (capital . 100,000 or less) ....... ...... . .. . 
Company Free Miner's Certificate (capital over $100,000) .. . ..... . ......... . 
Recording Minerai or Placer Claim .... . . ................ . .. . .. . ........ . 

5.00 
50.00 

100.00 
2.50 
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Recordincf Certificate of Work, Minerai Claim ............................ . 
Re-recor of Placer Claim ............ ...... ..... ................. .. ... . 
Recording Lay-over ....................... . .............. . ....... .... . 
Recording Abandonment Minerai Claim ................................. . 
Recording Abandonment, Placer Claim ................ ..... . .... ... .... . 
Recording an Affidavit under tbree folios ................................ . 
Per folio over three, in addition ........................................ . 
Records in "Record of Conveyances," same as Affidavits ..... .. ........... . 

~~~Br~.:ulli:~ ~f· Mi~~~~i Rigi:;~ ·~~d~; û~;~r~i ·A~t. ·.· .. :::: : : : : : : : : : : : : : : 
For Crown Grant of Surface Rights of Minerai Claim ..................... . 
For every lease under "Placer Mining Act" ........................... .. . . 

THE LEAD BOUNTY. 

2.50 
2 50 
2.50 

10 .00 
2.50 
2.50 

30 

1 OO 
25 OO 
10.00 
5 OO 

Silver-lead mining in British Columbia, except for those ores carrying 
high silver value, had been at a very low ebb during th6 two years imme
diately previous to 1903; in fact, most of the lead mines carrying low sil ver 
value suspended operations, the owners claiming they could not be worked 
at a profit under existing circumstances. 

Strong representations were made to the Dominion Government of 
these facts, and application made for a bounty on lead mined in Canada. 
Thi.s application was granted at the last session of the Dominion Parliament 
in 1903. The following is the bounty awarded:-

AN ACT TO PROVIDE FOR THE PA YiVIENT OF BOUNTIES ON LEAD 
CO TTAINED IN LEAD-BEARING ORE, MI TED IN CANADA. 

[24th October, 1903.) 

1. The Governor in Council may authorize the payment of a bounty 
of 75 cents per 100 lbs. of lead contained in lead-bearing ores mined in Canada, 
such bounty to be paid to the producer or vendor of such ores: Provided 
that the sum to be paid as such bounty shall not exceed $500,000 in any 
fiscal year: Provided , also, that when it appears, to the satisfaction of the 
Minister charged with the administration of this Act, that the standard 
price of pig lead in London, Eng., exceeds .t:12 lOs. sterling per ton of 2,240 
lbs ., such bounty shall be reduced by the amount of such excess. 

2. (1.) Payment of the said bounty may be made from time to time 
to the extent of 603 upon smelter returns showing that the ore has been 
delivered for smelting at a smelter in Canada. The remaining 40% may 
be paid at the close of the fiscal year, upon evidence that al! such ore has 
been smelted in Canada. 

(2.) If at the close of any year it appears that during the year the 
quantity of lead produced, on which the bounty is authorised, exceeds 
33,333 tons of 2,000 lbs., the rate of bounty shall be reduced to such sum as 
will bring the payments for the year \1·ithin the limit mentioned in section 1. 
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3. If at any time it appears, to the satisfaction of the Governor in Coun
cil, that the charges for transportation and treatment of lead ores in Canada 
are excessive, or that there is any discrimination which prevents the smelting 
of such ores in Canada on fair and reasonable terms, the Governor in Council 
may authorise the payment of bounty, at such reduced rate as he deems 
just, on the lead contained in such ores mined in Canada and exported for 
treatment abroad. 

4. If at any time it appears, to the satisfaction of the Governor in 
Council, that products of lead are manufactured in Canada direct from lead 
ores mined in Canada without the intervention of the smelting process, the 
Governor in Council may make such provisions as he deems equitable to 
extend the benefits of this Act to the producers of such ores. 

5. The said bounties shall cease and determine on the 30th June, 1908. 

6. The Governor in Council may make regulations for carrying out 
the intention of this Act. 

7. Chapter 8 of the Statutes of 1901, intitled "An Act to provide 
for the payment of bounties on lead refined in Canada," is repealed. 
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