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CmapTaR V.—AMALGAMATING MILLS.

RELATIVE AMOUNT OF ORE MILLED.—A. considerably larger amount of ore is treated by the various processes
depending on amalgamation than is smelted or leached. In California .m'na_lga.nmnt-ing mills. altogether outranlc the
smelting establishments, but are supplemented in many cases by lixiviation works. In Nev udzn‘ the Tureka
smelting district is the principal exception to the rule, 78,807 out of the total 346,331 tons treated in 'the whole
state during the census year having been worked at Fureka. In Celorado, howev'er, less ore was milled than
smelted during the same period, the respective totals being 181,948 tons milled, as against 179,564 tons smelted. In
Montana, out of a total of 86,576 tons reduced during the census period, 7 1,8(-_)6 tons were worked in amalgamating
‘mills. Oregon, Dalota, and Wyoming ores are treated by amalgamation. Until lately all t.:he, ores inildaho were
milled, but the discovery of important base-metal districts has given an impulse to smelting operations, Mills
take precedence in Arizona. In general, it may be said that, wherever practicable, owing to the peculiar economie
conditions prevailing in the far West, the amalgamation process is adopted in preference to smelting from motives
of economy in firgt cost of plant and in actual treatment, though, on the other hand, the percentage of precivus
metals saved by the mills is usually much lower than the results reached in smelting works.

CAPAQITY OF MILLS.—The quantity of the ore which can be treated per month varies from 50 tons to several
thousand, according to the quality of the ore and the size of works. Among large mills the Homestake gold mill
has a capacity of 325 tons and the California silver mill 380 tons in twenty-four hours. Some of the mills are kept
steadily at work from one year’s end to the other, but many of them are only running for a fow weeks ab a time.

OwnersHIP.—~The large mills are usually owned and operated by mining companies, though a few custom millg
of considerable size are reported, and on the Comstock the greater number of mills are owned by companies which
are engaged exclusively in milling. Of the custom mills, nearly all were built by mining compauies, and have
passed, from failure of the mines or other causes, into private hands, ,

TENOR OF ORE TREATED.—The range in the assay value of the ore treated is very great, extraordinary
facilities and a large plant permitting ore to be worked in some places at a profit which under other conditions
could only be treated at a loss. The physical character of the ore also varies greatly, the quartz in some districts
being extremely coherent and tough and in others friable. Some ores are so soft that 10 tons per 24 hours can be
crushed with a single stamp. The predominating color in chloride or oxidized ores is a dull reddish yellow, and
in sulphuret ores various shades of gray.

The ore treated by silver mills contains nearly every known silver mineral, the specimens collected in connection
with the present censns embracing an almost complete list of even the rarer species. What are known as free ores,
- if from near the surface and exposed to atmospheric agencies, contain chloride or horn-silver (cerargyrite) and more
rarely native silver, or sulphide (argentite) if from below the water line, although the latter mineral is also found
at ornear the surface. In oreswhich require a preliminaryroasting stephanite, tetrahedrite, polybasite, pyrargyrite,
proustite, ete., are found ; in fact, the ores containing silver, and also sulphur, copper, lead, antimony, arsenie, or
zine, are met with in almost endless variety. The most common gangue is quartz, with or without cale-spar and
other minerals. As exceptions may be mentioned White Pine, Nevada, where the gangue is siliceous limostone;
Bl Dorado cafion, where it is cale-spar and chlorite; 4nd Silver Reef, Utah, where it is sandstone. Fluorspar and
barite, as well as many other minerals, oceur occasionally as the gangue of lodes. In some places the association
of minerals is a very remarkable one; for instance, in the Spanish Belt district, Novada, cinnabar is found in
silver-bearing tetrahedrite, and at the Hackberry mine, Arizona, free sulphur was found in the oxidized chloride
ore of a silver mine,

Grold is generally found in the ore in a free state, though frequently it is 5o intim ately mixed with iron sulphurets
that it is difficult of amalgamation. At other times the gold is so extremely fine that it is carried off on the water
before it can be amalgamated. It is often supposed that a sulphuret of gold is found in some mines, and that
“coated” gold, or gold which cannot be amalgamated in the ordinary way, exists is a matter of fact ; but there is
little authority for the belief that sulphur is chemically combined yith gold in these ores.

FC;RGE EMPLOYED.—A 20-stamp wet-crushing silver mill, running 24 hours per day, generally needs the following
crew of men: o

2 rock-breaker men,

2 battery feeders,

2 amalgamators.

? amalgamators’ helpers,

2 engineers (and in some cases 2 firemen).
1 roustabout.
1 foreman and assayer.

A somewhat larger mill would oniy require an increase of a hand or two, and a smaller mill, even & 5-stamyp
one, could not run with a much smaller force. The usual crew for a 20-stamp gold mill is five men,
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As an example of the force required by a 20-stamp dry-crushing silver mill, the pay-roll of the Grand Prize
mill, at Tuscarora, Nevada, may be quoted. This mill is run by a very strong crew. Some of the more recently -
constrnoted dry-crushing mills, which have more antomatic appliances, such as continuous rotary driers in place
of kilns, dispense with a few hands.

TaBLE XCVIIL—FORCE EMPLOYED AT THE GRAND PRIZE 20-STAMP DRY-CRUSHING AND CHLORIDIZING MILL.
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Total .ooveovvnnninn, b7 I [ 846 $121 00
Amalgamators......ooo.e.. 2 12 $6 00 24 16 00 v
Amalgnmators’ holpers ..., 2 12 400 b 8 00
Chloridizers - vuvenrnunnnnns 2 12 5 00 24 10 00
Chloridizers' helpers....... 2 2| 400 24 8 00
Battery foeders............ 2 12 6 00 24 10 Of
Engineers -.ocoveuvinnian.- 2 12 5 00 24 10 00
b T 4 12 4 00 48 16 00
Moelter and retorter........ 1 12 4 00 12 4 00

° Dry-kiln men...covauen.... 6 12 400 72 24 00
Blacksmith ......... 1 12 6 00 12 5 00
Laborers coeeee vt cuceanas 4 12 4 00 48 16 00

@ Tho agsayer snd foreman are included in staff,

In Tuscarora distriet there are two other mills, each of 10 stamps, the daily pay-rolls of which are added by
way of comparison. Of these the Independence-Navajo is a dry-crushing and ehloridizing-roasting mill, while the
Lancaster, which runs on chloride ore, crushes dry, but amalgamates raw.

, Tanre XCIX,—FOROE BMPLOYED AT THE INDEPENDENCE~-NAVAJO 10-STAMP DRY-CRUSHING AND CHLORIDIZING MILL,
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ENgineers «coueve commsucann 2 12 5 00 24 10 00
Tiromen ...c.oovienmnennnn. 2 12 400 24 8 00

@ The assayer and foreman gro inecluded in staff.

Tanrs 0.—FORCE EMPLOYED AT THE LANCASTER 10-STAMP DRY-CRUSHING AND RAW-AMALGAMATING MILL,
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Engineors -vooeveveenvann. 2 12 $56 00 24 10 00
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Battery foeders .... . 2 12 4 60 29 9 00
Amalgamators-.coan. vneens 2 12 5 00 24 10 00
Amalgamators' helpers....|” 2 12 4 00 24 8 00
Drior tonders 2 12 4 00 24 8 00
Laborer........e.- 1 12 400 1, 12 4 00
.| Sage-brush wheelers....... 2 13 400 24 800

a The agaayer and foreman are ineluded in staff, o
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WAGES PATD.~—The wages for mill employés range from $2 to $5 for twelve-hour shifts,' and seem to be in
proportion to the wages paid miners in the district where the works are situated. As a rule, m'111 employgs receive
about 10 per cent. more than miners, the difference in the length of their shifts (which for ml‘ll hands is almost
invariably twelve hours) entitling them to more pay. In one ortwo districts mill hands were paid less than winers,
however. Chinese are employed to some extent, and receive from $1 to $2. They work generally as laborers.
Foremen are paid from 84 to $10 per day. The scale of wages paid in the Comstoek mills is appended:

TaBLE CL—RATE OF WAGES OF DIFFERENT CLASSES OF EMPLOYES IN THE COMSTOCK MILLS.

Class. Wages por shifb, )
Apgitator Men. - ceicmnenangaaaaainas $3 60
Amalgamators. .. 4 00
Blacksmiths coavescnnaeaeianans [ 5 00
Blanket swespoers 8 00 to 8 50
Carpenters .-......- - 6 00 to 6 00
ChATEOYE emeueosncanmemnnansamnnanns 8 50 to 4 00
B 035 1) /TR S 4 00
Engincors . 5 00 to 7 00
FoBA6T8 anare nennneinsmnnnnanen . 3 00 to 4 00
Tiremen .. 4 00
TForemen.. 5 00 to 6 00
Laborers.. 8 00 to 4 00
Masons ... .. 6 00 @
(03015 TN . 3 50 to 4 00
Panmen eeneenamesanas 4 50 to 5 00
Rotorters suveseeevaceniiinncmnssanaan 8 60 to 4 00
ROMNOIE wenaumcscannacnmsnsnunnneuans 4 00 to 4 60
Tankmen 8 50 to 4 00
Toamstors 8 60
Watchmen 8 50 to 4 00
‘Woodmen 8 60

Tlustrative tables are appended, showing the classification of the employés in the Comstock mills according:
to occupation and nationality. Of the 339 men whose nationality is recorded, 8 are clagsed with the staff and are
omitted from the table of occupations.
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aln addition to the number of. men here classified there were employed st other mills, which were sither idle or rnnning hut n short time, 66 men, as watchmen,
laborers, ate. The total amount paid as wages during the census year by the Comstock mills was $372,767 19,
bIncludes Boston and Douglas mills,
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Tasre CIIT—NATIONALITY OF MEN EMPLOYED IN THE PRINCIPAL COMSTOCK MILLS, INCL.UDING STAFF: 1880,
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¢ Includes Boston and Douglas mills.

RELATION OF LABOR T0 PRODUCT.—AN analysis of the results reached in 160 mills shows that for every ton
of ore erushed the labor of one man for 8.9 lours, costing $1 34, is required. TFor the separate establishments the
range is very great, depending upon the character of the ore and the freatment and upon the efficiency of the
machinery, while wide variations are found in the averages for the different states and territories. The most
economical process in point of labor, as in other details, is the treatment of free-milling gold ores by large wet-
crushing mills; the most expensive, that of redncing base silver ores, which require chloridizing-roasting as a
preliminary to pan amalgamation, Dakota, where the ores worked are exclusively of gold, and California and
Oregon, where such oves largely predominate, are therefore the localities whore the greatest saving in labor is effected ;
while Arizona, Nevada, and Montana show a much greater expenditure of labor, as would be expected, in view of
the character of their ores. In Colorado and Idaho the different classes of mills are nearly balanced, and the labor
employed in ¢rushing a ton of ore closely approximates the average tor the whole country. It should be observed
that while in tonnage the gold mills take the lead, the silver mills treat ore of a higher grade, so that a comparison
based upon the bullion product would show somewhat different results.

To produce & dollar in gold bullion costs 8 cents for mill labor in Dakota; in Nevada, though over five times
as much worlgis required per ton treated, the cost for mill labor per dollar of silver bullion produced is 7 cents, or
practically the same proportion. The following table shows the average number of hours’ work and cost of labor
per ton of ore crushed in the prineipal mining states and territories, and is based on the treatment of nearly a million
and a half tong: .

TABLE CIV.~-AMOUNT AND COST OF LABOR IN AMALGAMATING MILLS.
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PowsRr.—The proportion which the horse-power of the engine bears to the stamp seems to be as follows:

For gold mills, from 2 to 3 horse-power.
TFor wet-crushing silver mills, from 5 to 6 horse-power.
For dry-crushing silver mills, from 6 to 7 horse-power.

These figuves are only approximate, as the data in regard to the horse-power of_engines in fiiﬁ’erent mills are
no doubt in many cases incorrect, and the horse-power is not only governed by the size of machinery, but also by
the number of stamps, ete., a small mill requiring proportionately more horse-power to thg stamp than aJ.large'nne.

The pressure of steam ordinarily maintained in the boilers.is ab9ut 80 pounds; but in some few mills it is 90
pounds, and even as high as 100 pounds. Very few boilers are run with a pressure of less .tha.u 70 pounds. ‘

‘Water-power is also used in many mills, and where practicable is much more economical than steam. Some
mills are fitted with both steam-engines and water-wheels, the former being brought into use when .the Iatter are
unavailable, as in case of drought or freezing. The water-motors are turbines of the Leffel or Knight patterns,
overshot wheels, or more rarely hurdy-gurdy wheels.

FueL.—The fuel used in quartz-mills is generally wood, and it is of many different kinds and qualities. In
some mills in Nevada sage-brush is used under the boilers. The leading kinds of wood are: mountain mahogany,
weighing from (a) 3,200 to (D) 4,400 pounds per cord ; mesquit, weighing from 2,500 to 8,500 pounds; nut-pine, with
very variable weight, depending on seasoning, size, and shape of sticks, ete., may be put down at Letween 2,{)00
and 3,300 pounds; sugar-pine, from 2,000 to 2,300 pounds; cedar, 1,800 to 2,500 pounds; cottonwood, 1,600 to 2,300
pounds. As near as can be determined 156 pounds of sage-brush are equal to 100 pounds of good cedar. The
averaging of different weights of the same kind of wood is impossible, as the weight of a given kind of wood deponds
upon the locality of its growth (which affects its grain), the seasoning, and the closeness with which it is corded.

It is almost impossible, on account of the different character of the wood burned and the differences of method
and machinery, to determine the quantity of fuel consumed under the boiler in working a ton of ore. For gold mills
the consumption is estimated at from one-tenth to one-fifth of a cord per stamp, while for wet-crushing silver
mills three-quarters of a cord is probably the maximurn, in which case the wood must needs be of a very poor kind
and quality or the machinery very inefficient; the average is thought to be less than half a cord. In roastin g-mills,
which are always dry-crushing, about one-third of a cord is consumed to the stamp. This does not include the
wood necessary for roasting, which will be mentioned later.

The fuel consumed in retorting can safely be estimated at from one-fifth to one-third of 2 cord to the 1,000
pounds of amalgam.

WORKING RESULTS.—The question of percentage extracted is one in regard to which the expert is obliged to
depend entirely upon the statement of the mill man, and in many cases the percentage claimed is higher than the
circumstances under which the ore was worked warrant. Sometimes the percentage extracted is calenlated from
the assay value of the tailings, a method which rarely, if ever, gives true results ; often it is merely determined by
guess, leaving a very liberal margin in favor of the mill man’s skill. * ,

Where silver ore is roasted, probably from 80 to 90 per cent. is extracted on the average, though a few mills
have been known to work up to 96 per cent. In so-called free-milling ore generally not much over 70 per cont. is
extracted, although mills in White Pine, Nevada, and Silver Reef, Utah, have worked ores to 85 per cent., and on
the Comstock ore has been worked to above 80 per cent. :

In gold mills there is a wide difference in the percentage extracted, but it rarely exceeds 80 per cent., and often
falls much below it. ‘ '

It is not possible to fix any definite figure for the average assay valuo of tailings and slimes, The value varies
exceedingly according to richness of ore and mode of treatment,

Cost oF TREATMENT.~—The cost of milling gold ores in California vavies from 54 conts to $2 50 per ton,
Where water-power is to be had, ores ecan he milled very cheaply, at a cost of not more than $1; and where steam-
power is necessary, exceptional facilities may reduce the expenses of working to those of the average water-power
mills. In other states and territories it is as a general thing somewhat more expensive to reduce gold ores ; but in
the Black Hills region of Dakota the large gold mills ave operated very cheaply, in spite of high freights and other
disadvantages, because of the simplicity of the process, the scale upen which operations are carried on, and the
economy in labor which is affected by the use of automatic labor-saving devices.

The cost of milling silver ores in wet-crushing is from $4 to $8; in dry-crushing from. $6 to $12. With oves
which require roasting it is from %12 to $28. There are, of course, circumstances where these figures are exceeded,
and sometimes it may be possible to work ores at less cost than the lowest prices given. The great difference in
ores, in the facilities for working, and in the methods of extracting the precious metals, render it impossible to make
a general statement as to the cost of the process. :

REDUCIBILITY 0F VARIOUS ORES.—Those ores can be most cheaply worked which contain silver as chloride
without base metals or carry gold unmixed with sulphurets. As instances of particularly free-milling silver ores

a This weight is from data of the Eurelks and Palisade railroad.
b This weight is from data of the Richmond Mining Compuny,
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those of White Pine, in Nevada, and Silver Reef, in Utah, may be mentioned. Noxt in order come those ores
which, although they contain chloride of silver, are mixed with lead (generally in the form of carbonate) and various
copper, arsenie, and antimony minerals. The ore of the Comstocl, althongh it contains but little base metal, may
be classed under this head, as most of its silver is in the formn of sulphide and a part of the gold is contained in the
iron pyrites. It mills from 70 to 80 per cent. The last and most difficult class of oves to work comprises the many
complex sulphides of silver and other elements; and although it is almost invariably necessary to roast these
otes, some of them (such, as are composed of quartz, silver sulphide,.and a little iron and copper pyrites) can be
roasted and worked at a cost not much in excess of that of the baser free-milling ores, and certainly to better
advantage, as at least 90 per cent. of the assay value can thus be extracted. But these ores are very rarely met
with, and by far the larger class is that in whieh the ore either does not contain enough sulphur to render
the chloridation complete or contain large quantities of the sulphides of zinc, antimony, and arsenic, and can
therefore be roasted only at the expense of much time, care, and money. Such are those of Morey,in Nevada, and
many in Arizona. Frequently mistakes in deciding upon the proper plant and process to work ores are made, as it
is often a delicate matter to decide whether an ore can be best milled or smelted, and, if milled, whether it requires
roasting. The mining country is covered over with reduction works which are failures, owing to the wrong method
having been chosen to work-the ores. Such disappointments are of rare occurrence nowadays, more prudence
and experience being brought to bear on this class of investment than was formerly the case.

TerMS oF oUsTOM MILLS.—The prices charged for reducing ores are generally one-quarter to one-half as
much again as the actual cost, or even more, except with such milling companies as own mines, which they lease to
miners, expecting to malie their profit out of the ¢ tribute” and not out of the mill. :

Usually gold mills do not gnarantee any percentage. Insilver mills, where the ore is worked ra, the gnarantee
is from 70 to 80 per cent. of the assay valne. Sometimes a *clean up? is given; that is, after the ore is worked,
the bullion product is gathered together and turned over to the ore owners, who pay the charges for working.
‘When ore needs roasting, the mill generally guarantees 80 per cent.; sometimes, as in Austin, 80 per cent. on such
ore only as assays over a certain fixed value. Where a percentage is guaranteed, the tailings, slimes, etc., are
looked upon as belonging to the mill company; but when ore has been worked on the * clean up?” plan they are
- generally regarded as belonging to the mining company, unless there has been a previons agreement in reference

to them. In purcliasing ores, the percentage of the assay value offered is paid after deducting the price of milling.

‘When custom ore is worked the mine almost always pays for the hauling of the ore to the mill. Ore is nsually

. transported by wagon or on pack animals, and somsetimes by a tramway or a railroad.

TENOR OF BULLION.~The quality of bullion produced is, of course, very varied. In gold mills the fineness
usually runs from 0.600 to 0.850 in gold (the maximum reported was 0.920), silver constituting most of the balance of
the bullion. In silver mills the bullion has & much wider range of fineness, running from 0.050 (as was the case with
a little of the bullion at the Meadow Valley mill, in Pioche) up to 0.999. Among instances of fine silver bullion
may be mentioned that of the Comstock and of White Pine, in Nevada, and that of Silver Reef, in Utah. In these

“places it does not often run below 0.990, and often as high as 0.999. The quality of bullion depends generally upon
the charaeter of the ore, but sometimes upon the method of working. TFor instance, some base oxes, in which most
of the silver is in the form of chloride, can be made to produce bullion 0.900 fine and upward by amalgamating
cold or rather not hot, or by using the minimum of salt and little or no bluestone.  “With such ores it iz much hetter
to keep the bullion at from 0.600 to 0.700; for, although the silver of the chloride is the first metal amalgamated,
the sulphide silver minerals remain, nnamalgamated, with the base-metal compounds.

The only base metals which are found to any extent in the amalgam are lead and copper. Iron in somequantity
is occasionally found, but its presence is owing to a mechanical mixture of particles worn from the battery and pans,
and not to any chemieal process. Sulphurets containing zine, antimony, arsenie, and some other metals also enter
into the amalgam in the same way, but by adding quicksilver to the amalgam and washing in a clean-up pan these
sulphurets and the iron can be removed. ‘

DISPOSITION OF BULLION.—Bullion is usually shipped to the New York or San Irancisco markets through
Wells, Fargo & Co. and other express companies. The charges vary from & to 24 per cent, the discount being
governed by the market value of silver and the quality of the bullion. .

5

STAMP-BATTERIES,

WET AND DRY ORUSHING.—Ior gold ore the wet-crushing battery is exclusively used, and for free-milling
gilver ore it is also generally employed. In some eases, as at Eberhardt, in White Pine, and the Lancaster mill, at
Tuscarora, dry-crushing is practiced on the ground that a much higher percentage is saved, owing to the avoidance
of loss of finely divided horn-silver in the slimes, which is apt to oceur when the ore is crushed wet. This is highly
probable with chloride ore, for, although the slimes are very thin, the earthy material in them seems to be richer
in silver than the ore itself. There are also some ores which, when crushed, produce so much slime that it is
impossible to keep a reasonable percentage of pulp in the mill. TFor such ores dry-crushing is preferable; but for
other free-milling ores wet-crushing is by far the best, as more ore can be erushed, there is less wear and tear on the
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battery per ton, and the hands are not subj ected to that inconvenient and unhealt.hy dqut which everyw_herg pervades
the atmosphere of a dry-crushing mill, in spite of attempts made to get rid of it. To a certain extent the
advantages of dry-crushing and wet-crushing for free-milling ores are combined in the plan adopted at Bodie and
elsewhere of pumping back the water from the settling-tanks into the battery. When it is intended to roast ore,
it is always crushed dry.

WHEBRE BUILT.—The machinery of most of the mills in operation on the Pacific coasgt has been constructed
in San Francisco; the plant of some mills, however, has been brought from the Bast, and of the latter Chicago has
furnished a large proportion. Recently the work of the eastern founderies which turn out mining and milling
machinery has improved greatly in quality; and, aided by the cheapness of labor and of material, they have been
able to compete with San Francisco and other Pacific coast establishments, even at a relative disadvantage in
point of freight charges. As a rule, the types of machinery in vogue have originated and have heen developed in
works in the neighborhood of the mines, and these establishments have shown much enterprise in adopting new
improvements. Latterly, however, since the manufacture of mining and milling machinery has growu to be an
industry of importance in the East, novelties and improvements are to be found in the product of the eastern works.
Innumerable worthless inventions have also issued from all points at which mining machinery is manufactured.

S1ZE OF MILLS.—Among the large mills may be mentioned the following: In California, the Empire (30-stamp),
in Amador county, and the Plumas-Bureka (88-stamp), in Plumas county. In Nevada, the California (80-stamp),
at Virginia City. In Dakota, the Homestake old (80-stamp) and new (120-stamp) mills, in Whitewood district, and
the Father de Smet (80-stamp), in Lost Placer district. In Colorado, the Black Hawk (125-stamp), of Gregory
district. In Arizona, the Central Arizona (80-stamp) mill, at Vulture, Maricopa county. There is, on the other
hand, a steam battery of two stamps at Globe, Arizona, and a Huntington double-stamp battery at Queen’s River,
Idaho, while & single-stamp battery, the Kendall, is being introduced for prospecting tests. The largest mills, as
gauged by the number of stamps only, are as a rule gold mills, though there are several 40- and 60-stamp silver
mills, beside the California (80-stamp), above mentioned.

The most common size for a will seems to e 20 stamps; it is also a very convenient size, especially for a roasting
mill. The size, of course, ought to be governed by the quantity of ore available; but this is not always the case, for
mills have been built where there was no ore, and often where the crushing capacity was vastly in excess of any
probable output of the-adjacent mines. . ‘

NUMBER OF STAMPS PER BATTERY.—Five is the usual number of stamps per battery, though some of the
-older mills have but four. The Gold Stripe mill, in Plumas county, California, has six. Millmen are commonly of .
the opinion that an even distribution of pulp in a mortar can only be secured with an odd number of stamps, and
of such numbers five i on several accounts the most convenient.

WEIGHT OF STAMPS.—In new mills the usual weight of stamps is from 700 to 800 pounds each, though great
variations still oceur in practice. As will be seen from the subjoined tables, the range in weight is from 300 to
1,050 pounds. The average for 280 mills reported on, having 5,367 stamps, is 689 pounds. The heaviest batteries,
as a rule, are to be found in Nevada, and the lightest in Alabama and Georgia. Of the important mining states
Colorado appears as the loeality where light stamps are most in vogue.

TaBLe CV.—~STAMP BATTERIES: NUMBER AND WEIGHT OF' STAMPS.
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TRIrd. cevvmennnniianen. 1 8 400 850 876 %holl;x'y Creokeencn enens 1 ig 850 850 850
A1) 8560 850 860
TALLADEGA CO. - ‘ Pine GTOVO vrvenevvnrnens 1 10 750 750 750
T19, R Bumrecnenrnnnnes 1 8 800 300 300 Tiger coveeiii i, 1 10 950 950 850
ARIZONA. | | 1 e 1 10 800 800 800
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MARICOPA CO.
103 (4111 YRR 2 7 1,000 750 891 AMADOR CO,
Amador City ... ..o 2 80 800 750 715
MOHAVE cO. : J0CkS0D <.t eeraranenns, 1 80 750 760 760
Cedar Valley ............ 1 5 750 750 750 Plymouth................ 1 80 750 750 750
Hualapii comemeennnaenns, 1 5 950 050 050 Sutter Orack .icveevennas 1 40 640 640 60
(00 1 T 2 80 850 850 850
Piia o CALAVERAB CO.

e Washington ......coanne. 1 10 600 6006 600
ATIVALE Looreieniiianan. 2 30 760 850 483 Independengp ... weaunf- 1 10 500 500 500
Tombstone .............. 8 45 900 750 850 Mokolumne Hill......... 1 60 650 a5o \ 650

Pm;(x}xi %0. Ern Dorano co. I
L RIELEE LTI EEEE 1 5 900 900 900 © Placervillo..ooveeeeenn.. 1 20 750 750 50
Pioneer .coacennneneane. 2 26 760 750 750 Springfield ....ovvienas.. 1 10 0{:0 (i1:14] l G:":O
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Tanre CV.—STAMP BATTERIES: NUMBER AND WEIGHT OF STAMPS—(ontinued.
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CALIFORNIA—Continued. GEORGIA.
INYO CO. CHEROKEE CO
Pounds, | Pounds. | Pownds, : da. | P . .
RUBS. eevimccanmannonnran 1 80 600 600 600 Third and Second.....-.. 1 b Pw?oo O-u%i(f Poumzm
T.ASSEN CO. [ mmmeseeeecesessas - 1 i 400 400 400
Hayden Hill...... PR 8 20 650 600 825 Conn co.
sammwosaco. |1 e cranne 1 10 500 500 500
Mariposn Estate ......... 1 40 750 750 750 || FoORS¥IN co.
Phir n
Moro co. Third and Firet..ceee. ... 1 6 650 650 660
Blind Spring 1 5 760 750 750 HALL co,
Bodie .o iiiicnaias 8 120 800 530 749 Nintheveceinwaraceorinaa 2 15 1, 060 i 008
Nrvana co. HARALEON CO.
Grass VoY coveve ceoees 1 50 850 860 850 o}y . 4
Novads Gity. oo e 3 a8 e 760 730 Elg.,hth' .................. 1 10 400 400 400
TAXCOLN 0,
PLACER CO.
COLNX o n e 1 10 800 800 800 [E 117113 S, 1 8 800 800 300
PLUMAH CO Lumremn co.

! ’ ' Twelfth and Firat ...... 2 145 500 450 478
Genosce Valley . 1 10 760 760 750 Phiy . ’ 5 &
Tadion Valloy .. i 3 T T T Thixteonth ... voeeeiens 1 10 450 450 450
E(’_),uurtz township . i Bg ggo 890 890 McDUre co.

[63 6 L4171 i\
50 050 850 ReprbHean .oveervenrenn. 1 5 550 550 50
SAN DBERNARDINO CO. . MW ELTEER CO.
Gl e ccenecnirneaaaernas 15 : 60 5 BT :
' 2 g i 0 650 Lathorville 1281 ... ...... 1 10 a0 350 350
Baw Dizgo co. GOLETIORFT &
LB T €0,
Caygo Muchacho «....... 20 05 :
Folim 1 ORAGH0 oeeeee 1 s it i P SISO «oeeee e vmenen 1 10 050 650 450
SmAsTA CO. . WHITE CO.
Tittshurgh cooeeevnnannn. 10 00 Third Land.... 1 20 460 450 450
" 1 o 900 000 Fourth Militin. c<eeenonne 1 10 700 700 700
SIEKIYOU CO. . WILEES CO '
LKES €O, .
Quarlz Valloy...coaeeen.. 1 10 600 600 600 "
i:?’:}wv.\'(sl‘:a DAL cerrerriannan 1 32 660 G50 650 BUBBUY +-nv e emmere cmmec 1 10 Zgo 128 Zgg
South Fork Salmon...... 1 82 (50 G0 450 ":“.:.-'"::-:::::- E{ g 55% 5;5 5;;5
TUOLUMXE GO, ) ] .
‘Confldenco. ... 1 40 760 750 750 IDAHO.
Soulsbyville . nvenennnens 1 16 750 7060 760 AUTURAS (O,
COLORADO, Bonnparte ...covvuvennenen 1 20 030 630 630
. 0 Middle Boigs . oaveiavann 4 40 640 850 650
Bouromk ¢o. 1CEN'A RIVO oo e on oo 1 2 850 850 860
Central . _..ooveiieann.... 1 25 @ 450 a 450 @ 450 Rocky Bar, or Bear Oreelk 1 10 050 650 050
Gold THML +ivvnirnennncnes 1 10 750 760 760
(}l'nn{l Taland .oeueeicnnns 1 16 650 ggg ogo . Bowst co. ®
M reeroeoaneenaeannne 2 70 850 598 Bonner .. . 1 20 050 660 ano
.......................... 1 B 750 750 750 Elehom 1 5 700 700 700
30 ' 60
CImAR CREEE CO. g‘;}:r‘}ﬁ‘i,m % %g ggg goo 75‘2
GUiftl coeennenenrnnnnnas 2 30 750 050 700 Mammoth 2 18 700 50 [i}
TAANO ceceeceacronennnns L 25 830 650 650 Shaw's Mountain ... 1 10 550 550 550
0010 o U . 1 12 600 600 G600
Uppor Union vvveeevennes 1 10 500 500 600 LmMHT CO.
G Wankoe Fork eueaen canase 1 20 825 8825 825
CUBTER CO. .
Havdseralble covenueeenn. 1 20 650 650 650 OWYHER CO.
& - CRTBOR. «eveeenananesncnan [ 7% 200 028 674
TLPIN CO. WARgONIOWIL - oerenneeenns 2 20 650 050 050
Enterprise . ccveecnusan.., 8 223 550 400 400
Tureka ... 1 20 650 650 550 MAINE.
Gregory . . 8 8560 600 660 B70
Novadi. .. renveremcamenn- 8 114 600 500 636 HANCOOK €O,
1345 | R 60 750 760
T.AKE €O, Sullivan 1 10 7
Californin .o.ocviviannn. 1 15 760 760 750 MONTANA.
R10 GRANDE CO. ‘ Braver HEAD €0,
Summib...eoiiiiieiao 53, 630 Bald Mountain ..... Ceaun 1 [ 850 as0 650
Summit . ! 10 i 0 BANNOCK .evrerernnnrnnans 1 5 650 050 056
Summrrco. .t 1y b e [T 1 i 760 760 ki
Avalanche. cocvueanaene. 1 15 526 525 525 Dy LODAE CO.
. ' Flint Crocl, ....oeenn... 2 80 750 a50 083
SAN JUAX ¢0 MecClellan Gulch ... .1 6 600 G600 400
Animas.coveriieeanianees 1 10 750 760 750 BIIver OTo0kK »vmeen oo N i 40 850 450 gg?
! e 88 760 850 6
DATOTA. Summit Valley 8
LAWRENCE €O. JRFFERSON CO.
Bear Butte 2 20 700 650 675 Codar Plaing 1 10 600 600 60
L?J:E I’ﬁmel‘ en 1 80 750 760 760 Elkhorn 1 5 650 850 ggg
Whitewood ...... [ 20 740 800 650 L1 | R T 1 20 660 650

aEstimated,
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TABLe OV.—STAMP BATTERIES: NUMBER AND WEIGHT OF STAMPS—Continued.
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Lewis aND CLARER CO, Pounds. | Pounds, | Pounds. || MEOKLENBURG Co. "Pounds. | Pounds,
Silver Creek . .cvveiaunn-. 1 85 750 600 076 Capp’s T weaianoa el 1 10 650 G50
Stemple ..eveiivaniniaann 3 26 700 650 670 SIKth c e 1 10 750 760

MADISON CO. . MOORE CO.

Hot, Spr 1 5 g50 850 7 D | SR 1 1o 760 760
Mineral . . 1 10 800 800 800
Bilver Star. . .c..cevene.n 2 24 668 560 539D OREGON.

NEVADA BAKER €O,
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HEEMERALDA CO. . ‘ " o
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Hof| &) &) o
neotd. . ... 5 ]
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Wilson -eeiusilinnmaan 1 10 800 £00 80 | ruap co.

EUREKA CO. TINtIO cveenneienananranns 2 42 750 750
COTteT vnnnscmeevmrans 1 10 700 700 700 || Sapr Laxe co.

HuMBOLDT CO. West Mountain.......... 1 20 650 650
Mount ROSC - cavvevannan, 2 20 050 050 050
Sierra, or Don Glen...... 1 10 750 750 750 Suarr co,
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LANDER cO. . Toorus co.
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LINCOLN CO, ' : . TTA CO. .
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Pabranagat 1 10 760 @750 @ 750 WABHINGTON CO.
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Cherry Creek............ 1 20 @800 @800 @g0p |} TR e 1 10 550 660
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.......................... 1 10 050 6650
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Graxr co. N Havtwood....... v, 1 10 750 750
Silver Flab. . eurvvennn... -2 20 750 600 875

NORTH CAROLINA. WYOMING.

GABTON €O CARBON €O,

___________________________ 1 @ 750 50 750 Douglass .oouiainannen, 1 10 040 640

GUILFORD co. SWERTWATER €O,

i Californis ....ovvuinnen. 5 B
i eceearereannaecnnm—. 1 5 850 850 850 Miners' Delight.,........ 8 58 ggg ggg

go weight
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Pounds.
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£00
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750

it

840
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@ Estimated.
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Taprs CVI—STAMP BATTERIES: NUMBER AND WEIGHT OF STAMPS—RECAPITULATION BY STATES AND TERRITORIES.

il

@ 4 ey 43 ) " @ [T =
oy & BE | EE | BR w3 & EE | EE ] B &
State or territory. 2 b g EE K Qg State or territory. :E E E«E‘ " g g . 4‘53
282 | Bl oBe | K 2] 2 | BE ) Be | 4
| 5 E d g7 g 5 R R B
& & | 4 g 5 5 LN IR
Pounds. | Pounds. | Pounds, | Dounds. ! Pounds. ' Pounds.
Total «oeeimnnaiiananns 280 &5, 867 1, 060 300 [11:1] MMNe «ccvieiiatricaiinan 1 10 7h0 ‘ 760 l; 760
: Montana. ....... 26 310 800 1 350 608
N IR TS (T S, 2 16 400 800 337 Nevads ... veavaee 43 901 1,010 400 i . 820
ATIZONA. o e einiaa e, 19 202 1,000 350 781 ’ New Moxico...... 3 30 760 : 540 633
‘California. . .- 43 1, 081 050 500 733 North Carolina .... I 75 60 | 350 710
‘Colorado... 3t 085 750 400 | 559 ’ Oregon «veeenn.nnn. 8 on oo | G600 . OBL
Dsakota ... 23 840 800 550 607 || Ttalio...ooooone 11 107 80 L 650 705
Greorgia. ... . 20 288 1, 050 800 508 Vieginit ousnaiiiiiniana,, 5 45 70 . 550 601
TANDO0. . ervveienrieerenannan. 24 283 900 550 074 i R () Y PPN 9 110 B30 ‘» 150 088

Total weight of stamps, 8,701,204 1ha,.=1,8501354 tons.

WEIGHT OF SHOEBS AND DIES.—The weight of the shoe bears a certain relation to the weight of the stem,
tappet, and boss,  Tor a stamp which weighs S00 pounds the shoe should weigh about 125 pounds and the die say 100
pounds. Some millmen advocate a very thiclk die; but the one great objection to this plan is that the loss of
-grushing power when the level of the die surface is worn mueh below the discharge more than compensates for the
gain in time and material in ehanging dies less often, and if the thick dies are set high at first the breakage of
sereens is much above the usual amount. ,

MATRERIAL OF SHOES AND DIES.—Cast iron is still much more frequently nsed than steel 101' shoes and dies.
Thus, of 2563 mills reported, only 23 use steel exclusively and 11 both steel and iron for this purpose, or 34 use steel
altogether or in part, while in 219 mills iron is the material employed. Among the best equipped mills, however,
the proportion of steel shoes and dies is undoubtedly higher than is shown by these figures, for among the 34 mills
nsing steel ave some of the finest of the recently construeted works.

On the first introduction of steel for this purpose great expectations were aroused among millmen as to its
-superiority, but, unfortunately, many of the earlier castings sent out proved defective, and a reaction of opinion set
in. The difficulty with the first steel shoes and dies seems to have been that, although they outlasted the iron shoes
in the ratio of 2 {o 1, many of them wore cup-shaped and chipped; but this may have been owing to the fact that
the outside of steel shoeq and dies, on casting, cooled more rapidly than the inside, and thereby became harder.
The steel shoes and dies at present manufactured are, however, of much better quality, and usually wear very
evenly, the improvement being due to a better knowledge of the requirements and greater care in casting.

e question of steel versus ivon for shoes and dies is purely one of relative economy, and not of theoretical
merits of one metal above the other, Steel lasts longer than iron, but costs propoertionately more; on the other
hand, a less frequent adjustment of drop is required with the more slowly-wearing material. In districts remote
from' railroad communication, and where the freight charges are high, steel is more economical than jron; for the
first cost of material becomes a matter of less moment when the expense of transportation reaches fromn 3 to 5 cents
per pound, as is sometimes the case. If it requires two sets of iron shoes and dies to do the work of one set of
steel ones, evidently it will cost twice as much in freight charges for this item to keep a mill supplied with the
. former.

In many districts there are founderies, sometimes connected with mining works, which recast the worn shoes
and dies, thus utilizing the old irom, but have not the facilities for produeing perfect steel castings. This
consideration, no doubt, has weight in the choice of material. There is also no market for the old steel, while
scrap-iron, on the other hand, can be readily disposed of in most localities. In dry- crushmw mills, running on very
hard rock, steel is generally pwferrud '

The Table OVII shows the prevalent practice in the several states and territories, the reports from 253 works
being grouped under three heads—mills using cast iron only, mills using steel only, or mills using both iron and
steel for shoes and dies. , .
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‘ ' TABLE CVII.—STAMP BATTERIES: CHARACTER OF SHOES AND DIES.
32 | & | F, | 2%
Sed | 4% | g% | 48
HE 8 B B 2
State or territory. E & & 2 . § w g
288 | o8 | B | B¢
Zas | 22 | 2% | 253
BER | BR | B® | B%3
e “ i =5
Total.cevcnnaeaanenens 263 219 23 11
AlBDAIL. | eeeinvmeeraanans 2 I IR P
.S o U107 T, S 17 12 4 1
Californig..c.eemeeannnannns 43 81 8 4
Colorado. .comuevernnacaaans 34 B0 |.aeiieeens X}
Dakottt coeeoiiariieiinnnaas 23 22 1 Jeeienninns
GEOTEIL . vevnnvrnnnsnnmnens 20 24 2 |eineans
Tdako..oovenniommnnnnaanns 20 18 2 lieeieannns
5 1153 1 P, 1 T O P
MOontanf. covsencaensurannns 26 26 I |emrvecanns
NOTAAR 2 evvee e amaeemreecas 24 19 B b2
Now Moxico ..cocvennnnna, 8 I RN I
North Caroling ...veevnena. b [ P
[0 7.0 | R [ L P P
571 | SO, 9 8 1 i
Virghda . oovveiinnaenaeaan g 4 R [TRTCER
Wyoming. ] [ N

a One mill uses steel dies and iron shous, and ono mill ivon dies nnd shoes of hoth steol and ivon.
b One mill uses iren dies and steel shoos,
+The ivon in use is nearly always a mixture of white and gray iron in different proportions, and is somotimes
chilled and sometimes not, Of 39 mills reporting the use of chilled-iron shoes and dies specific deseription was
received from 25, as follows, without any attempt at classification further than to quote the wording of the reports

€ N P L 1 T SRR 16
Mottled ..o i i errt e 1 || 'White double ehilled ovenn ovnnnoeiee e vaens 1
Nearly mottled ,.cvoeveonninneii i e 1} Hard (White8).ewvr cnnni e cineiiines 1
Whitie mottled ..o i i e i s 1 || Common CaBli,ee e vaneen sorunnoinn s cennsmannn 2
White surface-ehilled..euee coneervnenancoeennnnn. 2 t

No details were received from 14 other mills reporting the use of chilled iron for this purpose. In 143 reports,
in which it was not stated whether the castings were or were not chilled, the following varieties are included:

Very s0fb gray. oo vveunt cii i e 1y 100 parts white mottled, 25 gray, and 16 wrought

Very aofb (gray ) oover i it i e vanes 1 D5 o S 1
EETU0 T -0 o G R 1 || Ono-third No. 1 (gray) and two-thirds serap...... 4
1 . 3 || Hard whibe .....ne cnomin i ciiaaaceaans b
Mottled . .ooome i e 12 || 'White Scoteh pig.......-.. Vemomnavenne nnan ———. 2
Common 6a8t. . ..o oot e e 12 | ‘Woodstook white charcoal aold blast. ..._........ 1
Mottled nearly white ......vcovuevnvnniiuinn e, 1 || Car-wheeliron.............. e beemar e ane 1
White mottled ..........._.....i.iiioo..... D ) 3
Common cast low White.. .o evcvimeinnen. ... T || HALA BOIAD e e cirmen imea cenanr camnnemne eas 1
Nearly white ..oooovn ool e, R2 || Sorap and pigs voveiiiiit i e e s 2
Medinm white. ... ... 1 || Franklinite (mixed¥).....occovinaiinniiian o, B
White . oo e e 47

MATERIAL OF TAPPETS, ETC.—Steel has been introduced as the material for tappets, cams, bosses, otc., a8
well as for shoes and dies. It has been found to work excellently for these purposes.

LEVEL OF THE DIE BELOW DISCHARGE.—In gold mills where amalgamation is carried on in the battery the
level of the die-surface is kept from 2 to 6 inches below the discharge in order to amalgamate as much gold as
possible in the mortar. By means of a movable slide at the bottom of the screen the lovel of the discharge can
be kept the same as the die wears out. .

In silver mills which crush wet it is intended to keep the die-surface shout 1 or 2 inches below the lovel of the
discharge; but as the die wears down its surface is gradually lowered, and this decreases the crushing power of
the b.a.ttery. It is 'the aim of the mill man to set his die as high as possible, without endangering his screens, so a8
to utilize most of his die to the best advantage. In dry-erushing silver mills this is also the case, except that there

is a grea_ter loss of power in the dry than in the wet-crashing battery when the die-surface is much below the level
of the discharge. ‘ .




AMALGAMATING MILLS. 253

GUIDER.—Many varieties of guides have been experimented on, but the prevailing practice is to use plain
wooden ones. The wood chosen is generally oak, though other hard woods answer the purpose; sometimes
goft wood is employed, because of the difficulty of obtaining other kinds. At the California mill, Virginia Oity,
both oak and hickory are used, and heart of maple, when obtainable, is recommended by some millmen. At Austin,
Nevada, the cast-iron guides have square holes, which are filled with pine blocks with the grain vertical and
bored out to the proper size for the stem. These blocks can be replaced at any time, and only one stamp need .
be hung up. At the Buffalo mill, at Atlanta, Idaho, guides of yellow pine and fir, the only woods in the distriet,
having given much trouble by wearing out very rapidly, the superintendent, to avoid the necessity of transporting
solid guides of hard wood from a distance, hit upon a similar expedient. Oak keys, four for each bearing and with
the grain vertical, were mortised into the fir guide-frames, with the bearing surface turned concuave to fit the stem.
These keys are replaced by new ones without disturbing the frames or removing a bolt.

Some of the cast-iron guides in use are lined with babbitt-metal, and at one mill in Utah a lining of rawhide
is adopted. In dry-crushing batteries babbitt-metal and brass are cut by the quartz dust. In one Nevada mill
brass guides are used with part of the batteries, while iron is used in the rest; but the result of this trial, side by
side, of the two styles is not reported. One mill in Colorado and one in Georgia have upper guides of wood and
lower ones of iron. The following table shows the proportionate number of mills fitted with t};,‘e different kinds of
guides, from which it appears that in 244 of the 257 mills reported wooden guides a,r? used exclusively:
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Cams.—Double-armed cams are now used almost exclusively, bat in a few of the older mills single-armed cams
are still found. The advantage of the double-armed cam is obvious; the cam-shaft, which is subject to an enormous
gtrain, can be run at one-half the speed necessary to obtain the same number of dreps per minute with gingle
cams, The attempt to carry this principle still further by adopting three-armed cams has not been successful, as
the tappet has not room, in falling, to clear the rising cam-tips safely, while the latter could not be shortened
without assuming a less advantageous curve,

MAXIMUM DROP.—The maximum drop obtainable is not the same in silver and gold mills, as the stamps
of gold mills should drop farther than those of silver mills, in order to produce the splash which assists in battery
amalgamation. In gold mills the maximum drop obtainable is from 12 to 20 inches, and in gilver mills from 9 inches
upward. .

WIDIH OF MORTAR.—The width of the mortar at the bottom of the screen varies from 10 to 14 inches and
depends upon the hardness of the ore. At the California mill, where the quartz is very friable, the width of the
mortar is only 104 inches, although the stamp weighs nearly 1,000 pounds and the shoe has a large diameter. Such
a mortar could hardly be used for hard quartz, as the screens would be continually in danger. Of course the
narrower the mortar the faster the battery will discharge.

DOUBLE AND SINGLE DISCHARGE.—In gold mills where battery amalgamation is practiced the discharge is
always single, as one screen will discharge the ore as fast as it is amalgamated. In wet-crushing silver mills, where
the ore is hard, it is also usually single, as the battery will discharge from a single screen nearly as fast as the ore
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is crushed. At the California mill, although the ore is soft, & single discharge is used; in other places, as, for
instance, Silver Reef, Bodie, and Tombstone, a double discharge gives better results than a single one. Comstock
men think there is no advantage in a double discharge, as, no matter how goft the ore, the water will carry it out
of the battery as soon as crushed. This, however, is doubtful. In Silver Reef, where 10 tons to the stamp are
crushed per diem, it is nnquestionably advantageous to use a double discharge, and it is extremely doubtful
whether power is not always saved and the percentage of slimes diminished by this construction. ILocal conditions
must decide whether the saving effected is counterbalanced by the inconvenience of a double set of sluices and an
increased consumption of screens.

For dry-crushing mills a double discharge is necessary, for the ore will not screen nearly so fast as it is crushed.
The main point in adjusting a dry battery to crush properly is to make the splash of the pulp as regular and as
high as possible, and this is done by dropping the stamps in the proper order, so that the material being erushed
shall be evenly distributed in the mortar, and by keeping as little of it as possible under the stamps at one time.
Where there are 3 inches or so of ore under the stamps there is no chance for the splash; very little pulp passes
through the screens, and the battery is soon choked and fills up.

SorEENS.—There are four kinds of sereens in use for quartz-mills: steel and brass wire, and slot and needle-
punched sheet-iron. A tin screen is mentioned in the schedule of a gold mill in California, but the advantages are not
apparent. For gold mills the punched-slot screen is the one mostly used, though steel wire is sometimes met with;
in wet-crushing silver mills steel and brass wire and needle or slot-punched iron are all used. The preference seems
to be for the brass wire, though steel is now replacing it. Punched screens are not so much used as formerly., At
the Oalifornia mill they use a horizontal-slot punched sereen, which is said to correspond to a No. 50 wire. This
may be the case when the screen is new, but after it.is slightly worn, ag the tank sand shows, it certainly lets
through much coarser pulp. These screens are said to work exceedingly well, and are the invention of the
superintendent of that mill. In dry-crushing mills the brass and steel wire screens are used.

In gold mills, from No, 5 to 9 slot is the common size; in silver mills, wet- and dry-crushing, from No, 40 to 60
wire screens, though the usual number is 40. At Bodie (wet-crushing) they use as low as No. 20, and at the
Manhattan and Eberhardt &:Aurora (dry-ernshing) they use No, 60, - No account of any coneave screens is included
in the census schedules. _

The numbers by which punched sereens are known correspond to those of ordinary sewing-needles, from which
the punches are made. The width of the slots in slotted screens is equal to the diameter of the holes in a punched
screen of the same number. The number of a wire screen is the number of meshes to the linear inch.

SELF-FEEDERS.—The automatic ore feeders employed are the Hendy, Tulloch, Stanford, Victor, and some others,
and they seem to be used irrespective of whether the battery is a wet or a dry crusher. The accompanying table

shows the number and the character of the self-feeders included in the plant of the mills reported and the extent to
which these appliances have been introduced.
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z N
gvu 'ﬁ E nd
D . v
State or territory. gﬁ 333 ;E ‘§
AR E S
-~
m | mE|& | B
272 16 154 8
b N PO
20 w I TR
43 26 16 1
EL 5 1 I
23 i1 12 ...
26 1 26 foooeeoos
18 2 B S PO
1 S Y R
26 af 20 {ooane...
B 44, 31 11 2
Now Mexieo oeenniiereiniiniian... 3 I P
North Catoing «oovvseeeinernnenns-. LI | PO, LI PR
Oregon ...oevveciiiiiiiiieiianinns 6 5 1 feencunnn
TR ceeve i rrcreei et 12 7 § [ewennnn
Vieginda oovie s e 5 Yf........ [ 2 P ‘
Wyoming. ...ovieiiiiienniiininan.. L R, [ R
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An automatic quicksilver-feeder, for gold mills, acting on the principle of the ore-feeders, is a new feature. It
is so connected with the cam shaft that each revolution of a large ratchet wheel, which can be regulated to revolve
once in one, two, three, or four minutes, as desired, dips a small cup into a reservoir of quicksilver, and by a trip
of its cam empties the contents into a pipe leading to the mortar. The feed is therefore regular and practieally
continuous.

PrATES.~—Gold mills are usually provided with a copper plate, or with a silver-plated copper plate which has been
amalgamated with quicksilver, for the purpose of catching the gold or the amalgam as it comes from the battery.
This plate is called an apron, and is as wide as the discharge of the battery, being sometimes rectangular and
sometimes tapering toward the sluice. Millmen seem to differ in regard to the respective virtues of copper plate
and silver-plated copper plates. Some think that the silver plate, after amalgamation, is too “hard” to catch
the amalgam; others (and these are the majority) prefer it, and ity useis becoming more general. A silvered plate
is much more readily amalgamated and kept clean.

BATTERY POWER.—AS a rule, the whole mill is run by one engine or wheel. The California mill is an
exception, for the battery of 80 stamps is sitnated a quarter of a mile from the pan mill, to which the pulp flows
through a long sluice. The settling tanks are in the pan mill.

ROOK-BRUAKERS.—DBlake’s (or some modification of it, for the patent has lapsed) is the rock-breaker in use in
most mills. " Some have none at all, the rock either being fine enough for the battery as it comes from the mine
or being broken by hand when necessary., In a few mills Chinese are employed to break rock for the batteries.
The following table shows the number of mills reported as having rock-breakers, and the number of the latter in
use. It will be observed that the proportion is very slightly over one per mill, except in the case of the Dalkota
mills: ‘ : :
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DRYING THE ORE.—In dry-crushing mills the ore is generally dried on cast-iron plates set over the flues of
the roaster, where there is one; where uo roaster is used, the plates are heated by a special fire. The Pacific rotary
drier is in use in some mills, and éonsists of a revolving cylinder, through which the ore passes continuously at the
same time that the heated air from a special fireplace passes through the cylinder in the opposite direction. The
cylinder is et at a slight angle from the hqrizontal, and acts somewhat on the principle of the Howell furnace.
This rotary drier seems to work very well, and certainly produces a great saving of labor, for in drying the ore
Dby the ordinary method on plates it is necessary to turn it over frequently by hand. This mechanical process of
drying, however, fails to utilize the waste heat from the roasting furnace, in case one iz employed, which fact
renders the rotary drier less profitable than it otherwise would be.

MORTAR OASTINGS.—Mortars are now almost invariably made in one solid casting. The practice of casting
them in several pieces, to be bolted together, is justified only when great difficulties in transportation are to be
overcome. If the only possible means of conveying machinery to a district difficult of access is by pack-train,
the separate portions must not be heavier than from 300 to 350 pounds each. TFoundery men, in supplying plant
for remote districts, as, for example, Mexico and Central America, have shown great ingenuity in furnishing
sectional castings. This plan is available in the case of many items of mining and milling machinery, but for
mortars single castings are so much stronger that piecing should, if possible, be avoided. The strain upon a
mortar, in case the mortar-bed settles in the least degree irregularly, requires corresponding rigidity in the casting;
and the pieced mortars cannot be relied upon with confidence, notwithstanding the care taken to malke them as
efficient as the circumstances admit. Of some 250 mills from which data on this peint were obtained not one had
a gectional mortar. \ !
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Drop.—The length of the ‘drop?” for dry-crushing batteries is usually from 6 to 8 inches, and in wet-crushing
from.6% to 9 inches. The drop for gold-mill batteries is greater than for silver, as it seems that more splash is
required where amalgamation is carried on in the mortar than where it is only necessary to pulverize the rock,
The greatest drop noted for silver mills is that of the Martin White battery, at Ward, Nevada, where a 750-pound
stamp drops 9 inches ninety times a minute,

ADJUSTMENT OF DROP, SPEED, AND WEIGHT 0¥ sTAMPS.—Engineers have not been able to deduce any
general law governing the length of drop and the number of drops per minute for a given weight of stamps and ore
of a certain texture. The fact that in many batteries the woeight of stamp, drop, and speed are not the best for the
kind of ore that is to be crushed is admitted. Itis, however, much easier to condemn the arrangement of & particular
battery working on a given ore than it is to say exactly what drop and what number of drops would do the most
work with the least proportionate wear and tear. It is a self-evident proposition that the heavier the battery, the
greater its drop and the number of drops, the more ore will be crushed., Of course these bave their limits in practice.
It a 760-pound stamp, dropping 6 inches one hundred times per minute, crushes a given kind of ore at a certain rate;
for & harder ore a heavier stam) would be required, or a greater drop, or more drops per minute; and perhaps all three,
in order to crush the same amount of ore in a given time. Taking the wear and tear into account, it would seem
that if the stamps be made heavier the drop, as well as the number of drops, should be decreased, in order to keep
the wear and tear of a Dattery down to & minimum. The eonverse of this would be true of a lighter one.

In practice, however, these factors are governed by other considerations. Suppose a company has 15 tons of
ore to be crushed in 24 hours and it is intended to put up a battery of 15 stamps, weighing 700 pounds each, to
crush this ore; it would be much more advantageous to build a 10-stamp battery of say 1,000-pound stamps (granting
that this battery would crush the given quantity of ore, which it would probably do), for the 10-stamp battery would
cost about one-quarter less, and the amount saved in cost of plant would more than compensate for the proportionate
difference in wear and tear between the two, even taking it for granted that, in point of fact, the wear #nd tear of
the lighter battery would be less per ton of ore crushed.

It is considered a good rule to put up a heavy battery, no matter what may be the character of the ore to be
crushed ; to give that battery as great a speed as possible, say 100 drops per minute, and to give the stamps as long

~a drop as their weight and speed will permit, Of course there are some limits to be placed on weight, speed, etc.
Stamps ought not to exceed 1,000 pounds in weight; the speed cught not to be over 110 and length of drop not
over 8 inches for wet-crushing silver mills, For dry-crushing mills these figures, with the exception of speed, should
be somewhat less. The greatest speed of any battery reported is 108, in the Eberhardt & Aurora mill, in White
Pine, Nevada, the stamps weighing 750 pounds, and the battery being a dry-crusher with 8-inch drop. Gold-will
batteries are Tun at a less speed and with a greater drop, other considerations than mere crushing-power, such
as amalgamation, altering the usual rules for wet batteries. The Rising Sun mill, in Placer county, California, for
instance, has, with 800-pound stamps, a speed of 65 and a drop of 11 inches—the longest noted.

STEAM STAMPS.—A. single steam 2-stamp battery is reported in Arizona. Not much progress has been made
in the introduction in the far West of steam or of air-cushions to increase the force of the blow given by the stamp
in falling. Tor the copper ores of the Lake Superior region the steam stamp has been found to be very effective, and
it would seem that it should be equally so in the case of very tough gold and silver ores, though no sufficient tests
have yet been made to afford a basis for comparison with the ordinary gravity stamps. The whole question is, of
course, one of relative economy ; if the first cost, wear, and repairs of the steam stamp overbalance its superior
crushing capacity, it would not be practicable to adopt it.

THE ORDER IN WHICH THE STAMPS FALL.~The order in which the stamps fall has a great influence upon
the crushing power of the battery. Four orders are in general use, namely: 1-4-2-5-3, 1-5-2-4~3, 1-3-5-2-4,
and 1-3-5-4-2. Many other orders are used, but they are usually adopted through ignorance of the proper order,
Millmen do not agree as to which one of the above-named four orders is the correct one 3 it is o safe rule to lay
down, however, that no one of the five stamps after falling should be followed by either of its neighbors, This is
the cage with the second and fourth orders mentioned, and although they do not give the pulp a bad motion, the
first and third orders are preferable, and of these two the first seems to be the best. This opinion is borne out by
the usage in most places, many more batteries dropping in the order 1-4-2-5-3, although 1-5-2-4-3 is the order in

_ the California mill batteries and many others.

There is generally one cam shaft for every ten stamps, the second row of stamps having their cams so set that
no two stamps fall at the same instant.

In dry-crushing batteries it is often customary to give the outside stamps # inch more drop than the others in
order to prevent the pulp from drifting too much to the corners. ‘ )

RorATIoN oF sramps.—The rotation of the stamp in rising is governed by the amount of grease upon the
cam and the tappet. Where the cam and the tappet are dry, the stamp makes nearly a complete revolution, and
where there is much grease it scarcely revolves at all. From one-twelfth to one-eighth of a revolution is about
what the stamp ought to revolve in rising, as this will be sufficient to cause the shoes and dies to wear evenly and

at the same time permit of the cam and the tappet heing well lubricated. The rotation in falling is usually very
slight. '
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MINERATJO(}IGAL CHARACTER OF THE ORE.~The mineralogical character of the ore has considerable influence
on the qu’arltl‘oy crushed. As a rule, quartz ores are more readily pulverized than limestone, which, though softer.
is less brittle, and oxidized or chloride ores easier than sulphurety. The least difficult ore to erush is the SﬂV(-}l,’
Reef sandstone, and the hardest the flinty quartz of some of the Arizona mines. ~ :

AVI:]RAG]G NUMBER OT TONS CRUSHED.—In wet-crushing the number of tons pulverized varies from 1 to 5 in
twenty-four hours, according to the character of the ore, and in dry-erushing from three-quarters of a ton to 2
tons to the stamp. At Silver Reef, however, no less than 10 tons of sandstone per stamp are passed through a wet
battery. This rock requires to be disintegrated rather than crushed, the individual particles of quarts composing
it being small enough to pass through the sereens without further division. i

A)Ij\L(?rAM OAUGHL' IN THE BATTERY.—The data in the schednles in regard to the amouut of wmalgam
caught in the batteries of gold mills are rather vague. From one-third to two-thirds of the total amount of
amalganm saved is caught in the battery, and the usual amount is over one-half, There is ordinarily little silver
gved, exeept that which is alloyed with the gold. Battery amalgamation in silver mills, which was formerly
common, is now seldom practiced.

(-i~f'>L1) AND SILVER IN BATTERY AMALGAM.—The gold and silver in. the battery amalgam of gold mills
form from one-third to one-half of the weight of the amalgam; the more silver the gold contains and the finer it
iﬂs t‘ho. more quicksilver does it vequoire for amalgamation. The gold bullion from this mixture is worth from $12 to
$18 per ounce, showing that the proportion of silver in the alloy is very small. Searcely any other metals are
found in this bullion with the exception of a little lead or copper. The fact must not be lost sight of that in the
amalgamation of gold that metal is not so perfectly alloyed with the quicksilver as is the case with silver, but is
merely coated on the outside with a thin film of quicksilver, which causes the separate particles of gold Lo adhere
together, thereby forming a pasty mass which has the appearance of a true amalgam, This is easily perceptible
whoere the gold is coarse, ag the particles can be distinetly felt by pressing the amalgam between the fingers. In
the amalgamation of gold it is necessary to keep the amalgam at a certain consistency. If there is too much
quicksilver, it will flow too easily and not be eaught on the amalgamated copper or silver plates; and if there is
not enough, the gold is imperfectly amalgamated and is carried off' in the tailings. '

WHAR AND QONSUMPTION.—Cams last from oneyear to three years, the length of time depending on many things,
but prineipally upon the care with which the battery is handled. At the California mill, where especial pains is
taken to keep account of the wear and tear, experience shows that the usual life of a cam is sixteen months, Cams
usnally break at the hub, but sometimes the extreme tips break off. It is said that in certain European works
where the stamp-battery has been introdnced it has been abandoned on aceount of the rapid wear of cams,
Inappropriate handling only can expluin such a result. .

Other things being egual, the length of time whieh shoes and dies last depends upon their dimensions, A
frequent replacement of those portions of the battery causes a serious interruption of work and a rapid accumunlation
of 0l iron, while the battery is less efficient with old shoes and dies than when provided with such as are new or
but little worn.  The usnal practice is to employ shoes and dies which will last one or two months in web-crushing
antd from two to four months in dry-erushing. ‘ / -

BShoes wear much faster than dies, because the latter are always covered with a layer of roek or pnlp, the
impaet heing between the shoe face and the ore. The exact relation probably depends upon the feeding, a thick
layer of ore protecting the die more effectnally than a thin oue.  Trom a half to two-thirds as much iron is worn
from tho dies as from the shoes in o given time.  In many mills the dimensions of the shoes and dies ave 5o selected
that they will wear out in the same time, and this plan certainly seems commendable, since only a simple stoppage is
required to reset the battery instead of two. Shoes and dies are commonly used $ill their weight is diminished to
frotm 25 to 30 pounds. Occasionally, however, they break in the battery, and must then, of course, be removed,
however little they may be worn., :

The eonsumption of iron in the battery per ton of ove crushed depends upon a number of points, some of which
are as follows: The material employed for the castings chips if too hard and wears rapidly if too soft. Steel
generally lasts about three times as long as iron. The character of the ore is perhaps less strikingly influential on
the consimption of ivon than might have been supposed., The Comstock ores, for example, arc nsually in a fine
state of division as they leave the mine; yet the shoes and dies of the California mill do not wear unusually long.
"The fact is, that comparatively little of the Comstoek ore will pass the sereens withont further division, and the
large particles are as hard to erush as any quartz. The Silver Reef oves, as has already been pointed out, ave
excoptional. The level of the die surface has much to do with the consumption of iron. In the gold mills of
Salifornia and Colorado, where battery. amalgamation is practiced, the freedom of discharge is intentionally
diminished by setting the die surface several inches below the lower edge of the screen. The wear of iron is
consequently greater in these mills than in wet-crushing silver-stamp batteries. The size ().f the openings in the
sereens, and no doubt also their number, has an influence on the wear ot the iron correspon(.hng to the work d()M
in reducing the pulp to the necessary fineness. Dry-crushing batteries certainly consume less iron than wet-crushing
batteries per ton of ore crushed, probably because in wet batteries the particles of dust are removed from thfa fg-ce
of the iron as fast as formed, allowing the die to descend immediately upon the larger fragments. The modifying -
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conditions are so numerous that accurate data as to the consumption of iron in the batteries cannot be given. The
wear per ton of ore crushed in dry batteries, however, sometimes falls a little below one pound per ton, and may
average a pound and a quarter, while in wet-crushing over two pounds is ndt uncommon, and a pound and three-
quarters is not far from the mean.

Screens last from five to thirty days in wet-crushing and from seven to forty days in dry. The average for both
wet- and dry-crushing mills is about fifteen days where punched sereens are used in wet mills and brass wire in dry,
for in wet-crushing the punched screen will last one-third longer than the brass-wire screen.

QUICKSILVER USED IN BATTERY.—In battery amalgamation the amount of quicksilver added depends on the
quantity of gold in the ore. Itis necessary to add quicksilver enough to amalgamate the gold and still keep it in
that pasty condition which causes it to adbere to the copper or silver plates. From one to two ounces of qui(:ksilver
per onnce of gold in the ore is about the nsual quantity used.

WATER USED IN THE BATTERY.—It is generally difficult to ascertain the quantity of water nsed in batteries,
but some trustworthy data show a consumption of from 500 to 700 gallons per ton crushed. According to the
circular of Prescott, Scott & Co., of San Francisco, each stamp requires 10 pounds per mivute, which, at the rate
of 3 tons crushed per stamp in twenty-four hours, would make 576 gallons per ton. Many mills, however, use much
moge water., Where water is scarce, it is usnal to pump it back from the slime tanks or ponds to the battery.

SHAPE OF OLD SHORS AND DIES.—Shoes generally wear slightly concave in the center, the outer rim being
rounded or chipped off. Dies usually wear a little convex in the center, gradually bec()ming gomewhat concave
toward the outer edge. These depressions commonly vary from half an inch to 1 ineh.,

METHOD OF HANDLING DRY-CRUSHED ORE.—In almost all dry-crushing mills where the ore is roasted the
ore is removed from the screens by means of a screw-conveyor. Where noroasting is done the “pulp?” (a) is removed
in cars;, which are placed to cateh it as it falls from the battery, and is thus carted to the pans. -

GrADE OF SLUICES.—The grade of sluices from the battery to the settling tanks is usually from three-quarters
of an inch to 2 inches per foot; 1 inch to the foot is sufficient, except with very heavy ores, and more than 2 inches
is probably never necessary. Where higher grades are employed, as they often are for short sluices, it is not
because they are necessary, bunt because the disposition of the apparatus makes it convenient. The California
mill at Virginia has a sluice 1,200 feet long with an average grade of five-eighths of an inch. Tt is probable that a
somewhat steeper grade would have been adopted had cireumstances permitted, but the fact that so low a grada
answers the purposes of a highly-successfol mill shows that high grades are indispensable only with very heavy
ores, These data apply for the normal quantity of water fed to the batteries. It is worth while to remember,
however, that the carrying power of water varies with the sixth power of the velocity, and the velocity varies as the
square oot of the fall. The transporting power of & current, therefore, varies as the third power of the fall. The
slower the current in the settling tanks, too, other things being equal, the more complete the separation of the pulp
from the water or the smaller thesquantity of slimes leaving the mill. These facts show that a small consamption
of water is desirable, and indicate, as the most economical practice, batteries with great discharging capacity fed
with as little water as is compatible with efficient discharge, sluices of ample grade, and comparatively few settling
tanks. , ‘ : |

SETILING TANKS.—Settling tanks vary in size, but the greater part of them are 6 feet long by 6 feet widoe by
38 inches deep. The pulp generally fills them to & depth of about 24 inehes, which represents about 3 tons of dry
ore. A few tanks are made much larger, the maximum reported being 12 by 15 feet with a depth of 3 feet, and the
minimum 4 by 4 feet with a depth of 82 inches.

PrororTION OF sLiMEs.—From 1 to 15 per cent. of the ore passes out of the mill in the form of glimes. Ores
carrying clay produce far more slimes than those from whieh it is absent, and of course fine crushing and insufficient
tank capacity increase the amount of ore which fails to settle in the tanks. Slimes from doré ore are usnally
poorer in silver and richer in gold than the ore itself. The treatinent of the slimes, if they are saved in settling

ponds, forms the subject of speciul manipulation ; but there are many mills at which no attempt is made to collect
and work the slimes, ‘

PAN AMALGAMATION,

PranT.—The number of pans required in a mill in proportion to the number of stamps is governed by the
character of the battery (whether it is wet or dry), the quantity of ore crushed by the battery in a given time, the
time required to amalgamate the ore, and the size of the pans to be used. In wet-crushing mills the proportion
varies from two pans to every five stamps to two pans for every stamp, This latter is the case at the Leeds mill, at
Silver Reef, in Utah. Generally from two to three pans, holding from 3,000 to 4,000 pounds, are required for every
five'stamps. In dry-crushing two pans to five stamps are always sufficient unless the pans are small or tho ore iy
very easily crushed, and sometimes one large pan can be made to do the amalgamating for five stamps. In mills
recently built one settler is allowed for every two pans. In the Star mill, at Cherry Oreek, and at the Manhattan,
in Austin, there is a settler for each pan. This is probably unnecessary, as roasted pulp is very easily settled.

6 The word “pulp” iz used by millmen to designato pulverized ore, whether wet or dry, roasted or raw.
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Agitators are in use on the Oomstock, at Bodie, and in some other placers, but they are not generally employed.
The object in using them is not only to catch the amalgam which may sometimes escape the settler, but to save the
coarse sand or concentrations which have been but imperfectly worked in the pans. The agitator is also & convenient
receptacle for sweepings and metalliferous refnse.  Where agitators are used the proportion is one agitator to every
five or six settlers. ' ‘ :

A clean-up pan is always needed in a mill, for in it the amalgam from scraping the pans, mullers, and old
castings can be soparated from the pulp and sand with which it is mixed. It is also very convenient for cleaning
quicksilver. , .

But few mills have pans used especially for woirkiug tailings.

Hydraulic strainers are not often found away from the Comstock, They are a great saving in handling large
quantities of amalgam.

Usually one retort and one melting {urnace are sufficient for a 10-stamp mill.

For raising the quicksilver from the settler to the pan floor pumps, cup elevators, and hydraulic elevators are
in use in the larger and better mills. In small and old-fashioned wmills the quicksilver is returned to the higher
level in buckets by hand; but the hydraulic elevator is superseding all others, becanse from the simplicity of its
construetion it is not liable to get out of order. It consists of a strong reservoir, into which, the quicksilver having
been admitted, a column of water is turned on, forcing the guicksilver through a pipe to the floor above. If water
pressure is not to be had, steam from the boiler, usually supplied at about 90 pounds pressure, will answer the
same purpose.

The following tables show the more important apparatus of 128 amnalgamating mills in which the pan process
is in use. The greater number are silver mills, but some gold mills which have pans, settlers, ete., are ineluded:

"

TABLE CXL—AMALGAMATING PLANT OI* LEADING MILLS.
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TasrLe CXL—AMALGAMATING PLANT OF LEADING MILLS—Continued.
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. o Including 1 clean-up settlor,
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TasrLe CXL~AMALGAMATING PLANT OF LEADING MILLS—Continued.
NIE VAD A —~Continued,
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"o Tneluding tailings and slime settlers. - d Not including melting furnaces in assay offices.
b Inoluding slime pans. e One steam atrainer,

¢ California mill only.
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TaBLE CXIL—PAN AMALGAMATION PLANT: RECAPITULATION BY STATES AND TERRITORIES.
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PANS FOR WORKING ORE.—The pans used in amalgamation have a capacity of *from 1 ,600 to 4,000 pounds

and are of various construction. One only of them will be described,(a) the ¢ comblmtlou ” wluch, with its

various modifications, is the one most employed in silver mills, ‘When this pan is used for wolkmg freoe ore the
sides and bottom (the latter perfectly flat) are cast in one piece. The sides flare slightly upward, the top being
an inch or two larger in diameter than the bottom. A cast-iron cover is made to fit, the top closely, and in this
there is a hole, with a cover, through which the charge is introduced. The bottom of the pan is either provided
with slots to receive the lugs of the dies, or with a false bottom of cast iron about an inch thick, provided with
openings for the Ings which hold the dies in place, The bottom of the muller is flat, and also contuins slots, in
whieh the lugs of the shoes are fixed. There are three wings or flanges placed at the top of the pan at equal
distances on the circumference. When the muller is in motion the pulp is thrown to the outside of the pan, and,
rising to the top, strikes against the wings, by which it is projected to the center, where it again falls to the
bottom. In this way a complete cirenlation iz obtained, the pulp not only flowing around the pan, but receiving a
motion from the ontside to the inside and downward, and from the inside to the outside and upward, thareby
indueing an intimate mixture between the pulp and the quicksilver. ‘When it is necessary to grind the pulp the
muller is lowered by means of a serew in the top of the sleeve until the bottoms of the shoes just touch the tops
of the dies. Some of the other pans in use also give a fair motion to the pulp, but for convenience in handling
and quality of work the combination pan up to the present time has best fulfilled the conditions for the
amalgamation of silver ores.

‘Where this pan is nsed for Workmg roasted ores its construction is somewhat different. The bottom ig of cast
iron, wooden staves are used for the sides, and the cover is made of wood. The die, instead of heing in several
pieces, is cast whole, completely filling the bottom of the pan; the shoes and muller are one casting, and as little
metal is exposed as the necessary construction of the pan will permit. This is for the purpose of reducing as much
as possible the action upon the iron of the acids and aeid salts frequently present to a greater or less extent in
roasted pulp, ‘Pans for working raw ore are also sometimes made with wooden sides, this under eertain conditions
being a cheaper construction. In the combination pan the number of the shoesis from six to twelve, and they weigh
from 500 to 800 pounds, and are from 2 to 3 inches thick. The dies are similar in number, weight, and thickness.
In some mills, as at Austin, when the shoes are worn off the mullers they are replaced Ly wooden ones, which
answer the same purpose as the iron, the object being to give motion to the pulp and not to grind.

As a novelty, it may be mentioned that in a certain will in Arizona glass shoes and dies and a wooden
muller are used. The muller has copper and iron plates fastened to it (said to be for the purpose of furnishing
electricity), but the whole affair is reported to be a failure, and is cited merely to show what extraordinary pans
arée sometimes constructed.

Mz1HOD OF HEATING PANS.—The usual method of heating paus is by injecting live steam directly into the
pulp by means of an iron pipe which descends near the outside of the pan to within 6 or 8 inches of the bottom.
This method is unquestionably the best, but it has its disadvantages, of which the diluting of the pulp and continual
wearing away of the pipe are the greatest. Thiy latter is particularly the case with roasted ores. In Virginia
Oity, where the pulp is run thin, the slight dilution caused by steam is of little importance; but in places where it
is necessary to keep the pulp thick it is inconvenient. It is less objectionable in workmn free than in working
roasted ores, for there are many kinds of the latter which, although they may be charged into the pan so thick that

o For a history of the Washoe pan and its varieties, see Hxploration of the Fortieth Pa.rallal, vol.iii, Mining Industry, by J, D, Hague.
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they check the motion of the mnller, yet, in the course of half an-hour or so, the different salts having dissolved,
become s0 thin thqt, with the consequent rapid cireulation, they slop over, and this without the addition of steam.
The effect of running roa‘sted ore as a thin pulp is to & great extent connteracted by the fact that roasted ore,
being easy of amalgamation, does not require the quicksilver to be so finely divided and so intimately mixed with
it ag iy the case with raw ores. ,

Another method of heating is by means of a steam-chest under the pan, and more rarely by means of a jacket,
in which exhaust steam may be used. 1t is only with the freest ores that it is safe to heat pans in this way, and
even. with such ores the pans frequently leak into the steam-chest. The reason for this is plain ; the action
between the salts (whether in the shape of chemicals added to the ore or formed in roasting) and the iron of the pan
will be strongest at the hottest point, namely, the bottom of the pan, and should there be a defective spot in the
casting a hole would soon be eaten through. In Bodie this method is in nse, but the conditions are favorable, as
the ores are free. : ‘

NUMBER OF REVOLUTIONS OF PANS PER MINUTE.—Pan mullers generally make from sixty to ninety revolutions
per winate. It is troe that the faster the muller is run the more work is done in & given time, but questions of
wear and tear of machinery have thus far ungually limited the speed to ninety revolutions. The pans at the
California mill are geared to run ninety-five revolutions. .

WEIGHT OF CHARGE.~—A. pan charge weighs from 1,500 to 4,000 pounds, according to the size of the pans.
A 4,000-pound pan is b feet 6 inches in diameter and 30 inches deep. In working rich ore the charges are generally
smaller than in working low-grade pulp. :

TEMPERATURE.—~The temperature maintained in the pan has much influence upon the amalgamation of the
ore. The effect of temperature on the amalgamation of the base metals, lead and copper, is not very well understood,
and it can only be determined by careful and exhaustive experiments. It seems to be a well-established fact that
in the amalgamation of ¢hloride ores which carry a considerable percentage of carbonate of lead a fine bullion may
be obtained without an appreciable loss of silver by keeping the temperature of the charge considerably below
the boiling point (say at 120° F.). At exactly what temperature it will be necessary to keep a given kind of pulp
experiment alono can show. Time, as before mentioned, has also an influence on the results. The reason for the
earlier amalgamation of the silver at a temperature of 1000 T%. or thereabout seems to be that the conversion
of the carbonate into the chloride of lead (the form in which it is necessary for the lead to be in order to be
precipitated by the iron and amalgamated by the quicksilver) takes place much less readily at a temperature of
1000 T. than it does at 2000 F. Were the conditions entirely uniform, the metals would be amalgamated in the
order of their electro-negative properties; that is to say, fivst silver, then copper, and last lead ; Lut in practice
this is not the case, ag unquestionably lead is amalgamated at the same time as the silver, The reason is that the
pan and the pulp do not furnish all the conditions of a true galvanie cell.  Tor instance, it is possible to conceive
of a particle of carbonate of lead, not in conjunction with a particle of chloride of silver, coming into contact with
the iron of the pau in the solution of aalt or salt and bluestone, as the case may be. Under such circumstances the
particle of carbonate would be converted into chloride and metallic lead would be precipitated and amalgamated.

1t is customary to keep roasted ore at a temperature of 2000 T, At the California mill the pans are heated to
160° 1. \

TIME OF WORKING A CHARGE,—The time ocenpied for working a charge is from five to eight honrs, Itislargely
governed by the value of the ore. With any given ore, experience shows how far it is profitable to prolong the
amalgamating process, which proceeds more and more slowly as the silver is taken up. In many cases, where a
comparatively small portion of the silver is extracted by pan amalgamation, this is not due to the imperfection of
the process, but to the fact that, under the local economic conditions, it is not profitable to continue the process
until a large percentage is saved. - '

CONTINUOUS AMALGAMATION.—A system of handling ore in wet-crushing mills, known as the * Boss ” process,
has been introduced at Bodie, which dispenses with the laborious work of shoveling the pulp from thfs settling
tanks. The orve is, ag usual, crushed in a battery, but with as little water as possible, and the pulp is thence
conducted to the first of a series of pans in which the mullers are revolving. . Frem this pan it flows to the next,
and so on through the series, until from the last pan it passes through a series of settlers, and ﬁ_nally from the last
settler out of the mill. The pans are heated by steam in false bottoms, so that thepulp isnot thinned. It becomes
thicker as it progresses. The chemicals are added in the first pan, and the quicksilver is added at a stage when
the pulp is thick enough to hold it.

GRINDLNG.———-WI‘IGi] ores are .subwmitted to chloridizing-roasting, grinding is scarcely necessary, pecause the
silver chloride passes into solution, and to some extent this is also true of raw chloride ores; but with ?11 other
ores a finer comminution than can be attained in the baitery is probably essential to effefztual ‘fmmmg’&mahon.. As
a rule, the muller is kept down about half the time necessary to work the charge. })urmg this period chem‘lca]s,
sueh as bluestone and salt, if added, are supposed to have produced their full eﬁ'ec.t, and at the cl.ose of it tl'm
quicksilver is added. After the addition of the quicksilver the shoes are nsually raised from the dies, to avoid
the flouring of the quicksilver by excessive mechanical division in the presence of more or'less adherent sul?st'?flnc(is.
At the Qalifornia mill, it is true, grinding is continued throughout the entire treatment in the pans, and it is said

>
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with satisfactory results. This practice scems to carry great authority, hecause thelusu.al meth'od Wus formerly
pursued under the same management. Possibly, however, the charge of the pans at this mlll. c'ontalns lc§s ac'lherex}t
material than is ordinarily the case; it is certainly less Dbase. Grinding, after the addition of quicksilver, is
especially objectionable if lead is present. _ .

It is asserted by some wmillmen of experience that grinding is unnecessary with silver ores unless they
contain a large proportion of gold, and there is no doubt that finer bullion is obtained when' the ore is .110.t gx"m‘md;
but gold is more readily amalgamated than silver, and if grinding is desirable where gold is present it is difficult
to avoid the conclusion that it is still more essential when the ore is purely argentiferous. Thus 76 per cent. of the
assay value of the gold contained in about 300,000 tons of Hale & N OTCroOSS ore flﬂl‘iﬂg the eight years ending
January 31, 1874, was saved by amalgamation, while only 61 per cent. of the silver in the same ore was extr;wtt.ad.
As is the case with almost all technical operations, local economit conditions determine the extent to which
grinding is profitable; but experiments to decide such points are too often omitted, or conducted under the bias of
preconceived opinions. , o .

QUANTITY OF QUICKSILVER ADDED.—To effect a separation between the pulp and the amalgam it iy essential
that a certain volume of quicksilver should be added in the pans, for otherwise the amalgam would not gather at
the bottom of the settler. Not less than 100 pounds of guicksilver to the ton of ore appears to Lo suflicient for
this purpose; and for the ordinary pan, constructed to treat 2 tons of ore at o time, the minmimum charge of
quicksilver is consequently, as a.rule, 200 pounds, and this only when the ore is free and of low grade. When
the ore is rich, a further addition of quicksilver is made. The proportion of quicksilver to silver in the fluid
amalgam should never be less than a pound to the ounce, however rich the ore may be. In working free ore the
guicksilver is added from two to four hours after charging, but with roasted ores it has become the custom to add
the quicksilver at once upon charging; and experience has shown thav when this plan is adopted amalgamation is
more complete, while the loss of quicksilver is not increased.

(HEMICALS USED IN AMALGAMATION.—The list of chemicals used in the amalgamation of silver ores is
growing smaller year by year. At present, except in a few isolated cases, the only chemicals employed in working
ores raw are salt and bluestone. The reactions which take place in pan amalgamation have been but little studied;
indeed, chemists hayve not yet reached definite conclusions as to the essential reactions of the patio provess, a
subject to which a number of elaborate investigations have been devoted. There seemas little question that the
use of bluestone and salt accelerates the reduction of argentite. The sulpho-salts of silver are also attacked, but
are either only partially decomposed or so slowly reduced that it is not as cheap to treat them raw with chemicals
as to submit them to a preliminary chloridizing-roasting.

There is no exact rule in use governing the quantity of bluestone and salt added, though larger quantities of
chemicals are usually employed in working high-grade ores than in treating poorones. The baser the ore the more
bluestone and salt are commonly considered requisite, but the quantity of each ¢an only e increased to that
amount which will result in a yield of silver corresponding to the cost of the extra weight of bluestone and salt
employed. There can be no doubt that much money has been wasted in the unnecessary and ineffective use of
chemicals. The proportion which salt ought to bear to bluestone is another point, which, although of the greatest
importance cconomically, is not well understood. Most millmen use more salt than bluestone, but others more
bluestone than salt. On the Comstock, where experiments have been conducted for many years, the proper
quantity of bluestone and salt, and the proportion of the one to the other to be used with any grade of the ore of
that district, has been ascertained approximately; but Comstock rules wonld not apply in general to other ores,
though doubtless there are many of substantially the same character. At the California mill, with $30 ore, 2
pounds of sulphate of copper and 6 pounds of salt are used pex charge of 2 tons; with $80 ore, from 10 to 12 pounds
of bluestone and 20 pounds of salt. The chemicals are added on charging. Modifications in the Comstock practice
depend on the baseness of the amalgam, the tailings assays, and the appearance of the guicksilver,

As a curiosity the following list of ehemicals which are used in a mill in Arizona may be mentioned: One and
a half hours after charging, 20 pounds of salt, 3 ounces of cyanide of potassium, 2 ounces of sulphuric aeid, 1
ounce of nitric acid, 1 ounce of hydrochloric acid, and % pound of carbonate of lime. The superiutendent does not
profess to know what reactions are produced. In some of the mills at Bodie hydroehlorie acid and carbonate of
soda are used. This is equivalent to an addition of salt. In districts such as White Pine, where silver ocenrs
almost entirely in the form of chloride, little or no bluestone is required.

When grease has got into the pans eaustic potash, soda, ashes, or cyanide of potassinm is added. The latter
is also used upon the guicksilver in the tubs to keep it clean. Caustic lime is sometimes used with roasted ores
containing a great deal of cupric chloride. It forms chloride of lime, reducing the cupric to cuprous chloride.

Sodium amalgam is found to be useful in amalgamating ores whieh contain the bi
prevents the flouring of the quicksilver which that mineral oceasions. .

Two notewmtthy cases of a waste of chemicals are reported, in one instance the use of copperas in pans with
roasted ore, and in another the use of bluestone with roasted ore, which already contained dichloride of copper.

Chemicgls are added on charging, with the exception of caustic potash, soda, ete., which should be added
with the quicksilver, which they are designed to keep bright.

noxide of manganese, as it
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At Dayton, where large amounts of the Comstock tailings are saved and worked, it is ¢cnstomary to add sulphate
of copper in acid solution in large quantities, sometimes as much as the equivalent of 30 pounds of bluestone, when
it is found that the loss of quicksilver exceeds tho nsual quantity., The Comstoek tailings contain a very large
proportion of clay, and the loss of guicksilver is probably in great part a mechanical one. The clay is said to
“Dall up” and carry off' globules of quicksilver. The aeid sulphate probably acts on the elay very much as alum
does, promoting its precipitation.

USE OF TRON IN THE PANS.—Iron is one of the important factors in the amalgamation of silver ore. If ig
used in various forms; in the first place ag cast iron in the material of the pans. As wrought iron, in the form of
rings, itis sometimes put in the pans, and it is occasionally added to the charge in the form of shavings, tilings, ete.

In working free ore much less iron is required than in working roasted ore, and the ordinary wear of the
battery and the pan is generally sufficient.  One pound of iron will precipitate 8.85 pounds of metallic silver from the
chloride, but in practice more than that amount of iron is consumed where there is capper either naturally present
in the pulp or added in the form of bluestone. Carbonate of lead is also believed to increase the consumption
of iron, | )

With roasted ore much more iron is required; and where there is a great deal of lead and copper present
sometimes as much as 20 pounds of iron to the ton is consumed, not including the iron needed to precipitate the
silver. The best form in which fo use iron in the pans is as wrought-iron filings sifted as fine as possible, but
such filings are expensive and difficult to obtain, The turnings from a lathe are the best substitute, These wronght-
iron fragments protect the cast iron of the pan to a great extent from the corrosive action of the different salts in
the roasted pulp, as they are more readily dissolved, thus relieving the pan itself from a large amount of loss,

At the Manbhattan milly in Austin, 10 pounds of iron turnings are used to the charge, and they are almost
completely consumed. TFour pounds of this iron would be sufficient to precipitate the silver; the other portion, us
well as the iron from the pans, is probably employed in decomposing lead and copper salts.

Loss oF QUICKSILVER.—The usual loss of quicksilver runs from half a pound to 3 pounds to the ton of ore
treated. A reasonable limit of loss in present practice is 1§ pounds per ton. The waste is in part owing to the
difficulty of completely separating the quicksilver from the sand in the settler, and this is particularly the case
with ores which contain carbonate of lead or other heavy minerals. To counteract this mechanical difficulty
agitators are sometimes used ; riffles and blankets in the sluice-boxes from the settlers are also oceasionally employed.
In ordinary cases sufficient separation can be effected in the settler by the proper arrangement; of the shoes on the
muller and the regulation of the speed of rotation, but a certain amount of quicksilver is no doubt always carried
off in winute globules,

A second cause of the loss of guicksilver is the formation of lead and copper amalgams in the treatment of
ores containing these wetals or in working silver ores with bluestone. These alloys are pasty substances, which are
rapidly redueed to the finest powder by grinding; in other words, the quicksilver is floured, and the separation in
the settler is very imperfect. The most radical cure for this condition of the quicksilver is the addition of sodium
amalgam in the pans before the ore is drawn off. Sometimes the loss is not sufficient to warrant the use of this
expensive alloy, and in such cases it is better to gather the quicksilver and amalgam together, as well as may be, by
prolonged treatment in the settler.

In the patio process of amalgamation a very large amount of quicksilver is converted inte calomel and lost.
In the pan process it is highly probable that one or both chlorides of mercury form to some extent, but these
compounds are, for the most part, reduced by the iron. Were this not the case, the loss of guicksilver wounld be far
greater than that actually sustained. ’

The loss of quicksilver is slightly greater in cold than in warm weather, especially in gold mills. Asitisa
well-established fact that the process of amalgamation is facilitated by & high temperature it is not strange that
cold should interfere with or retard it.

Loss oF IRON IN TUHE PANS.—It is o very difficult matter to estimate the amount of iron consumed in the
pans in working a given kind of ore. The aggregate amount of iron worn from shoes and dies, shavings, ete.,
can be casily determined, but it is difficult to estimate the loss from the walls of the pan itself and {from the
muller. Where free ore is ground the iron worn from shoes and dies is from 6 to 10 pounds to the ton. This iron
is more than sufficient to fill the chemical requirements of amalgamation, and it is therefore probable that in such
cases the-iron of the pan and that of the muller are very little acted upon. With roasted ore, however, this is
different, and, as it is not usual to grind it, a good part of the corrosive action comes upon the pan and the muller
unless iron is added to the pulp in some form or other. This loss of iron can be estimated at from one-fifth of a
pound where the ore is free, poor, and not ground, up to 25 pounds to the ton where the ore is base, rich, and
roasted. At the Martin White mill, at Wurd, Nevada, the loss used to be 20 pounds. 'When free ores are ground -
in the pan a considerable quantity of finely divided metallic iron separates from the amalgam in the elean-up pan.

BXPLOSIVE GAS IN PANS.—Explosive gas in the pans has only been reported as met with on the Comstock,
and.under the following circumstances: When the mill is shut down, and the pulp is allowed to remain standing
in the covered pans, an explosive gas of some kind is formed, which ignites when a lighted candle is brought near
the charging hole. Before this fact was well known several accidents happened which might have ended seriously.
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A man standing on the pan-cover of a pan in the California mill brought his candle near the charging-hole to ses
if the muller was moving, as he had jnst put on the tightener; the gas becoming ignited, he was blown, together
with the cover, into a settler. That explosive gas has been noticed only at Washoe may be due to the fact that the
pan-covers fit much more closely there than is usual elsewhere, thus obstructing diffusion. It iz difficult to
understand how any explosive gas can form in the pans of the California mill. Neither free acid nor sodium
amalgam is there employed as a chemical, and the liberation of free hydrogen or hydrogen sulphide is therefore
improbable. Mr. H. C. Halm (a) asserts that the amalgamation process is accompanied by the evolution of
hydroearbons, but this is difficult to comprebend in the wbsence of free acids. In short, the matter requires
further investigation.

CLEAN-UP OF MILL AND PANS.—In most mills which run regularly there is a general clean-up at the end of
each month. A very considerable quantity of hard amalgam adheres to the shoes and dies and fills the interstices
of pans and settlers, which is removed when new shoes and dies are put in place. In custom mills a clean-up is
sometimes made when each lot of ore has been worked off, if the lots are of considerable value.

SETTLERS.—The usual size for settlers is a diameter of 8 feet and a depth.of 3 feet. Occasionally they are
found 9 feet in diameter, and 10 foot settlers are reported in two mills, TFor ordinary work a diameter of 8 feel is
sufficient. At the Manhattan mill, where a settler is used with each pan, the settlers are 6 feet in diameter.

There are two different kinds of mullers used in settlers. In the mills on the Comstock and some others
the “spider” muller is common. This consists of four arms proje(,ting horizontally from the center of the muller,
antl upon each one of these arms a shoe, either of wood or iron, is fastened, which serves to plow up and keep in
motion the sand at the bottom of the settler. The other form of muller ends downward in a round dise of iron,
which fills the bottom of the settler to within 3 inches or so of its circumference, upon the under side of which
leng wooden shoes, 3 inches thick, radiating to the outside, are fastened. A seftler thus arranged is the hest for
base ores, as it permits the rubbing and assimilation of the Roured particles of amalgam in the bottom of the settler.
The muller usually revolves from twelve to fifteen times per minuvte, although it is sometimes geared to make as
many as eighteen revolutions; this, however, is only where very heavy ore is worked, or where the ore has been
crushed through a very coarse screen. Such a speed is always attended with more than the usual loss of quiclksiiver;
the greater the diameter of the settler the less ought to be the number of revolutions of its muller. It is customary
to keep a charge in the settler until it is nearly time 1o discharge & pan into it; thatis to say, from two to four hours.
It is & much easier matter to settle chloridized pulp than that which has not been roasted, for in the ])l‘()L(‘HS of
roasting the particles of quartz, ete., become porous and friable. They are consequently ground finer, and can be
retained in suspension in the water with muech less motion of the muller.

It requnires from fiftcen minutes to half an hour to discharge a settler through the series of holes provided for
that purpose. The top plug is of course the first to be drawn, in order that the quicksilver may have ay long as
possible to settle and to avoid the production of rapid currents, which might carry off amalgam. A more rapid
discharge would defeat these ohjects.

STRAINING BAOKS.—Canvas is the material usually employed for straining sacks, thongh in some of the mills
at Bodie and other places canton flannel is used for that purpose.

OLnAN-UP PANS.—In many mills it is cnstomary to pass the amalgam from the strainers through a clean-up
pan, as in addition to sulphurets iron from the shoes and the dies of the pan is mechanically mixed with it, and it is
found more economical to extract these substances Leforo the amalgam is retorted. This process conld be
introduced to advantage in most mills where it is not now in vogue. A. ¢ommon size for clean-np pans is 5 feet
diameter and a depth of 16 inches. They are usually of the Kuox pattern.

Hor 8TRAINING.—AS before stated, the base metals which enter into silver amalgam are chiefly lead and
copper. For many years attempts have been made to discover a process by which these metals could be eliminated
from the amalgam before retorting. Where there are copper and lead minerals in the ore it seems impossible to
prevent the presence of the metals in the amalgam, A process of hot straining, now almost entirely abandoned,
was for some time in use for the separation of lead amalgam. By it two classes of bullion were obtained, ono

- consisting of tolerably pure silver, and the other of lead, with perhaps 10 per cent. of silver. The copper, however,
was retained in the silver amalgam, and partly from mechanical and partly from chemical causes the loss of
quicksilver was considerable. But the greatest objection to the process was the ruinous effect thiat it had upon the
health of the men. Quicksilver, perceptibly volatile at a temperature of 400 T, becomes much more so at 2120 F,
and to keep large quantities exposed to that temperature, where men can inhale its vapor, is extremely objectionable,
A process by which lead and copper can Le eliminated from the amalgam is much needed. N one is known to be
in use at present which satisfies the requirements.

In very cold weather a gentle heat is sometimes applied to the amalgam before straining. At the California .
mill it is customary fo keep the straining water at a temperature of 1000 . This facilitates strainin g, and no ovil
effects on the health of the men have been noticed.

HyDRAULIO STRAINERS.—These at present are very infrequently used, but they effect a great saving of fuel in
retorting. Oldmarlly dry silver amalgam from the strainers, where jt is free from base metals, has about geven

¢ Berg- und hilttenmiinnische Zeitung, 1870, p. 65, ]
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pm'_ts of quicksilver to one part of bullion. When this amalgam is strained under pressure the quicksilver can
easily Do 1:educed to three and one-half parts. A pressure of from 100 to 125 peunds to the square inch is used for
these strainers.

RETORTING.—The size of the ordinary retort in use is 12 inches in diameter and 4 feet in length inside. It
will hold from 600 to 1,000 pounds, according to the quality of amalgam and whether the vent is in the center or ab
the upper edge of the end. It is usual now to cast retorts with the vent at the upper edge of the end, and if two
vents are made opposite cach other in the end the retort can be turned over. This kind of retort is fast superseding
the old style, where the vent was in the center of the end. Retorts up to 20 inches in diameter are reported. ‘The
retorts at the California mill are b feet 6 inches long and 14 inches in diameter; the charge iz 1,800 pounds. Retorts
are sometimes turned either a half or a quarter revolution after a “belly” has formed on the bottom, but generally
they do not last long after turning, and the practice is open to strong objections. The retorts are circular in section.
Amalgam is not often charged in cups, but is frequently divided by dises of iron, in order to save the trouble of
breaking up the bullion for the melting pot. The retorting of a charge occupies from five to nine hours, according to its
size and character. Trom one-sixth to one-half a cord of wood is consumed per 1,000 pounds of ammalgam retorted.

The charge is heated slowly to the boiling point of quicksilver and maintained at that temperature until most
of the quicksilver has been expelled, when it is gradually beated to a light cherry red for an hour or so, to expel
the remainder. A mixture of salt and ashes is used to swal out the retort and for luting on the head. When the
retorting is properly dono the loss of quicksilver by distillation is merely nominal. At the California mill about one-
half & pound of quicksilver is lost per 1,000 pounds of amalgam retorted. Where the vent is at the upper edge, or
the amalgam is not base, or the pipe is kept open by a rod, the vent does not choke. With dirty or base amalgam
there is always danger that the vent may choke if it is in the center of the end of the retort.

An ordinary retort will stand from 100 to 300 charges if properly handled, but in practice the life of retorts is
usually much shorter. Steel rotorts have been tried, but it was found that they warped too much., The fact that
gteel burns out sooner than cast iron would be a sufficient objection to its use.

In some small gold mills, where the amount of bullion prodnced is not large, simple bulb retorts of cast iron
are used in place of the eylinfivical ones. The bulb retorts require no brick fitting, and can be used over an assay
furnace or & blacksmitl’s forge, and are convenient for operations on a small scale,

RETORTID BULLION—In addition to the gold and silver contents, the retorted bullion of silver mills usually
contains lead, copper, and a slight amount of iron. _

In retorting amalgam which containg a large quantity of copper a porous sponge, consisting principally of
copper, but containing some silver and lead, is found on the top of the retorted bullion. Wherever the air reached
this porous mass the metallic copper is converted into oxide. This substance is the bugbear of the melter, for the
ordinary temperature of the furnace will not melt and reduce it, but convérts it into a plastic mass, which no amounnt
of flux seems to affect. This alloy containg from 20 to 30 per cent. of silver, and should never be thrown away. A
high temperature will reduce and melt if, or it can be roasted, ground, and the copper extracted with sulphuric
acid; the residue, consisting of silver and lead, can then be melted into bullion.

Certain alloys of copper, lead, and silver seem to retain & small percentage of quicksilver even after the bullion
is melted ; how mueh is not known, but it is sufficient to prodnce a strong reaction for quicksilver when tested, and
its frequency renders the Gay-Lussac wet assay an untrustworthy method for such bullion.

MELTING TUBNAOES.—Melbing furnaces are all very similar in construction. They are usually about 16 inches
square aud 18 inches deap, the top sloping toward the front. The materials are common brick, fire-brick, and
sast iron for doors, ete., with wroaght-ivon ties.

CRUCIBLES.—A No, 50 or a No. 60 Dixon black-Jead crucible is the kind mostly used for melting silver bullion.
These eruciblos last for from fifteen to twenty-five melts. _

TrLuxns.—Rither slag from assaying, or borax, bicarbonate of soda, and saltpeter, are the fluxes usually
employed in melting,  Sowetimes sulphur is used where there is mueh iron in the bullion. .

AGITATORS.—Agitators are not very frequently used. Where they are employed it is more for j(he §ake of
concentrating the settler sands, sweepings, etc., than for catehing amalgam. They are usually 7 feeiim dlm‘n'eter
and about 8 feet deep. Thoe assay value of the gands recovercd in them is usually higher than t.ha»t of the tailings
and lesg than that of the ore. Agitators are generally geared to make twelve revolutions per minute.

TATLINGS—The tailings of free silver ores are almost always saved, those from }*oaste.d ore scarcely ever.

Tailings from the battery of a gold mill are handled in different ways, but the following i3 the usual metbgd:
After passing through the sereens, the tailings, which contain considerable gold amalgam vErhen ba-tter.y amal gama_,tlon
1s practiced, flow over an amalgamated copper plate or silver-plated copper plate, on which most of the qufcksxlver
alloy is canght, This plate is as wide as the battery screen qnd usually from 3 to b fee_t long, agd is called
the apron, From the apron the tailings flow into sluices in which are leSO fllmal‘gama-ted sﬂxrer cir copper plates,
alternating with riffles or boxes, for catching quicksilver, and finally rez}ch glmces in the bottoms of which b}aukets
are Inid. O these blankets the sulphurets, which are usually quite rich in gold, are caught. After leaving the
blanket sluices the tailings sometimes ran info a concentrator, in which further valnable contents are recovered

from them. The Hendy concentrator, the one most employed in California, is nsually placed after the plate sluices
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and before the blankets. Buddles are alse often used, as well as the Frue vanner. The blankets used arve generally
20 inches wide, and are manufactured for the purpose by woolen-mills in San Francisco. The arrangement of
“amalgamating and coucentrating apparatus in gold mills varies greatly, however; at the Idaho mill, for example,
there is no battery amalgamation, and the pulp from the battery is immediately concentrated on blankets. The
concentrations are treated in pans, and the tailings from the blanket sluices pass over riffles and other amalgamating
apparatus to buddles.

GRADE oF srurcks.—The grade given to blanket sluices is usually from three-quarters to 1 inch per foot,
depending on the specific gravity and the fineness of the ore and the proportion of sulphurets contained in it.
Sometimes the grade is increased to as mmch as 3 inches to the foot. The apron used in gold mills has always
more grade than the sluices, and in many mills there is an arrangement by which the end of the apron can Dbe
raised or lowered as different peculiarities of the ore may demand.

PERCENTAGE OF SULPHURETS.—The percentage of sulphurets in California gold ores is very vavied. The
average is about 2 per cent. These sulphurets, when concentrated, are worked in different ways. Where rich,
the best method is to roast, chloridize with chlorine gas, and leach. One or two per cent. of salt added before
rvoasting facilitates the f‘ormatmn of the terchloride of gold and reduces the quantity of chlorine gas required.
That terchloride of gold can be made by roasting sulphurets containing gold with salt ‘,IS a well-established fact,
but although at one stage of the process most of the gold is in the form of terchlorlde, upon cooling this compmmd
is partially decomposed, a portion only of the gold remaining combined with chlorine. Tn making the ehloridation
assay of roasted silver ores containing gold it has been noticed that a portion of the gold is always leached through
the filter, showing the presence of terchloride. The cost of such chloridation is about $10 per ton. Where the
sulphnrets are poorer they are worked in pans or revolving barrels,

WEATHERING OF CONOENTRATIONS.—Concentrations are allowed to weather from three months to & year, sal
sometimes being added to assist the decomposition when it is the custom to work them in pans, ete.

PEROENTAGE RECOVERED FROM CONUENTRATIONS.—The Plattner chloridation process and its modifications
save 90 per cent. and -upward of the gold contained in sulphurets, but the percettage obtained by the other
methods is much less. It depends on the character of concentration,length of exposure to weathering, and the
process by which the sulphurets are worked.. The yield by other methods of chloridation often falls below 50 per
cent.,, though usually it is higher.

Blanket sluices are of little use in silver mills except where the ore, although mainly free, contains rebellious
sulphurets, as is the case on the Comstock and at some places in Idaho. At the California mill about 10 per cent.
of concentrations are obtained per day. These are allowed to weather from one to six months, salt bemo* added,
and are worked in pans. v

TREATMENT OF TAILINGS FROM SILVER ORES.—With that class of silver ores which is treated raw ib is
rarely possible to extract such a percentage as to render the tailings worthless, and therefore these are commonly
saved and allowed to weather, salt sometimes being added to assist the decomposition. As a rule, however, there
is enoungh salt remaining in the tailings after working the ore to produce in the course of a year or two the
required effect. Lt must be remembered that, no matter how fine a particle of tailings may be, there can still be a
particle of silver mineral in the center of it so. completely enveloped by earthy material that chlorine cannot act
upon it and quicksilver cannot toach it. When tailings.are treated, only that portion of silver is amalgamated
which is exposed to contact with the quicksilver. As the outsides of these tailings particles have already been
once subjected to the influence of chlorides and guicksilver, the amount of sﬂver which can be recovered hy a
second amalgamation, of eourse taking it for granted that the ore has been properly treated in the first instance,
except where long-continued grinding is practiced or where the character of the gangue has been changed by
weathering, is exeeedingly small. - The percentage extracted from tailings does not often exceed 50 per cent, of the
assay value, and generally falls far below this point. "With the tailings from rocm.ste(l ore, which are of lower grade
than those from raw working, it is still move difficult to obtain the silver.

SLIMES.—Slimes sometines assay more than the ore itself, sometimes less. The percentage of slimes escuping
from wet-crushing mills varies from 1 to 15 per cent., according to the character of the ore, Ores containing much
iron oxide generally produce the most slime. .The slimes are usnally first caught in large tanks, and then i in shallow
ponds. Tventually very little escapes if proper settling room is provided.

SALIVATION.—Only a few cases of sickness through salivation have been reported.. The bursting or imperfect
luting of retorts and the cleaning up of paus while still hot are frequent causes.

SAMPLES OF ORE.—Samples of ore are sometimes taken from each car-load at the mine. This is the case ab
the California, where a handfnl is taken from each car. 'When the ore of a mine is treated Ly « custom mill ore
samples are often taken by the mine owners as a ¢heck upon the working of the mill,

BATTERY SAMPLES.—Buattery samples are always taken at the mill, and in wet-crushing generally in the
following ‘manner: Every half hour or hour a rectangular iron box, or dipper, is passed along under the lips of
the mortar where the pulp falls into the sluices, and a portion of the slimes and sand is taken, care being observed
to prevent concentration by the overflowing of the box. This sample is put in a bucket with others, and at the

endl of twenty-four hours the clear water is poured off and the collective samples for the day are dried and prepared
for assay.
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In dry-crushing mills it is usual to take the sample by passing a box along the lower part of the screen every
hour or so. Sometimes the sample is taken from the conveyor or from the pulp in the bins.

TarriNes saMrLus.—Tailings samples are taken from one or all of the discharge plugs of the settler or are
dipped from the top before each plug is drawn, A very good way is to dip u small gas-pipe into the settler close
to the top, one end of the pipe being closed with the finger, and withdraw a portion of the pulp.

Burrion samrres.—Silver bullion is sampled by taking a dip from the melted mass after stirring, or a little
is poured into water while the crucible is still nearly full, and a little more when it is nearly empty. Rither
method is good. Gold bullion is sampled by chipping two diagonally opposite corners of the bar after it is cast.

ORru ASSAYS.—Ore assays are generally made in crucibles, though with very base ores scorifiers are sometimes
used. They ave seldom corrected for loss in assaying.

ROASTING FURNACES. .

SYSTEMS 01 IFURNACES.—There are many different kinds of furnace in use for chloridizing ore. Among the
more commeon types may be mentioned the Howell, Briickner, White, Stetefeldt, O’Harra, and ordinary reverberatory.
The Howell, Briickner, and White furnaces are revolving eylinders. The axes of the Howell and the White furnaces
are at an zmglu of o fow degrees to the horizontal, the ore heing fed at the higher end and discharged at the lower.
In the White furnace the ore and the flame from ﬂle fire-box enter the furnace together at the higher end. In the
Howell the ove isfed in at the higher end and the flame enters at the lower. This constitutes the material distinetion
between these two furnaces, and the difference is in favor of the Howell. The Briickner fornace is o eylinder of
hoiler iron, with ends usually made of the same material, though sometimes thoy are of cast iron. I the center of
each one of these ends, or hends, there is a hollow trunnion, through which the flame enters or passes out of the
cylinder. The axis is horizontal, but, like the Howell and the White, the furnace revelves on a series of wheels or
rollers,  The motion is conveyed to all these furnaces by o system of gearing, a belt of cogs passing around the
outside of the cylinders, which gears with w small spur-wheel on a counter-shaft below the furnaces, By an
improvement in the gearing of the Briickner the speed may be varied from zero to six revolutions per minute,
according to the requivements of the roasting process. In the Briickner firnace the charge of about 3,000 pounds
is introduced through a door in the cylinder, placed half way between the two ends, whicl is closed by means of
clamp. These furnaces are alse construeted with two doors opposite each other. A characteristic feature of the
Briickner cylinder is the diaphragm, which consists of iron plates about one ineh thick fastened to tubes passing
through the cylinder at vight angles to its axis. The plane in which these tubes are placed malkes an angle of about
300 with the axis of the ¢ylinder, so that the line where the plates and eylinder join is an ellipse.  This diaphragm
oxtends to within 18 inches of each end, and when the furnace revolves it induces a cirenlation of the pulp from
one end of the cylinder to the other. Althongh this diaphragm gives an almost perfect motion to the ore, it as
soveral disadvantages, among which are the following: The cast jron of which the plates are composed is corroded
by the action of sulphur and chlorine, and the lively motion conveyed to the pulp causes a great portion of it,
sometimes ag high as 80 per eent., to be carried into the dust chambers, . A great part of this dust, too, leaves the
furnace befure it has had time to be roasted, and thus escapes decomposition altogether. In consequence of these
disadvantages the diaphragm is now ubumlly omitted. Although the furnace, as at present constructed, does not
chloridize 1o guite as high a percentage as it wounld if provided with a diaphragm, it has been proved to be far
better suited to the economieal working of ores. When the charge has been properly roasted, it is discharged
through the doors by opening them and revolving the cylinder. As these furnaces ave at present builty the speed
can e inereased when it is necessary to discharge by introducing a gear-wheel of larger dinmeter than that which
ordinarily gives motion to the furnace, ~

The Stetefeldt is a high-shatt furnace, into which the flame enters from two fireplaces on the sides at the bottom,
the ore, mixed with salt, being fed into it at the top.  The fumes and dust pass out through a flue at the top, descend,
and, after passing through the flame of a smaller auxiliavy five, are conducted to the dust chambers, whence the
fumes eseape through the stack. The ove ocenpies only a second or two in passing through the flame, but it is
retnined in the heat at the bottom of the furnace three-quarters of an hour before drawing the charge. Phe auxiliary
fire has also been applied in connection with the revolving cylinders, and with good resulis,

The reverberatory furnace, as applied to the chloridation of silver ores, has sometimes one hearth, and sometimes
two or three hearths, Where several hearths arve used, the ore is fivst 1mt into the one nearest the flue, and after
roasting a thne is raked to the next, and finally to tlm last, near the fiveplace.  Thus, in & fornace with three
hearths, there are always three charges in different stages of roasting.

The O’Harra furnace is a brick double-deck reverberatory furnd(,e 9 feet hl”ll, 8 feet wide, and 60 fuet long,
in which the ove is stirred by serapers or hoes attached to an endless chain moved by the mill machinery. The two
hearths are level, one above the other; and 47 inches apart (arches 10-inch spring), G0 feet long, and ouly closed
at the ends by hm%d sheet-iron doors. These doors close the furnace so that the draught is not injuriously affected,
and also enable the scrapers to pass under them readily. There ave four fireplaces, two on each side, so arrang ed
that all may be used to heat the lower hearth, or two of them may heat the upper hearth. The draught is through a
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stack connecting with flues from the arches over the hearths, The endless chain passes over both hez‘rrths in opposite
directions and over a pulley at each end of the furnace. To one of these pulleys power iy tmnsmltte(} by spur or
friction gearing. To the chain at equal distances apart are attached two scrapers. Tach of these carries 14 hoos—
plates of wrought-iron about the size of a hoe—which are dragged along the hearths through the ore. These hoes
are set at a slight angle with the chain, thus moving the ore somewhat forward as wcjll as turning it over. The

. hoes of one seraper are set in a reversed position from those of the other; thus the ore is not.h pushed to the.cen ter
or sides of the hearth, and the furrow wade by one scraper is filled by the next. .As the links of t'he chain and
the scrapers are cooled by passing from one hearth to the ofher through the onter air, they are but little attacked
and last for months. .

It is not absolutely necessary to line any of these furnaces with fire-brick, but it is always best to use five-proof
material in the neighborhood of the flame. As a rule, fire-brick. are much harder than ordinary brick, and for that
reason are better suited to stand the wear and tear of a revolving furnace. Tliere is not much diffieulty in keeping
the Lrick in place in the Howell and the White furnaces, their diameter being small, but with the Briickner it is
otherwise. The large diameter of this furnace causes the arch to be insecure nnless the brick are good and are put in
very tightly. A very good method of increasing the security of the lining is to divide the cireular arch into four parts
by running flanges of boiler plate the length of the eylinder, thus making four independent arches,  For this furnace
it is eheaperin the long run to use the best fire-brick aud as little clay as possible. Salt and ashes are said to make
a very good mortar for laying the bricks in place, and they certainly form a mortar which does not contract on being
exposed to heat. The heads of the Briickner furnace are usually lined with the best fire-clay, tamped around and
over projections of iron, or large brick are molded in the form of segments of a circle and fastened to the heads

by clamps and bolts.

STATISTIOS.—Of the ninety-five roasting furnaces reported, eighty-nine were in use during the census year.
More than one-half, fifty-seven, are of the cylinder type, while twenty-nine ave reverberatories and nine are shaft
furnaces.

TaBrz CXIIL—ROASTING IFURNACES IN AMALGAMATING MILLS.

ARIZONA,
Tyl d
8 g Capaclt;
County and distriot. Mill orworks. 2 & g in twenty-four Clinrnetor,
8 g 8 lours,
A A o i} e
MOITAVE, Tons.
Hualapad ceeeen i e Mineral Park.....coveemienesscaronraanannn, 1 1 6 | Briickner oylinder.
, PIMA, .
ATIVACD « oot e AXIVACH +everriniiinniiancraeranarnaaraaas 1 1 8} | Stowart raverboratory.
) PINAL,
[ ToY Y Y U BT | 1 1 16 | Howoll cylinder.
25 (00T Silver KiNg ..o veeereieireiec e irne e snnenns 1 1 6 ! Briicknur oylinder.
YAVAPAL
Peck oo 1 1 15 to 18 | White oylinder,
Pine Grove-....uen-. 1 1 8 Do,
Tiger .o vmiaaecaes 1 1 16 1o 18 Do,
.............................................. 1 1 16 | Howell-Whito oylinder,
CALIX ORNIA.
Amador reduction works [ 1 4 Teratory.
Pheenix reduction works... 2 215 é& Revm}l)t:’x:u.tmy
Sutter Creel 1 1 ] Do,
Ploneer reduction WrorkS. ..o e e evewanna.n . 1 1 4 Cxiosbv oylri}ndex‘ with roverberating finish.
X ng henvth,
PLOVIAONOB v cvrnrarenn e ceiinrannnennnnsnns 1 1 b Iiev%rhorntory.
Quartz township < ... cvvein i Pluming-Bureka . ...cvveereecnnniresnnnennnn, 1 1 1} | Britckner oylinder,
HHABTA W
Pittaburgh covnienee it e Copper CibY vuveeereeiie i vaeain e ceeeeceenas 2 2 40 | O'Harra nutomatio stirring hearth,
BISKIYOU, '
BawWyer' s DA o iie e viiiiien v ere s Klamath,..... hor:
South Forlk Salmon. .01 7711 I Black Bear --....1ins 1 1 § | Roverjomtory.
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Tapre CXIIL.—ROASTING FURNACES IN AMALGAMATING MILLS—Continued.

COLORADO.
254
" 2 . Capacity
County and diatrict. Mill or works. % 2 2 % in twent} -four Character.
EE ﬁ licurs,
Raoal La
ARAPATIOL,
oo ARAPAIIOR, Tons.
L S [ .| Boston and Colorado reduction works ...... 8| 8to3}each | Reverberatory (roasting matto).
NGULLER,
wand X hevberanrmaaaes Ve i
Grand Taland oeoeeeanainiii i Carlbou.......... L, PR 4 4! 54 each | Briickner oylinder,
CLEAR CRIERK, )
[$3301110) QRN e eemmes e e Clear Creel
. ser Glenr CroeKa e e i i e nieen 6 d! 3 .
) 8 [ PN R BRI RN TN Farwell reduction works ... 5 g .’gfg{l; }33
BAN JUAN.
Lurokn . wevaranenenvsenernennnanenense ] MEIVITO ceenvi 1 1 7 | Neverberatory.
DAKOTA, 4
LAWRENCE,
Bonr BRELD coevvemans ciiniiiiaiiniaas o +..| Florence..... 2 2 6 cnch | Briickner oylinder.
IDATG.
ALTURAS, i‘
Middlo Bolsb o ovvrein v one [T Baffalo covvev i 8 3 10 | Liunt, Douglas & Stewart reverborato
Iq vreeren [, wanstuilin«vsmill ......................... 1 1 1 i Ixmml)(’lnh)r_s. rarony-
BoLst, 1
20T 1R Timira...... Hesenusmeriatum e rasa e 2 2 12} euch i Do,
LEMTY, !
Yankeo Fork.oe.onennao.. Vetrareeareaiaanes . Genornl Custer «ovevvviiiiiniiiiiiiiiaa 2 .. 28 | ¥Myde-Britckner oylinders.
OWYHLR,
Wagontown ...... Tremont oveene cavassnmmenaraveneranannsnenan Lijeeros 10 | Reverboratory,
MAXNKE,
IANGOUK. l .
L300 T cereanrenens I Sullivan coneniiiiinnins ceeeeriean [ 1 1 10 10 15 | Howell eylinder.
MONTANA.,
DRER LODOR 1
Iint Croel. ... cesreien veevenesaf Algonguin......oe revamieente e 1 1 ! 20 to 30 | Howell cylinder.
Bunmit Vadley oo iereeeees THCU v emaenvneunnncrtunrmnacmeerasenriannas 2 2 12 oach Do.
. | '
y NEVADA.
BLKD. .
COMIIURL . cavae e eeereaeennscnnaanianeoaeeen | Columbin Con 1 1 13 to 18 | Howell-Whito cylinder.
Tusetyors . ..., P ween ] Grnnd Prize o aee,een 2 2 15 each Do,
| e In(l(‘]u-mlonvu-Nm‘a\]o P, 1 1 20 Do.
LRMERALDA, |
Culombus ..., 2 2 60 each | Stetefildt shaft,
()nw,t:m’,.... OO 1 1 10 | Howell ¢ylinder,
LURRK A
COV veaer e imnnaeiae v ceran e WonbRI . eoean s Cevaneannan Craeuns 1 1 5 | Driickner eylindor,
BUMBOLUT, !
Mol Tose oo vvevaenev e Parndise Valley .ooveeoisensniniraaicane, 1 1 15 | Ilowell\White eylinder.
\\'(i'll:::unm':-‘::u J P R Humboldt reduction WOUKE -5 eennremenns s 2 1 10 | Briiekner eylinder, 10 tmm capseity, in use;
also Aiken shuit not in use.
LANDER,
LWiH o vnnrsanmorsnns e en e BT & Grove e veeesaieanen 3 3 b ea(‘:lfl Dritckner eylinder.
Ih;(-u: ) L L R Y R LR S O PR 1 1 22 | Steteleldt shatt,
LINCOLY i ) .
Eldorado. v oveusnn rvtereerernnaareereremvae| Southwestern . oaeeanans R O 1 1 20 | Howall eylinder,
. . 1] 1 © 90 | White eylinder, ’
Howoy - | Ay e 1 1 g0 D ’
u).mn‘ o e r—a. Aiu;unac\r s 2 2 | 20to 25 each | Howell-\White eylinder.
WINTI PINE, N 11 cach | Fowell eylind
: OO un e cpornneonomesasansomnnesonss| DAY coroooane [ 2 each | Howell eylinder.
{porny Oroole.o- o vrore oo I Bt Wit 20T Uil & 124015 ench | Do
e temetenntamsaniaansasaranneserrans i
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Tasre CXIL—ROASTING FURNACES IN AMALGAMATING MILLS—Continued,
NOBRTH CAROLINA.

T R T S I TR TTETIETT Qs . E - — T ” T —
28 q Capncity
23 2 inf Jour Character.
County and district. Mill or works, ,E g ré’ g in t\i'lc(s)zlsltg .iout har
ae | &
CABARRUS.
American. ... e et reaceatae s 1 1 6 | Moares' revolving hearth,
MECKLENBURG.
------- Metmsrrennnesiiseraeenennenmneeaneane.| NOW York nnd North Cavolina redmction 1 1 20 { Robinson.
works, .
ROWAN. -
.............................................. North Caroling ..ocoeveerieinnesienceunaans 1 1 6 | Reverberatory.
OREGON. ,
GRANT.
Grantte .. ..o iviiiiiiiiien e, Monumental.aa. e eeenssrerensvaniacaeenas 1 1 20 | Howell-Whito oylinder.
2
U AE.
JUAB,
1 1 85 | Iowoll-White eylinder,
1 1 20 to 25 | Adlon shafb,
| S I @ 10 | Browstor's rotary huarth,
3 2 74 1 Two Stetefeldt shalt furnaoes, 25 tons ope
pacity onch, in wse; 1 Iowell cylinder,
eapneity 22 tons, not in use, .
UTAH, .
H ST L PR TG < e vaeesevmmenraranarenaanr e cmae enanes o1 1 24 | Stotefoldt shaft.

o Estimatod,

DIMENSIONS OF FURNACES.—The dimensions of the Howell furnace are as follows: Length, {rom 16 to 2
feet ; inside diameter, from 24 to 38 inches. The furnace is made in several sections, which are bolted together,
Formerly the two sections near the fireplace were made larger than the others, and were only lined with brick.
It has been found good policy, however, to make all the sections of the same diameter and line the eylinder with
brick throughout, ' :

The White furnaces are usually shorter than the IFowell and of greater diameter, and are lined throughout
their whole length. The bricks forming the linings of these furnaces are usually set on edge,

The Briickner cylinder is usually 12 feet long and 5 feet in diameter inside, the Lricks bheing laid flat. Some

. farnaces, however, have been constructed for the Altna company at Galena, Nevada, 16 feet long and 6 feet 6

inches in diameter, These furnaces are provided with four discharge holes,

The Stetefeldt farnace is built of different sizes. The shaft; proper is usnally between 30 and 40 feet high,

The usunal size for a reverberatory furnace hearth is 12 feet square, the arch being made low, in order to keop
the flame as near the pulp as possible, but they are sometimes much longer,

In the Howell farnace the discharge end is from 7 to 10 incles lower than the feed end. The eylinder is
geared to make from three to six revolutions per minute, according to the diameter of the furnace, the angle of
incline, and the character of the process., The less the diameter the greater should be the speed.  These furnaces
are now arranged so that the speed can be increased or decreased at will, s0 as to vary the Iength of time that the
ore requires to pass through. By decreasing the speed the ore is retained longer in the turnace, thus facilitatin 53
the working of baser ores. The Briickuer eylinder ought to be geared so as to make one revolution in two and o
half or three minutes if 5 feet in diameter, or one revolution in four minutes if of the larger size, 6 foet 6 inches in
diameter.

REPATRS.—Neither of the cylinder furnaces require frequent repairs if the lining has been properly secured,
The Stetefeldt shaft furnace, when built of good material, seldom gets out of order, and repairs may be limited to
an occasional renewal of the brick in the fireplaces.

The repairs needed in a reverberatory furnace depend upon the fire material uged in building it, upon the form of

/ the ur(‘sh (flat arches being more liable to fall in than round), and upon the care with which itis anchored.  Generally
theseituruaces last for years, but slight patching here and there being required,

CAPACITY OF THE DIPFERENT FurNAoES.—The Howell, the White, the Stetefeldt, and the reverberatories with
several hearths or with a single very long one are continuons furnaces ; the Briickner
single short hearth finish a given charge before a second is introduced.
and White farnaces is from 10 to 15 tons, although over 20 tons ar
four hours, and at the Alexander will, in Nevada,

and the reverberatory with u
The capacity of the ordinary-sized Howell
¢ sometimes put through these furnaces in twenty-
when working on ore containing most of the silver as ¢hloride,
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capacity of 50 tons was reached. The 12 by 5 feet Briickner cylinder will hold about 2 tons of ordinary ore, the
amount put through in twenty-four hours depending on the time needed to roast, which is very different for
different ores. A Briickner will ordinarily work 6 tons a day. The Stetefeldt fornace can work from 20 to 60 tons,
according to its size, in a day, and the reverberatory furnaces from 1,000 to 2,000 pounds to the charge. The only
O’Harra furnaces reported have a capacity of 20 tons each per twcnly -four hours. -

METHODS OF CONVEYING ORE TO FURNACES.—The usual way of carrying ore from the battery to the
furnaces is by means of screw conveyors and elevator belts with sheet-iron cups attached. Sometimes cars are
used for this purpose.

METHOD 0F FEEDING ORE INTO FURNACES.—In the Howell and thre White furnaces the ore, mixed with salt
in the battery or after crushing, falls from the elevator into a c¢hute, which carries it into the upper ends of the
furnaces. Ior the Briickner the ore and salt ave crushed in the battery together and conveyed to the hopper above
the furnace, or the salt, having been ground fine in a will or erushed by a separate battery, is added after the
charge is partially roasted. At the Custer mill, in Idaho, the salt is pulverized separately, but is added with the
charge of ore. The same methods are used with the reverberatory furnaces.

In the Stetefeldt the feed of the ore and salt is regulated by mechanical apphauce@., 80 that the supply of eacls
entering the furnace can be adapted to the necessities of the ore.

MANIPULATIONS IN ROASTING.—In the ordinary reverberatory the work to be done consists in raking and
hoeing the ove from the flue end of the furnace to the fire-bridge and back and forth, so as to expose every particle
first to the oxidizing influence of the air and then to the chloridizing effect of the decomposm g salt. The quality
of the roasting depends almost entirely upon the care and diligence with which this manipulation is performed.
After the roasting is completed the ore is raked from the furnace to the cooling floor and there sprinkled with
water, either immediately or after an interval. In the Stetefeldt, every three-quarters of an hour the door at the
bottomn of the shaft stack is opened, and the ore which has collected at the bottom is drawn out upon the cooling
floor and sprinkled. ;

In the Howell furnaces the ore falls from the lower end of the eylinder into an iron Dox set in & chamDber
between the fire-box and the furnaces and closed by iron doors. When the box is full the doors are opened, and it
is swung by means of a crane out upon the cooling floor and dumped. It is then replaced, and the doors are
closed. A simple brick oven may be sabstituted for this movable box.

‘When the charge in the Briickner is completely roasted the furnace is stopped, and, the discharge doors having
been opened, it is again put in motion, and as the eylinder revolves the ore falls directly on to the cooling floor. It
is almost completely discharged in ten revolutions, after which another charge is introdueed.

‘Whichever furnace is employed the product i, or should be, the same, The color varies from a light reddish-
yellow to a dark brown, its shade depending on the amount of oxide of iron. It should have a light, porous, and
woolly appearance, fmd when horned out should show no sulphurets.

TEMPERATURE MAINTAINED.—In the Briickner and the reverberatory furnaces, after the desulphurization of
the ore, which requires from two to eight hours, the temperature is raised and the chloridation period beging, whick
lasts from two to four hours, In the other furnaces, with one exception, a uniform temperature, abont a cherry-red,
is maintained at the fire-bridge, the ore being exposed to higher and higher temperatures as it passes through the

-farnace. In the original White furnace the ore is heated to the highest tomperature at the point of entry.

TENOR OF ORE TO BE ROASTED.—Silver ores which require roasting before they ean be amalgamated are of
. very varied composition. There are some ores which eontain so little sulphur that only an incomplete chloridation
is obtained unless sulphur, either in the form of brimstone, of iron pyrites, or of copperas, is added before the ore ig
introduced into the furnace, sulphur in some form being necessary for the decomposition of thesalt and the liberation
of the chlorine. There are other ores, on the contrary, which contain $o much sulphur in the form of sulphides
that a long oxidizing voasting is necessary before they can be prepared for chloridation. The typical roasting ore
is quartz containing silver minerals and from 10 to 15 per cent. of iron pyrites, with a slight admixture of copper
gulphides, Cale-spar, braunspar, and fluorspar, if present in any quantity in an ore, retard the chloridation, as they
absorb a large part of the sulphuric acid. Arsenic and antimony minerals increase the loss of silver by volatilization.
Yineblende requires a long oxidizing roasting to convert it into sulphate, and then a high temperature must be
maintained before it will decompose the salt. 'Where there is a large amount of zine in the ore the chloridation is
an imperfect one. Lead and copper contaminate the amalgam and bullion. All these minerals involve the use of
a large percentage of salt in roasting, but if present in only small quantities they do not perceptibly affect the .
shlovidation,

In mixing ores the sulphur and the silver contents of the charge are kept at those percentages which have heen
determined in actual practice to be the most favorable under the cirenmstances to the chloridation of the silver.
The effort made to obtain rational rules as to the most expedient relations of silver, sulphur, salt, etc., was a failure,
most of the managers having determined their mixtures empirically and knowmo“ nothing deﬁmtely of the
percentage composition of their ores. The richer and baser the ore the more salt it requires.

DURATION OF THE ROASTING PROCESS.—In the Howell and the White furnaces the ore is exposed to the flame
from seven to twenty minutes ; in the Briickner and the reverberatory from five to twelve hours, and in the Stetefeldt

it is about two seconds mllmg through the flame, and remains forty-five minutes at the bottom of the furnace.
voL 18—-18
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OXIDIZING-ROASTING,— When ores contain much arsenic and antimony much salt is saved by exposing them
to & preliminary oxidizing-roasting. This may easily be done in reverberatory or Briickner furnaces, but in the
Stetefeldt, the Howell, and the White furnaces it is not practicable. In roasting ores free from arsenic and antimony
there appears to be no advantage in delaying the addition of salt.

PERCENTAGE OF SALT USED.—When the salt is mixed with the raw ore there is not. much difference in the
amount required to roast a given ore in any of these furnaces, but the Stetefeldt and the Briickner are supposed to
require a smaller percentage than the others. From 3 to 15 per cent. of salt, according to the character of the ore,
are the usual limits, 8 per cent. being the average. Salt is usually the chief item of expense in roasting ores, and
millmen frequently use more than the guality of the ore demands. They think it always best to De on the safe
side, and by allowing a certain margin of exeess often considerably increase the expense.

WHEN SALT 18 ADDED.—Generally salt is added with the raw ore, though in working very base ores in the
Briickner and the reverberatory furnaces it is customary to add it at the end of the oxidizing period.

SULPEUR CONTENTS.~—The percentage of sulphurets in roasting ores varies from 1 to 70 per cent. The
closeness with which it is necessary to keep to a given sulplur content varies with the different fnrnaces. In the
Stetefeldt there is but little latitunde, {from 3 to & per cent. sulpbur being the limits. If this quantity will not
liberate chlorine enough to chloridize the silver, the ore must be reduced in grade by the admixture of poorer
qualities. In the White and the Howell there are larger margins, and in the Briickner and the reverberatory the
very bhasest ores can be worked.

PERCENTAGE OF SILVER CHLORIDIZED.~—~The percentage of silver chloridized varies from 75 to 90 per cent.
in these different furnaces, it seeming to depend more nupon the character of the ore and the method of working than
upon differences of construction and manipulation. The difference in this respect is perhaps a little in favor of the
Briiekner and the reverberatory, as these furnaces permit of an oxidizing-roasting before {he salt is added.

LABOR.—I11 all these furnaces, exeept the reverberatory, a man can roast 5 tons of ore per shift. One man can
easily attend to two Brilckner furnnces. 1n the reverberatory it is fair work for one man to roast a ton per shift,

FurL.—Wood is the fuel nused in all these farnaces except in the Stetefeldt, where some charcoal is occasionally
burnt. This wood is of many different kinds, and ifs value as fuel is chiefly governed by its weight. The different
furnaces require on the average the following weights of wood to roast a ton of ore, the Welghts being calenlated
on the basis of 2,200 pounds per cord as the average:

. Pounds.
TLOWEI .« e i it i imaen cimcas cecae ma e e ceee smmman em e e e aaae ey amamme amanea ammeananmas an e 300
V0 & it ie ot et et e e et eteie e etaneeeciammEs aeaa e anan eate samEE. nee s nen uoas rreraneeanas 300
)6 TS G e eaan 900
Reverhoratory oo i iiiei i iaicasemsaseesasentaiirasraunes e e caekaeei s enaseaaas 600
[ R R0 (X (I 200

The Stetefeldt furnace uses less fuel than the others, becaunse it is built solidly of brick and retains the heat
better ; the Briickner uses the most becanse it is a large c)hnder, and it is necessary to reheat it each time it is
discharged.

Powrr.—The power used to drive the mechanical furnaces is estimated at about two horse-power for the
Briickner and one and a half horse-power for the White and the Howell furnaces.

Logs OF WEIGHT OF ORE IN ROASTING.—The less of weight of ore in roasting ranges from 3 to 15 per cent.
Very base ores, of course, lose much more weight than freer ores. Leaving the sodium sulphate out of
consideration, the tendency of the roasting process is to reduce the weight of the ore. The roasted product,
as a rule, contains considerable quantities of soluble metallic ehlorides and sulphates,

DUsr-cHAMBERS AND FLUES.—The best arrangement of dust-chambers and flues is that of the btetcfoldt
furnace. The system consists of a series of dust-chambers, sometimes as many as twelve, through which the dust
and funies pass, giving the dust an opportunity to settle, and of a long flue connecting with a stack, whieh is
generally placed on a hill-side at some distance from the furnace.(a) The dust-chambers nearest the furnace are
opened several times a day and the flue-dust is raked from doors at the bottom. The long flue is opened once in
about six months, when the furnace is shut down. Tiwo-thirds of the flue-dust is deposited in the first two or three
chamlers. '

The flues and dust-chambers of the other furnaces are arranged in a somewhat similar manner, except that
they are not usually so complete. The dust-chambers are often placed under the dry kiln, so that the heat from
the furnace can be used to dry the ore, and the smoke-stack is often built in the mill itself, though it may better
be placed as indicated in the preceding paragraph. The practice of placing the drying kilns over the dust-chambers
is to be recommended only when draught is cheaper than fuel, which, however, is usually the case.

AMOUNT OF FLUE-DURT CAUGHT.—The amount of flue-dust canght per ton of ore roasted depends on many
circumstances, such as the character of the ore, its fineness, the style of furnace, and the draught. Those ores
give the most flue-dust, which, before they are roasted, are light and porous and contain oxide of iron. The ores
which: give the least are hard quartz ores with sulphurets. Those ores whieh contain a large proportion of

@ By thus taking advantage of the topography the expense of a high stack .is avoided,
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sulphurets do not, of course, need to be crushed as fine as those which contain little, the sulphurets being readily
attacked by oxygen and chlorine when unprotected by a coating of minerals not affected by these gases. When
there is no sulphur present it is necessary to add it as pyrite, brimstone, or, best of all, as copperas. The ore
ghould then be fine, to facilitate the immediate and complete action of the chlerine, N

If the reverberatory furnace is properly handled, it produces the least flue-dust, for the motion of the ore is
less violent than in the others. With care in the reverberatory furnace the amount of flue-dust can be limited to
9 per cent. TFrom the nature of the Stetefeldt furnace a considerable amount of flue-dust passes into the dust-
chambers, but as practically all of it settles there, and as owing to the auxiliary fire it -is chloridized to a higher
percentage than the ore itself, this fact is of no importance. Asmuch as 10 per cent. sometimes passes over. 'This
is also true of the Howell furnace, except that the dust is usually not so well settled as in the Stetefeldt. At the
Grand Prize, in Nevada, the flue-dust chloridized 5 per cent. higher than the ore itself, and at other mills this
higher chloridation of the dust is very frequently the case. With the Briickner furnace the amount of flue-dust
is usually not large, but it is not chloridized as high as the ore, and sometimes requires a second roasting.

The draunght in all these furnaces can he regulated by two dampers, one between the furnace and the dust-
chambers, the other in the smoke-stack. ‘

Loss or rLuB-DUST.—The actual loss of flue-dust is very slight with most ores where the furnace has plenty
of dust-chambers and long flues, and it probably does not often exceed 1 per cent.; but where the ore is very
finely divided, even under favorable circumstances this loss may reach 5 per cent. Extensive dust-chambers
are usually desirable. '

As regards the loss of silver and gold by volatilization, no reliable data are available. That there is such a -

loss cannot be questioned, but at present there is no accurate means of estimating it. Except with ores containing
much arsenic, antimony, and zine, it is probable that it never exceeds 1 per cent. ‘

DIFFERENCE IN COMPOSITION BETWEEN TLUE-DUST AND ROASTED ORE.—Flue-dust is different in
composition from roasted orve. It is lighter, and its color is usually a shade darker. It contains ashes and
charcoal, as well as more of the base-metal chlorides thau the roasted ore. It often contains fine undecomposed
sulphurets. The flue-dust from the Stetefeldt and the Howell farnaces is chloridized higher than the roasted ore.
This is due to the action of the auxiliary fire through which the dust falls ag it comes from the furnace. In some
places there is an arrangement by which a small percentage of fine malt can be mixed with the dust as it passes
through the flame to assist the chloridation. The flue-dust from the other furnaces is chloridized lower than the
ore, and, although the auxiliary fire has been introduced in the construction of Briickner furnaces, it has not been
found to have the desired effect. In the Briickner furnace the cause of this may be that the greater part of the
flue-dust passes over into the chambers when the ore is first charged, and as it is not at all roasted the auxiliary
five is not capable of chloridizing it. The tail fire is more beneficial with continuous furnaces than with those
which receive a charge at stated intervals.

DIFFERENT KINDS OF FURNACES AS COMPARED TO EACH OTHER.—The principal advantages and disadvantages
of the furnaces described may be briefly stated as follows: .

The Howell, of all the mechanical furnaces, is the one which is most easily handled. It is not an expensive
furnace, and requires little power and few repairs. It hasa continunous feed and discharge, whieh lightens the labor
required. It is the furnace which, with the exception of the Stetefeldt, requires the least fuel to roast a ton of ore.
Tts flue-dust.is ehloridized to a higher per cent. than the roasted ore, and, with the possible exception of the Stetefeldt,
it requires less manual labor to run it. Like all continuous furnaces, it requires the ore to be crushed fine and
needs o large percentage of salt when the ore is light or at all base. These points, however, are not serious
disadvantages. What prevents the furnace from being universally adopted is the fact that it is not available for
the basest ores. The length of time during which a particle of oré is exposed to the action of the flame and the air is
short, though in the latest furnaces the time has been considerably extended. The reason that this furnace is not
adapted to chloridize the basest ores is that the period of oxidizing-roasting, which begins at the flue end of the
fuinace, is altogether too short to permit of any quantity of zincblende, galena, or other refractory minerals being
oxidized, and they pass into the chloridizing portion before the metals are in a condition to combine with the
c¢hlorine gas. This defect of the furnace is of little importance as regards its availability in all cases where the
ore is not of the very basest kind, and but very few of the ores of the Pacific coast are of such a character.

The White is a similar furnace to the Howell,and, except that the flame and the ore enter the cylinder together,
there is no great difference in points of construction. As regards expense of building, power r.aquired to run it,
repairs, continuous feed and discharge, and labor required in manipulation, what has been said -of thej }'I‘owell
applies also to this furnace. The fact that ore and flame enter the cylinder together preciudes the .possﬂnhty of
distinet oxidation and chloridation periods. It is necessary to crush the ore fine, and the flue-dust is not usnally
chloridized as perfectly as the ore, nor can the basest ores be worked in it. o

The Briickner cylinder, like the reverberatory furnace, has the advantage that an ore which is in any way

susceptible of chloridation no matter how base, can be effectually chloridized in it; bus, unlike the latter furnace, the '

efficiency of the work does not depend upon the diligence of the roaster, whose busines§ it is to stir the pulp, Tt
chiloridizes to o somewhat higher per cent. than the other mechanical furnaces, and requireg less salﬁ. '.These facts
may be accounted for when it is remembered that the ore can be roasted sufficiently before the salt is added to

L
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forin the sulphates necessary to the proper decomposition of the salt, so that when that is added nothing but an
elevation of temperature is needed to complete the process. On the other hand, it is a furnace which in some
respects is ineonvenient to handle and requires more power to drive, as the charge is a heavy one (from 3,000
to 4,000 pounds). The bricks forming the lining occasionally fall out, and the furnace needs, as a rule, more repairs

than the others. It also consumes more wood, for reasons already uxpLuned It is, however, the best mechanical
furnace known for working very base ores.

The Stetefelds furnace has the following advantages : Less power is required than for any of the other furnaces,
and but few repairs are needed ; it has a continuous feed and discharge; it requires the least fuel and the least
labor of any per ton of ore roasted; and its ore and flue-dust are chloridized to a very high percentage. Its principal
drawbacks are its original cost, for it must be built of good brick and well anchored, and that the ore worked in it

~must have nearly a fixed percentage of sulphur and nearly a fixed value in silver to be well roasted. Very low and

very high grade ores cannot, therefore, be worked to advantage., The loss of silver and of gold in this furnace is very
slight, and where there is a large quantity of ore to be roasted per diem and the ore is uniform and of a-suitable
composition this furnace is much to be recommended.

The reverberatory furnace does excellent work on all kinds of ore, and admits of any necessary modifications
in the process; but the fact that it involves so much manual labor, thereby making the process a very expensive
one, prevents it from being employed in any but very exceptional cases. Its first cost, however, is much less than
that of a cylinder or shaft furnace, and also, of course, considerably within that of an O’Harra mechanical
reverberatory. As the price of labor is nearly the same at points near main lines of communication and at
localities far removed from them, while the cost of freight on the iron and the fire-briek involved in the construction
of most of the furnaces increases very rapidly with the distance from the railroads, the reverberatory furnaces may
often be the most economieal in remote districts.

PYPICAL GOLD AND SILVER MILLS.

As specimen works, illustrating the two extremes in the amalgamating processes, the Ontario mill and the two
mills of the Homestake company are mentioned below in some detail,. The former is a type of the dry-erushiug,
chloridizing-roasting, pan-amalgamating mill, working on Dbase silver ores. Its process is complicated, involving
the repeated rehandling of material; and though in this mill the costs are brought as low as is consistent with
good results the large force, extensive plant, and quantities of supplies required make the operation an expensive
one. The latter works represent the treatinent of free-gold ores brought to the greatest simplicity., Between these
two extreme cases are many gradations in type, ranging from the simple water-power gold mills of California and
the free-milling silver 1‘educmou works of Nevada, Arizona, Idaho, Montana, ete,, up to mills employing processes
comjpmrable with that of the Ontario, and often wmkmn at a still greater expense,

THE ONTARIO DRY-CRUSHING 40-STAMP SILVER MILI.

The mill of the Ontario Silver Mining Compauny at Park City, Uintak district, Summit county, Utah, is p fine
example of works in which dry-crushing and chloridizing-roasting precede pan ;anlgmnauon. The mill was built

- in the autumn of 1876. Stamps were dropped Jannary 26, 1877, and, aside from a delay of six weeks in the latter
part of 1878, when the hoisting works of the company were destroyed by fire, and another of nine weeks in {he

spring of 1880, while furnaces were in consirnetion, besides stoppages of a few days for cleaning up and for minor
repairs, the mill had been running steadily until visited by the census expert for Utali.  The building is a large and
commodious but somewhat unsymmetrical structure, many modifications and additions having been made. The
plant and methods are designed for clese and economical work, The total cost to the close of 1880 was $321,000.

PranT.—The plant includes the following machinery: Two Blake rock-breakers; one Lane & Bodley hiydraulie

lift; two rotary driers, 24 feet long and Laving a grade ot Y inches; eight Cochrane & Heundy self-feeders,improved by

the local engineer; forty 850-pound stamps, drop 8 inches, speed ninety-four arops per minute; double-discharge dry-
crushing batteries, having No. 30 and No. 26 brass-wire screens; twenty-four combination pans; twelve settlers;
one agitator; two clean-up'pans; one qulclxsllver elevator; four rLtorts and two welting furnaces one battery of
five 400-pound stamps, 7- to 73-inch drop, speed ninety per minute, and sc¢reen No. 20, for crnshmg salt; two

Stetefeldt roasting furnaces, with necessary flue-dust chambers; one Howell roasting hu‘naua and dust chamber;
one 250 horse-pewer horizontal engine and four horizontal boilers. In connection with the mill the company also
owns boardmé, and lodging houses, barns, water-tanks, b]acksmlth and machine shop, ete.

Tle ore, the hauling of which is charged to the mill, is dumped from the wagaens upon iron grizzlies 9 feet long,
set at an inelination of 30° and having 2.inch spaces, C[‘hat which passes over the grizzlies goes to the two Blake
rock-breakers and then falls with the fine ore into the mill bins, which hold several thonsand tons, Oars are filled
from chutes and hoisted 8 or 10 feet by the hydraulic lift. A laborer empties them into hoppers over the rotary
driers, to which an ingenious se]t feeding apparatus of local construction is attached. One-tenth of a cord of wood
per ton of ore treated is usedin drying. The driers dump upon the floor through a side chute. The ore is then

shoveled into wheelbarrows and taken to the battery gelf-feeders. Screw conveyors and belt elevators next carry
it to hoppers over the Stetefeldt furnaces, ‘ ‘ '
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Salt is not erushed with the ore, but in a separate 5-stamp battery. This battery is fed by hand, and discharges
through o chute into a wheelbarrow, from which it is dumped into a hopper. Immediately under this hopper, and
connecting with it by a short tube, is a small horizontal screw conveyor driven by a cone pulley. This carries the
required amount of salt to a tube leading to the main ore conveyor, immediately beneath. By means of the cone
pulley the speed of the conveyor can be regnlated, and thus the required percentage of salt be added. At the time of
examination the proportion of salt used was 18 per cent. of the weight of the dry ore. The pulp and salt are
intimately mixed in the conveyors before reaching the furnaces.

The battery guides consist of pieces of oak wood having the fiber parallel 1o the stems, mortised into the
cgduuuv guides. These are found to wear much longer than guides cut in the usual manner. The new die surface
is about level with the lower edge of the discharge. The end and middle stamps are given a trifle more fall than
Nos. 2 and 4. The order of drop is 1—4—2-—5—3. ' '

Steel shoes and dies had been in use for two ycars with fair results. They wear about a year, at the end of
which time the surfaces are extremely irregular, usnally showing several depressions from three-quarters of an inch
to 1% inches in depth and having worn away about one-sixth. The shoes are then refaced and used another year.
Experiments were made with a combination of steel shoes and cast-ivon dies, but no definite results had been
1mched at the time the mill was reported on.

Screens usnally last thirty days. Only three stems had been broken in four years, the part affected by the
guide bearings wearing out first. One set of twenty stems lasted three and one-half years; the other set only two
and one-half years. : ,

JFURNACOES.—The Stetefeldt furnaces at this mill are 38 feet ﬁom screen to hearth. The walls are made of
double courses of brick, between which is a 3-inch space filled with ashes. The waterjackets at the top of the
farnaces have been removed, as they were found to be nnnecessary, Eac ] furnace treats from 22 to 25 tons per
day, but the possible capaclty is somewhat greater. The amount of weod consumed in roasting is one-fifth of a
cord per ton, The arches and bridge walls of the fire-boxes usually require repairing two or three times per year,
the work occupying three or four days at each time. OCharges are drawn into cars every hour from the hoppers,
but only the lower portion of the ore is removed, so that practically ore remains in the furnace-pit from four te six
hours. It is then dumped in a heap on the cooling floor and allowed to remain from sixteen to twenty-two hours
before being wet down. It has been found that this increases the amount of silver chloridized several per cent.
beyond that obtained when it is wet down immediately. During the year Febrnary, 1879, to Febrnary, 1880,
the average percentage chloridized was 86% At the time of the agent’s visit, owing to improvements and
experience, the average for ten days for both furnaces was 92.7 per cent.

The flue-dust assays much higher than the roasted pulp at the base of the shaft, but no average 1esults were
obtained, The flue-dust chambers are of brick, 10 feet wide, 16 and 18 feet high, and 30 and 44 feet long. These
are divided by partition walls into smaller chambers 34 feet wide. Tfrom these flues of considerable length lead to
brick stacks upon the hill-side. The fiue from the dust-chambers of the new Stetefeldt furnace is of brick, 300 feet’
long and 3§ by 53 feet. The chimuey, the base of which is perhaps 80 feet above the floor of the farnace roon, is
87 feet high, Itis about b feet square at the base and 3 feet square at the top.

A Howell farnace with flue-dust chambers and all the necessary appliances was built in the winter of 1879-'80,
It is 24 feet long, with 52- and 62-inch cylinders. It ran only about twenty-five days, during which time a series of
assays were made for the purpose of comparing the Stetefeldt with the Howell furnace, and the latter was then shut
down. The comparative experiments were made by Mr. Stetefeldt.

AMALGAMATION—After having been wet down the ove is taken in a car to the pan room. It passes over a
pair of platform scales, where it is weighed, and two spoonsful are talken for the chloridation sample. The sampling
spoons used are similar to a hutter-tester in shape.

The pans, 5 feet 3 inches in diameter by 2 feet 10 inches deep, are charged with about 2,800 pounds (dry wei ght)
of pulp, heated with live steam and run eight hours, the muller making sixty-five revolutions per minute. The
temperature of the pans when first heated is 1900 F.; at the end of two hours, 178°; in five hours, 170°; and shortly
before discharging, 160°. Three hundred pounds of quicksilver are added per pan immediately after heating.
Formerly it was the custom to add 1 and 14 pounds of zine per charge, and sometimes salt and iron turnings. This

has been discontinued, as it lowered the fineness of the bullion from fifty to one hundred thousandths, and did not
appreeiably increase the percentage amalgamated or save the castings to any considerable extent.

The wings are not upon the sides of the pans, as has been ordinarly the practice, but ave attached to a frame
of 3- by 4-inch stuff running across the top and center of each pan. The wings are 1-inch boards, 2 feet long and
14 inches wide. The longer dimension is placed vertically and the shorter obliquely to the radii of the pan, 2
inches being left between the wing and the side of the pan and 7 inches between the wing and the sleeve of the
mauller.

The settlers are 8 feet by 3 feet 9 inches, make thirteen revolutions per minute, and retain a charge four hours.
After a pan has been discharged into a settler, the latter is filled with Water and run three and one- half hours,
when it is emptled in half an hour by pulhng two plugs.

5
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The settler sands all pass through omne agitator, 4 feet deep by 9 feet 4 inches in diameter, making twelve
revolutions per minute, which had just been placed in position. No accurate data regarding the amount of
quicksilver or amalgam caught could be obtained. Most of the tailings have been caught since September, 1878,
and 20,000 tons, assaying $18, were supposed to be in the reservoirs at the time of examination. The quicksilver is
strained from the amalgam through No. 0 duck bags, It falls into iron tubs, and thence runs to a tank., A rubber-
belt conveyor, with small Ruossia iron buckets, takes it to a quicksilver reservoir above. TFrom this there are two
main lines of half-inch pipe, with branches to each pan, terminating in ahollow eylinder. This is supposed to hold
300 pounds. When it is full and the pan-charge ready, a plug in the bottom is withdrawn and the quicksilver runs
into the pan.

‘ SAMPLING.—The ore is weighed in the wagons as it comes from the mine. It is supposed to contain about ﬁ
per cent. of moisture. The battery sample is taken from the screens at the top of the Stetefeldt every hour, these
hourly samples constituting a 24-hour sample. After assaying, the percentage of salt used is allowed for in
caleulating the {rue battery-sample assay. Tailings samples are taken as usual. The chloridation sample
previously mentioned as taken from the car gives the chloride assay by the common hyposulphite method; but a
portion of this car sample is also leached, dried, and weighed, to determine its percentage of moisture and the
quantity of scluble salts present. Assuming that the soluble salts are sodium sulphate and execess of sodium
chloride, the assays made before and after roasting afford a means of comparison which is certainly better than
nothing, and possibly sufficient to check the working of the furnace. As a means of comparing different roasting

. furnaces, such as the Stetefeldt and the Howell, however, it is manifestly insufficient, since soluble metallie salts
are also formed in the roasting process. The percentage of soluble salts in the Ontario ore, after treatment in the
Stetefeldt furnace, is from 18 to 28.

CrLeANING UP.—The mill is thoroughly cleaned up once in three or four months, or when it shuts down for
repairs; but a partial clean-up is made at the end of each month.

RETORTING.—The amalgam is taken on a car to the retortroom. The retorts are circular, 14 inches in diameter,
b4 feet long, and have the vent at the upper part of the back end. They are charged with about 2,000 pounds,
which fills them two-thirds full. Retorting is finished in from six to six and one-half hours from the time of sealing,
a qull red heat being maintained during the last four hours. The mercurial vapor is condensed in a discharge pipe,
2 inehes in diameter, which passes through a eylindrical water-jacket 4 feet long.

The old retorts lastéd one and one-half years, rnnning every other day. The newer ones are much thicker, and
after having been in use two years appeared nearly as servweable as ever.,

MEL1iNe.—The bullion, which is about one-seventh of the amalgam in weight, is melted in No. 50 Dixon
crucibles, in fire-brick furnaces about 17 inches squave. A little borax is added to flux the iron and sand, and the
skimmings are saved and put through the battery once a year. The fineness of the bulliou is 0.680 to 0.840,
averaging 0.750, the base portion being chiefly copper.

Loss or QUICKSILVLR.-—-AL(:U‘L]. weighings have shown a loss ol‘ quiclksilver of nearly 3% pounds per ton of
ore worked.

Loss oF 1RON.—If was estimated that during the year ending February 1, 1880, the amount of iron consumed
in the mill was 214 pounds per ton of orve treated. This included the ivon of battery shoes and dies, pan-shoes and
dies, mullers, sleeves, retorts, ete.

Laror.—The regular mill force for twenty-four iours is as follows:

TapLr CXIV.—FORCE EMPLOYED AT THE ONTARIO MILL.
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Assayer... | O P AP remans Salt feeders. cooim e coiere e e 2 12 4 00
ClerK.veivanrennranans S PRI P Atmeemacannney Watehmen .ouceecavaiaauunss . -2 12 380
Night boss «.oovennnn-. 1 12 $4 50 Carpentors .....ceneevvennnenn, - 3 10 3 00 to 4 00
Ore weighor sucauesunens 1 10 4 00 Machinistgs..vcaen. pemaan . 2 10 4 00
Rock-breaker 1 10 8 00 Machinists' helpers.....c..ocvaue 2 10 300
Carmen and drying-furnace feeders. cceeveenesaveen 2 12 4 00 Retorter .ooveeaen.. . 1 10 4 00
Ore driers 12 8§ |3 00and3 50 Melter....voceunras R 10 3 60
8 4 00 Storehonse keeper 1 10 37
4 12 4 50 BlackSmithe ceeeve cevarannsemencnnvannas [N 2 10 3 25 and 5 00
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6 8 4 00 Asnyer's Nolper.cen . ecaras saetonaaniiniananaa. 1 10 2 60
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EXPENSES AND RESULIS.~—During the census year the operations of the mill showed the followmg ﬁgures

Amount paid on 1abOr ACCOURD. vt e cre o aee i i et et atacar emetcennnar e nanmenane—an - $127,404 81
Amount paid for mill BUPPIIeH. <. v vee e raet ot it e it cieiaicnaaacac pmmeansman-vanenaoee  $1B1 537 78
Amount paid for repairs and constn-uction.... e ameeseeman meeaemaeane e ecnnanaeaner . e s $65, 580 00
Gross ore worked in year........covmeann vuas eae e ee smAman tmeaes Nade amat aamane s amnman amane tons.. . 13,858
Net ore worked in year (estimated)......co.ooooooiiaaae N mesamesamee e anan o men. e e d0.e.. 11,481
Total number of days in opemtmn e meeme e e e m et aa e uas amea mame aaas smamas amaaieea nean mmman ‘ 283
Total Dullion Produet IN FeaT. ... eue iee it e ot a i et caan mma e e aa e neane ean e e n $1,344,723 73
Total discount on DUIHON. ..o n i ettt ttee caaran seunes cncarasassentcaans masroncans raas annnannn $171,241 60

During the company’s fiscal year, from February 1, 1879, to I‘ebruary 1, 1880, 15,372 gross or 12,3423 net tons
were treated. The average assay value of the ore was $130 94 and the average tguhngs agsay was $17 40. The
percentage extracted was 88, The bullion product for that period was $1,425,003. At the time of examination, *
however, battery samples for 10 days averaged $149 65, and tailings samples for the same time $11 12.

The cost of milling ore is $11 69, or §15 including hauling, superintendence, ete. Supplies cost: Coal, $8 25
and salt $8 per ton; wood, $4 per cord.

THE HOMESTAKE 80- AND 120-8TAMP GOLD MILLS.

The two large mills of the Homestake Mining Company, at Lead Oity, in the Black hills of Dakota, aze
examples of the economy and sunphmty to which the treatment of free-gold ores on an exteusive scale has been
brought. The 80-stamp mill, known as the ¢ Homestake ?, was completed in July, 1878, at a cost of $164,500, The
120-stamp, or ¢ Golden Star ”, mill cost $251,500, and Wa,s finished in September, 1879, Both mills are situated
immediately at the mine. The process is wet-crushing, battery amalgamation, and amalgamation upon outside
plates. The capacity of the larger mill is rated at 325 tons per twenty-four hours, and that of the 80-stamp mill at
225 tons.

PrAnt.—The 80-stamp mill contains the following machinery: Four Blake improved No. 5 rock-breakers ;
sixteen Hendy self-feeders; eighty 750-pound stamps, in batteries of five each, drop 8% inches, 84 per minute, falling
in the order 1—4—2—5—3; one clean-up pan; one No. 5 Knowles steam pump, one 203- by 40-inch engine, 190
horse-power; two 16-foot horlzonml boilers.

The 120-stamp mwill has six Blake improved No. 5 rock-breakers ; twenty-four ]':Iendy self-feeders; one hundred
and twenty 750 pound stamps, in batteries of five each, drop 8% mches, gpeed 82 per minute, fwlhng in the same
order as in the other mill; one clean-up pan; one Knowles No. b steam pump; one 26- by 60-inch engine, 300 horse-
power ; four 16-foot horizontal boilers.

The batteries of these mills are arranged back to back, with space for the feeders between, the discharge
being in opposite directions. ‘

LABOR.—The force employed in these mills is very small, the process being very simple and the operations ag
nearly automatic throughout as it is possible to make them. The regular mill staff is four. The pay-rolls are as
follows : ’

Tasrr OXV,—FORCE EMPLOYED AT THE HOMESTAKI: 80-STAMP MILL.

Olass, omplogen. | ofMuf. | pov shiR
Hours.

Ama-lgummto'm....-......... 5 12 $4 00
Carpenter ..coeevennaninnns 1 12 B 00
Day Inborers.ceeeeiinnenen. Lt} 12 8 00
Engineors «veuecevavencenas 2 12 ., 400
jLXTiYG 135 ¢ TR 2 12 8 60
FOLENIEN. tamvnnnnraeesenns 2 12 4 60
Maohinist -coooiiiiiiinnant 1 12 4 00
Watchman. coveeviieinnaans 1 12 8 50

TasLe CXVI—FORCE EMPLOYED AT THE GOLDEN STAR 120-STAMP MILL.

Class, e%Eiggga. oli‘.’eélxl E:l p‘gg 1‘1311?15.
Howrs,

Amalgamatora. . caee.iocuan b 12 $4 00
Day 1ahorers. .o vecanann- 11 12 8 00
Engineers ..c.veeesaennaans 2 12 4 00.
Feedors....oceireesnnacuvnn 2 12 3 50
FOremenl. coovrecnacanseanns 2 12 4 60
Machinist coueencnannnannas 1 12 B 5
b3 6110 20T 11 TN 1 12 4 00
WatChman «ovveeerennenns. 1 12 8 50
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CosST OF MILLING.—These mills had, up to August, 1880, crushed 275,282 fons, and the total gross product
to that date was $1,924,769 52. The mine account during this period showed an average cost of $1 32 per ton,
and incidental expenses amonnted to 78 cents per ton. The expense of milling is shown in the following table:

TABLE CXVIL—~COST OF TREATMENT AT THE HOMESTAKE MILLS,

80.8TAMP MILL (153,372 tons || 120-8TAMP LT, (121,010 tons
treated). tronted).
Ttems. J——
Cost per ton. A;?(g}tf;‘alox' Cost per ton, Agglﬂﬂ&fx' ‘
Total cecuennn.. $1 30.18 3:109 661 01 $0 77.70 $94 7..6 48 ‘
Labor....u.. [ 0 53. 36 81,837 72 0 38.17 40,433 75
SuppHes . covennnnnnn. 0 10. 36 15, 887 88 002,41 2,988 75
Water .cocvenennnnnn, 0 11. 86 17,874 22 0 10. 29 12, 548 51
Wood.oesuecaaunanna, 0 27.88 42,7569 35 0 24,76 80, 186 03
Muchinery ..... v anas 0 16.20 24,847 88 0 03.26 8,077 20
Candles. . .ovoonvueans 0 00.77 1,185 76 0 00.313 152 70
L0 ] ©002.42 3,721 00 0 01,09 1,823 76
Quicksilver.......... 0 01.79 2,761 71 00119 1,465 00
TOOIE aneneaeensn 0 02,15 0,905 00 |lvenenenmnerinfenvenscurieninns
(07371} S 00179 D T42 20 Jleenerrancunmnr]onamerancesanans
Tamber.e.veeacann.. 0 01.54 2,801 16 0 01,83 1,631 30
Tiuber ...o.eoaon.... 0 00.26 807 14 0 00, 07 84 40 I

Concerning the working of these mills Superintendent McMaster writes:

The gold contained in tho ore is mostly coarse, and is casily saved in the batteries. The ore is in the highest degree froe milling;
even that from the lower levels with several per cont. of iron pyrites is readily amalgamated, the concontrated sulphurets from the tailings
showing but §8 per ton. The average loss of gold while working ore containing from $8 to $10 per ton is but §2, as proved by fire assays
of the tailings, indicating a yleld of 75 to 80 per cent, During the year ending September 1, 1880, both mills had been kept continuously
at work, stopping only to clean up on tho first and fifteenth of cach month. Thoy are in good condition and repair, and the result of their
work is in every way highly satisfactory. Thoe amonnt of ore crushed per stamp in twenty-four hours has been incroased by improved
working to 8 tons, The quantity milled per month subsequent to the ecensus year averaged 16,700 tons, while previously 2 tons per stamp,
or 12,000 tons per month, was regarded as good swork, '

The average gross yield of the orve to June, 1879, was $9 69 per ton. Since then it was found advantageous to extract and mill all
the rock between the walls of the vein., This lowered the grade of the ore somewhat, but the gross amount milled hag been inereased in
groater propartion, while the cost of mining has been correspondingly reduced. The yield of ore from September, 1879, to Fobruary, 1880,
varied from $4 25 to $5 60 per ton. Since that date it has been incrensed by the ere of higher grade extracted from the 100-foof level,
and n ow averages §7 95 per ton,

Blankets and coneentrating machinory are not employed, as on careful examination and experiment their use was found nnnecessary,
the pulp being easily amalgamated in the batterios and in passing over the plates. The most perfectly concentrated tailings will not
assay por ton more than the rock from which thoy are derived. The loss of quicksilver in working is very small, being sixteen one-
hundroedths of an ounce per ton of ore milled, at present prices equivalent to half a cent por ton. 'The increased capaeity of the mills has
been aided by improvel antomatic machinery, reducing the cost of milling to 90 cents per ton in the 80-stamp mill and 71 cents per ton
in the 120-stamp mill. The mills are run by stoam. IMirewood is delivered at $4 76 per cord, The cost of fuel is 28 cents to the ton
of ore crushed. Wator is purchasged for the mills from the Black IIills Canal and Water Company at the rate of $2 per stamp per weock,
Forty miner’s inches are required. The cost is 11 cents per ton of ore crushed., The water company obtain an abundant supply from the
head of Whitewood ereck, a distance of 10 miles. The average fineness of the bullion in the fivst year’s working of ore from the open cuts
on the surface was 0.825 gold, 0. 165 silver, and the valuo per ounce $17 25; at the clese of the census year the average finenoss was
0. 800 gold, 0. 170 silver, and the valne per ounce $16 75, most of the ore coming from the 100-{oot level,

]

ARRASTRAS.

The arrastra is a simplé and effective device for reducing ores, the legacy of the primitive but much underrated
mining system of Mexico. Notwithstanding the slowness of its operation, it has not been entirely supplanted by the
stamp- and pan-mill, and still has a large field of usefulness. The arrastra is the prototype of the amalgamating pan;
indeed, it combines to a certain extent in a single apparatus the functions of stamps, pan, and settler. The leading
advantmges of the arrastra are: simplicity of construction and cheapness of first cost, thus placing it within the
means of mine owners having but small capital and enabling it to be used durmg the period of development of
mines, economy in working, and effectiveness in saving the precious metals of ores adapted to it when judiciously
managed. Its disadvantages are the relatively small quantity of ore which can be treated in a given time and the
fact that certain classes of ores are not bulted to it, though. this latter objection may also be said to apply to any
particular type of stamp- and pan-mill.

. Arrastras are still largely used in the United States, but of the several hundred scattered through the country
a few only were selected for examination. Table CXVIII gives the number of arrastras, number and weight of

“drags in each, and character of motive power of thirty-two works, in which are employed one hundred and eleven
arrastras,

e

e o
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. AL ABADIA.
, D g
52 Nuwberor
County and distriet. Works. »E E ‘H:‘M?; 5 Weight of drags, Motive power,
=&
) CLEBURNE, Pounds.
L erveevsvnne] Houston & Pinson...oevveeneenennnas. b O ¢ PO 100 to 300 onch .| 8 horse-power engine; also runs battery.
ARIZONA.
MONAVE,
HuadApai coocviinrinearriieran e v Gross & Smith oooooiiiiinae. Veveaen 21 2cach ........ vt s b 4 horaes.
YAVAPAL ‘.
THEOT camaaesencieiianaranane aaanaans South Oro Bello ........ [T i 21 donch ..v..o.. 400 enchr ........ b horse-power engino.
T PP L A (LR 2T: 130 1Y) L P 4 | 4onch . .| 176 ench . .| 20 horse-power engine,
Weaver No.Q.ueveiiniernnnivciennene. JOMDBOD o oreeit i i ian, 2 | 4ench . 250 ench . .......[ 2 hovses.
........... 1 86, 200 engh ........] 1 horse for each arrastra.
N CALIFORNIA.
CALAVERAS, ‘ : 5 .
Angels oiaa... S " Leper, Koys & Covvevvvnnnninnn oo 6] 3each ........ 300 to 500 cach ..} Ovul‘%lmtwhuul, 28feotdirmeter, 50 inches
: i water.
Doweriieviiiiiiii e L Potter e 2(8each........ 200 to 500 enuh..‘; Overshot wheol, 20foet diamaeter, 26inches
) ' i svater, .
Independencd .. ocvveeereeaianeiiannns CChAmpIoN .eiiaiiii e eneenan 214ench........ 750 each ...iean. | Overshot wheol, 40 foet dameter, H0inchos
| water,
FREBNO, Lo
Potter RIAZS cvvevivcniiiiiianinnnaes . Treano Enterprise .. .ooovvveniaai o 3 4deaolt ........ 800 to 1,000 pneh. i
PLUMAB,
[ reree e P .« Italion....... ey tmemavaeneenaeranaan 35 | Usually 4 each | 600 to 2,000 ench. | Hurdyg-guedy wheels,
COLORADO, b
BOULDER, .
Colorado........ vereeaas vemrreveravaeaa! Georgo Bachelder. . ... LI [EPPUON 21 2cach vaviinorieiinnnaainnn Wator-power,
OURATY.
Tron SpLIngs. ceeiiii i ereiiarareans Rock Polnb..oeniiecmanainiianaoe 4| Geach .ov.vno.] 200 cach ool Turbine.
IDAIXO.
BOISH.
L S B U1 ¢ R 1 8.t «-| 2560000 and 800. .| 40 horse-power engino; runa battery also,
LEMDL . '
Yankeo FPovk oo oveenvenniaaaana., PR B 1 N O R PO vennns EEPN ]L(}(f(\}; },ul]rl)iue, 134 inches dinmeter; 05
‘vot; fall,
TO.eeannan. eeeeeueen eevemae Ceeeeen Norton's. .c.cceevraaenn. 2 donch ........ 1.000-1,2006ach, Overshot whecl, 15 feot diameter, & feet
- ! face; 160 inches water.
OWYINRE,. : : .
Carsom ...... S G 1111 FT: A W1 110) - R 21 deach ........ 250 to 300 ench . .| In wintor, 80 horso-power engine; other 8
. }nonthe, 20 feet overshot whoel, 4 feet
¢ nee,
Do..oeen.ns PN veed] Trasks .ivverieiniennnn, veneaes PP 2i4ench........ 800 each ........ O\;ershor, whoel, 24 feet dinmoter, 2 foet
. noe.
o« 'When new ; nsed until worn to 250 or 300 pounds.
MONTANA,
[ e e ot e e < B e - | . .
DRER LODGH, i %
Blaek Tl oo riecicaniieen Black Tail covwrnennn.. PP 2idoeach ........ i 2,000 to 3,000. ... Water-power,
reees amenarananes ferexsesasavernrarnann Glen Bgbert oeceeoveuen i, 1 dench... ... | B00 ench ..., O\;‘ershot. wheel, 14 feet dinmoter, 2% feot
; ) ; nee,
LEWIS AND CLANKE, I
Qro Fino Gulehi... covticveesivrnennua. | Schafer.. o.veennen.. reemenannons 2| Ono 4; ouus_..“ 500 enclh ...... ., Ovorshot wheel, 33 feet dinmoter.
! .
MADISON. ] :
Bllver Star....... Cervarene ereannasanen H, Slegehuist ccoovniiiiii i, i 2| 4onch..... ...| 800 cach ........ Overshot whoel, 20 feot dinmetoer, uaing
I 00 inches water.
NEVADA.
EEMERALDA. f ! i
| By R WIS v cemren e ceeeanas l 1 Beennninaeeans 1120 each .. ...... Undershot wheel.
STOREY, ' i ‘
Gold Hill sevvvnunriinnnvivann weasese---| B, B, Chandler............ pavenanenan ; I TR 200 to 500 ench ..| Overshot wheel, 24 foet dinmoter.
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NEW MEXICO0.

Y4
L= .
. 5,{% Number of t of dra Motive
County and district, X ‘Worka, 'E g draga. Weight of drags. otive powor,
=&

GRANT. Pounds.

Pinos Ao8.-vveeoinonriiiit s 13 93) HED u {1 - g 4| 4each........ 80 each .oveunnn. 20 horse-power engine.
NORTIK CAROLEINA,

NASH.

Griffith townshipae.. oo ooaeeaani oLl £ 10 [ 4 eaoh ........ 200 to 400 each ..| 40 horse-power engine.
OREGON.

BAKER.

Chicken Croek. ccavesvecnerveeenninnesnd MEOOIdoiniieniivieiiaeeiiiiannaes 2| 4each........ 800 to 500 each ..| Overshot wheel, 24 feot diameter, 12 horso.
. power.

GRANT

L6315 1331 N 51T -3 T RN b T 800 ench ._...... Hurdy-gurdy wheel, 10 horse-power,
JOSEPHINE,

Yank e e 2l 4each........ 600 ench ........ Water wheel, 20 horac-power.

TAKIMA,
Pashaston . ..ooooiruiviiacnnaaiennas 8| Bomch ........ 200 ench ........ Turbine, 20 fest dinmeter, 18 feot Tall, 9

lorse-power.
Do L 500 ccicaenien Horizontal burdy-gordy.
B I 8| 56800 covvrii]eamirrenna e Hurdy-gurdy, 8 horse-power; and hreast
' wheel, 20 horse-power.

OwNERrSHIP.—The greater number of arrastras are owned in connection with small but productive mines.
Of those which are owned independent of mining property a few of the larger and best-equipped works are
operated as custom mills, while the others are run on tailings. A large number-of water-power arrastras are
engaged in working over the tailings of the Comstock and other veins, Of the arrastras reported upon nearly all
were constructed since 1876. As they are so often built merely as temporary make-shifts, it is natural that their
averagoe life shonld be short. Incorporated companies seldom own arrastra mills. }

CosT OF PLANT.—The crudest form of arrastra, to be operated by mule-power, can be built for $150. From
this the cost of construction ranges upward to $1,000 for a substantial and large apparatus. Other plant is also
involved in the better class of arrastra mills, such as the building, engine or wheel, ditches, flumes, pipes, retorts,
and when pans, ete., are added, as is sometimes the case, the mill becomes an expensive affair. The cost, complete,
of twenty-six milly, having ninety-two arrastras, is reported at $137,590, or an average of $5,292 for each works,
and of $1,495 per arrastra, including all other plant. These mills, however, are of better construction than is
usual, and their average cost is considerably above that of ordinary arrastras.

CongTrUCTION.—The arrastra in its simplest form congists of a circular bed of rock from 6 to 10 feet in
diameter, with walls of vertical planks, having an upright pivoted post in the center, from which extend two or four
fixed horizontal arms: Stone drags, weighing usually from 200 to 1,000 pounds each, are attached by ropes or
chains to the extremities of the arms, and arve slowly drawn around by the rotation of the latter. The depth is
usually between 18 and 30 inches. The pavement and drags are of the hardest rock conveniently obtainalle,
commonly granite or basalt. Sometimes flinty quartz is used, but a coarse-grained rock which will not become too
highly polished is preferable. The pavement is laid with much care, and should be quite solid, so that while the
amalgam may collect in the small interstices there should he as little loss as possible through leakage into the
ground beneath. Hydraulic cement is sometimes used in setting the bed. The paving is usnally 12 inches thick
when new.

An improved apparatus, called the Americanized arrastra, has been introduced by Mr. A. B. Paul, of San
Francisco. It is a donble iron pan, the inner portion provided with a grinding muller similar to that used in
common amalgamating:pans, while a set of drags travels in the outer circle, which is 14 inches wide and 5 inches
below the pan muller. It is run by water- or steam-power, and is driven by bevel gear beneath the arrastra. A
revolving amalgamated copper circle acts as do the aprons of gold batteries. The sizes made are 6 and 8% feet in
diameter. The latter size requires 5 horse-power, weighs 43 tong, and has a eapacity of from 7 to 10 tons in
twenty-four hours, aceording to the hardness of the ore and the fineness to which it has been reduced before feeding.

DRrAGs.~—The number of drags used ranges from two to twelve per arrastra, the most common number being
four.  There is-also a great variation in their weight, the lightest reported being only 80 pounds, and the heaviest
one ton, the mean weight, when new, being somewhat above 300 ’"pmmds each. The usual speed is from ten to
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fourteen revolutions of the arms per minute for power arrastras, the range reperted being from four to eighteen,
The outer drags in a 10-foot arrastra move at the rate of about 400 feet per minute when the arms make fourteen
revolutions, though the average is between 200 and 300 feet per minute. The drags are made of the same rock
as that used for the pavement.

LABOR.—One man per shift can take care of two arrastras. Some water-power arrastras working on tailings
are so arranged that the only attendance needed is in feeding and discharging them, so that practically the labor
required is less than the constant work of one man. The owner often dces all the work. Continnous arrastras
receive no attention other than that demanded for repairs.

Pownr.—The smaller arrastras are worked by a single mule or horse. When water-power is obtainable a
small overshot, hurdy-gurdy, or turbine wheel is employed. The larger and more complete arrastra mills, which
also include other apparatus, such as rock-breakers or stamps, are driven either by water-power or steam, and
sometimes by both, using steam only in months when, because of drought or freezing, water is not available.

Caracrry.—This varies greatly with the completeness of the plant and the character of the treatment,
ranging from less than one ton to two tons per day for arrastras of the simplest pattern. In larger works, v vhere
rock-breakers and stamps relieve the arrastra of part of its duty, so that it aets simply as a grinding pan, the
capacity is dependent upon the length of time necessary to complete amalgamation. A 12-foot arrastra driven by
steam- or water-power, with heavy drags making fifteen revolutions per minute, may dispose of two charges, of
4,000 pounds each, of ore of medinm hardness in twenty-four-hours if very close working is not demanded, but
this appears to be the limit of capacity. The annexed table shows the amount of ore treated during the census
year by twenty-two specimen arrastra works, having ffty-three arrastras, few of which, lowever, were running
very constantly. The average per mill was 413.75 tons, and for each arrastra 171.70 tons.

TABLE OXIX,—ORE TREATED BY TWENTY-TWO SPECIMEN ARRASTRA MILLS IN THE CENSUS YEAR.

3 | %,
ke @ =
54 T
Stato or territory. g’é .g‘é tm(r:g:ﬂ.
=} .
“ =
Total.oceesvareanann, 22 68 0, 1013
Arizong ... 4 9 106
California ... 4 13 8, 205
Colorado..... 2 [} 284
Ldahoeeeen... 2 4 2, 0223
Montang..... .. 8 B 2, 250
Now Mexico.easeeneercann. 1 4 600
[ V07:10) QN 6 12 645

TENOR OF ORE TREATED.—Afrastras are usually employed in working free-gold ores, though they also
produce doré bullion. Very little ore as low in grade as $10 per ton is reported to have been worked in these
mills, the average value being somewhat higher than that of ore treated in pan mills.

Prooess.—The ore, after having been broken by hand or by a rock-breaker or stamps, is fed into the arrastra,
a sufficient quantity of water being added to keep the pulp at the proper consistency. It is not éustomary to add
quicksilver to the charge until it has been ground from two to four hours, but the chemicals, when used, are generally
added on charging, though sometimes they are put in with the quicksilver. The quantity of quicksilver used
is governed by the contents of the ore. In working gold ores the object i lo produce a pasty amalgam rather
than a liquid one, while in treating silver ores larger quantities are u%d, sometimes rbmountmg to more than a-
pound of qumkmlver to the ounce of silver in the ore. As assaying is not often practiced in connection with
arrastra mills, the millman judges the tenor of the ove being worked by panning out a sample of the pulp. No
chemicals are commonly used with gold ores, though potassium eyanide in solution is sometimes employed to “liven”
the quicksilver, and lye or wood ashes is used for the purpose of saponifying any grease which may have found
its way into the arrastra. With silver ores bluestone (or copperas) and salt are used, the quantities of each being
very indefinitely regulated, as is the case in pan amalgamation. The length of time oceupied in working a single
charge is usually ten to twelve hours. Toward ﬂm close the pulp is thinned by the addition of water, and the
speed of the drags is diminished to give the amalgam, an opportunity to settle. The arrastra is discharged by
withdrawing successive plugs, arranged as in the common settler, or Ly opening a gate in the side. A clean-uyp is
made after each run on custom ore, and unsually once a fortnight if working steadily on the owner’s ore.

The arrastra is sometimes used as an adjunet to the gold stamp-mill. At the Iowa mill, in Idaho, and in some
works in California, the pulp flows continugusly from the battery to a constantly WOI‘lxlllg arrastra, and thenco
overflows through a gate near the top of the side upon amalgamated copper aprons and sluices. In this continuous
process a flask of quicksilver is charged in the arrastra at the beginning of the run.
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SCALES & WAGNER'S ARRASTRA MILL, OWYHEE COUNTY, IDAHO.

This mill is selected for deseription as a typical example of the better class of arrastra works. It is sitnated
on the west bank of the Jordan river, 1 mile south of Bilver City, at a distance of from half a mile to 2§ miles from
the mines of OCarson district and 10 miles from Wagontown distriet by road. The mill was originally constructed
in 1874 at a cost of $60,000, and was intended to be a 10-stamp wet-crushing silver mill. It was bought by the
present owners in February, 1877, and considerably improved, though a part of the old machinery had beén
previously removed. The building is a substantial one, partly of stone with brick facings and partly of wood, and
is conveniently arranged.

The mill is designed to treat the richer ores of the district. These are of two distinet classes—a free-gold ore,
andt o silver ore of which the principal mineral is probably argentite, also containing gold The gangue is
a moderately friable quartz.

The plant consists of a light 10-stamp battery, two arrastras, three half-ton Wheeler pans, two settlers, and a
retort. Power is farnished during eight months of the year by & 20-foot overshot wheel with 4-foot face, and in
winter by a 30 horse-power horizontal engine.

The stamps are used in place of a rock-breaker, to prepare the ore for the arrastras, and thus save wear and
time in grinding. Dry-crushing is employed. The mortars are open in front, without screens, and the ore is
delivered in variable fineness, ranging from dust to pieces as large as hazelmuts. One battery of five stamps,
ronuing four hours a day, usually supplies sufficient ore to keep the arrastras working.

The arrastras are on a floor immediately in front of and below the battery, They are driven by a bevel-crown
wheel from the counter-shaft, and power is commuunicated to the latter by a belt and pulley. The inside diameter is
10 feet. The paving and drags are a very hard, flinty quartz, obtained from a barren ledge about 1 mile south of the
mill. Each arrastra has four drags, weighing from 250 to 300 pounds apilece. The speed is from twelve to fifteen
revolutions per minute. A charge weighs 800 pounds dry, and the length of time oceupied in working in the
arrastra is ordinarily six hours, thongh with very rich rock the time is extended to eight bours., Tour and a half
hours after charging, when working gold or doré ores, the quicksilver is added, the proportion being determined by
the assay of the ore. With silver ores the amalgamation is performed in th(, pans,.the arrastras then being used
merely for grinding, The average amount of quicksilverused is 125 pounds per charge, though with the highest grade
of ore this is increased to 200 pounds, ‘With gold ores alittlelyeis sometimes added. The treatment of silver ores
in the pansis essentially the Washoe process, bluestone and salt being used in quantities ranging from 1 ounce to
2 pounds of the former and from 5 to 20 pounds of the latter, depending on the tenor of the ore. Both salt and
bluestone are added on eharging and in the dry state.

The arrastras are discharged by a plng-gate in the side, and the pulp flows directly into the pans through a
wooden spout. Treatment in the pans aund settlers is similar to that ordinarily followed in pan mills. A clean- -up
is made after working each custom lot, and these parcels of ore are sometimes very small, amounting occasionally
only to a half a ton or so at a time of carefully-sorted $500 or $600 ore. Amalgam is qtmmcd by hand throngh a
canvas bag and retorted in a cylindrical retort, 3 feet 6 inches long and 9 inches diameter, having the vent at the
center of the rear end. The time oceapied in Letomng is usually seven hours.

Tailings are worked in the pans by the same process as in the first treatment, with the exception that larger
quantities of bluestone are nsed, ranging from 4 to 5 pounds per charge.

The arrastra pulp is sampled every half hour as a check on the ore assays of customers, and failings samples
are taken from the settler diseharge. The percentage of gold extracted by first treatment reaches 90 per cent.,
and of silver from 75 to 80 per cent,

The force employed in summer is as follows: Inside the mill four men, at $4 each, per twelve hom‘ shift; ountside,
two laborers, at $3 50 per ten-hour shift. In winter, when sieam is used, two engineers, at $5 each per twelve-
hour shift, are added to the force. During the census year the mill ran 330 days, and 22,440 houry’ work were
done. To treat a ton of ore required twelve and seven-tenths hours’ labor (calculated as 1f (lone by one man),
When in operation the mill runs full time,.

As the mill works on high-grade ore, the process is necessarily an expensive one. The average cost 01 supplies
luring the census year, as will be seen from the accompanying analysis, was $3 95 per ton of ore treated, In this

respect the operations of this mill are to be considered as representative not of the average practice, butb of the
best. .
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TaBLr CXX,—SUPPLIES CONSUMED IN SCALES & WAGNER’S ARRASTRA MILL DURING THE CENSUS YEAR.

t CcONBUMPTION PER %
| ToN TREATED,
Ttems,

[P Lo it bt :k i e e

Asnount, } Cost. Amount.| Cost.

Totnl

i

7,018 75 ‘ s $3 85

ROUAT ceneeeeeen e, cords. 576 | 410875 | 2 85
Quicksilver oo, ivieeiiiniil. ponnds. 3, 000 F 1,440 00 ) a
Balb ce e e du... 14, 000 420 00 | 24
Bluestono . .-vvevvercicaaninaan 0., 3,000 THO 00 42
Lard.oil gallons. 20 | 40 00 02

| Chemieals and sundries...o.ooooan.. . .; 200 00 Heeeeuenr.. 11

Duaring the census year the will treated 1,772f tons, of whieh less than 300 tons were tailings. The lowest
yield of ore per ton was $38, the highest $600, and the average $115 85, The tailings treated yielded about $9 50
per ton, The total product was $205,331 7.

The custom charge at this mill is $15 per ton for lots of 100 tons and over, $16 for lots of from 50 to 100 tous,
and higher rates for very small parcels. ‘
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CrAPTER VI—LEAD SMELTING AT LEADVILLE, COLORADO.

By 8. F. EMMONS,

PLANT.

INTRODUOTORY.—Although a very large amount of technical data on the various smelting works of the West
wasg colleeted by the census experts, they were not found sufficiently complete to serve as the sole basis for a
detailed description of the processes employed ; nor do these works in general, as far as they are open to public
inspection, present any features which are unusual or new to metallurgical science. At Leadville, however, whers
the numerons smelting establishments produce anuually about $15,000,000 worth of argentiferous lead bullion,
metallurgists have necessarily acquired an nnusunal amount of practical oxperience in the conduct of the operations
of lead smelting and in the management of the business connected therewith. It has therefore been judged
expedient to present a suceinet account of the natural and economieal conditions of smelting at this point, of the
- character of the plant, and of the processes employed. For this purpose recourse has been had to the MS. of &
report by Mr. A. Guyard on the lead smelting of Leadville, which is to appear as an appendix to a monograph
on the geology and mining industry of that distriet. An abstract of this report has been made by Mr. W, I\
. Hillebrand, and is supplemented by data obtained from census material and by himself and the writer personally,

whicli appears in the following pages. In this the chemieal investigations and caleulations made by Mr, Guyard
have been freely used, and the two illustrations which accompany it are taken from his plates; but all discussion
as to the fitness or unfitness of methods employed, or of theoretical questions arising therefrom, has been avoided.
TOPOGRAPHICAL CONDITIONS.—AnN important condition in the disposition of smelting works, as-well as of
quartz-mills and other reduction works, is that the force of gravity may be used as an aid in handling the material
to be treated, which is generally of a heavy and bulky nature. To such a disposition the gsurface character of the
Leadville region is admirably snited by nature. The town itself is situated on a gently sloping mesa included
between Hvans gulch on the north and California guleh on the south, at the western base of the foot-hills of the
Mosquito range, in which its ores occur. Along the high banks, which rise from the bottom of either of these
gulches to the comparatively flat surface of the mesa, and at a sufficient elevation to allow room for the slag dumps
below them, are located the various smelting works. They are thus situated so that from the mines an equally
favorable grade leads either to the upper or the lower portion of the works, and the railroad which follows the
surface of the mesa sends its branches on the level of or above the charging floor, and thus delivers its freight of
fuel or of ore where it may descend through the various stages of the process until the final product, the bars
of bullion, is obtained.. ’ ‘ ‘
DISPOSITION OF THE PLANT.—No less than sixteen smelting works have been built at Leadville in the few
years that have elapsed since its mines were opened, Of these, however, a number have been closed, some
, temporarily, others permanently. The general plan in these works is that adopted elsewhere, and involves the
occupation of two principal floors. The lower of these floors is at such a height above the adjoining valley
bottom as to afford a convenient opportunity for dumping slag and other waste. On this floor the furnaces are
built, and room is also commonly provided for the blower and the engine by which it is actuated. ' The furnaces
are usnally placed in a row within a single inclosure, but sometimes they have a wall intervening between them.
The upper floor is on a level with the feeding-door of the furnaces, from 12 to 14 feet above the lower, and affords
space for ore-bins, fluxes, mixing-beds, and the operations connected with charging the furnaces, such as crushing
and sampling, When the slope of the ground is great, however, the storage bins for ore and fuel are sometimes
placed at a still higher level, with passages for wagons between. One roof generally covers the whole establishment,
with the exception of the offices, laboratory, and scales, which commonly oceupy detached buildings. S
FurnAcEs—Shaft furnaces only are employed in Leadville. Of these two varieties were in use during the
census year, the one presenting a circular horizontal cross-section, sometimes called the Piltz furnace, while the
other is rectangular; but in 1882 the latter had entirely replaced the former. While the cirenlar section presents
advuntages in the regularity of the descent of the charges, it is more expensive in construction, and the diameter
of the hearth is limited by the strength of the blast ; indeed, with any ordinary blowing-engine a round furnace can
be successfully worked only when it is of very moderate dimensions. The rectangular or Raschette furnace, on the
other hand, may be constructed with a width at the tuyeres corresponding to the strength of the blast-engines, and
the production may be increased by increasing the length of the cross-section. The horizontal elongation of the
furnace has its limits, indeed, as has been proved Dby the history of the rectangular Raschette furnaces in Burope
but the capacity may nevertheless be increased considerably above that of a cireular furnace of similar construction
without deleterious effects upon the working. In lead smelting, and especially in smelting argentiferous lead ores,
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it is very undesirable to employ the high-pressure blasts required by a civeular furnace of large diameter, since the
higher temperatures which result promote the production of fumes which are only imperfectly recovered and are
always difficult of treatment. ,

The rectangular and the round furnaces of Leadville are constructed on the same general plan so far as height;,
method of support, water-jackets, tuyeres, ete., are concerned, but the sizes adopted vary greatly, the limits of
capacity being from 15 to 40 tons in twenty-four hours.

Plate I, Fig. 1, represents a rectangular furnace in elevation drawn to a scale of 6 feet to the inch, and Fig, 2
the same furnace in horizontal section at the tuyere lovel. Iig. 3 shows a vertical section of the same furnace on its
longer diameter, and Fig. 4 a horizontal section at the charging-doors. The masonry shaft (Q) rests upon a cast-iron
plate (0), supported by pillars (P), in order that there may be no nnnecessary weight on the lower portion of the
furnace. The walls for some distance above and below the tuyeres are formed of sectional waterjackets (B),
constructed of cast or wrought iron or of steel. In the furnace illustrated the water-jackets are twelve in number,
firmly bolted together and provided with openings for the insertion of the tuyeres (N). A cold water pipe ()
runs around the furnace above the water-jackets, and water is admitted to each of them by a faucet (¥). Outlets
(4) for the hot water and gutters () for its removal are also shown in the illustrations. The interval (b) between
the water-jackets and the plate on which the shaft of the furnace rests is filled with fire-brick, which can be readily
removed in case of necessity. The lower ends of the water-jacket rest upon the hearth (X). This consists of east-
iron plates (a) bolted together and lined with a thick coating of fire-brick orof “steep? (brasque), a mixture of fire-
clay and coke-dust, either in equal parts, or in the proportion of two of the former to one of the latter. The nsual
form of the hearth is shown in the illustrations; this, however, is modified in detail, according to the working of the
furnace and the judgment of the manager or smelter, changes in it involving no modification of the iron plates.

The hearth plates include also the lead well L and the so-ealled “siphou tap”. A similar device was long ago
applied to the small charcoal-iron blast-furnaces of Silesia, to permit of the manufacture of castings without
tapping the furnaces; it was not successful, however, the iron chilling too rapidly for the object in view, owing to
its high melting point. This arrangement was introduced into lead smelting in Eureka, Nevada, by Mr. Albert
Arents with great suecess, and has since been widely adopted both in this country and abroad. The lead rises
through the oblique tap-hole L/ shown in Fig. 1 to the same level in the well which it ocenpied in the furnace, and can
be baled into the molds at leisure, and without the disturbance of the furnace-working incident to the old method
of tapping at long intervals. ;

At the end of the furnace just above the hearth an opening (V) isleft in the water-jacket to facilitate the tapping
of slag. This opening is filled with clay, in which a hole can be pierced when required, allowing the slag to pass
through an inclined gutter (U), shown in the illustrations, into a slag-buggy. A hood (W) is generally placed over the
tapping-hole to draw off the fumes emitted during the tapping. The number of tuyeres varies with the size of
the furnace, depending mainly on the length of the cross-section. A tuyere is always placed at the end of the
furnace opposite the slag-tap, and sometimes also above it; this last, however, is somewhat in the way, and is
often omitted. A sliding valve (I) at the elbow of the nozzle admits of the inspection of the interior of the furnace.
The tuyeres are connected with the main blast-pipe (I) by canvas hose (I{), the flexibility of which permits their
withdrawal from the furnace when necessary, This convenient device is, of course, applicable ouly when cold air
is supplied to the furnace, as is almost invariably the case in lead smelting., Feed-openings (H) on the upper floor are
closed by sliding doors (8). The furnace terminates upward in a short chimney (H) and may, in case of need, be run
without the dust-chambers, with which it is connected by a flue () indicated in the illnstration.

As an example of recent construction, the furnaces in the works of Eddy, James & Grant, at Denver, may be
cited. There are eight ol these furnaces of the same pattern, all built in the spring of 1882. The height to the
charging-door is 18 feet; the dimensions 3 feet bhelow the charging-door are 60 by 102 inches; at the top of the
Jjackets, 48 by 924 inches, and at the tuyere level, 36 by 804 inches. Iach furnace has ten tuyeres, four on each
side and one at each end. The capacity of each is about 30 tons. The waste gases and fumes are drawn from all
these furnaces at a point below the charging-doors into large dust-chambers connecting with a single stack—a very
convenient arrangement so far as the comfort of the workmen is concerned ; whether it is accompanied by any ill
effect upon the working of the ore is regarded as uncertain, but each furnace is provided with an independent stack,
to bo used in the event of its proving desirable to return to the ordinary practice.

Plate II shows a furnace with a circular horizontal section on the same scale as the rectangular furnace
illustrated on Plate I, andi a comparison will show that the general prineiples governing the construetion are the
same in both. A main point of difference is in the anchoring, which in the square furnace is necessarily effected
by bars (¢)), while the same object is more conveniently attained, when the section is circular, by a shell of sheet
iron (J) composed of plates about a quarter of an inch in thickness, The diameter of round furnaces at the tuyere
level is from 33 to 48 inches, and the capacity varies with this dimension,

DusT-cHAMBERS.—The appliances for catehing flue-dust in the Leadville smelting works are generally very
imperfect, but the reproach does not apply to Leadville alone, for, however extensive the system employed elsewhere,
it fails to accomyplish its purpose completely. It is said that some English lead works have dust-chambers no less
than 5 miles in length, and yet fail to recover all the dust carried from the furnaces; some of the Leadville works,

Lhowever, make no attempt to collect the flue-dust, a practice unworthy of imitation. The ordinary provision
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consists of brick chambers on or below the charging-floor, either divided into sections by wally and curtains or
not. Omne such chamber is 75 feet long, 256 feet wide, and 15 feet in height, and another of the samo length is only
4 feet wide and 6 feet high, The dust-chambers are sometimes built of iron instead of brick, and the cirenitons
direction given to the current by the interposition of walls and curtains in brick chambers is then often obtained by
the use of adjoining vertical eylinders, the air and fumes entering the bottom of one and the top of tho next,

BLAgT-ENGINES.—The blowing engines employed ave most commonly of the Baker rotary pattern, thonglh at
one establishment the Root blower is in use. The pressure of the blast furnished by these blowers varies from
half an inch to 14 inches of mercuary, or say from one-fourth to three-fourths of a pound per square ineh, the most
usual tension being 1ineh of mercury, or about half » pound per square inch,  Where several blowers are cmployed
in furnishing blasts to more than one furnace the pressuve is equalized, and the probability of an interterence with
the work throngh the stoppage of a blower is decreased by conneeting them all with the same main blast-pipe,

The iron work of the furnaces is sometimes made by Denver firmy, but usually the entire plant iy ovdered
from the Bast. .

BARTLETT FILTER.~An experiment was made ab one of tho works with this arrangement for collecting
flue-dust which gave some interesting results, The following is condensed from Mr, Guyard™s deseription

The stack of one of the square furnaces was connected with o Sturtovant fan by means of a sheet-ivon flue,
through which the fumes were drawn from the furnace and blown through o sheet-ivon pipe 150 feet in lengeth,
which was conneeted, by means of two branch pipes, with two boxes of thin sheet ivon.  The dust was collected in
the sheet-iron pipe as in an ordinary fine.  Kach branch pipe was provided with a damper, or valve, similar to those
used in stovepipes, so that the fumes could boe distributed to one or both of the boxes at pleasure,  Bacl bux
consisted of o dust-chamber and a fiveplace, the tormer being provided with sliding doors, placed at either axtremity,
and the fireplace with doors in tront and sheot-ivon pipes ab the back, communicating with o stack. At the top of
eacl of the dust-chambers were twonty-eight apertures, to each of which was fastened o cloth bag, 30 feet high,
suspended to the beams of a light wooden structure, in which the apparatus was inelosed, and which was provided
with very large openings for ventilation, When the apparatus iy at work the fumes blown in distribute themselves
iu the dust-chambers and ascond the cloth bags, through which they arve filtered, The gases come ont perteetly
colorless and [ree from any lead dust or even soot. The wind entering {reely through the apertures of the building
shakes the bags, and the dust with which they are charged falls back into the dust-chambors,  When a suflicient
quantity of this dust has been accumulated, the doors connecting with the freplace are opened and a light
wood five is kindled. The soot soon eatches five and burns offy leaving the dust white, During a run of five days
3,030 pounds of caleined dust were caughti in o Bartlott flter from ono furnace. The experiment was not entirely
satisfactory, owing to defects in the manner in which it was earried out; but the defect was one of arrangement,
and by no means inherent in the filter, The furnace was worked without closing the feed-hole, ax with an ondinnrey
dust-chamber.  The Sturtevant fan consequently drow in as much aiv ny smolke, so that tho chamber of the furnnee
had to be left half open, and about half the smoke eseaped divectly into the open air, The use of this arrangement
was abandoned by the owners of the works partly on account of the expense involved and purtly, as stated by
them, on account of' the large percentage of arsenic (I3 to 20 per cent.) in the condensed matter and its low tenor
in silver. As Mr. Guyard, in his analysis of this substance, found extremely lttle arsenic and much lead, chietly
combined with phosphoric acid, chlorine, and bromine, it is difiicult to imagine on what ground the presence of
arsenic in such quantity could be inferved. M. Gruyard’s analysis is supported by the fact that arsenic is present
to but small extent throughout the district, while phosphoric acid exists in large quantities in many of the ores,

RAW MATERLAL,

Orms.—The ores of Leadville are remarkably pure argentiferous lead ores. They are locally divided into two
general classes: the “sand carbonates”, which are loose, sandy masses of carbonate of lead with ehloride of silver,
ind the “hard carbonates”, which are masses of porous siliccous material with a varying proportion of hydrated
xides of iron and manganese, carrying carbonates of lead and chlorides of silver, and sometimes containirg w
:onsiderable proportion of unaltered argentiforons gulenn. As a rule, with the exception of mechanical mixtures of
slay and varying proportions of iron and silica, they contain but few foreign ingredients, Intimately associnted
¥ith the carbonates is generally a little pyromorphite or chiloro-phosphate of lead, amounting in one exceptional
ase to 10 and in another to 80 per cent. of the whole. Sulphate of lead also oceurs in small (uantity, with small
wd variable amounts of oxidized compounds of copper, arsenic, antimony, aud manganese. Tho latter is often
wundant, and is assoeiated with or replaces iron oxide, Ores whicll are rich in manganese ure generally poor in
dlver. The galena is frequently covered by a coating of carbonate showing clearly the alteration of the sulphide,
irst to sulphate, and then to carbonate. In some fow mines bismuth and vanadium ores have been found. But a
‘mall proportion of the ores smelted is farnished by districts ontside of Leadville, Of this the greater part comoes
rom Ten-Mile district, in Summit county, and especially from the Robinson mine, whose deposits earry much pyrito
l.?ld zineblende.  The silver in the oxidized oves is present in combination with chlorine, bromine, and iodine,
ither as chloride, chloro-bromide, or’chloro-bromo-iodide, as the analyses on page 289 of specimons {rom several
nines made in the laboratory of the United States geological survey at Denver show.
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l R.E.Leomine.| Amiomine, |DIE I’l;tib:(l’mrgh
[ .
Chloride of sflver.................. 21,589 15,755 90. 905
Bromide of allvor.; .................. 7. 986 84,001 None.
‘Todido of slfver..cocvicavneciunnn.- 0. 425 0.154 0. 035

Large masses of chloride of silver, or horn-silver, have been found, and on several occasions tong of ore have
been taken from the R. B. Lee mine assaying from 8,000 to 15,000 ounces of silver to the ton and almost entirely
free from lead. According to Mr. Guyard, sulphide of silver is sometimes present in small quantity.

The Leadville ores in general contain little or no gold, its presence not being easily detected in the ore itself,
but only being shown in the final product. The average daily output of the mines in 1880 is placed by Mr. Guyard at
from 700 to 800 tons, and the total smelting capacity of the furnaces at 700 tons per diem.

Fruxes.—The fluxes used in Leadville are limestone and hematite. Daring the census year the limestone
used was the blue dolomitic limestone (Lower Carboniferous), in which the Leadville ores occur, taken either from
open quarries or from dead-work in some of the mines. In the latter case it often carried a small percentage of silver,
Txperiments showed that dolomite was a less favorable flux than pure carbonate of lime, and since the advent of
the railroad limestone has been obtained from the beds of the Colorado Cretaceous formation at Cafion City, 117
miles distant, and more recently still from a bed in the Upper Coal Measures at Robinson, 16 miles distant by rail,
wherte it costs 83 per ton f. 0. b. Red hematite iron ore was at first exclusively used as o flux, being prinecipally
obtained from the Breece iron mine, where it oceurs in large masses botween the White and the Gray porphyry, and
it is said to carry a small percentage of silver. More recently it has been the practice in many smelters to use the
limonite which had collected on the dumps of the various mines, and which also carries o small percentage of silvet.

In many cases the ores themselves are so fervuginouns that but little additional ironis required. .
FUEL.—The fuels used are coke and charcoal. Previous to the advent of the railroad coke was searce and

dear, having to be brought 30 to 150 miles by ox or mule teams; hence charcoal was much more largely used
than at present, This is furnished by the forests of spruce covering the neighboring mountain slopes. The charcoal
produced from these woods varies greatly in quality, according to whether it has been burned in pits or in kilus. The
pit-eharcoal made in the neighborhood of Leadville is said to contain 2.5 per cent. of ash; a sample of kiln charcoal
was found by Mr. Guyard to contain 1.62 per cent. of ash. One hundred and forty-two and one-half bushcls of
charcoal make 1 ton, the bushel weighing 14 pounds.

Coxe.—The cokes used are brought from El Moro, ip the southern part of the state, by the Denver and Rio
Grande railroad, and from Cowo, in the South Park, by the Denver, South Park, and Puacific railroad. These
cokes are made fx om coals of the Lignitic or Upper Creta(,eous formation, and contain, according to determinations
madoe at the smelting works of Messrs. Billings & Eilers, 22 per cent. of ash for the E E1 Moro and 94 per cent. of
ash for the South Park coke. The composition of the ash of the Bl Moro coke is represented as being 84§ per cent.
silica, 7.1 per cent. peroxide of iron, and 8.4 per cent. alumina, lime, ete. The ash of the South Park coke shows
29.1 per cent. silica, 47.8 per cent. peroxide of iron, and 23.1 per ¢ent. alumina, lime, ete. About 40 pounds of coke
make one bushel; hence, 50 bushels make one ton,

Ore BUYING.—-—Ore is purchased either directly from the mines themselves for cash or from sampling works,
which either buy from the mines or act as their agents. Various considerations affect the price paid. From the assay
value of the ore in silver a certain percentage is deducted for loss in smelting, which varies according to the nature
of the ore, whether siliceous, ferruginous, or sulphureted, or according to a special arrangement made between the
mine owners and the smelter owners. A further variable charge is made for cost of treatment, which is dependent
on the nature of the ore and its tenor in lead. As a general rule, in regard to oxidized ores, the charge for treatment
is lower the larger the percentage of lead they contain. When this tenor is between 5 and 30 per cent. the lead is
paid for at from 15 to 45 cents & unit of 20 pounds; the higher the percentage of lead the higher the price paid per
unit, When the ore contains less than a certain percentage of lead, which varies with the quality of the ore, the
‘mine owner receives no remuneration for the lead contained in hxs ‘ore, however rich it may be in silver. The
following table gives a specimen of the rates charged for treatment of the ores of some of the best-known mines,
the deduction made for loss of sdver, and the pnce paid for each unit of lead above this certain percentage:

voL 1319

Deaduoction
Name of mine, fo:ill(;s;ar of C(x’rslggg tpr(?x"l - I;,‘;ﬁ]?ﬂ eg}i
{n smelting, ton of ore. | 20 pounds. .
Per cent.

N N 10 $25 $0 25

Chrysolite . ....... b5 20 25 i
Dunkin ccocvseaenn B 22 26 I
Carbonate . .connevincrivmonaiacncanas T3 20 25 v
Evening Star 3 28 26

Morning Star 13 6 | 30 .

Iron ceveennnnan [ 18 30

Tuoson .u... cansacesane swessemneenane 5 21 25
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These figures vary from month to month unless & time contract has been entered into, zmd are govvm‘md‘ hy
the market quotatious of silver and lead at New York and the prices of coke, charcon], and ilt)xc*a at Leadville.
(Gold, when present in excess of one-tenth of an ounce to the ton, is paid for at the rato of $18 per ounve, The
transportation of ore from the mines to the sampling or smol{ing works i paid for Ly the smelters ot the rate of
$1 to $1 85 per ton. :

SAMPLING.—When the ore arrives at the sampling works, it is weighed in the wagon on weales genernlly
oceupying a detached building. It is then thrown into hins or piles in the open yard, overy tenth shiovelful us o
rule being put into a wheelbarrow. The sample thus obtained is spread out on the sampling floor, Wl in the case
of o sand ore is worked up divectly to obtain a thorough mixture, Ilard oresare first pussed thirough Corisl rolls,
When the ore is thoronghly mixed, it is repeatedly quartered till a sample convenient for drying has breen obtained,
After drying it is further crushed, mixed, and quartered, and a poxtion is then ground on the bueking phite by
the bucker (a) until it passes through a sieve of 70 to 80 meshes to the linear inel, The sanple is ten divided
into three portions, one of which is assayed at the smelter, and o second at the mine or by a publie assayer who may
be employed by the mine. If the results of the two assays ngree closely, a mean is generally taken as e frow
value of the load ; otherwise the third portion is sent for coutrol to a third independent assayer, Buind ores require
no crushing before charging into the furnace. For hard ores, slags, fluxes, ete., Blake, and ovensionally Alden
crushers, driven Ly steam-power, are employed.

SMELTING CHARGES.—The construction of ore-beds is carried on to o considerable extent at both smelting und
sampling works. These beds average from 160 to 180 tons each in weight, and contain approximately equal parts
(20 to 25 per cent.) of metallic lead, motallic iron, and siliea, of which the proportion of lead is anlject to the
greatest flnctuation. The proportion of wilver to lead is 1 ounce to about G or 8 pounds, Sulplmreted ores nre
not roasted, but are thrown direetly into the furnace, and are mixed in small quantitios with the oxidized oves,

Thé charges vary so greatly in composition at the different smelters that it is hardly possible to give that of
an average one. At first the aim seems to have been to produce » normal singulosilieate slag, but w chunge hian
been gradually taking place to slags of a slightly more acid character, containing from 32 to 30 per cent. of silica.
At ono smelter the aim is said to have been to produce a slag in which the proportion of enxthy bake to metallio
base should be as one to two, or to some even number, Tho following examples of different churges ure taken frotm
Mr. Guyard’s report ag specimens of their variablo character:

L “ II. It v, ¥,
P . . R N . B A " . wlr - . N
ORe; Pounds, Lovnds, Daunds. Tounds, Pounda,
Oro-bod mixturo..oovieiinennnon 100 200 i} 600 sreres
TUnmixed 010. veevenneivesnrinenss  fi0 800 183 200 (£ 1)
Tond BEXADA. cvvrrvereencrnan P P, 10 raeuea ceaner
_— ! 160 510 100 700 s
Dolomitd vooviviininiiiiiariens 10 60 00 80 [i¥}
TLematito cueuoirmnnrciannmany s 10 Ceneae 7 4170 earrs
BIRE +ovenninn seeimnmiinenenaas a0 w6 {80 B0
Tume ] 200 [~ b ECH QO {111 I I V)
(631103 J4TT:) PR 1 80 f G0 il 4]
Cako........ v 2 i Lo60 05 00
8n 140 | 100 ‘ 160 140
Total weight of ehargo...... 205 860 f G 1,190 a7 §

The proportions of charcoal and coke in the fucl vary, according to sapply and cost and from other
considerations, within the limits of three parts of the one to fonr of the other.

The table on page 201 gives the caleulations made by Me. Guyard from data obtained for the eensus yvear in vight
of the prineipal smelting works of Leadville: Pirst, the average proportion of flux to 100 parts of ore ; seeond, the
proportion of fuel to 100 parts of ove; third, the proportion of fuel to 100 parts of swelting charge, Eu the ﬂ‘:nl‘ih
rubric is given the number of tous smelted per twenty-four hours in each of these works., From these dutn lie
caleulates the relation of actual to nominal smelting capacity as varying {from 26 to 80 per cent. Furnace 1T is
regarded as fullilling most nearly theoretically pori'@i;b conditions, ) |

L jl‘ho bueking plate in ordinary use in assay officos in the West i o east-ivon Ilate measuring 2 by 13 fmz»(’ 'witvhﬂﬂuin viw‘t on l.lum MQ
s'nﬂa rising ]'mlf aninch abova the surface; thelatter is plaved down, but not polished.  The bueker or rublier i (,L rectan gullxlr oo of l’*ﬂ&ﬁ
iron 7 by 5 mcl‘ws, and drom 1 to 44 inches thick, On the npper surfuce is o socket for o long wooden handle, and tha ln\wrdﬁurﬁlm ia
cnrv.ed (a pqrtmn of o la,?ge eylindrienl surface) so knt, as the operator pushes it to and fro on (o plate to {mlveri:m the ?m* W nliﬁht
rocking motion moy bo given at the same time, whiek brings the particles under tho bucker instoad of pushing them ltvufurc\ it, o
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X L I | Ir | 1v. ’ v. | VI | VIL ? VIIL
Proportion of flux to 100 parts ore.e........... 25,00 | 80.0 42,0 24,0 ‘ 28.8 | 46.6 ’ 33.5 ‘ 31.70
Proportion of fucl 10 100 parts ove............. 45,331 33.0.( 83,8 | 185 | 250 | 40.2 | 250 ! 25, b4
Proportion of fuel 1o 100 ports charges ........ 86,00 23.6 | 23.7 1 150 | 19.8 | 815 | 185 | 18.60
Tona of oro smelted per twenty-four hours.....! 28,00 | 1040 5.0 ! 1.5 | 2.0 | 150 | 605 32,50
| 4

The proportions obtained by Mr, Guyard as an average for the entire camp during the census year are:
32.83 parts fuel to 100 parts ore.
23.60 parts fuel to 100 parts charges.

He caleulates that 88 per cent. of the lead in the ore is extracted as bullion Dy direct smelting, the remainder
going into the slag and escaping up the stack; also that 13 parts of fuel are required for each unit by weight of
bullion produced. .

In the following table Mr. Guyard has calculated with regard to the same furnaces shown in the preceding
table: First, percentage of lead extracted in smelting in the form of bullion; second, the percentage of silver
extracted; third, the average charges for smelting per ton of ore at each establishment ; fourth, the cost to the
smelter of treating each ton of ore; fifth, the average assay of slags in ounces of silver per ton ; sixth, the average
assay of flue-clust in ounces of silver per ton:

L IL. IIT, Iv. V. 1 VI VIL 1 VIII.
Percontago of load extractod fn delting -vveerrvvniervsirieninns, 85t 88| 86to0l 88.0| S5t005| B5tono ‘ 90 to 03 8.0) * 900
Pereentugo of allver sxtracted in smelting.............. N 100 95 to 97 97.0 8810 85 95.0 | 07.0 08,5 o7.8
Chayges for smelting per ton of ore <] 815t0 $30 | $15to 30 | $15t0 $30 | 12 to $25 | $10 to $30 | $15 to $30 | $15 to $30. | $15 to $30
Cout Tor smelting pur ton 0f 010, cveereeniirrnnriiiiinaavnernenes $12to $18 | $18to $23 | $101to 15 | $18 to $16 | $15to$18 $13 " #1808 $15
Averngo agany of slaga in ounces of sUver .cvvvvvnivenerenneannns 2 4 0.5 L5 1.5 1.5 L5 4.0
Averngo assay of ue.dust in ounces of sllver ........ weriseerennas 86 87 86. 0 85.0 85.0 - 86.0 86.0 37.0

The above table shows only the conditions which obtained during the year ending June 1, 1880. These have
been varied since that time by a general reduction of the smelting charges, owing to competition and to the
cheapening of supplies, and also by the reduced tenor of the ore in silver. The proportion of sulphureted over
oxidized ores will algo probably increage as time goes-on.

. GENERAL SMELTING OPERATIONS.

BLOWING-IN OF FURNACES.—The furnace is first dried by means of a slow charcoal or wood fire, whose
temperature increases gradually for several days, When the drying is completed, the fire is allowed to burn out
and the furnace left to cool.  The crucible is then lined with steep or brasque; tamping, a simple lining of fire-clay,
is sometimes put upon the dam, siphon, and siphon-tap. The furnace is then filled to the feed-hole with charcoal,
the tuyere-holes, tympstone, and stack-damper being left open to create a dranght. The charcoal gradually
becomes incandescent to the very throat. When this zone has reached a low red heat the blowing-in begins. The
tuyere holes of the water-jacket, with the exception of from two to four of those nearest the front, are sealed with
plugs of clay, and the wind-bags of the corresponding tuyeres are tied up with strings. Tnyeres ave inserted in the’
holes left open; the tympstone is set in, and the blast then turned on at full pressure. A long flame issues from
the siphon-tap, and the five is keps steadily up until the lead.well becomes red Lot. The remaining tuyere-hol_es are
then opened and all the tuyeres are set in.  The blast is regulated to the normal pressure, and the furnace is now
ready for the filling of the crucible.

TILLING OF TTE ORUCIBLE.—Bars of bullion kept in reserve for this purpose, in amount varying from 4 to
12 tons, according to capacity, ave thrown in at the feed-door with more fuel, the proportion- being three bars of
bullion (300 pounds) to eight shovels of charcoal, or about 14 per cent. of fuel. Trom 100 to 150 bushels of charco?l,
according to the capacity of the furnace, are consumed during the blowing-in. Whenl molten lea-d makes its’
appearance in the lead-well, a few pieces of live charcoal ave placed on it to prevent it from cooling, and the
furnace is ready tor charging. ' ' v . )

CIARGING OF 11 FURNACE—OIQ slags are first of all thrown into the furnace a8’ a test of its temperature,
which is not veady until the slag’ is perfectly fluid, The Lead smelteror his nssist.:m‘n opens the tap-licle in the
tympstone from time to time to observe their degree of Auidity, and the regular charging begms.ouly \Y\"heu the'y mnl ,
quite{reely. The charges are disposed on the inside of the furnace next to the walls, a (1e.prcfss1ou' being left in th(.]
center for the fuel. This is the mode of charging generally adopted, but there are variations in the. manner of
mixing the materials forming the smelting charges. At some of th.e smelt'in g works fuel is first thf'own_nlll, :.Illlen 0.‘19
slags, above these the fluxes, and then the ore; at others fuel is mixed with the old slags and ﬂuxe; \;{ut the Ofx"( 21
The mode of proceeding generally adopted, however, is to mix slags, fluxes, and ore together and keep the iu
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separate. At the most successful establishment the method of mixing fuely upd ()_ld Hlngf; on thf\ @mt» hand :.unl
fluxes and ore on the other prevails. In either case the distribution of the materials in the furnace is the samy; 1. e,
fuel is thrown in the center and the eharga is distributed around it. ‘ ‘

TArPING OF SLAGS~—The tapping of slag commences as soon as the furnace is in rvgnlu«r upv‘mtmn, und
oceurs generally every fifteen or twenty minutes, although a faw works have uflnptvd th'u muthud'tti mutm\.xmm flow
from the tap-lhole. The tap-hole is closed by o lump of elay at the end of an iron tapping-rod, ‘Ihf‘ ﬁ}’axg I can gl.nt,
directly in a slag-buggy or conieal cast-ivon pot mounted on wheels, and is either allowed to ﬁulnmy‘vutmll.\; in
the pot and then thrown out and broken up, or it is wheeled to the edge of the slag heap and ?)]»;n-dlm‘vr sa that it
runs in a half liquid state down the sides of the dump. A single smelter adopts the p.hm‘()i ullowing the slayr 1o
solidify partially in the pot, and of then making holes through the hardened erust and tipping the pf»t VLY HO !'imt,
the still wolten material runs out, leaving o shell over 2 inches thick,  This shell is casily hroken up for re sinelting,
it having been found that it is a little richer in silver than the eenter.  Slag samples for axsay are mlu:u v ur
three times a day from the stream in the slag gutter, and their specifie gravity and contents in Jead il silver ave
determined in the assay office.  Any speiss or matto that may bo formed is ran into the shyrpot withe the slag, amd
iseither thrown out with the lntter upon the dump, or, after cooling, is detuched from the slagamd preserved separately,
The proportion of speiss and matte at Leadville is generally very small,

LADLING OF BULLION.—As often ax necessary the bullion is dipped out of the lead-wells with wroughtiren
ladles and poured into east-ivon molds, At a single smelter o different method obtains.  The ballion is (:t]ii"u'll
periodically from an opening in the elay lining of the lead-well into an jron pot mounted on wsmall stove, in whieh
a light five is kept burning.  Irom this pot it is Indled into the molds,  Tho advantages of this method see that,
the surface of the lead in the well is kepteovered.  The Tead is therefora hot ter, nnd the pussage into the vrneible is
more readily cleaned.  Morecover, the lead being drawn from below, the surface is free from shimmings, wid the
bars are smoother and cleaner,

The bars of bullion are then sampled, weighed, and marked.  Thoe sampling is done by taking with o seonp
chisel a piece from the top and a pieve from the bottom of each bhar. Thesamples {rom 200 bars, or 10 tous, which
constitute a carload, are seut to the assay office, whers they are molted together and cast into o smull bary from
which picees are taken for an assay.

CONTROL OF SMELTING OPERATIONS.—Irom time to {ime the siphidn-tap has to be cleared by the inrertion
of a curved iron rod, about 2 inches thick, proviously heatoed to redness at the eneved end,

The tuyeres must bo watehed from the sliding valve, and when dark rings of chilled slag are observed nrod
them they are removed by iron rods inserted through the tuyere, and the tamperature is raised by tho addition of
more fuel or by o reduction in the proportion of charge, )

The water-jackets require constant watching, in order that the temperature of the witer issning from them
may be kept as nearly as possible ab from 500 to 60© Q. ‘

The blast also requires constant attention and regulatin ey the prossure being inereased or dinduislied a8 the
condition of the farnace, determined by observation from the tuyeres, wmay demand,

It semi-fluid slags or raw ore form aceretions, which do not disappear by an incregse of the tetnprera ey e
blast must be shut off, the tympstone removed, and the hearth cleaned by means of bars and sledges; after which
a little fuel is thrown into the hearth, the tympstone iy replaced, und the Llast is turned oumgain, At one preriod oves
rieh in lead were searee ab Leadville, and tho charges goenerally contained mueh loss than the novmal 20 1o 25 poey
cent, of lead.  The running of the furnace became, in consequonee, v much moro diffienlt matter, and e formation
of obstructions of various kinds was of frequent occurvence,

When aceretions form on the walls of {he shadt, it is necossary to “bar it out? onee in twenty-four hours, or
once per shift, as the case may be, To accomplish this charging is interrapted until the contents of the furpee
descend to the level of the aceretion, The Llast is then turned offy a long ulniSul-pointml bar i introduen] fnto ths
feeding-hiole of the furnace, and, being inserted between the aceretion aml the farnace wall, is strnel with sledge.
hammers until the acevetion is detached, when (he blast is turned on again and the charging restuned,

The Leadville furnaces are gonerally run with & dak top; i, e, the zone at the thron is s dink that no ines
issue from it, and only a black smoke iy seen ascending the chimnay, This appearines iy an indiention that the
furnace is running properly.

SMELTING OF FLUE- AND CIAMBER-DUST.—Ilue- and chamber-dust ave mixed in general with Himey and the
mixture may or may not be molded into bricks. It is then spread over the oro beds, so that s litte of the flue-Oust,
enters into the composition of the smelting eharges,

BLOowING-0UT or PURNAOE.—This takes place when the furnace needs repaiving, or when an weeident,
interfering with the regular working of the furnace, has occurred. It is done by suspending the charges and
continuing the blast until the whole contents of the furnage are molten. The charge soon burny with a hiright top,
and the furnace emits torrents of heavy white fumes. When the wholo charge has reached the level of the
toyeres the farnace ig emptied of its fluid eontents, first from the tap-hole, then the breast i removed, and the
bullion is taken ont of the crucible.

LeNeTH OF RUN.—The smelting

_ campaigus are seldom less than three wecks, and often rench Bix, eight, and
even thirteen months,
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FURNACE PRODUCTS.

BurrioN.—The bullion of Leadville is generally very pure, its constituents other than lead and silver, thongh
numerous, being present in very small quantity. The eharacter of these impurities is shown in the following
analyses made by Mr. Guyard, I being bullion from the La Plata smelter, II being a mixture of equal parts of
bullion from nine different smelters:

T 11,
Lead (by difference} ............... 09. 0708210 08, 402370
BUVEr. v ieiiaiiiariiiaecnnananns 0. 6112445 . 0, 798417
(7)Y 0. 6000888 0. 000801
L67171) 1. RN 0, 0470100 0. 071460
b 15 Y A faint trace, 0. 000897
Bismuth coviveniivniiienriann conny A faint trace. 0.011781
ATBODIC. e e ierini i i 0, 0301306 0, 218528
Antimony «.vveverninns cviveeiinan 0, 2138840 0, 347881
6 R 0. 0043000 0. 012800
/1 (T AN 0. 00106052 0. 000282
Cadminm ....oovarvneneennieonienns A faint trace. A faint trace.
Bulphuar.....ooiiiiiiiniiier e, None, 0, 048084
100 100
Ounces of ailver to the ton.......... - 178.975 281,408
Ouncos of gold to theton .......... 0,020 0, 260

The presence of tin in the bullion seems rather singular, inasmuch as it has not been detected in any of the
ores or fluxes of Leadville. Ithas been suggested that it owed its origin to the great number of preserved-fruit cans
scattered about the place, some of which may have found their way into the furnace. It is indeed said that these
cans were at one time used at one smelter, probably as a precipitant for the lead in the galena. As tin has also
been found in other products at different times, it seems hardly probable that this source can be adopted as that
from which it is in all cases derived.

The average assay of bullion shipped from Leadvﬂle durmg the early purt of the census year was nearly 300
ounces to the ton, but during the month of Decembel 1880, it had fallen off to less than 200 ounces. Mr. Guyard
estimates the average loss of silver in smelting at 4.115 per cent., and of lead at 11.68 per cent., part of which,
however, is recovered from the chamber- and flue-dust. The bars oi‘ bullion weigh on an average 100 pounds each
200 lnrs, or 10 tons, constituting a car-load. They are shipped to eastern refineries, and when sold direct the latter
pay the cost of transportation, which varies from $27 to $35 per ton. The price of lead in bullion is subject to greds
fluctuation, and has varied between $30 and $78 per ton at Leadville, the average price being 860, Payments are
made for bullion at New York quotations, deducting for the cost of refining 3 cents per ounce of silver, or sometimes
$14 to $15 per ton of bullion. In other cases the charges are 3 onnces of silver and 5 per cent. of lead per ton.

SrAG.—The slags produced at Leadville are in some instances normal“singulo-silicates, but in general rather
more acid, the object in progucing the latter being to insure a smoother run of the furnace, to require less constant
watching cmd to avoid the formation of sows and accretions. They flow freely, and generally possess, when cold, a
compact, fine-grained structure, though frequently well erystallized in parts. They ave for the most part strongly
magunetic; and Mr. Guyard has shown that this property is not due to any magnetic silicate of iron, but to magnetie
oxide of iron, he having isolated these substances in a greater or less quantity and in a state of perfeet purity from
all slags investigated by him. As a means of judging whether the slag is normal in its composition and contains
any excess of lead determinations are made daily at a few of the smelters by means of the Jolly spring-balance.
Slags from a normal run earry from 2 to 4 per cent. of lead and from 2 to 4 ounces of silver to the ton, though by
attention and careful charging these figures are sometimes greatly lowered. On the other hand, they frequently
ran mueh higher, both in lead and in silver, owing to the faulty composition of the charges or to careless regulation
of the smelting process. Slags from the earlier campaigns of some farnaces have been found to contain as much
as 15 to 20 per cent. of lead, and silver in proportion; in view of whieh it is hardly a matter of wonder that fuilures
were frequent. Slags accidentally rich in silver, and whole slag heaps from some of the works first started are

re-smelted with the ores. ) ‘
’ MArTES.—Since the sulphide ores occurring in the region are not roasted, but thrown direetly into the
farnace, mixed in small proportion with the oxidized ores, a certain amount of muatte is necessarily formed, which
consists mainly of sulphides of iron and lead, with, as ascertained by Mr. Guyard, a large pereentage of magnetic
oxide of iron. These mattes carry from 40 to 90 onnces of silver to the ton, and are roasted in heaps preparatory
to being re smelted.
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SprIss.—Speiss, which is found only in small quantity, is an iron sulph-arsenide, and seems to concenfmtp in
itself all the molybdenum as well as most of the nickel, traces of which exist in the ores. It is further characterized
by its very small percentage of antimony, and, according to Mr. Guyard, by the total absence of (:0.1):1](;. It is a
question, however, whether an examination of a large number of samples would justify the ct.nlcluglop drawn by
Mr. Guyard that a complete separation of nickel and cobalt is effected in the smelting process, He found cobalt

“without nickel in the skimmings from the lead-wells and nickel without cobalt in the speiss.

1ts silver contents vary from 2 to 4 ounces per ton. It is not roasted or subjected to any further treatment.

ACCIDENTAL FORMATIONS IN THE FURNACE.—Among these iron sows are the wmost important, and have
frequently been the source of much trouble, sometimes necessitating, as before mentioned, the blowing-out of a
furnace in order to effect their removal. Besides ordinary hearth obstructions, different shaft aceretions are found
in varying quantity, which it is unnecessary here to discuss further, save to quote an instance, mentioned by Mr.
Guyard, of a small, round furnace entirely lined from the water-jackets to within 6 inches of the feed-hole with one
of these accretions a foot in thickness.

FLUE- AND CHAMBER-DUST.—Leadville being sitnated at an elevation of 10,000 feet above the sca, the volume

of air blown into a furnace with a given blast-pressure is far greater than with the same pressure at sea-level;
¢onsequently the dranght of the furnace is correspondingly increased, and the gnantity of dust and fumes escaping by
the stack is very large. This would seem to necessitate the employment of a very perfect system of condensing flues
and chambers. In point of fact, however, as has been seen, these arrangements are, with one or two exceptions,
very poor; consequently a large proportion of the dust and fumes is lost in the air. Their composition is extremely
complicated, and is characterized by the presence, in considerable quantities, of chlorides, bromides, iodides, and
phosphates. They carry from 25 to 60 per cent, of lead, the latter figure applying to the fumes condensed in the
Bartlett filter before described, and from 30 to 40 ounces of silver to the ton, although the Bartlett filter fames
held but 4.3 ounces. The composition of the latter is otherwise remarkable in that they contuin over 11 per
cent. of plosphate of lead, 9 per cent. of chloro-bromo-iodide of lead, and 18 per cent. of sulphide of lead, and
-from the further fact, according to Mr. Guyard, that iron, zinc, and manganese exist in them entirely in the state
of sulphides. 1t must be borne in mind, however, that these fumes were condensed at a distance of 200 feot from
.the farnace, Mr. Guyard has calculated the weight of caleined dust collected from one furnace of 30 to 40 tons
.capacity during twenty-four hours at 1,400 pounds, and estimates that, where the filter is not employed, the loss of
lead equals hall o ton and of silver 4% ounces per day per furnace. On this assumption move lead is lost in the air
than is collected in the dust-chambers, As already shown, the chamber- and flue-dust is mixed with lime and thrown
rover the ore-beds to be re-smelted. I one case, however, a furnace was specially constructed for the purposo of
roasting the Hue-dust, thongh with what object in view it is impossible to say, unless on the erroneons supposition
that much arsenic is present. In point of fact, arsenic is found in it in only small quantities, and this roasting
deprives the dust of the carbon which would otherwise suffice for the reduction of all the lead contained in it,
-besides occasioning the loss of sowe siiver. In another smelter the flue-dust is prepared forre-smelting Ly melting
down in a reverberatory furnace, at first with, and now without, the addition of slag. It is then run out, and
after cooling it is broken up and mixed with the charges.

COST OF LABOR AND MATERIAL,
Below are given a few data relative to the prices paid for ﬂuxes, fuel, and theaverage wages of employés

during the census year at Leadville, which serve to give a fair idea of the economic conditions of smelting at that
time:

Dolomite, per ton ... ... e e et e e et e e e e lo. $300 to 84 00
Hematite, POr ton. ..oce.ir i cmen i e e emnnenaan M e eaneeeanaaas 8 00 to 11 50
Charcoal, per BUSLEL .oce .ot e e e e e e e e e e 10 to 18
Cokie, DT TOIL 1o e e e e e e e e 25 00 to GO 00
Pine wood, per cord of 2,000 £0 8,000 POUNAS. -+ e ccuvmvmve vemn e eos e e 450 to 5 Q0
Foremen, per shift of eight to 6Welve BOUIS ... oueienveere e e e e 300 to G 00
Head swelters, per shift of eight 10 tWelve DOUrS. e eu e cvenvene e e eaen e e 300 to 425
Slag wheelers, per shift of eiglit t0 tW6lVe OIS .« 1. e ovuvaces oo vemcee e 260 to 400
Feeders, per shift of eight £0 6WelVe ROMES . .« .mvuu ot aaae e avs ccen e eoe o oo 300to 400
Helpers, per Shifh of Welve HOUDS «eue oottt e iaen e e e e e 250 to 300
Day laborers, por shift of ten 0 tWELYe MOWIS. ... veuemn eeet mavman eeaee veoneeen s een oo 260
Engineers, per shift of eight $0 twelve HOUIS. .oeo veaevenn voemee ceie s e emes e oo “uene 360

Tuelmen, per shift of oight t0 5WelVe BOUS. -+ eutemn o vameeene aimen vemn e sooe oo teaansaan 3 00
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CoNOLUSION,—In conclusion, it may be'said that lead smelting, as carried on in this region, while not entirely
beyond criticism, has been brought to a relatively high degree o6f perfection, and is extremely creditable to American
metallargists. Oune of the most useful practical lessons that has been tanght by the comparative success of the
varions smelting worlks is that this has been proportional to the more thorough training in scientific metallurgy of
its managers, the completeness and aceuracy with which they have gauged the operations of their furnaces by
chemieal tests, and the intelligence with which the results of these tests have been applied to the practical conduct
of their Lusiness. ‘

Could this lesson overcome the idea so common among us that the adaptability and “ cuteness” of the American,
which is in so many points acknowledged to be superior to that of other races, enable him to master the science
of smelting as readily as he does any branch of trade, it might prevent an increase of the already very considerable
number of abandoned smelters which dot our western hills and valleys, and save a portion of the capital which is
snnually wasted through gross ignorance in the various operations connected with mining.
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